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ABSTllACT 

The relationship between various immune ftinctions, tissue 

damage, and splenomegaly wa"S investigated during the course -of 
.f> 

Graft-versus-host (GVH) reactions. 

The GVH-associated tissu~ lesions ~ppea~ed at the time 

when both T- and B-cell function were severely suppressed and 

NK cell activity was at its peak and/or highly augmented. The 

devel~~ment of tissue lesions correlated with donor NK cel1 

aeêivity. On the other hand, splenomegaly developed 

independently of both NK cell activity as weIl tissue 

lesions. 
\ 

Prolonged immunosuppression was associated with thymie 

dysplasia, but not splenomegaly. The immune functions recovered 

gradually, following severe suppression, and coincided with the 
• 

graduaI recovery of the thymus. The immune functional recovery 

was observed"in the following order: LPS responsive B-cell 

function; Con A responsive T-cell funetion; PHA responsive T-

celi funetion; and finally, T-cell dependent B-cell response 

T-celi function of immunodefieient GVH miee eould be restored 

on1y when thymie medullary regeneration had oceured. ,In 

contrast, the restoration of NK cell activity of NK-depre,ssed 

mice was independent of thymie dysplasia. 

These s tudles . provlde information re garding the pos si b 1 e 

mechanisms involved in induc!ng Tmmunosuppression, tissue 

damage, ano-splenomegaly followlng GVH induction. 

\ 
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RESlJl: 

Afin de mieux définir les mécanismes physiopatho1ogiques impliqués 

dans la pathogénèse de la réaction du greffon contre le porte-greffe, 

U nous avons établi dans un modè1é murin une corrélation temporelle entre 

_l'apparition des lésions tissulaires, la splénomégalie, et les diverses 

épreuves fonctionnelles immunologiques. L'apparition des lésions tissu

laires coincide, d'une part, avec une forte augmentation de l'activité 

cytotoxique des ce11u11es K naturelles provenant du greffon, ainsi que, 

d'autre part, avec l'installation d'un état d'illlTlunosuppressioh A la 

fois humoral et cellulaire. Par contre, la splénomégalie se développe 

indépendamment des lésions tissulaires et de l'augmentation de l'activité 

~ cel.lulles K naturelles . 

Nous avons observé une concordance étroi te entre la sévérité de 

l'atteinte thymique, qui caractérise la réaction du greffon contre 
, 

le porte-greffe, et la persistance de l'immunosuppression. L'amélio

ration de la dysplasie thymique s'accompagne d'un retour progressif 

vers la nonna1e des diverses épreuves fonctionnelles 1mmunologiques. 

Du plus précoce au plus 'tardif, on assiste à une regénération séquenti

elle et progressive des réponses suivantes: effet mitogénique du lPS 

pour les lymphocytes Bt é~reuves de transformatfon b1astique des lympho

cytes T par les lectines (~onA et PHA), production d'anticorps contre 

les antigènes thymo-dépendant. la récupération, naturelle ou induite, 

de la plupart ·des fonctions des lymphocytes T ne survient qu'au terme .. 
-

d'un processus de regénération au niveau de la région médullaire du .. 
thymus. Par contre, la récupération, naturelle ou induite de la fonction , , 

des éellules-K naturelles est indépendante de la dyspl~sie thymique. 
.. 
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PREFACE 

r,. _ Graft-v~rsus-host (GVH) disease has become a clinical 

reality since the advent of bone marrow transplantation as a 

treatment for a variety hematopoietic and immune functlonal 

disorders. The various experimental models of GVH disease have 

provided information to understand and alleviate the 
\ 

complications observed in the clinical setting. 

In the murine model, the classical feat\1"1"es of the GVH 

reaction Indùction are: immunosuppression, "tissue damage, and 
, 

splenomegaly. ImmunQsuppression and tissue damage are also 

observed in clinical situations and both are She major 

complications limiting the success of bone marrow 

transplantation. In experimental models, it has been shown that 

the activation of donor T cells is essential for the initiation 

of the GVH reaction; whether donor T cells are responsible for 

inducing aIl the GVH-associated features or that different 

mechanisms are involved in affecting the different feat~res ls 

not yet fully understood. 

Ta understand the relationship between and the mechanisms 

"esponsible for inducing immunosuppression of various immune 

func t i.ons, t is sue damage. and splenomegaly we have performed 

comparative studies of these parameters in two experimental 

models: (1) GVH reactions in B6AFl hybrids were induced by 

injecting different doses of either A or B6 PLC. Such a 

p -

protoeol induces GVH reactions of various intensltles. (li) 
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Parent into Fi hybrid GVH combinations of beige/beige 

(deficient NK but norm~l T-cell function) and +/beige (normal 

NK and T-cell function) mice were empioyed. Such a protocol 

enabled us ta investigate the role of T-cells and NK cells in 

inducing various GVH-associated parameters. 

By these experimental manipulations of the GVH reaction. 

we show that splenomegaly and tissue damage are two distinct 

features of the GVH reaction medi.ated by separate mechanism!> 

and that tissue damage determines the duration of irnrnuno 

suppression. We al 50 show a dissociation between the 

suppression of various immune functions and between the 
q 

suppression of various immune functions and splenomegaly early 

after GVH induction. 

Our resul~s demonstrate the importance of performing 

comparative studies between various GVH-associated parameters 

in providing a better understanding of the mechanisrns 
~ 

responsible for affecting each parameter. Such studies May be 

of help in our understanding of clinical GVH disease. 
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l.1 HISTORY OF GVH REACTIONS 

The concept of a graft-versus-host (CVH} reaetlon 

o r i gin a t e d a san e r r 0 r i ri' the i n t ~ r,Jl r e t a t ion 0 f the 0 r i gin 0 f 

cells involved irt r~al allograft rejeetlon. While studylng 

renal allograft rejeetlon, Simonsen (1953) and Dempster (1953) 

suggested that, after several days residenee in a foreign host, 

the cells which infiltrated the renal cortex were .f local 

graft origin. lt was suggested (Simonsen, 1953; Dempster, 1953) 

that these cells of renal graft origin were involved ln an 

immunological reaction against the infiltrating host cells, 

i.e. A CVH reaction. 

The va1idity of the CVH concept was later demonstrated 

independently by Simonsen (1957) and Bi11ingham and Brent 

(1957). Simonsen (1957) showed that the grafting of 

immunologically competent cells ego spleen ce11s) into 

immature animaIs (chieks and mice) which were unable to defend 

themselves resulted in a disease which eou1d only be explained 

on the basis of a GVH reaetion. On the other hand, Billingham 

and Brent (1957) observed a devastating disease while trying to 

induee immunological to1erance in new-born mice by injecting 

immuno10gically competent adult spleen ce Ils. They a150 

concluded that a GVH reaction was the most straight forward 

Interpretation of this dise.se. 

Although the concept of GVH reactions became an 

experimenta1 rea1ity in the 1950's, the actual phenomenon of a 

GVH reaction·was first observed, but not conceptual1zed, by 

Murphy in 1916. He observed thae the grafting of chicken 
.. 

embryos vith fragments of certain tissues (notably spleen and 

l 
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bone marrow) from adult chicken donors resulted in a marked 

enlargement of the embr)onic spleens (splenomegaly). Danchakoff 

in 1918. confirmed Murphy's observations. She further showed 

·ehat the capaciU to induce splenomegaly of the embryo was 

confined to cells ~f only certain organs (namely, spleen, 

liver, and bone marrow) belonging to a dOllor of the same 

"-
species Splenomegaly has become one of the most commonly used 

parameters to measure the induction of a GVH reaction. 

Simonsen (1962) defined three criteria which should be 

fulfilled in order to qU'Blify a disease/syndrome as GVH. These 

criteria are: (1) the graft must contain immuno1ogical~y 

c 0 m pet e n tee 11 s . ( 2 ) The h 0 s t f mus t p 0 s ses s t r ans pla n t a t ion 

antigens that are lacking in the graft donor, 50 that the host 

appears foreign to it and is, therefore, capable of stimulating 

lt antigenically. (3) The host itself must be incapable of 

mounting an effective immunological reaction against the graft 

(Simonsen, 1962). These t1hree criteria are valid to this day. 

1.2 FORHS OF GVH REACTIONS: • 

Several situations have been described which qualify 

as GVH reactions and, depending upon the situation, different 

names have been ascribed to eaeh, of these syndromes (GVH 

reaction): For example, Runt disease, Seeondary disease, 

Parabiosis intoxication, and Fl hybrid disease. 

In an attempt to induce tolerance, Billingham and Brent 

(1957), inoculated newborn mice with allogeneie adult splenie 

lymphoid cells. They noticed that in some strains of new born 

2 \ 



o 

o 

.. 

mice a syndrome characterized by diarrhea, severe wasting, and 
{) 

high mortality, was observed ~ich they termed "runt disease". 

This syndrome occured as a consequence of the induction of a 

GVH reaction in the newborn mice. 

In an attempt to reconstitute the lymphoid organs of an 

adult lethally X-irradiated animal with lymphoid cells, Barnes 

and Loutit (1956), Trentin (1956), and Uphoff and Law (1958) 

discovered that animals reconstituted with syngeneic bone 

marrow cells recovered from the effects of irradiation and 

survived for a long time. However, animals reconstituted with 

allogeneic cells develope~ a wasting syndrome and died within a 

few months. This mortality rate was higher when parental spleen 

cells were employed to reconstitute X-irradiated animals or 

when the donor cells were presensitized ta the host antigens. 

Trentin (1956) postulated that the wasting syndrome was the 

result of a GVH reaction. This disease was called "secondary 

disease n
• 

... 
The concept that GVH reactions are induced by ~ymphocytes 

was strengthened by experiments involving chronic cross-

circula'tion (of peripheral blood) between parent and Fl 

hybrids. When Fl hybrids and one of the parents were 

..parabiotical1y united, a 1etha1 wasting syndrome developed ln 

the Fl hybrids (Hi1gard et al,1964; Cornelius' and 

Martinez,1965; and Cauchi,1966). This syndrome was termed 

"parabiosis.. intoxication n
• 

Finally, the injection of parental lymphoid cells into 

adult non-X-irradiated Fl hybrids induced a syndrome termed Fl 

3 
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hybrid disease (Bi111ngham, 1968;( E1klns, 1971). lt was 

su~gestea tHaf FI hybrld dlsease was also due to a GVH 

reaction. lt was postu1ated ~hat pare9ta1 lymphold cells would 

recognize the H-2 antigens of the other parent on F1 cells as 

foreign and react against them. However, the F1 hybrid lymphold 

cell8 would perceive the parental H-2 antigens on 'the grafted 

ce Ils as self and wou1d not react against the graft. 

The different experimental procedures resulting in GVH 

reactions (as described above) provide insight into various 

clinica1 situations and an understanding of immune regulatory 

mechanisms. GVH reactions induced in either new- born or 

sensitized pregnant animaIs by adu1t, tmmunocompetent~ 

lymphocytes may provide insight into the ro1e of maternaI 

lymphocytes which may gain access to the fetus across placental 

barriers. lt has been suggested that in humans-transfer of 

maternaI lymphocytes into the fetus May incite a GVH reaction 

and result in immunodeficiency diseases (Seemayer, 1979; 

Pollack et al, 1982). GVH reactions induced in X-irradiated 

adult animaIs provide a relevant model of clinical GVH disease 

in man, which 'may arise after therapeutic bone marrow 

engraftment of a patient who received a Iethal dose of X-

irradiation (Grebe and Streilein, 1976; Bortin and Rimm, 1977; 

Graze and Gale, 1979). The FI hybrid disease in which the host 

(FI hybrid) is believed to be specifical1y deficlent in 
~ 

rejecting the parental grafts, iIupite of a normal im-mune 

system. provides a tool to inves,:igate the mechanism(s) of 

immune regulation and the effects of GV~ reaction ~~! !~ (Grebe 

and Streilein. 1976). In this situation, the effects of X-

4 



o 
... 

o 

o 

, 
A .... 

irradiation and other therapeutie agents a~e avoided. Fl bybrid 

disease model ean also be used--to study histopathological 
• 

alterations of the lymphoid and non-lymphoid organs and severe, 

prolonged immunosuppression. These symptoms are.. commonly 

observed in human reeipients of bone marrow transplants who 

develop GVH disease (Bortin and Rlmm, 1977~ Graze and Gale, 

1979). Both histopa~hological alterations and immunosuppression 

are eonsistently observed in the Fl· hybrid GVH model (Seemayer, 

1977, 1978; La pp et a 1, 1985). 

1.3 FACTORS DETERHING THE INTENSITY OF A GVH REACTION: 

Several factors determine the intensity of a GVH 

reaction: (i) the degree of hlstoincompatibility between the 

donor graft and the host; (11) the nl1mber of donor cells 

-
Injeeted; (lli) the- age of the' host; (lv) presensitization of 

the donor cells; and, (v) the phenomenon of hybrid resistance. 
À 

Sin e eth e d'e gr e e 0 f h i s t 0 1 n e 0 m pat i b 1 lit Y (g a net i e dis par i t Y ) 

between donor and hos2 plays a central role in ~eterminlng the 

intensity of GVH reactions, the effects of various degrees of 

gene t ie dispara t ies in indue ing and de te rm ining the intens 1ty 

of GVH reactions shall be presented in the following section. 

1. 3.1 HISTOINCOHPATIBILITY AND THE INTERSITY OF GVU 

REACTIONS: 
0-

1.3.1.1 H-~. ANTIGENS AND GVH INTENSITY 

Genetic differences between host and the donor 

are major factors leading ta the inductl~n of a GVH reaction 

5 
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(Bach, 1973). Of the different regions of the H-2 comp1ex, it 

Wal origina11y thought that the K-end was more effective than, 
[~ 

the D-end in inducing GVH reactions (Demant, 1970). However, 

using congenic strains of mice which share the K and the 0 ends 

o f the H - 2, i t w a s 1 a ter 4.i seo ver e d th a t i t W a s n 0 t the H - 2 K 

locus by itse1f wbich was responsible for the stronger 

intensity of GVH reactions, but rather, the c1osely-linked 

c~uster of immune response (Ir) genes are present within the 

I-reg+on of the H-2 (Klein, 1973, Klein And Park, 1973; Livnat 

e t al, 1 9 7 3, a' n d W i d m are t al, 1 9 7 3 ) In these studies 

splenomegal"y was employed to assess the intensity of GVH 

induction. lt was furcher demonscrated chat an H-2K region 

differences without an H-21 region differences does not elicit 

any stronger GVH reaction than H-2D differences a10ne (Livnat 

et al, 1973; ,Klein and Park, 1973). It was suggested that 

perhaps a combination of various H-2 regions ( land K/D region 

of the H-2) would result in greater GVH intensity Klein and 

Park (1973) a1so demonstrated that H-2S plus H-2D region 

disparity had no additional effeets on the intensity of GVH 

reaeti'ons as compared to that observed with an H-2D disparity 

alone. These workers suggested that the effects of the H-2S 

region on GVH reactivity is minimàl and in many cases non

existent (Klein and Park, 1973). GVH reaetions (as assessef by 
\ 

mortality) induced aeross T-region incompatibilities have also 

been repor~ed (Elkins,1981; Eastcott et al 1981). 

Further studies (Clark and Hi1demann 1977a,b) showed that 

disparities across the entire I-region resu1t in vigorous 

spleno~egaly. The entire I-region splenomegaly was due to a 

6 



o combined effect of I-A and I-C sub-region disparities However, 

Clarke and Hildeman (1977) showed that H-21 region differences 

alone required 40X more cells to produce comparable 
, 

splenomegaly th an that observed in combinations with 

disparities at multiple loci within the H-2 complex 

Studies carried-out to determine the role of various sub-

regions of the H-21 region on the induction of GVH reactions 

demonstrated that with I-A sub-region disparity, considerably 

higher numbers of donor cells were required to induce 

splenomegaly, however no mortality was observed (Clark and 

Hildeman 1977a,b) I-C sub-region disparate GVH cornbinations 

pre-immunization of dono. ce11s with host antigens resulted in 
'" 

50% mortality of the hosts (Clark and Hildernan,' 1977a). These 

o workers (Clark and Hideman, 1977a) also demonstrated that the 

severity of GVH reactions varied as a function of interallelic 

strain comb1nation and were particule.ry influenced by host I-C 

region determinants (Clark and Hildeman, 1977b) Disparities of 

I-B or I-J sub-regions did not evoke detectable GVH react10ns 

aS assessed by splenomegaly. (Clark and Hildeman, 1977a,b, 

Klein and Chiang, 1977). ... 

Thus, these studl,es collectively demonstrate that I-A 

differences induce stronger GVH reactions, whereas I-C 

disparities can inauce GVH reactions, but either higher donor 

cell dose or prior sensitization of donor cells with host 

antigens i5 required. In contrast, I-B and I-J sub-regions do 

not evoke detectable GVH reactions. 

T.T ~ 1 t r e t a 1 ( 1 9 8 1 ) s tu die d the e f f e c t S 0 f d i f fer e n t w~ es. 

7 
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regions of the H-2 complex on the activation of GVH effector 

cells using the delayed-type hypersensitivity (DTH) reaction as 

an assay system. In this assay system, spleen cells from donor 

mice were injected into an irradiated hast (primary hast). 

Spleen and lymph node cells from t?is primary allogeneic host 

were removed and transferred Lv. into a normal secondary 

r e c i pie nt. The sei e con d a-r y -r e-c i pie nt s w e r eth e n cha l l en g e d in 

the hind foot with spleen cells syngeneic with the primary 

irradiated recipient. The DTH reactivity in such a system was 

shown to be directed exclusively to the I-region ~ the H-2 

complex, whereas the H-2K/D regions did not induce anti-host 

DTH effector cells (Wolters et al. (981). These workers 

(W61tArs et al. 1981) confirmed the importance of the l-region 

in GVH induction ~ using an assay system different from the 

splenomega1y assay (Klein and Park, 1973; Livnat et al. 1973) 

lt should be noted that both the DTH and splenomega1y assays 
"" 

m e a sur eth e pro l i fer a t ive _? h a seo f the G V H r e a c t ion 

(pro1iferative phase; for detai1s, see section 1.4.1). 

In contrast, when GVH-induced weight 10ss and mortality 

were used as the assay system it was discovered that no • 

significant differences were observed when the disparity 

between the host and donor was at the H-2K, H-2I, or H-2D 

regions alone (Klein an<t Chiang, 1976). lt was concluded that 

there was a lack of correlation between the proliferative .. 
(splenomega1y) and effector (mortality/weight 10ss) phases of 

GVH the reaction Induced across different regions of the H-2 

complex (Klein and Chiang, 1976). Thus, these studies show that 

the H-21 region of the H-2 c-omplex alone 18 more effective in 
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inducing splenomegaly and DTH response than H-2K/D region .. 
incompatibilities. However, using mortality as a measure of GVH 

reaction, H-2K, H-2D, or H-21 region incompatibility was 

equally effective. 

1.3.1.2 KINOR OR NON-H-2 LOCI AND GVH INTENSITY: 

Several studies have reported the induction of 

GVH reactions across minor or non-H-2 loci disparities when the 

donor cel1s were preimmunized with host antigens and/or 

injected in higher numbers (Cantre1l and Hildeman, 1972, 1973, 

Cos g r a v e 'a n d D a vis , 1 9 7 1 ) . 
(' 

~ 
The tinq.n-H-2 loci have been selected for strong, moderate, 

and weak incompatibilities on the basis of mortality and 

sp1enomega1y by the use of congenic strain combinations of 

donor and host (Cantrell and Hildeman, 1972, 1973). It was 

demonstrated th a t , with deereasing immunogenetie 

incompatibility, increasing numbers of donor eells had to be 

injected to induce GVH reactions. However, with non-H-2 genetie 

dlsparaties, preimmunization of the donor cells with host 

antigens enhanced the GVH inducing potential; the weaker the 

h i 5 toi n c 0 m pat i b i 1 i t Y bar rie r, the g r/ a ter w a 5 the pot e n t i a l 

effieacy of preimmunization in evoking GVH reaetions (Cantrell 

and Hi1deman, 1972). However, in certain strain combinations 

which differed on1y at multiple non-H-2 loci, severe GVH 

reactions (as assessed by donor ce1l proliferation and 

mortality) have been reported without prior sensitization of 
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donor cells (Korngold and Sprent, 1978; Eastcotl et aL, 

1981). Wolters-et al. (l980b), emp10ying the DTH Assay system 

(as described above), have also demonstrated GVH reactions in 

H-2 compatible donor-host combinations. 

lt has further been reported that non-H-2 and H-2 

differences may interact with each other to increase the 

intensity of the GVH reaction (Abuaf et aL, 1977; Motta et 

aL, 1981; Pritchard and Hal1e-Pannenko, 1981). Pritchard and 

Halle-Pannenko (1981), however, coneluded that the deteetion 

of the synergistic effect of H-2 and non-H-2 disparities 

depended upon the choiee of an appropriate assay system, i e , 

it was suggested that splenomegaly results cannot b~ used to 
l, 

predict the outcome of a systemic GVH reaction as as~essed by 

mortality and/or weight loss. Further studies on the effects of 

several different non-H-2 markers revealed that these non-H-2 

markers can interaet with each other in a variety of ways and 

affect the severity of GVH reactions (Motta et al 1981). Thus, 

the combined effects of two different non-H-2 genes may exert 

cummulative, synergistic, or suppressive effects on the 

intensity of GVH reactions (Motta et al, 1981). 

lt has also been demonstrated that in certaia H-2 

incompatible GVH combinations mortality may also be influenced 

by sex of the mice employed (Abuaf, 1977). In certain strains, 

especially C57BL/6, GVH reactions can be induced in mice by 

lnjectlng 1ymphoid cel1s which have been p~evious1y sensitized 

(females sensitized to mal,es). Thus, in this situation, GVH 

reactlons can be induced across an H-Y disparity. Syner.&istic 

interactions between H-2 and H-Y disparities have been reported 

10 
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to play a role in determining the GVH reacti,on intensity 

(Elkins and Silvers, 1982; Abuaf et al, 1977). 

Thus, the studies cited above suggest that non-H-2 

genetic disparities are able to induce GVH reactions by 

themse1f. These non-H-2 differences can also increase or 

decrease the intensity of GVH reactions by interacting aFongst 

themse1ves and by interacting with H-2 differences. 

The intensity of GVH reactions can also be determined by 

the degree of histopathological alterations obserVed in 
. 

lymphoid and non-lymphoid organs (Billingham, 1968, Grebe arrd 

Strelien, 1976; Seemayer 1979; Seemayer et aL, 1977,1978, Lapp 

et aL, 1985; Becshorner et al, 1982a,b,1983). Bains and 

Dienner (1972) developed the focal assay to determine the 

lymphocytic infiltration and 8,ssociated.J;J!.ssue damage in the 

liver fo11owing GVH induction. They suggested that the 

intensity of liver infiltrates was related to the dose of donor 

cells injected. Rappaport et al., 1979, conducted a detailed 

study on the kinetics of development of histopathological 

lesions following GVH induction across H-2 or no~-H-2 loci. 

These workers demonstrated that when GVH reactions were induced 

across H-2 barriers lesions developed earlier and were more 

severe than when GVH reactions were induced actoss non-H-2 

barriers. 

The GVH-associated histopathological alterations in the 

lymphoid and non-lymphoid organs 'are a consistent and perhaps a 

more reliable criterion than mortality assay to assess GVH 

intensity (Santos et al, 1985). However, not much data are 
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available on the effects of H-2 and non-H-2 disparities in 

affecting histopathological alterations. Moreover, no data are 

available on the relationship either between the degree of 

histopathological alterations and the degree 'of splenomegaly or 

between the histopathological les ions and the DTH response 

during the course of a GVH reaction. 

In most of the studies cited above GVH reactions were 

studied by examitlt.ng only one of the parameters/symptoms 

associated with GVH reaction. \o1hen two or more parameters were 

used to assess GVH induction under similar conditions, it was 

clear1y evident that the 1ntensity of the proliferative phase 

(splenomegaly and DTH assay) did not correlate with the 

intensity of the effector phase (weight 10ss or mortâlity). In 

~ 

the followlng section a brief review of the two phases of GVH 

reaction---rnall be presented. 

1.4 THE TWO PHASES OF THE GVH REACTION AND THEIR 

ASSESSKENT 

The intensity of th~ GVH reaction is determined by 

different assay systems. However, it ~ be remembered that 
'-

the i nt r 0 duc t ion 0 f i m m un 0 cOli! pet e n t ~~ ~ 

limmunoincompetent host triggers a complex series of events 

leading to various morphologieal, histopathologieal, and immune 

functional changes. Each of these changes may be eaused by 

different mechanisms acting either independently of, or in 

combination with each other. 

GVH reactions are broadly divided into two main phase,s: 

(1) An early proliferati ve phase which l.leads to morphologieal 
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changes, i.e., splenomega.ly, lymph node enlar~ment or swelling 

of the foot pad as in the DTH assay ,and (2) A 1ater effector 

phase responsible for histopathological changes in the lymphoid 

and non-lymphopid organs which lead to weight 10ss and 

mortality. However, the immune functional changes observed 

during GVH reactions may be due to a combination of both 

pro1iferative and effector phases of the GVH reaction. 

The various assay systems emp10yed to investigate the 

induction and intensity of GVH reactions provide information 

regarding a parti~ular phase of a GVH reaction rather than the 

GVH reaction as a whole. For example, in the studies in which 

the proliferative phase (splenomega1y) and the effector phase 

(weight lossjmortality) of ~he GVH reaction were studied under 

similar conditions, a 1ack of correlation between the two 

phases was observed (Cantor et al., 1970a; Klein and Chiang, 

1976; Livnat et aL, 1973; ~itchard and Halle-Pannenko, 1981). 

Ai. s 0 • th e pot e n c y 0 f l Y m p h 0 i d c e 11 s f rom d i f fer e n t 1 Y m p h 0 i d 

organs in inducing the symptoms of the two phases was found to 

\)..,be different (Gleichmann et aL, 1976; Cantor and Asofsky, 

1970; Cantor et al., 1970b; Cantor and Asofsky, 1972; Tigelar 

and Asofsky, 19721. This suggests that different effector cells 

" 
may be involved during different phases of the GVH reaction 

In the following section, a brief review of the assays 

employed to determine the Inductionjintenslty of GVH reaction, 

the possible cell types, the mechanistns involved in affecting 

the prollferative phase, effector phase, and immune functlona1 , 

ch~nges during GVH reactlons shall be presented. 

13 
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1.4.1 THE PROLIFERATIVE PHASE OF THE GVH REACTION 

Following the inductian of GVH reactions, the 

proliferation of different lymphoid cell types and the 

contribution of the donor and host cel1s hyve been assessed by 

various assays. For example: (1) Incorpora~on of DNA specifie 

radio-isotopes such as, 3H-thymidine (Romano et aL, 1976; Ford 

-et aL, 1981) and IUDR incorporation (Bennett,1971,1972,1973, 

Elkins, 1970). (2) Auto-radiography (Gowan,1962; Rolstad and 

Fossum, 1977). (3) Chromosomal markers (Fox, 1962) (lt}..Allo-! --
antisera (Rolstad, 1976) (5) DTH response (Wolters et al , 

1979a,b,;1980,1981). (6) Reconstitution of GVH mice with 

different sub-popu1ations of either parental or FI hybrid 

lymphoid ce11s (Romano et a1., 1976; Ford et aL, 1981). (7) 

Induction of GVH reactions witp different: lymphoid cell 

popu1ati()ns (Cantor and Askofsky, 1970; Cantor et' aL, 1970a,b; 

Cantor and Askofsky, 1972; Tigelar and Askofsky, 1972; 

Zollinger and Potworowski, 1979, Yamashita et al, 1982). 

The proliferation of lyuiphoid cells ear1y after the 

induction of GVH reactions results in characteristic 

morphological changes in the host such as splenomega1y 

(Simons'en, 1957; Billingham, 1968,), lymphnode enlargement 

( Lev i ne, 19 6 8; Ha s k 0 v a and Gan S 0 va, 1 9 7 0; For d °e t al., 1 9 7 0 ) 

and 8welling of the foot pads in the DTH assay (Wolters et al , 

1979a,b;1980a,b;1981). During the~roliferative phase of the 

GVH reaction, both donor as weIl as host ce1ls pro1iferate. 

However, detectable morphological changes result as a 

consequence of don~F cells' induced recruitment and 
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o proliferation of the host cells. A brief summary of the donor 

ce 11 t Y P e ( s) in vol ve cr in the in i t i a t-i 0 n 0 f the pro 11 fer a t 1 ve 

phase and the contribution of both the donor and host cells in 

affeeting the morphological changes associated with the 

proliferative phase are presented. 

1.4.1.1 DONOR CELL TYPE INVOLVED IN THE INITIATION OF 

TaE PROLIFERATIVE PHASE: 

The demonstration that peripheral blood lymphocyte~ 

from chickens (Simonsen, 1957), mice (Billingham and Brent, 

1959), and rats (Billingham et al, 1962) were capable of 

producing GVH reactions indicated that certain cells within the 

ciEculating population of lymphoid tissue were fully capable of 

o immunologieal reaetivity. Further studies with lymphoid cells 

that were classified on morphologieal basis as "large" and 

"small" lymphocytes, demonstrated that the GVH-inducing 

capaeity resided in the "small" lymphocyte population (Gowans, 

1962; Gowans et, 1962; Gowans and McGregor, 1965, Billingham et 

al, 1962). 

In the early seventies, Cantor and co-workers demonstrated 

in a series of articles that two donor lymphocyte populations 

act synergistically to induee morphologieal changes assoeiated 

with the GVH reaction. Cantor et al. (1970a,b) and Cantor and 

Asofsky (1970) confirmed the earlier studies of Gowans (1962) 

and Gowans et al. (1962) and showed that indeed, the 

o 
circulating lymphocytes are important ip initiating GVH 

~ 

reaetions. They show;d that the splenomegaly producing capacity 
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of lymphocyteS- from different lymphoid organs was as follows: 

peripheral blood and thoracic duct lymphocytes, lymph~ode 

cells, spleen cells, and, finally, bone marrow cells (BM) 

having the least capacity, if any at all. The synergistic 

interactions between the two lymphocyte populations were 

discovered when Cantor et al (1970a,b) and Can~or and Asofsky 

(1970) showed that the GVH-inducing capacity of sp1enocytes 

from aged NZB mice could be restored by adding a small number 

of sp1enocytes from young NZB mice. They (Cantor et al, 

1970a,b; Cantor and Asofsky, 1970) suggested that the spleens 

of older mice were deficient in a ce11 population necessary for 

inciting GVH reactions. Cantor and Asofsky (1970) a1so showed 

that lymphoid cel1s derived from certain lymphoid organs 

(thymus or spleen) of thymectomized (normal Ba1b/c) anima1s 

were not able to induce splenomega1y by themse1ves. However, 

when the cel1s from thymectomized mice were mixed with ce11s 

from spleen or 1ymph nodes of non-thymectomized mice they were 

able to initiate significant. sp1enomegaly. These workers 

(Cantor and Asofsky, 1970) suggested that at 1east two ce11 

types are required to Mediate GVH reactions. The ratio_between 

these two sub-populations in different lymphoid tissues 

determines the d~gree of reactivity of that tissue. 

A characterization of the two synergistically acting cel1 

populations showed that both were thymus dependent (Cantor ~nd 

Asofsky, 1972). One cell population was extremely sensitive t() 

anti-thymocyte serum (ATS). lt belonge'd to the rapid1y 

rec irculating T-lympbocyte pool i.e. present in the periphera1 

blood, thoracic duct, and lymph-nodes. This cell population was 
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termed as T2 (Cantor and Asofsky, 1972). The other T-cell 

population, sensitive to chymectomy but relative,ly resistant to 

ATS, was present in greatest concentration in the thymus and 

spleen. lt recirculated slowly, if at aIl, and served as a 

precursor of the cell which inflicts splenomegaly This T-cell 

population was termed Tl (Cantor and Askofsky, 1912). The Tl 

cell, or the precursor cell activity, was amplified by the T2 

or the amplifier cell (Cantor and Asofsky, 1972) Thus, it 

appears that the first cell to be activated following the 

induction of the GVH reaction is the T2 cell Cantor and 

Asofsky (1972) proposed two hypotheses regarding the 

relationship between T2 and Tl cell: (i) Both the T-cell 

populations (Tl and T2) belong td a single differentiated line 

but differ in their degree of maturation' and (ii) thére are at 

least two separate differentiated lines of T-cells in the 

peripheral_tissues and thymus (Cancor and Askofsky, 1972). 

Zollinger and Potworowski (1979) investigated the effects 

of two thymic stromal fractions: the insoluble thymie fraction . .. 
(lTF) and the soluble thymie fraction (STF) for their capacity 

to induee distinct T-cell subsets. They found that tTF elicited 

a splenic cortisone-sensitive T-cell subset endowed with 

enhanced GVH-inducing capacity (s~lenomegaly). The STF 
... 

incr~ased the number of cortisone~resistant T-cells in the 

lymph nodes, but chese cells were less active than lTF c,reated 

cells in indueing GVH reaetivity. Treatment of ITF treated 

donor cells with STF resulted in c~rtiBone-resistance and a 

decreased capacity to induce splenomegaly. Zollinger and , , 
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o Potworowski (1979) suggested chat the cortisone-sensitive and 

resistant subsets corresponded to the Tl and T2 populations, 
• 

respectively, both of which cooperate in che induction of che 

GVH reaction. Zollinger and Potworowski (1979) suggested that 

the two synergistical1y acting T-cell populations represented 

two consecutive differentiation stages. Further studies in 

rats, using the .lymph node enlargment assay (Yamashita et aL, 

1982), showed that the greater GVH-inducing capacity indeed 

resided in short-lived, cortisone-sensitive cells that had 

recently immigrated from the thymus. 

The question regarding the histoincomptability 

requirements for Tl and T2 cell populations in the initiation 

of the proliferative phase of GVH reactions was investigated by 

o Wolters and Benner (1979a,b,1980a,1981). These workers emp10yed 

the DTH assay sytem and demonstrated that the ATS sensitive T2 

cell population recognizes I-A determinants whereas the 

thymectomy sensitive Tl cell population recognizes KjD 

dete~minants. These H-2 recognition requirements are analogous 

to T-helper and T-cytotoxicjsuppressor cell requirements 

(Zinkernagal et al, 1978a,b; Benacerraff and Germain, 1978; 

Fe1dman et al, 1977. Doherty et al, 1976). Wolters and Benner 

(1980) and Wolters et al. (1981) further demonstrated that T2 

and Tl cells act synergistica11y only during the induction 

phase of the anti·h~st pro1iferative response, i.e., when T2 

and Tl cells were separately activated by H .. 2 antigens, then 

combined and simu1taneously transferred into a secondary 

• recipient. no synergistic activity was observed. However. when 

T2 and Tl cells vere activated by H-2 antigens together. 
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anti-host proliferative responses were enhanced 

observed. These workers (Wolters and Benner, 1980a) suggested 

that the conse~uence of the differential specificity of 

receptors of T2 ( I-A de~erminants) and Tl ( KjD determinant~ 

cells 1~ that both sub-populations belong t~ different, y~t 

paraI leI lines of T-cell differentiation. The role for T-helper 

cells in the initiation of the proliferative phase of the GVH 

reaction in, rats was later confirmed by the use of monoclonal 

antibodies directed against T-helper cells (Br(deau et al, 

1980) . 

Miyazaki, et al. (1982) showed that depending upon the 

duration of sensitization of donor cells with host ce11s ln 

complete Freund's adjuvant, the c~pacity of donor cells to 

induce splenomegaly can either be increased or decreased and 

the capacity to induce cytotoxicity varied inversely to that of 

" splenomegalJ;., These workers (Miyazaki et aL, 1982) postulat'ed 

that the~fferentiation of T-helper cells (T2 cell population) 

may have a common precursor in a certain time Pfriod after 

antigenic stimulation. After such a period of transitional 

differentiation the T-helper cells may differentiate 

irreversibly either into effector cells of DTH or effector 

cells of cytotoxicity. These workers (Miyazaki et al., 1982) 

, 1 
suggested that a co~mon precursor may exist for T-hel~er and T-

cytotoxic/suppressor cells after antigenic stimulation. 

The studies cited Aboye collec~ively suggest that the 

proliferative phase of the GVH reaction'is initiated by a ,.. 

ma t-ur e, ATS sensitive, cortisone resistant, rapidly 
" 
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recirculat1ng, I-A reccgniz1ng cell, termed as T2 or T-helper 

cell (lyt 1+, L3T4+ cells). The response of the T2 cell is 

amplif1ed by an immature, cortisone sensitive, sessile, K;D 

recognizing cell, termed as Tl or T-s~ppre5sor;cytotoxie cell 

(lyt 2+) However, it i5 not yet elear whether the T2 and Tl 

cells belong to the same or different lines of differentiation. 

1.4.1.2 CONTRIBUTION OF DONOR AND HOST CELLS IN AFFECTING 

THE HORPHOLOGICAL CHANGES ASSOCIATED YITH THE 

PROLIFERATIVE PHASE: 

Both the donor and the host cells proliferate\.aA'Îd 

eontribute to the morphologieal changes observed during the 

proliferative phase of GVH reactions However, the kinetics of .. 
the proliferative resp~s of the 

var yan d the ira e tua 1 con tl i but ion s 

differ. 

donor and the host cells 

to morpho1ogieal changes 

0\ 
Gowans (1962), by emp10ying autoradiographie techniques, 

showed that 3H-thymid1ne labe1led donor ce1ls were observed in 

the lymph nodes, Peyer's patch es and sp1enie white pulp three 

hours after their injection. After 24 hours small lymphocytes ... 
transformed into large cel,ls in the spleen (Gowan5,1962). Fox 

( 196 2) 5 tu die d don 0 r c.e 11 pro li fer a t i on bye x ami n i n g 

chromosomally marked (CBA T6) s~leen cells after their 

injection into (CBAxC57BLj6)Fl mice. Fox (1962) noted that a 

burst of donor ce11 proliferation vas observed ~ 2-3 after 

GVH induction. At this time donor cel1s constituted up to 60% 

J 

of the dividing cells in the host spleens, however no 

splenomegaly vas observed. By day/~ donor cel: contribution to 
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o the dividing splenie cell was less than 10% whereas host cells 

(which were not chromosomally marked) contributed about 90% of 

-
the dividing cells. Furthermore, at the time when maximum 

(-' ,", 
f::/ti spI e nom e gal y w a s 0 b s e r v e d (b e t w e end a ys 1 0 - 2 0 ), don 0 r cel l 

proliferation constituted approximately 1-2% of the dividing 

cells (Fox,1962). These results suggested that splenomegaly \>las 

almost .entirely of host origin and that the majority of donor 

cell proliferation precedes morphologie al changes (Fox, 1962) 

Howard et al (1961) also showed that the host component 

constituted about 80-90% of the cells during peak splenomegaly 

In the lymph no de enlargement assay, Roistad and 

Fossum,(1977), employing the autoradiography technique, a1so 

observed significant prolife~ation of donor cells by day 3, 

o before ly,mph node enlargement. \>las apparent. They (Rolstad and 

Fossum, 1977) showed that donor cell proliferation occurs 

before host cell proliferation commences and host ce1l 

proliferation correlates best with lymph node enlargement 

Ninety percent of the cells present in the enlarged lymph nodes 

were of host origin as assessed by the use of anti - sera 

r 
(Rolstad, 1976). The advantage of the anti-sera technique in 

determining the host and donor component is that it measures 

both the dividing as weIl as non-dividing cells (Rolstad, 

• 
1976). The importance of host cell proliferation in affecting 

morphologica~ changes was further strenghtened by the 

observation that X-irradiation (Howard et aL, 1961; Ford et 

o al., 1981) or treatment of F1 cells with' mitomyein (Romano et 

al., 1976) depressed or abolished the morphological changes. 
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Furthermore, injections of normal FI cells (but not parental 

ce Ils) into X-irradiated mice restored the appearance of 

morphological changes (Ford et al., 1981). 

The ear1y proliferative burst of the donor cells that was 

observed after their injection into a semi-allogeneic or 

allogeneic host is stimulated by the histocompatibility 

antigens of the hosto Ford and Atkins (1971) removed thoracic 

duct lymphocytes from the F1 hybr!ds 12-36 hours after they 

were injected with parental lymphoid cel~s. These thoracic duct 

lymphocytes were then injected into either FI mice that were 

syngeneic with the primary recipient or FI mice that were semi-

allogeneic with the parental mice, i e., bearing different 

alloantigens f~om the primary recipient. The resu1ts from such 

experiments indicated that the recovered thoracic duct 

lymphocytes ('filtered' lymphocytes) were unable to cause lymph 

node enlargement in recipients syngeneic with the primary host, 

however, significant lymph node en1argement was observed in 

• 
third party hosts (Ford and Atkins, 1971; Atkins and Ford, 

1975; Ford et al., 1974). Further studies showed that only a 

, portion of donor cells -re~ognize and react specifically to the 

foreign antigens (Ford et al, 1974; Bennett, 1971; Sprent and 

Miller 1972a,b). 

Specifie activation (but not necessari1y proliferation) of 

donor cells aft'er recognition of host histocompi.tibility 

antigens is essentia1 for the induction of maximum splenic 

en1argement associated with the pro1iferative phase of the GVH 

reaction. When parental cells were treated with mitom~cin 

proliferation of FI cells was 35·51' ot-p~rentaJ ~ells not 

'> 
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treated with mitomycin (Romano et al 1976) These results 

suggest that activation of donor cells (even in the absense of 

proliferation) can ex&rt mitogenic effect on the Fl cells 

(Romano et aL, 1976; Ford et aL, 1981) Since the maximum 

morphologieal changes are observed at the time when the donor 

cell proliferation is minimum, it suggests that the recruitment 

and proliferation of FI cells may be mediated by lymphokines 

released by T-cells following specifie antigenic stim~~ation 

(for review of possible lymphokines involved, see Grebe and 

Streilien, 1976). 

The recruited FI cells which constitdte the majority of 

cel l sin the _an l a r g e d s p 1 e e n 5 belon g toc e l l s 0 f e i the r 

macrophage and/or erythrocyte lineage (Howard, 1961; Elie and 

La pp, l 9 7 6 • 1 9 7 7; for r e vie w s e e, Bill i n g h am, 1 9 6 8; Gre b e .a n d 

Streilein, 1976, Simonsen, 1962) In contrast, the en1argement 

of the 1ymph nodes was mediated by the recruitment of both T 
'\ 

and B-cells of the host origin. However, the B-cells are the 

major cell type responsib1e for the enlargement of lymph,nodes 

(Ro1stad, 1976; R01stad and Fossum, 1977; Ford et aL, 1981) 

Thus, the studies relating to the proliferative phase 

(morphologieal changes) of the GVH reaction show that : (1) The 

cell which initiate8 the GVH reaction is a T-cell. (2) Two T
~ 

cell populations, T-helper and T-cytotoxic/suppressor (T2 and 

Tl), respectively interact to induce GVH reactions. (3) The 

activation of donor cells i8 specifie and their proliferation 

is observed only early after GVH induction. (4) The donor cell 

that initiates the GVH reactton in H-2 diparate combinations i8 . 
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a T-helper cell which is activated by I-A~eterminants of the 

host and its activity is amplified by T-cytotoxic/Juppressor 

cells activated by H-2K/D determinants. (5) The morphological 

changes associated with the proliferative phase (splenomega1y, 

lymph node enlargement, and the DTH response) are due to donor 

cell induced recruitment and proliferation of host cells. 

1.4.2 EFFECTOR PHASE OF THE GVH REACTION: 

The effector phase of GVH reactions has been 

characterized by different parameters, such as 

histopatho1ogical lesions in the lymphoid and non-lymph~id 

organs; weight loss and runting; and, finally, morta1ity 

Mortality, after the induction of GVH reaction, is the most 

commonly used assay for the effector phase. Thus far the cells 

responsible for the effector phase have not been characterized 

and there are no parameters that can be used to accurate1y 

predict the intensity of the effector phase (Elkins, 1978). 

It is believed that the weight loss, runting, and 

mortality of GVH mice results as a consequence of 

histopatho1ogica1 lesions in the intestines and gut-associated , 

non-1ymphoid organs. This tissue injury resu1ts in diarrhea, 

1 mal a b sor p t ion, mal n u tri t ion, wei g h t ·1 0 s s.. and fin a 11 y d e a t h 

(Hedberg et aL, 1968; van Bekkum et aL, 1974; vanBekkum and 

Knnan, 1977). Damage to the lymphoid organs results in severe 

immunosuppression and death may also be associated with anemia 

and infection (McBride, 1966). T.hus, it appears that the 

initial or the earliest features of the effector phase may be 

the GVH- associated histopathological alterations in the 
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1ymphoid and non-1ymphoid orsans. 

The primary target of GVH reaetions are 1ymphoid organs 

and celVs (Lafferty et al, 1972 ; MeBride, 1966, Bi11ingham, 

1968). Furthermore, the specificity and the reproducib~lity 

with which the epithelia1 ce1ls are damaged in the 1ymphoid an~ 

non-Iymphoid organs during the GVH reaetions strong1y sugsest 

that epithe1ial ce11s are a1so primary targets of GVH reactions 

(Lapp et a1., 1985). Lafferty et al, (1972) and Snover (1984) 

have suggested that organs and tissues (either lymphoid or non 

1ymphoid) which possess a stem ce1l pool i e., rapidly 

pro1iferating ce11s with a capacity for self renewa1 (for 

examp1e, the primary 1ymphoid organs and the epithe1ia1 ceUs 

1ining the GI tract) are the primary targets of GVH reactions 

The histopath01ogica1ù1esions resulting in significant 

injury to the epithe1ia1 thymus have profound implications on 

the immune system. The destruction of epithe1ial ce11s lining 

the GI tract are believed to he responsible for weight 10ss , 

diarrhea, and mortality. Two basic mechanisms have he en 

proposed to aceount for the tissue damage observed during the 

effector phase of a GVH reaetion. The first suggests that the 

epithelial eell damage is non-specifie, mecfi.ated by the release 

of lymphokines from activated lyrpphoeytes, Le., the "innocent 

bystander" phenomenon. The second suggests that epithelial celi 

damage is- mediated by donor lymphocytes which are speeifical1y 

acti~atei following their stimulation by the host alloantigens, 

Le., specifie cell-mediated mechanism. A brief reviow of the 

mechanisms and the celi types that may be responsible (or 
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assumed to play a role) for tissue damage during the effector 

phase of the GVH reaction shall be presented. 

1.4.2.1 THE INNOCENT BYSTANDER PHENOKENON 

The "innocent bystander" phenomenon states that the 

epithelia1 cel1 damage observed during the course of a GVH 

reaction results from the release of lymphokines or other 

cytotoxic agents during an interaction between host and donor 

lymphoid ce1ls, 1eading to damagi to the nearby epithe1ia1 

ce11s. 

The major support for this mechanism of tissue damage 

comes from experimenta1 data showing that: (i) In Fl mice that 

r~ceived a parental intestinal graft followed by an injection 

of parental 1ymphoid cel1s, intestinal epithelial cel1 damage 

is observed both in the F1 intestines as we11 as transp1anted 

parental intestinal tissues syngeneic with the parental donor 

ce11s (E1~on et aL, 1977; Van Bekkum and Knnan, 1977; Mowat 

and Furgusson, 1981). (ii) In F1 rats tissue damage ta 

~ransp1anted parental kidney graft (in local GVH reactions) i5 

observed when parental lymphoid cel1s are inj ected under the 

kidney capsule of the transp1anted parental kidney (E1kins, 

1966; Elkins and Guttmann, 1969). Damage to the parental kidney 

graft is observed on1y when the kidney 15 transplanted in a 

non-X-irradiated F1, so that F1 rats have a normal 1ymphoid 

e1ement (E1kins, 1966). (iii) ln F1 syrian hamsters, parental 

skin grafts are destroyed when parental 1ymphoid ce11s are 

injected subcutaneous1y (B111ingham and Strei1ein, 1968). Thus, 

the main argument for the role of innocent bystander phenomenon 
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in tissue damage ls that eplthellal cell damage ls observed in 

bath the Fl organs as well as the parental grafts which are 

syngenelc to the parental lymphoid cells The host lymphoid 

eells play a major role in this phenomenon of tissue damage 

since irradiation of the host elther blocks or deereases the 

intensity of tissue damage (Elkins, 1966). 

However, several experimental observations cannot hv 

either incorporated into the hypothses of "innocent bystander" 

phenomenon or contradict the non-specifie meehanism for 

epithelial cell damage. It has been reported that Fl cells may 

enter the transplanted parental intestinal grafts (Ferguson and 

Parrott, 1972a,b). Thi~ observatio.n is important as it has been 

reported that graft versus host reaetions and host-versus-graft 

reactions oecur side by side (McBride, 1966). Although it i5 

believed that the Fl hybrid does not react immunologieally 

towards the parental lymphoid cells, recent studies have 

demonstrated that the FI hybrid can recognize and react against 

determinants on the parental lymphoid cells. Specifie Fl-anti-

parent CTL responses have been observed (Shearer et al, 1976, 

Shearer, 1981; Shearer and Po1lison, 1980; Warner and 

Cudkowicz. 1979; Ishikawa and Dutton, 1980; Nakano et al, 

1981). Moreover, Shearer (1981) has demonstrated that the 

" intensity of the Fl-anti-parent CTL response is proportional to 

the parent-anti-F1 CTL response. Recent reports have a1so 

suggested that NK cells may be involved in tissue damage during 

the effector phase. Several studies have suggested that, as for 

the generation of CTLs, NK cel1s of both host and donor origin 
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are activaued after GVH induction (Ghayur et al.; 1984; Lapp et 

al.; 1985; Mowat et al., 1985). Moreover, Suzuki et al. (1985) 

have demonstrated that NK cells appear earlier than the 

B P e c i fic C T L's f 0 110 win gallo g e ne i c s t i mu 1 a t ion and th a t the 

early appearance of NK ce Ils is essentia1 for the generation of 

a specifie CTL response. Mowat and Fergusson (1981), in support 

of the involvement of the "innocent bystander" phenomeno,n, have 

suggested that "the 1a+ FI cells which infiltrate the 

t r ans pla n t e d par e n t a lin t e ,5 tin a l g r a f t 5 are a c t i vat e d t 0 

provide the signal for proliferation and recruitment by 

releasing lymphokines". The explanation sugg~sts that the 1a+ 

~ 

FI cells which infiltrate transplanted parental intestinal 

grafts recognize a "foreign" determinant on parental cells. 

The experimental observations described above regarding 

the generation of Fl-anti-parent CTL and the activation of host 

and donor NK cells suggest the possibility that parental grafts 

transplanted into a non-X-irradiated FI host may be attacked by 

FI lymphoid cells (cytotoxic/effector cells ) and FI grafts may 

be damaged by parental lymphoid cells. Thus, the possibility 

1 \ 

that tissue damage may be cell- mediated must be considered. 

There is a second set of experimental observations which 

do not support a role for the "innocent bystander" phenomenon 

in tissue damage. These observations are the presense of 
..J.., 

lymphocytes in close contact with the damaged cells, a feature 

more in keeping with ce1l-mediated tissue damage (Seemayer et 

al., 1977,1978; Slavln and Yoodruff, 1974; Ga1lucci and sale, 

1982; Welsdorf et al., 1983; Kaye et al., 1983). 
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1.4.2.2 ROLE OF MACROPHAGES IN TISSUE DAMAGE 

GVH reactions have been reported to result in the 

. 
induction of cytotoxic macrophages. Several workers (Fung and 

Sabbidini, 1976; Ptak et aL, 1975) have demonstrated that 

macrophages derived from the spleens and peritoneal exudate 

cells of G'VH mice can kill a va~i-ety of tumor target cells non-

specifically. lt has also been reported that the macrophdge 

bactericidal capacity is also enhanced after GVH reaction 

induction (Cooper and Howard, 1961; Blanden, 1969, Anthony et 

aL, 1984). Nestel et al. (1985) have recently reported that 

following the induction of GVH reactions there is massive 

production of H202 radicals by splenic and peritoneal exudate 

macrophages. lt is possible that the macrophage cytotoxic 

activity as weIl as the production of H202 radicals may 

contribute to the tissué damage associated with the GVH 

reaction. 

As mentioned in section 1.4.1.2, splenomegaly observed 

early after the induction of the GVH reaction is a consequence 

of donor cell induced recruitment, mainry of host macrophages. 

Eli~ and Lapp (l~77) and Treiber and Lapp (1976) have proposed 

that early after GVH reaction induction the immune regulatory 

system may be working at supra-optimal levels to cope with the 

intense immune reaction. This over amplification of normal 

immune regulatory mechanisms may be involved in the induction 

of tissue damage [(like its invo1vement in immunosuppression as 

proposed by Elie and Lapp (1977) and Treiber and Lapp (197~)1 

On the other hand experimental observations are reported 

which might argue against, but not exclude, the role of 
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o macrophages in the initiation of tissue damage. Firstly, the 

maximum degree of splenomegaly, which constitute activated and 

recruited macrophages, does not correlate with the severity of 

tissue damage (Ghayur et al., 1985b; Lal>p et al., 1985). 

Secondly, histological studies show that lt is the lymphocytes 

(large granular lymphocytes) that are attached to the 

epithelial cells, whereas macrophages are filled with debris 

(Seemayer et al, 1977, 1978). Finally, the tissue damage 

precedes the accumulation of macrophages at the injured site, 

particularly in the thymus (Seemayer et al, 1977, 1978). These 

observations suggest that the initiation of the lesions may be 

mediated by lymphocytes and that macrophages are recruited at 

the site of tissue damage due to an inflamatory response. 

Jil.'O'w e ver , s e ver a 1 s t u die sin w hic h ste r i 1 e i n tes tin a 1 

grafts as well as grafts from conventional mice were used 

showed that the presence of bacteria increases the severity of 

tissue damage (Abrams et al., 1963; van Bekkum et aL, 1974; 

van .Bekkum and Knnan, 1977; Mowat and Furgusson, 1981). lt was 

proposed that bacteria and their products intensif y the 

inflammatory response resulting in more severe lesions (van 

Bekkum et al., 1974; van Bekkum and Knnan, 1977; Mowat and 

Furgusson, 1981). lt i5 known that bacterial products, 

especially lipopolysacharide (LPS), in the presense of 

macrophage activating factor (MAF) or Interferon (lFN) can 

induce cytotoxic activity ln macrophages. A significant amount 

o of lFN i5 produced !~ y!~~~ cultures by spleen cells derived 

from GVH mice (Zwatsky et aL, 1979). lFN activates macrophages 
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to kill tumors (Murray et aL, 1985; Krammer et aL, 1985; 

Celada et al., 1984; Keller, 1973) and increases H202 
• 

production and release froml'macrophages (Nakagawara et al., 

1982) . 

The observations cited above collectively suggest that, 

although thl initial tissue damage may be mediated by a 

lymphocyte., the presense of activated macrophages in the 

vieinity of the damaged site may play an important role in the 

progression and perhaps in maintenance of the tissue damage 

Since no kinetic study on the relationship between MO cytotoxic 

activity, H202 production and the appearanee and progression of 

histopathological lesions is available, it is difficult to 

assign a definitive role to MO in GVH-associated tissue damage. 

Moreover, the question of the host and donor (specifie or non-

specifie) nature of MO in GVH-assoeiated tissue damage is 

difficult to an-swer, sinee depletion of MOs and/or their 

preeursor~ is technically difficult. 

1.4.2.3 ROLE OF T-CELLS IN TISSUE DAMAGE. 

lt is generally believed that the GVH-associated 

tissue damage is caused by donor anti-host cytotoxic T-

lymphocytes (CTL) which are activated by the histocompatibility 

antigens of the host (for reveiw see, Grebe and Strei1ien, 

1976; McBride, 1966; Elkins, 1971,1978). The assumption that 

• 
an~i-recipient CTLs Qf donor origin are the effector cells in 

the GVH reaction is based upon earlier findings showing that 

parental strain mice tolerant to FI hybrid antigens by neonatal 

inoculation with FI hybrid bone marrow are incapable of 
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'0 producing ~istologic alterations or clinical disease in FI 

hybrids (Gowans and McGregor" 1965; Gowâns et aL, 1962). lt .1- ---"'-'_ 
vas suggesXed thaf the anti~ens which induce tolerance to skin 

allografts were the same ones with which lymphocytes interact 

in GVH reactions (Gowans and McGregor, 1965; Gowans et aL, 

1962). However, in these studies, the possibility that such 

bone marrow reconstituted mice become chimeras was not 

considered (Gowans and McGregor, 1965; Gowans et a1., 1962). lt 

has been extensive1y reported that X-irradiated bone marrow 

reconstituted animaIs do become lymphoid chimeras (Gengozian et 

aL, 1960, 1961; Doria et aL, 1962; Rayfield and Brent, 1983). 

In addition, the intensity of loc~l GVH reactions in guinea 

pigs corre1ated with the rapidity with which the donors o rejected skin grafts (Brent and Medawar, 1963). However, 

severa1 studies have reported a 1ack of correlation between 

skin graft rejection and GVH induction (Livnat et al., 1973; 

Kadish and Basch, 1876; Lapp et aL, 1985; 

1986). 

The assumption that CTLs play a roI. in tissue damage was 

further strenghtened by the finding that lymphoid cel1s from 

immunized animaIs or.lymphoid cel1s challenged i~ Yi!E2 were 

specifically cytotoxic for the immunizing cells in vitro ""'""- -----
(Moller, 1965a.b; Rosenau and Moon, 1961; Cerrotini et aL, 

1971; Cerrotini and Brunner, 1974). Specifie cytotoxicity of , ~ 

ta~get monolayers i~ vitro (Berke et al., 1969a,b) was later ----- . 
shown to be mediated by T-cells and was dependent upon cell 

contatet (Perlmann and Holm, 1969; Vilson and Bill1ngham, 

• 
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1967). The T-cell nature of cells capable of killing a1logene.!5 

ta r g etc e Il s w a s con f i,r m e d b Y G 0 l ste in e t a l. ( 1 9 7 2 ) and W a g n e r 

(1972). 

Thus, the ro1e for" CTLs in GVH associated tissue damage 1s 

primarily basad upon 1n Y.!!!2 studies. Ho.wever, E1kins (1971) 

has suggested that it 1s probable that the progeny of 8ctivatad 

donor cells possess sim1lar ~ytocidal properties for 

neighbour1ng cells in Yi~ during the course of a GVH reaction, 

but that the artificial nature of the target monolayers !~ 

Y!!.!~ should be taken into consideration. Elkins (1971) .. fur...ther 

pointed to the fact that many tissues and cells in Y!Y~ might 

be shielded from this type of direct attack by connective 
! 

tissue barriers and base ment membranes. 

The strongest evidence for the r~le of CTLs comes from . 
experimental data showing that specific CTL's are generated 

both after skin graft rejection and .!n Y.!Y2 sensitizatjon with 

tumor allografts (Canty and Wunderlich, 1971; Rouse and Wagner, 

1972 ; Cerrottini and Brunner, 1974). However, the se 

associations are not universa1,' since data are a1so availabl'e ..so, 

which demonstrate a lack of correlation between skin graft 

rejection and GVH induction (Kadish and Bacsh, 1976; Llvnat et 

aL" 1973; Lapp et aL, 1985; Ghayur et aL, 1986) and between 

the generatlon of CTLs in MLC and the intensity of GVH 

reactions (van Elven et al., 1981). 

Recent studies, in which the generation of specifie CTLs 

and the de ve 10 pme n t 0 f e f f e,c t 0 r ph as e 0 f G V H r e a c t ion s ~ r e· _____ 

studied, showed a lack of correlation between these two 

parameter,s. T,bese studi,es demonstrated that the effector phase 
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of the GVH reaction, as assessed by mortality, is not observed 

even though donor-anti-host GTLs are generated !~ ~!~~ (van 

Elven et al, 1981; Hamilton, 1984). In addition, injection of 

IL-2, a T-ce1l lymphokine that augments the GTL activity of 

normal mice, increases the incidence of mortality without 

fncreasing GTL activity of GVH mice. (Judas and Peck, 1983). 

Finally, splenic GTL induction (Shearer and Pollison, 1980, 

Ishikawa et al. 1982» as we11 as T-cell proliferative 

function and T-helper cell -function (Ghayur et aL, 1984, 

1985a) became severely supressed as early as day 4 -after GVH 

induction, whereas the GVH effector phase (as assessed by the 

'1/ 
deve10pment of histopatho1ogical les ions) appeared by d~y 12-16 

after GVH induction. 

The studies cited above do not negate the role of GTLs in 

the effector phase of GVH reactions sinee it is possible that l 

G T L s m a y h a v e sim ply' m i g rat e d 0 u t 0 f the 1 y m p h 0 i d 0 r g ans. I t 

cou1d also be that. due to the accumulation of host cells in 

the spleens of GVH mice. the donor anti-host GTLs are diluted 

out'and. therefore. cannot be detected. If ~pecific donor anti-

host histocompatibi.lity antigen-reactive CTLs are invo1ved in 

the effector phase of the GVH reaction, then histopathological 

alterations should be observed in a11 organs and tissues due to 

the presense of foreign histocompatibility antigens. However, 

tissue damage during the GVH reactlon is observed in spe~ific 
1 

tissues, i.e., those tissues with a rapidly proliferating (self 

rènewing) stem cell population, eg,. lymphoid organs (Lafferty 

et aL, 1972) and eplthelial cells (Snover, 1984 ). Futhermore, 

.'if 
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the type of les ions and the organs and tissues affected during 

the GVH raaetions aeross the major or minor H-2 barriers cannot 
t 

be distinguished (Seemayer et aL, 1977, 1978, Rappaport et 

al 1979; Lapp et al, 1985). 

The faet that GVH assoei~ted morta1ity can be prevented hy 

treating the donor inoeu1um with anti-thy antiserum or anrl-
t 

thymoeyte globulin ( Mu11er-Ruchho~tz et al, 1978, Kolh pt 

al., 1,979, Vallera et al, 1982; Korngold and Sprent, 1')78, 

1982; Hamilton et al., 1981) does not pfovide direct evidence 

for a role of tTLs in the effector phase lt merely suggests 

that T-cells may he essential for the initiation of GVH 

re'actions. Once the GVH reaction is initiated.some other eeli 

population may be activated which may he the effector during 

the effector phase of the GVH reaction. Synergy between two T· 

cell populations during the GVH reaetion has been demonstrated 

( s.ee section 1.4.1.1.). Recruitment of other celi 

population(s) fo11owing the initia~on of GVH reactions by T

c e 11 s h a s a 1 s 0 b e e n s u g g est e d (M 0 w a tan dan d Fer gus son,' 1 9 8 l , 

Mowat et aL, 1985). Severa1 workers have, therefore, recent1y 

suggested that CTLs may not be essentia1 in affecting the 

effector phase of the GVH reaction (van E1van et al., 1981, 

Mason et al., 1981; Judas and Peck, 1983; Hamilton, 1984). 

-,' Recent studies emp10ying lymphoid cells of nude mice, 

which 1ack mature T-ce11s, have shown that these cells are 

capable of inducing features of the effector phase of the GVH 

reaction, as assessed by weight lossjmortality and r~nting 

(Okunewick et al., 1981, 1985). These workers- have suggested' 

that some imm-aturi T-cel1, probably the precursor of CTL (p-
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CTL), i8 involved in the effector phase of the GVH reaction 

(Okunewick et aL, 1981,1985). Other workers have also 

suggested that p-CTL, or a T-cell at a certain stage of its 

differentiati~n/maturation following allogeneic antigen induced 

activation may be the cell that inflicts tissue damage dur~g 

the effector phase of the GVH reaction (Dokhelar et al., 1981; 

Clancy e.t aL, 1983; Hérberman et aL, 1982). 
t 

A recently described cell type, natural killer (NK) 

ce11,is be1ieved to belong to the pre-T-cell (immature T-cell) 

(Herberman and M'olden, 1978; Herberman et aL, 1979; Kaplan, 
f, 

1985) or the p-CTL pool (Nieminin and Seksela, 1984), The 

possible role of NK cells in the effector phase of the GVH 

reaction is presented in the following section. 

1.4.2.4 NK CELLS AND TISSUE DAMAGE 

On1y recently has attention been directed towards 

the possible role of NK cells during the course of GVH 

r e a c t ion. Th u s far, 0 n 1 y )a 1 i mit e d nu m ber 0 f s tu die s are 

avai1able. Moreover, as is commonly the drawback with other 

studies in GVH research, detailed correlative studies on NK 

cel1 activity and the development of clinical features of the 

effector phase of the GVH react~on are not available. 

Therefore, in this section Nl< cell activity during both the 

proliferative and the effector phases of GVH reaction will be 

pres~nted. A part of this thesis (chapters 3-6) sha1l deal with 

the kinetics of ~K cell activity and the de~elopment of various 

features of GVH reactions. 

Kiessling et al. (1977) reported that splenie NK eell 
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activity becomes severe1y depressed 30 days after the induction 
~ 

of a GVH reaction. However, kinetic studies on NK cell 

activity during the course of a GVH reaction showed that NK 

cell activity is augmented in the spleen, thymus, lymph nodes, 

and bone marrow early after GVH induction and then declines to 

undetectable levels (Ghayur et aL, 1980; Roy et al , 1982, 

Clancy et ilL, 1983). The dergree of early augmentation of NK 

cel1 activity was dependent upon the number and genotype ot 
parental lymphoid cells injected (Pattengale et al , 1983, 

Varkila and Hurme 1985a; Ghayur et al, 1984) J 

Borland et al (1983) presehted studies showing a 

correlation between the early augmentation of NK cell activity 

and the development of splenomegaly. These workers induced GVH 

reactions by injecting parental lymphoid cells 

intrape~itoneally. However, in studies in which GVH reactions 

were induced by injecting paren~al 1ymphoid cells by thè 

intravenous route, a lack of correlation was observed between 

NK cell activity and splenomegaly (Ghayur et aL, 1984, 1985a; 

Varkila rond Hurme 19"85a, "Lapp et aL, 1985). Pattengale et al. 

(1983) demonstrated that both the degree and duration of early 

augmnnted splenic NK cell activity depended upon the number and 

strain of parental lymphoid cells injected to induce GVH 

re~ctions. This dose and strain dependance of augmented NK cell 

activity was later confirmed (Varkila and Hurme 1985a; Ghayur 

et al., 1984, 1985a; Lapp et aL, 1985). 

Borland et al. (1983) showed that the- kinetiès of early 

augmented NK cell activity ln the Intra-eplthelial lymphocytes 
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was observed at 

o b S{~ v e d dur i n g 

t1te t1me when gut-associated changes are 

GVH react10ns (Mowat and Fergusson, 1981). 

Pattengale et al. (1983) reported Chat GVH-associated severe 

1es1ons (splenic dysplasia) were only observed 1n GVH mice in 

w h 1 che a r lys u P pre s s 1 0 n 0 f N K c e Il a c t 1 v 1 t Y w a s ·0 b s e r v e d . 

Furthermore, augmented NK ce11 activity after GVH reaction 

-
induction did not a1ways correlate w1th the development of 

severe GVH reactions. Studies from our laboratory have shown , - -

that the GVH-assoc1ated 1esions in the 1ymphoid and non-

1ymphoid organs appeared at the time when NK cell activ1ty was 

at its peak. In addition, the severeity of the 

histopathologica1 1esions correlated with the earlier 

appearance of peak NK cell activity, rather than with the 

overal1 augmented NK cell activity. (Lapp et aL, 1985; Ghayur 

et ~l., 1984, 1985a). These studies constitute a part of this 

thesis and are presented in chapters 4 and 5. 

The involvemefnt of NK cel1s in the effector phase of the 

GVH reactions showing is data that in vivo -- ----
administration of 

su Plo 1: te d b Y 

anti-asia1o-GM1 (AsGMl) antibodies 
.A. 

directed 
l' 

against NK cel1s prevented GVH-~lLsociated moriality (Charley et 

al., 1984) and severè histopathological a1terations in the 

skin. These authors (Charley et aL, 1984) addressed the 

question of the origin (either host or donor) of NK cell 

activ1ty during GVH reactions and its role in the effector 

P h a seo f G V H r e a c t ion s. The y s u g 'g est e d t h a t ho s t N K c e Il s m a y 

be involved in the effector phase of the GVH reaction· (Charley 

et al., 1984), The argument that host NK cells are involved in 

GVH-assoc1ated tis-sue damage was basad upon the' find1ngs that 
'" 
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o administration of AsGMl antibodies to the hosts prior to or at 

the time of GVH induction prevented GVH-induced mortality 

Elimination ~f endogenous NK cells from the donor inoculum had 

no effect (Charley et aL, 1984). Varkila and Hurme (l985b) 

demonstrated that !~ y!y~ administration of AsGMl antibodies to 

recipients prior to GVH induction abolished both the early 

augmentation of NK cell activity as weIl as GVH-associated 

mortality. Adminstration of the same antibodies to the donors 

prior ta GVH induction had no effect on GVH-associated 

mortality (Varkila and Hurme, 1985b). These workers also 

suggested that NK cells of host origin may play an important 

role during the effector phase of the GVH reaction (Varkila and 

Hu r me, 1985b). However, it is possible that alloantigen 

o activated donor NK cells, rather than the endogenous donor NK 

cells, may also be important during the effector phase of the 
, 

GVH reaction alo!lg with host NK ce~ls. If this possiblity is 

true then the administration of AsGMl antibodies to the host 

(at the time or prior to GVH induction) would eliminate NK 

cells of both th~ hast as well as alloantigen activated NK 

ce 115 0 f don 0 r 0 r i gin . Th us, the po s s i b il i t Y t h·a t don 0 r N K 

cells may also be important during the effector phase of the 

GVH reaction connot be completely ruled out. 

~e have also investigated the role of host and donor NK 

cells in inducing tissue damage duing the effector phase of the 

GVH reaction. These studies are presented in chapter six of 

o this thes,is. 

~/ 
In h\u man s. Li v ~ e t al. ( 1 9 8 0) r e p 0 rte d th a t pat i e n t s 

.~ 
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with leukemia or aplastic Anemia showed normal or elevated NK 

cell activity by day 30 after bone marrow transplantation. This 

augmented NK celi activity remained elevated up to day 100 

post- bone marrow transplantation. However. no correlation was 

~ 
observed between the augmented NK ce Il activity against K562 

tumor targets ~nd the development of GVH disease (Livnat et 

al., 1980). Lopez et al. (1979) provided data showing that high 

pretransplantation levels of NK cell activity against Herpes 

simplex virus-1 infected cells (NK-HSV-l) correlated with the 

devlopment of GVH disease. However, no correlation between high 

levels of donor NK-HSV-1 activity and development of GVH 

disease was observed (Lopez et al, 1979). In contrast, Dokhelar 

et al. (1981) reported a correlation between t~e early 

augmented NK cell activity against K-562 tumor targets (NK-K-.. 
562) and the development of GVH disease after bone marrow 

transplatation. Dokhelar et al. (1981) suggested that the early 

appearance of NK-K-562 cell activity which correlated with the 

development of GVH disease was of donor origin. 

In humans, the data available for the origin of NK cell 

activity and the development of GVH disease are still 

controverslal. The controversy exists due to the fact that 

dlfferent workers have employed dlfferent targets to determlne 

NK cell activity. Recent studles ln mice have, in fact, shown 

that NK cells that lyse YAC-l targets and NK cells that lyse 

HSV-l infected cel1s belong to distinct subpopulations of NK 

ce1is (Tang et aL, 1985). 

Thus, the studies cited above for the role of dlfferent 

mechanlsms that are believed to play. an impRrtant role auring 
, , 

40 



o 

o 

o 

the effector phase of the GVH reaction show that although 

different effector mechanisms may be involved in producing 

severe lesions, the mechanism that initiates the tissue damage 

is still being debated. Donor-anti-host specific CTLs are 

assumed to be the effector cells inflicting tissue damage, 

however, the assumption is mainly based upon !~ Y!!E~ data The 

.!~ ~.!~~ data show a lack of correlation between specifie CTL 

generation and th?" severlty of the GVH effector phase. More 

recent evidence suggests that NK cells may play an important 

l'ole in inflicting tissue damage, however their origin (either 

host of donor) is not clear. And finally no systematic kinetic 

study is available to show the kinetics of various immune 

functions and the initiation and progression of tissue damage 

1.5 IHKUNOSUPPRESSlON 

~ 

A consistent feature of the GVH reaction is 

generalized immunosuppresslon. Both the proliferative phase (up 

to approximately 2 weeks after GVH induction) and the effector 

phase (beyond 2 weeks after GVH induction)' of GVH 'reactions 
-. 

contribute to the state of severe immunosuppression. lt appears 

th a t , a t 1 e a st, th r e e d i f fer e n t mec han i s m s c 0 m e i n t O--p l a y 

during the course of a GVH reaction and each contributes to the 

persistence of immune-suppression of the host 4t different 

---times during the GVH reactlon (Lapp et al., 1985). Therè'_",,--

appears to be sufficient overlap between the different 
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suppressive mechanisms to maintain the animal in a severely 

immunosuppressed state (Lapp et aL, 1985). In the following 

sect~oo~a brief review will be presented of the various events 

• and mechanisms that play a role in the induction and 

maintainence of the immuno-deficient state of an animal 

undergoing a GVH reaction. 

1.5.1 EARLY IKHUNOSUPPRESSION 

Lapp and Moller (1969) demonstrated that as early 
, 

as day 7 after GVH induction, GVH mice were deficient in their 

capacity to reject third party skin grafts. They proposed that 

GVH reactions alter the environment within the host, resulting 

o in the prolongation of skin-graft survival time. Sjoberg (1971, 

1972) suggested three posibilities for the GVH-induced 

immunosuppression. These were (1) antigenic competition 
\_ ,_ ~ L---~ " 

between two cross-~eacting antigens competing for the same 

antigen-reactive cel1; (i1) 1ack of some essentia1 factor in 

the host, and (iii) induction of some inhibitory factor. 

Grushka and Lapp (1971, 1974) showed that wh en a normal 

thymus was transplanted into an immunosuppressed Fl hybrid 

undergoing a GVH reaction, GVH intensity increased as assessed 

by weight los~ and mortality. These workers suggested that the 

GVH reaction has a generalized immunosuppress1ve effect which 

suppresses not on1y the immune r'sponse to other antigens, but 

() 
a1so the GVH reaction itself. They proposed chat GVH-induced 

.' 
immunosuppression is caused by depletion of a thymic factor 
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which plays an important role at some critical stage in the 

normal immune response (Grushka and lapp, 1971, 1974). Further 

studies supporting the c~ncept of thymic f!ctor depletion as a 

cause of immunosuppression Tolere presented by Lapp et al 

(1974). They demonstrated that the PFe response to SRBC of 

immunosuppressed mice could be partially restored by inJecting .. 
either syngeneic thymocytes or thymie extracts. Similarly, in 

~i~!~ T-helper cell function of GVH immunosuppressed mice could 

be restored by T-cell derived factors (Elie et al, 1974) 

These resu~ts strongly suggest that the GVH-associated 

immunosuppression could be at least partially due ta 

depletion/lack of thymic and/or T-cell derived facto~s 

resulting in depressed T-helper ce 11 function. 

Besides the depletion of thymie and/or T-cell derived 

factors, release of suppressive factors and the generation of 

suppressor cells have also been reported to play a role in 

e a r l y G V H - in duc e d i m mu nos u.p pre s s ion. S tu die s b y S job erg (1 9 71 . 
( 

1972) and Moller (1971) sJ~gested a role for suppressor factors 

\ 
in G V H in duc e d i mm un 0 s u pp r è. s s ion. S job erg (1 9 7 2 ) de mon ~a t e d 

\ 
\ 

that a cell with macrophage-l'ke properties '-las responsible for 
'. 

initiating early immunosuppression. Other '-lorkers also 

indicated that the macrophage could')e the ce Il producing such 

suppressive factors (Byfield et a1.., 1973; Elie et aL, 1974) 

Elie and Lapp (1976, 1977) showed that during the early 

phase of GVH reactions thers was a massive increas8 in the 

number of macrophages in the spleen (30\ above normal). which 

suppressed T-hel~er cell function. lt was further demonstrated 
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that these macrophages could perform normal functions, i.e., 

provide help in antibody production, if their numbers were 

reduced to normal levels (3-5\ of the aplenic cellularit.y). 

These results suggested that the suppressive effect Of~ 
macrophages was quantitative rather than qualitative (Elie and 

Lapp, 1976,1977) and raised the possibility that th-e early 

macrophage-mediated suppression represented an amplified normal 

immune regulatory function (Elie and Lapp, 1977). Recent 

studles (Lapp et aL, 1980) have shown that the accumulated 

macrophages ln the spleens of GVH mice release massive amounts 

of prostaglandin (PG) E which suppress T-helper cell function. 

Removai of PGE-producing macroph~ges delayed the onset of 

severe immunosuppression. Furthermore, in y!y~ administration 

of Indomethacin (a PG synthetase inhibitor) partly reversed 

early immunosuppression (Lapp et al., 1980). A regulatory role 

for macrophages and their products has a1so been suggested by 

several other workers (Treiber and Lapp, 1976; Hoffman and 

Dutton, 1971; Waldman and Gottlieb, 1973; Calderon et aL, 

1975; Optiz et aL, 1976). 

't 
Follçwing the activation of T-ce1ls by mitogens or 

antigens, interluekin-2 (IL-2), a T-celi lymphokine, is 

released by T-cel1s (Smith, 1980; Gi11:hs, 1983). IL-2 i8 an 

essential, requirement in the proliferation and maturation 'Of 

ce1ls involved in T-cell mediated immune responses and pêrhaps 

in T-helper cell dependent B-cell responses. The proliferative 

responses of GVH cells to mitogens (Ghayur et al., 1984, 1985a, 

1986a;) and CTL generatlon (Shearer et aL, 1980) become 
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severely suppressed as~arly as day 4 after GVH induction. lL-2 

pro duc t ion b y ( N ive n and La pp, 1984 ; Nes tel et al., 19 8 6 ; 

Joseph et al., 1985), and the expression of lL-2 receptors on 

(Joseph et al., 1985) GVH spleen cells becorne severely 

suppressed by day 8-15 after GVH induction. lt is not clear at 

the moment whether excess production of PGE by macropha~s 

present in the GVH spleen may play a role in the suppression of 

IL-2 production and thereby cell proliferation. However, 

Prud'homme et al. (1984), using spontaneous1y diabetic rats, 

have shown that PGE production by "activated" macrophages 

suppresses both IL-2 production as weIl as cell p~oliferation 

Further~ore, IL-2 production and proliferative responses could 

be partially restored by lndomethacin (Prud'homme et al., 

19 84). Ch 0 u a 1 b e t al. (19 84) h a v ~ r e po rte d th a t P G-E 2 a c t i vat e 5 

T-suppressor cells whlch Inhibit IL-2 production. Another 

suppressor celi type ln the spleens of GVH mice which 

suppresses mltogen responses of normal FI splenocytes has 

recently been descrlbed (Holda et al., 1985a,b; Maler et al., 

1985). This suppressor cell does not express thy-l, a5ialo GMl, 

surface Ig and ls non-Adherent. The ce11 is termed a naturai 

suppressor cell and its activlty can'be demonstrated 7-10 days 

after GVH induction. A suppressor cell with neither T-cell 
""l'nor 

macrophage properties has a1so been reported by Parthenais and 

-La pp ( 1 9 7 8 ) . Ho w e v e ~ the s u pp r e s s ive pot en t i a lof th i s c e Il 
, 

was on1y' apparent whën parentJ T-ca11s were eliminated from 
,. 

GVH sp leens (Parthenais and Lapp, 1978). 

5 ev e r a 1 w 0 r k e r 8 h av e aIs 0 de mon s t rat e d 8 U pp r e s sor ce Il s 'f 
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that express T -cell surface markers in the spleen of GVH mice. 

The two assay systems extensively employed to study the 

suppressive effects of suppressor T-cells oI)/ normal cells are 
-\' ) 

the PFC assay that mea~es the T-helper cerI dependent B-cell 

responses (Sband, 1976,1977; Pickel and Hoffman, 1·977a,b; van 

Elven et aL, 1981; Rolink et aL, 1983); and the in vitro 

generation~of CTLs (Po11ison and Shearer,1980; Shearer and 

Pollison, 1980; Ishikawa et al., 1982; Shearer and Levy, 1983; 

Hurtenbach and Shearer, 1983; Hur~enbach et al., 1984; Argyris, 

1984). Suppressor T-cells may be either H-2 specifie, i.e, 

directéd specifical1y against H-2 antigens of the other parent 

on F1 ce11s (Picke1 and Hoffman, 1977) or non-specific 
l 

(Argyris, 1984; Shearer and Levy, 1983). Different groups of 

workers have reported various surface markers on T- suppressor 

cells, suggestlng that perhaps different subpopulations of 

suppressor T-cells are activated at different times after CVH 

induction. The various surface markers reported on the 

s u p pre s sor T -'c e 11 s are : Th y 1; l y t 1 + 2 -; 1 y t 1 + 2 +; ".. Y t 1 - 2 + ; 

lyt 1+2+3+ (Argyris, 1984; Ishikawa et al., 1982; Hurtenbach 

and Shearer, 1983; Hurtenbach et al., 1984; Pickel and Hoffman, 

1977; Shand, 1977). 

Hurtenbach and Shearer (1983) and'Hurtenbach et al. (1984) 

studied the surface markers on suppressor 1-ce11s early after 

induction of the GVH reaction. These workers showed that 

l ' 
between 5-7 days post-GVH induction the GVH suppres~or_aceivity 

could be abrogated by anti-1yt l, anti-1yt 2, and ânti-thy 1 

antibody and complement treatment. The suppressor activlty 

46 



o 

o 

o 

-, 

"'. . 

became insensitive to anti-lyt l, ~ut not anti-lyt 2 and anti-

thy 1 antibodies, by day 8 post GVH induction. From 'pay 14 

after GVH-induction, these workers reported that, for a brief 

------.. 
period of time, the suppressor activity was insensitive to any 

of the antibodies directed against T-cell surface markers 

However, sensitivity to anti-thy l, but n,ot to anti-lyt 1 and 

1yt 2 ahtibodies, reappeared again (Hurtenbach and Shearer, 

1983; Hurtenbach et al., 1984). Hurtenbach and Shearer (1983) 

and Hurtenbach et al. (1984) demont'rated that the T-suppressor 

• 
cel1s were of donor origin. 

In the studies cited above the suppressor ce11 activi~y was 
~ 

measurad ln !!!f~ by mixing GVH spleen cells with normal FI 

cells. It has been 

in the GVH spleen 

;/ 

re)Orted that ---;; 
( 

inh!-bited the 

although thy-l positi~e cells 

reponse of normal FI cells, 

they failed to inhibit the response of normal cells of the same 

genotype as those used to induce the GVH _reaction (Parthen-a-is 

an-d Lapp, 1978). lt was, therefore, suggested that the 

increased suppressor activity by thy-l+ cells in the GVfI 

spleens may simply reflect an inctease in cytotoxic or 

cytostatic cells of donor origin (Parthenais and Lapp, 1978)_ 

Pollison and Shearer_(1980) also suggested ~hat suppressive 

activity ot GVH spleen cells ~ould be account-ed for, at least 

~ part, by parent anti-Fl cytotoxic ce11s. 
-" 

The direct suppressive effects of GVH spleen cells on 

normal B-ce1l function have not been studied as extenslvaly as 

those of T - ce Ils. However, supplte-ssion of B - ce)..-l pro 1,iferat'1ve 

~ 
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responses to' LPS by factors (PGE) (Lapp et al., 1980) and 

suppressor ce1ls (Maier et al., 1985; Holda et al., 1985a,b) 

during GVH reactions have been reported. Furthermore, Abbuzro 

an9 Rowley (1983) have suggested that the augmented NK cell ~ 

activity during the early phase of GVH reactions may suppress 

B:cell function. Regulation of B-cell responses by NK cells has 

recently been reported by several workers ~Abruzzo and 

Rowley,1983; Storkus and Dawson,1986; Brieva et al., 1984; 

Nabel et al., 1982). 

\ 
The studies cited in this section suggest that several 

mechanisms may be involved in inducing immunosuppression early 

after the.induction of GVH reactions. These mechanisms are 

(i) depletion/lack of -thymic and/or T-cell derived factors; 

(ii) A quantitative change in the splenic macrophage 

population; ( i i i ) PGE production; and" (iv) 

. ' activat~on/generation of different types of suppressor cells . 

Active suppressor cells disappear and the presence GE 
1 

can not be detected between 20-30 days after GVH induction, yet . , 

animais remain suppressed (Parthenais et al., 1974; 

and Lapp, 1978; Shand 1976,1977; Lapp et al., 1985). e fact 

.that immune "suppression persists after t'he disappearance of 

active suppressor mechanisms suggests that prolonged 
, ~ 

suppression may be due to,the depletion of a~cell or factor 

that ls essent~al for initiating the induction and/or effector , 

funct10n of the immune response. ln the next section a brief 

o rev i of the mechani.ms involved in persistant • 

uppr ••• 1on are present.d. 

48 



o 

o 

..... 

1.5.2 PERSISTANT IHHUNOSttPPRESSION , 
...,/ 

As mentioned in the preeeding section, onl:! of the 

meehanism of GVH assoeiated immunosuppression is the 

depletion/lack of thymic and/or T-cell derived faetor(s) The 

GVH reaction induces a functional thymie deficienc-y which can 

,Q 

be corrected by the transplant of a ~ormal thymus (Grushka and 

Lapp, 1971; 1974). Atrophy or involution of the thymus has been 

described as a characteristic feature in murine GVH reactions . 
(Simonsen, 1962; He!m et aL, 1967). Heim et al (1967), 

described GVH-associated thymic changes as à morphologieal 

d(~organization of the thymus accompanie~ by destruction and 

depletion of thymoeytes. The specifie effects· of GVH reaction 

on the thymie medulla were not described in these earliar 

studies (Heim et aL, 1967). It was proposed that the thymic 

involution/atrophy ob~erved after the induction of GVH 

reactions was a hormone-mediated phenomenon dependent upon an 

intact pituitary-adrenal axis (stress related) and not an 

immunological phenomenon (Heim et al., 19~7). 

S tudie s from thi s labora to ry have ext_ens ive ly inve st iga te d 

the thymic archi~ecture in mice undergoing either chronic or 

acute GVH reactions (Seemayer et aL, 1977, 1978; Seddik et 

al .• 1980; Lapp etaI., 
~ 

1985). Seemayer et al. (1977, 1978) 

showed that induction of both chronic (across multiple-minor 

loci) and aeute (across H-2 differences) GVH r~actlons in FI 

hybrids resu1ted ln marked thymie atrophy as early a~ day 6 
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after GVH induction. The thymi'c involution was largely due to 

depletion of thymocytes ln the thymic cortex. In addition to 

thymic atrophy, light and electron micrpscopic studies revealed 

profound thymic dysplasia as ,characterized by an effacement of 

the cortico-medul1ary demarcation, injury of medul~ary' 

epithelial cells and loss of Hassall's corpuscles. These 

/\ m-edullary changes started to appear by day 14, and were maximal 

by day 21-28 post GVH induction (Seemayer et aL, .1977). 

In order to differentiate between stress- related and GVH 

specifie thymic Alterations adrenalectomized mice were used as 

recipients. When GVH reactions were induced in adrena1ectomized 

mice, thymie atrophy, Le., cortical thymocyte depletion, was 

not observed. However, pathological changes were observed in 

the thymic medulla inc1uding cortico-medullary demarcation 
~ 

effacement, broadening and disorganization of the medulla, 

emperipolesis of epithelial cells by lymphocytes, 

dis sap p e a r an ce 0 f Ha s salI cor pus c 1 es, e pit h~ 1 i ale e 11 i n j ury 

and the progressive accumulation of macrophages laden with 

debris (Seemayer et aL, 1978, Seddik et Lalo, 1980). lt was 

therefore suggested that the GVH associated thymic cortical 
L 

changes were hormone mediated (s~ress-related), whereas the GVH 

associated thymic medullary changes were "related to the GVH 
~ 

reaction 2~! .!~ and thus due to an immun01ogica-1 phenomenon 

(Seemayer et aL, 1978; Seddik et aL, 1980, Lapp et aL, 

1985). Uti1izing flo'resence 1abe11ed antibody specifie for a 

.olub1. thymic factor (Pptworowski et al., 1977), it was 

further delllonstrated that thymie m.du.-llary epithelial cells, 
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o whieh are normally positi'fe for soluble thymie factor (STl), 

could not be detected in the GVH-indueed dysplastic thymus 

(Potworowski et aL, 1979). Studies have also demonstrated that 

the intensity of thymie histopathological lesions depended upon 

both the donot-host genetic combinat:ions (Rappaport et al., 

1 9,7 9; S e e m a y e r e t a 1 ., 1 9 7 7, 1 9- 7 8) and the n u m ber 0 f par e n t a 1 

1ymphoid cells injected to ipduce GVH reactions (Ghayur 'et al" 

1984, 1985a). The studies on the effect Qf donor ee11 dose and 

genotype on the intensity of thymie dysplasia are prese~d 1n--

chapters 5 and 6 of this thesis. 

Seddik et al. (1979, 1980) examined the re1ationship 

between the thymic dysplasia and T-ce11 immunodeficiency. GVH 

o reactive mice were sacrificéd at different days after GVH 

induction and their thymocytes were used to reeontitue T-cell 

function in adult thymectomize~, X-irradiated, bone marrow 

reconstituted (ATxBM) mice (Seddik et al, 1979,'1980 ).The 

ATxBM mice were then tested for their ability to reject third 
1 

party H-2 incompatible skin grafts, T-he1per cell function, and' 

mitogen responsiveness (Seddik et aL, 1979, 1980). The results 

from these studies demonstrated a close association between 

the progression ~f thymie medu11ary injury and the decline in 

T-ce11 funct10ns (Seddik et aL, 1979, 1980, 1984a, 1984b). lt 

1 

was suggested that the i~jury to the thymie epithelium resu1ted 

in a t-he1per ce11 maturation,l defect. 

o Mendes et al. (1985&, 1985b) investigated the nature of 

the T-cell funetional defect as.ociated with the thymic 
/ 
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dysplasia. Using interleukin-l (lL-l) and lL-2 as probes to 

Btudy the nature of the T-cell funetional defect and its 

association with thymie medullary Injury, these workers (Mendes 

et al., 1985a, 1985b) demonstrated that GVH thymocyt;es 

(obtained from dysplastie thymuses) failed to respond to lL-1. 

When GVH thymocytes were stimulated wlth lL-2 plus mitogen 

(PHA) up to 60% of t~e normal response was observed (Men~es et 

aL, 1985a, 1985b). These results suggested that the defect in 
\) 

the GVH T-cells May not be in the 1L-2 responsive cell 

population, but rather in the T-helper cell population 

responsible for 1L-2 production. Studies on lL-2 production by 

GVH spleen cells demonstrated that, indeed, these cells were 

severely defiilent ln 1L-2 production (Mendes et al., 1985a, 

1985b). Chapters 7 and 8 of this thesis shall deal with the 

role of GVH-associated thymie 'dysplasia in determining th~ 

duration of T-cell immunodeficiency. 

Thu" the experimental data eited above concerning the 

,association between T-cell immu~odeficiency and thymie injury 

ln GVH mice, suggest that thymie eplthellal cell dama~e results 

in a maturational defect ln the T-helper, IL-2 producin& cell 

population. This defect May play an important role in GVH-

associated prolonged T-cell immunodeficiecy (Lapp et al., 

1985). 

1.5.3 B-CELL IKKUNODEFICIENCY 

Earlier studi •• on B-cell function during the GVH 

5t 
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reaction suggested that B-cell function and/or production may 

b e d ire c t 1 Y a f f e c t é d b Y the G V H r e a c t ion. M ,0 Ile r (l 9 7 l) and 

Treiber and t.app (1978) demonstrated that the PFC response to 

the thymic independent antigen .LPS, was depressed following 

GVH induction. T-ce1l responses, but not B-cell responses, 

could be stimulated in GVH mice by repeated antigenic challenge 

(Treiber and Lapp, 1978). When GVH bone marrow was used to 

reconstitute a~lt thymectomized, X-irradiated mice it was 

shown that by day 7-10 after GVH induction GVH bone marrow was 

ineffective in reconstituting B-cel1 function (Seddik et a1., 

1985b). These results co11ective1y suggested that B-cell 

function and/or production in the bone marrow is affected by 

the GVH reaction (Seddik et aL, 1985b). 

Recent studies employing immunof1uorescent labelling of 

cytoplasmic and surface u chains, which identify pre-B and B-

cells respective1y ( 0 s mon d , rCHI 0) , 
" . have demonstrated 

alterations in the numbe,r' of pre-B and B-cells in the bone 

marrow and spleen at different days after the induction of GVH 
J 

reactions (Xenocostas et aL, 1986). By this approach it W"as 

demonstrated th~the number of B-cells in the spleen'declined 

) 10-25 fold within-14 days after GVH-induction. In the bone 

marrow, both the pre-B and B-ce1ls numbers declined to 1-10% of 

normal levels and preceded the marked reduction in the spleen 

( X e n 0 c 0 s.J: a set aL, 1 9 8 6 ) . Th e s e r e sul t s s u g g e: s t th a t B - c e Il 

suppression i5 due to a defect in B-cell genesis in the bone 

m arr 0 w, th e p r i m a r y s 1 t e 0 f B - c e Il pro due t ion (0 s mon d, 1 9 8 0 ) . 

Although, ~hlstopatholog1cal changes in the bone marrow of GVH 
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miee have been described (Githens et al., 1968; Hirabayashi, 
0. 

1981; Ishihara and Shimanina, 1980) no correlativé' study on the 

influence/effects of "these structural changes on B-cell 

function is available. 

1.6 CONCLUDING REMARKS 

The literature survey of the GVH field presented in this 

chapter shows that the GVH reaction results in morphological, ... 
histopathological, and immune functional changes. The 

~orphoIogical changes assoeiated with the GVH reaction are 

affect~ by the do~or cell induced host eell recruitment. The 

histopathological changes appear to be cell-mediated, however 

the eell type responsible for initi\ting these pathologieal 

changes is still eontroversial. Moreover, the origin (either 

host or donor) of the effector cell which 1-r1itiates the 

histopathologlcal changes is also not clear. However, the 

progression of histopathological leslons may be due to the 

inflammatory response at the site olf t'issue damage. Both the 

morphologieal as well as the hlstopatholaglcal changes may be 
t, 

involved in bringing about. the immune functional changes 

associated with the GVH reaction. 

The literature survey also reveals that most of the workers 

hava •• plo~ed one paramater or another that measures either 

proliferatlve (morphologieal changes) or effector (hlstopatho-
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o logical changes) phases of the GVH reaction at one particular 

period of time. Only a few workers have employed two or more 

parameters which measure either the proliferative 

(splenomegaly) or the effector (mortality) phase of the GVH 

reaction and have observed a lack of correlation between these 

two phases. Thus, the use of one GVH associated parameter at 

one particular t1me after GVH induction only proviftes 

information on the GVH reaction at that time and is not 

necessarily useful for predicting later events. The available 

data suggest that following the induction of a GVH reaction a 

series of events jmechanisms are triggered and that during each 

phase of the GVH reaction a particular mechanism or combipation 

bf "lnechanisms may be involved. The GVH re..action, thus appears 

o to be adynamie ongoing process. 

No systematic kinetic studies are available on the 

relationship between the morphological, histopathological, and 

immune functional changes. Lack of such studies raises certain 

crucial questions that may be essential to our understanding of 
. 

f 
the rather complex GVH reaction. The questions to be a4dressed 

in this thesis are the following: 

(1) What 15 the rel~tionship between the va~ious immune 

functions, i.e., T-cell, B-cel1, and NI< cell activity, 

fo11owing GVH induction? 

~o 
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,0 (2) What is the relationship between the various immune 

fun c t ion s, spi e nom e gal y, and hi s top a th 0 log i cal al ter a tî 0 n s 

after GVH induction? 

. 
(3) Yhich immnue cell function correlates with the 

development of the hlstopathologiacl leslons? 

(4) What ls the origin of the cell type that correlates 

with the development of hlstopathological lesions ,i.e., host 

Ol' donor? 

(5) What ls the relationship between the degree of 

o splenomegaly and the degree of histopathological alterations? 

(6) What is the contribution of splenomegaly and thymi 

dysplasia in determing the duration of immunosuppression? 

(7) Do the animaIs that survive the initial GVH reactlon 

recover from thymie dysplasia and immunosuppression? If so, 

what are the k1netlcs of the regeneration o.f the thymus and the 

immune funetlon? 

, . 
And finally, (8) Can the immune functions (T-cell and NK cell) 

.' of GVH immunosuppressed lIice ba rastorad? 

ie 
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These questions are intriging not only as an experimental 

curiosity, but are also important for understanding clinical 

GVH IJ 
disease. 
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CHAPTER TWO 

MATERIALS AND METHODS 
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2.1 ANIMALS 

Mice of inbred strains A (H-2a), C57BL/6 (H-2b) and their 

F 1 h Y b r i d s ( A x C 5 7 B L / 6 ) F 1 ( B 6 A F 1) w e r e u s'e d i n m 0 s t 0 f the 
, 

studies presented in this thesis. For the studies presented in 

chapter six, miee of inbred strains C57BL/6 beige/beige J 

(B6 bg/bg) (H-2b) and littermates B6 +/bg; C3H/Hej bg/bg 2J 

(C3H bg/bg~-2k) and littermates C3H +/bg were purchased 

from Jackson Laboratories, Bar Harbor, Maine. Appropriate 

breeding pairs, (B6bg/bg x C3H+/bg) and (B6+/bg x C3Hbg/bg) 

were estâblished to produce B6xC3Hbg/bgFl (bg/bgFl) and +/bgFl 

mice which served as recipients. B6bg/bg and B6+/bg mice 

produced tn the same litter by appropriate breeding served as 

donors. 

A Il mie e u ~e d i n th i s the sis w e r e b e t w e e n the age S 0 f 1 2 -

20 weeks at the start of the experiments. The miee were bred 

and maiotained in our animal colony at the Mclntyre Medical 

Sciences Building, MeGill University, Montreal, Canada. 

Syngeneity between animals of a given strain was assured by 

strict brother-sister mating and the animaIs chosen as 

breeders were never more than 4 gene~ations removed from a 

common brother-sister mating. 

~ 

2.2 GRAFT-versus-HOST (GVH) REACTION INDUCTION 
• 

AnimaIs of parental strains A and B6 were sacrifieed 

under ether euthanasia. Their spleens, brachial, axillary, 

inguinal, and cerv:leal lymph nodes were removed. Spleen and 
, 

lymph nodes of parent~l strains A and B6 wer8 pooled 

• 
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seperately. A single lymphoid cell suspension was prepared by 

gently pressing the pooled spleens and lymph >nodes through a 

#50 mesh stalnless steel screen placed over a petri dish 

containing Hank's balanced salt solution (HBSS, Grand Island 

Biological Co., Grand Island, N.Y.). Small clumps of cells 

th~t passed through the screen were broken up by gently 

Bipett:ing with a pasteur pipette. The cells thus obtained were 

washed three times by centrifugatiot;l at 1,000 rpm (500g) for 

6 - 8 ml n il tes in H B S S. A ft e r the las t w a s h ~ he ce 1..J. s we r e pas s e d 

through a cotton gauze to r!move Any clumps. 

Cell counts were done by the trypan b1ue dye exclusion 
, 

" > method. FI recipients we~e warmed under an infra-red lamp in 

order to dilate the tail veins. Different doses; 10xl0 6 , 
~ 

20xl0 6 , or 30xl0 6 of lymphoid cells of eithe;: parental strain 

A or B6, in a volume of O.3ml, were injected intravenously 

(i.v) into FI recipients via the tail veins using a tuberculin 
, 

syringe and a 26 gauge needle. 

For the studies presented in chapter 6, single cell 

l , 

suspensions of pooled spleens and lymph' nodes froa B6bg/bgJ 

and B6+/bgJ- littermates were prepar~d separately a~d 50x,10 6 
, 

1 y m p h 0 id c e Il s , in a vol ume 0 f O. 3 m ~ ., 0 ~ e i t h~e r B 6 b g / b g 0 r , 
. " B6+/bg origin were injected l.v into either bg/bgF1 or +/bgFl 

mica, thereby producing foux: exper~niental groups bf GVH-

, '. 

... . 
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2.3 

(iv) 86 +/çg parental cells injected into +/bgFl mice 
~-

SKIN GRAFTING 

Full thickness skin grafts were a'pplied according to 

the technique described by Bliss (1965). Donor C3H/HeJ +/bg 
-t 

mice were sacr!ficed. Pinch grafts were taken from their mid-

dorsal area, using fine curved scissors, after thE! skin was 
" 

shaved and washed with a 70% ethanol solution. The grafts we~e 

then placed in a petri dish containing a sterile filter paper 

soaked with physiological saline. The grafts were placed w-ith 

the' epidermal side down. The fat and connective tissue were 

removed using curved Metzenbaum scissors. 

Recipi~nt mice of either B6 bg/bg or 86 +/bg genotype 

were anesthesized and then placed on a clean surgieal cork 

bO'ard. A small piece of cotton soaked with ether was pl.!iceél in 

front of the animal's nose to ensure a proper level of 

anesthesia. The laterai chest wall of the recipients W8't1 

s h a v e dan deI e a n ad w 1 th 7 0 % eth a n 0 1 . G r a f t b e d s 0 f the sam e 

size Is 
u , 

the donor grafts were prepared by remov!ng recipient 

skin. t~king ca're not to inj,:re the chest wall or the mammary 

and thorac lc b lo-od vess e ls. Donor grafts we re .then app l ied ~n 

the

J 
graft beds on 

sul hadiaz ine pOl/der 
~ 

the 1 a ter ale h est w a 1 l, dus t e d 'W i th 

and secured in place by "scotch" tape. 

Graft dresslngs we,re removed on the 10th post-operative 

,day J and grafts were visually 'inspected dal1y. The gra~ts were 
/ 

" , 
trom o to 100 ba.ed on the allount "of 

\ - healthy 

1 • 
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epithelium. Grafts with lO~ or less healthy epithelium were 

considered rejected. 

Since C3H/HeJ served as donor strain for all skin 

grafting and B6 bg/bg or B6 +/bg served as recipients, the B6 

bg/bg or B6 +/bg effectn' cells responsible for allograft 

, rejection were directed against the C3H H-2~ haplotype lt 

should be noted that the same H-2k haplotype of C3H strain 

served as the stimulus/target for the donor B6 lymphoid cells 

that were injected into B6C3H bg/bgF1 or B6C3H +/bgFl mice tn 

induce a GVH r..eaction (see chapter 6) 

2.4 PREPARATION OF LYMPHOID CELL SUSPENSIONS FOR NATURAL 

. 
THE KILLER (BK) CELL ASSAY 

2.4.1 THYMUS CELL SUSPENSION 

Normal control and GVH-reactive mice were sacrificed 

by ether euthanasia. To remove the thymus, the mouse was 

... 
placed in a supine position and the thoracic cavity was opened 

by a longitudinal, mid-ventral incision from the xiphisternum 

to the neck. Using fine curved forceps, each thymie lobe was \ 

removed and any contaminating lymph nodes were removed. A 

single cell suspension of thymoeytes was prepared by gently 

pressing the thymie lobes through a #50 mesh stainless screen 

into a petri dish containing HBSS. Thymus cells obtained from 

normal and each group of GVH-reaetive mice were pooled 

seperately. 

o 2.4.2 BORE BARROU (BK) CELL SUSPENSION 
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Normal and GVH·reactive mice were sacrificed as 

described above. The mice lIere placed in a supine .. position, 

and an incision lias made 1n the skin over the femurs and 

tibiae. The skin lias peeled in order to expose the muscle. The 

muscles were removed and the femurs and tibiae exposed. The 

h e a d 0 f e a c h bon e w a s c ut· 0 f fan d the -m arr 0 11 11 a sas p ira t e d 

wH:n"il #26 gauge needle in a lml. syringe containing a small 
----il" 

amo'unt(of HBSS. BM cells obtained from animaIs in the same 

experimental group were pooled. 

2.4.3 LYMPH NODE CELL SUSPENSION 

Normal and GVH·reactive animaIs lIere sacrlficed 

under ether euthanasia. The lymph nodes, namely, brachial, 

axtllary, inguinal, and cervical were removed and placed in 

HBSS. Single cell suspensions of lymph nodes were prepared. 

Lymph node cells obtained from normal and different groups of 

';; 
GVH mice were pooled sepej'ately. 

1 
2.4.4 SPLEEN CELL SUSPENSION 

Spleens lIere r~moved from normal and GVH mice 

under ether euthanasia. Splenic single cell suspensions were 

made by gently pressing the spleens through' a #50 mesh 

stainless steel screen placed over a petri dish containing 

HBSS. Spleen cells obtained from each group o~ mi ce were 

pooled seperately. \ 

, 
2.5 PARTIAL PUR,IFICATION OF BK CELLS FROM SPLENOCYTES, 

THYKOCYTES. -LYMPH NODE CELLS. AND BK CELLS. 
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Singlè cell suspensions from normal and GVH 

reactive spleens, thymuses, lymph nodes, and BM were prepared 

separa~ly in HBSS, as described in section 2\4. 

The cells from each of the above organs were washed twice in 

HBSS. The cells were resuspended in HBSS supplemented with 2% 

fetal calf serum (FCS) and incubated in disposable plastic 

petri dishes for a period of 60-90 minutes at 370C in 5% C02 

This procedure, at least partially. removed macropha~es 

(MO)/monocytes, since such cells are plastic Adherent 

After the period of incubation, the non-Adherent cells 

were removed with a pasteur pipette, layered onta ficol 

hypaque (density 1.09), and 'spun at 1,000 rpm (sOOg) for 15-20' 

minutes. Ficol hypaque was prepared by adding 112 ml. of 

hypaque M 60% (Winthrop laboratories, Aurora, Ontario, Canada) 

to 400 ml. of 9% Ficol 400 (Pharmacia Chemicals, Uppsala, 

Sweden) solution. This mixture of ficol and hypaque gave a 

density of 1.09. Layering of non-adherent cells onto ficol 

hypa.que removed red blood cells and some granulocytes which 

settled to the bottom of the tube, whereas the dead cells 

floated to the surface of the medium. 

Following ficol hypaque layering and centrifugation" the 

cells at the interface, between ficol hypaque and HBSS, were 

gently removed with a pasteur pipette and washed three times 

with HBSS. The cells were then resuspended in RPMI-1640 (Grand 

l s 1 and Bio log i cal Co.. G-r and 1 s 1 and, N. Y .) s u p pIe men t e d w i t h 

5% FCS, counted 'and adjusted to a desired concentration to 
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achieve 4ifferent e/ffector:target (E:T) cell ratios. 

_The ce Ils thus obtained (parti Ally puri fied ce Ils} a fter 

plflstic Adherence and ficol layèring, were used as effectors 

in the' NK cell assay , as described in section 2.7. These 

cells will be referred to as partially purified NK cells or NK 

cells in the text. 

2.6 TREATMENT OF' BK CELLS VITH ANTI-THY-l SERUM PLUS 

COMPLEMENT (C') 

Anti-Thy-l.2 serum was raised in the laboratory 

according to the methods of Reif and Allen (1966) and Raff 

(1969). The anti-serum was employed at a dilution that 

achieved maximum (> 90%) cytotoxicity when tested on 

thymocytes~ Splenocytes which were partially purified by 

plastic Adherence and ficol hypaque layering, as described in 

section 2.5, were adjusted to a desired concentration and were 

then incubated with anti-Thy-1.2 antiserum for 30 minutes at 
. 

37oC, followad by 45 minutes incubation with absorbed guinea 

pig Ct (GIBCO, Burlington, Ontario,- Canada). Splenocytes 

treatad with medium (HBSS) and Ct served as controls. The 

cells were washed three times in HBSS and, resuspended in RPMI-

1640 supplemented.with 5' FCS. These cells served as effectors 

in the NK cytotoxicity sssays, as described in section 2.7. 

Cytotoxicity of anti-Thy-1.2 serum was determined by trypan 

b1ue dye exclusion. 

2.7 NK CBLL AS SAY 
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Single cell Bupensions of spleen, lymph nodes, 

th Y mus and B M w e r e 0 b t a i ne d a s' des cri b e d i n 8 e c·t 1: 0 n 2. 4. The 

cells from these lymphoid organs were then partially purified 

by plastic Adherence and ficol hypaqu~ layerlng -as described 

in section 2.S. These partially purified cells were 

resuspended in RPMI-l640 supplemented in S% FCS, adjusted to a 

conceQtration of IOxl0 6 cells/ ml, and served as NK effector 

cells in the NK cell cytotoxicity assay. In some experiments, 

s'erjal dilutions of effector cells were performeâ to achieve 

different E:T. cell ratios. 

y AC - 1, a Malon e y v! rus - 1 n duc e d l Y m P ho m a 0 f st ra 1 n A / S n~ 

(H-2a); P-8IS , a ~thylcholentherene induced mastcytoma of 

strain DBA/2 (H-2d), and Eb, a ly~phoma of strain DBA/2 (H-2d) 

origin; were used as targets in the NK cell cytotoxicity 

Assay. The tumor target cells were labelled with SlCr. For -

SICr labelling, approximately 3xl0 6 tumor cells were suspended 

in 1 ml. 0 f R PMI - 1640 su pp 1 e men t e-d w i th 5 % F CS and in cu bat e d 

with 0.1 ml of Na2Cr04 (Spec1fic activity lUCi/ml) (NEN, 

Chicago) for 1 hour at 37oC. Fo1lowing this incubation, tumor 

target cells were washed three times, and resuspended in RPMl· . 

1640 supplemented with 5% FCS at a final concentrationkof 

IxlO S cells/ ml. 

Different effector cell numbers in a volume of SOul/well 

were plated in quadruplicate or sextuplicate cultures in V 

bottom microtiter plates (Dynatech Laboratories Inc.). SICr 

labelled target cells/well in a volume of 100ul were added to 

the effector cells. This resulted in a final volume of 
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150ul/well. The plates containing NK affector cells and SlCr 

labelled target cells were incubated for 4 hours at 3IoC ip a 

humidified atmosphere containing " C02. Thê plates,were then 

centrifuged at,l,OOO rpm (500g) for S minutes and 100ul ~ 
, 

aliquots of supernatant was asseyed for 5lCr releas~ in a 

Nuclear Chicago gamma counter. Percent cytoxicity was 

calculated by the formula: 

Experimental tpm • spontaneous cpm 
, Cytotoxicity -

Maximum cpm - spontaneous cpm 
- ( 

~xpe-rimental cpm were derived from aliquots (lOO~I) of 

superna tants taken from we Ils in wh ich 51Cr labe lIed tar ge ts 

were incubated for 4 hours with effector cells. Spontaneous 
, . 

cpm were derived from aliquots (lOOul) of supernatants taken 

from wells in ~ich 51Cr label,led targets were incubated for -4 

hours in medium alone. Maximum cpm were obtained by counting 

aliquots (lOOul) of 51Cr labelled targets incubated for 4 

" 

hours in medium alone. The spontaneous release was always less 

than 10% of the maximum 51Cr release. 

The , cytotoxicity data is presented as the mean of 

quadruplicate or sextuplicate cultures. The variability (mean 

+ S.E.) of 51 Cr ralease in individual wells at a given E:T 

cell ratio of individual spleen as well as spleens ~ooled from 

three animals was also determined in some~periments (chapter 

3) . 

2.8 

1 
\ 

COLLECTIRG SUPEBBATABTS FROK CELLS OF RORKAL AND GVH 

-llIACTIVE LYKPHOID ORGANS 
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B6AF1 mice that were injected wi~h 30xl0 6 B6 

parental lymphoid calls (PLC) and age-and-sex matched normal 
o 

B6AFl mice were sacrificed under ether eut'hanasis.. Their 
~ 

thymus, spleen, lymph nodes, and BM cells were removed and 

pooled separately. Single ce II suspensions of pooled thymuses, 

s.pleens, lymph nodes, and BM of_normal and GVH-reactive mice 

were prepared in H!SS, fS described iILJl..i'lction 2.4. 

The thymie, splen 

concentration was adjuste 

1 Y m p h n ,0 de, and B Mee l l 

30xl0 6 cells / ml, and kept at 

roo m tempe ra tures fo r 2 hour s.the ce Il s were then c entr i fuged 

at 1,000 rpm (500g) for 10 minutes and supernatants collected 

The supernatants were then spun at 1,500 rpm for 15 mi'nutes ; 

approximately 0.5 m1. "of the supernatants at the top of the 

tubes were discarded and supernatants were collected with the 

~e1p of a pasteur pipette, leaving approkimately 1 ml at the . ~ 

bottom of the centrifuged tube. The supernatants were storf~d 

at 40C till further use (never more than 24 hours). 

2.9 TREATMENT OF NORMAL B6AFl THYMOCYTES. LYKPH NODE, AND 

BM BK CELLS VITH supidtRATAN..t.S- DERIVED FROM NORMAL OR 

GVH-REACTIVE LYKPHOID CELLS 

\ 
Five to six normal B6AFl mice between the ages of 10-

12 weeks were sacrific:ed under, ether euthanasia. Their 

thymuges, lymph nodes, and BM ce Ils were remo'vêd, and single 

cell suspensions were madè separately in HBSS + Z' FCS as 

desc r ibed in section 2.4. 
j 
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p,~rtlally purlfied NK-""Tells I,ifrom each of the above 
\1 

men tï 0 n e d l Y Ùl P h cH d 0 r ta n s ' we r e Q b ta in e d ( as des cri b e d in 
Il 

8 e c t 10 n 2. 5." The par t i a 11 y pur i fie d \:N K ce 11 s we r'e al i quo te d , 

l5-20xl0 6 cells/ml. Ali~uots fr~m each of the lymphoid organs 

-- .. were washed twice and resuspended in a volume of 1 ml in 

either 
\ 

(Q medium al one (HBSS+2% FCS), (11) supernatants 

derlved from cells of different lyphoid organs ôf n~rmal B6AFl 

m i ce, il-h d (i i i) s u p e r na tan t s der ive d f rom c e 11 s (j f 1 Y m ph 0 i d . . . 
'" or g ans 0 f G V H - r e a c t ive B 6 A F l m i ce. The cel l.s we r e i n,c u bat e d 

,.--

for a period of 60-90 minutes at 370C ln chumidified atmosphere 

containing 5% C02. 

Followlng tbis incubation the cell& were washed ~wice and 

rest;lspended in RPMI-1640 + S% FCS, IOxl0 6 cells/ml., and 

tested for their spontaneous cytotoxLcity ~gainst SlCr 

~abelled YAC-l'~umor targets in the NK cell cytotoxicity Assay 

which i5 described in section 2.7. 

, 
2.10 PREPARATION OF PROSTAGLARDINS (PG) El, E2. AND F2 

PG El (Lot number ,441HY), PG E2 (Lot number S22KA), 

and PG F2 (Lot number l43JT), were a generous gift from Dr. 

J, Pi-ke, Upjohn, Kalamazoo. Stock solutions of PGs El, E2, and 

F 2 w e r e p r e'p a r e'Ci in 9 S" eth an 01 and st 0 r e d a t - 300 C t i 11 

- further use. Deslred concentrations of PGs were obtained by 

diluting them in RPMI-1640+S' Fes. Fresh dilutions of each PC 

were Dade eAch tïme j u'st prior to th1eir use . 

.' 

-
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2.11 PREPARATION OT POLYISINIC-POLYCYTIDILib ACID (~OLY 

I:C) 

Poly I:C (Sigma Chem1cals, St.Louis, MO.) was weighed 

on an Kettler balanc~ and dissolved in HBSS. T~e concentration 

of Po1y !:C in HBSS was adjusted e1ther to 1~Ou..&/O.3ml when 

used !~ Y.!Y.2 or to 200ul/ml when used .!!! Y.!~!.2 treatment of 

- -'-norm.al and GVH-reactive splenocytes. A frash solution of Poly 

I:C was prepared each time just prior to its use. 

-j 

2.12 ADM INrSTRATION OF POLY 1: C IN VIVO 

Poly I:C vas dissQlved in HBSS. lOOug of Poly I:C in 
" 

a. volume of 'O.3ml vas admini~tration intra·peritoneally to 

norm'al and GVH-reactive mice 18-24 hours prior to the 

collection of their sera for interferon (IfN) assay and 

removal of their spleens for NI< cel.l cytotoxicity. 

2.13 !! !!!~Q TREATKENT OF SPLENIC NK CELLS- YITH PGs AND 

POLY I:C \. , 

Single cell- suspens10ns of pooled spleens from 4·6 

normal B6AFl mice and frbm 4-6 B6AFl injected with 30xl0 6 B6 

par e n ta l' l Y m pJt 0 ide e Il s w e r e pre par e d sep a r a ~ el yin - H B S S . 

Splenocytes vere part1ally pur1f1ed to obta1n NK cells as 

described in section 2.5. NI< cells from normal and GVH~ 

reactive mice were a11quoted, 20xl0 6 cells/ml. Aliquots vere 

washed tvice and resuspended 1n a volume of 1 ml , in e1ther : 

(1) .medium .a.).one (RPMI-·-J.-640-+S' FCS), '(11) various 

concentrat.1ons of d1fferent PGs alone, (111) Po1y I:C 

,(lOOug/ml) alone, and (1v)_~ar10us concentrations of d1fferent 
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PGs .in cOlllblnation with Poly I:C. These aliquots were 

i n c ù l} a t • d for a p e rio d 0 f 6 0 - 9 0 min u tes a -t 3 7 0 C i n .a 

humid!fï-ed atmosphere containing S' C02. FQI~owing these 

treatments cells were washed twice, resuspended in RPMI

l640+St FCS at a concentration of 10x10 E9 cells/ml, and tested 

for their spontaneous cytotoxicity agalnst 51Cr labe1led YAC 

tumor targets in NK cell cytotoxicity Assay as described in 

section 2.7. 

2.14 SERUM COLLECTION FOR INTERFERON (IFH) ASSAY 

Normal and GVH r~active B6AFl m~ce were anesthesized 
• • 

with ether and their blood was collected aseptically in 

separa te tubes by cardiac puncture. T~e animals were pl~ced in 

a supine position, the thoracic cavity was opened and the 

heart exposed. Using _26 gauge needle anç! a 1 ml. tuberculin 

syringe, blood was collected by cardiac puncture under sterile 

conditions. The blood was allowed to clot for 60 minutes at 

room temperature, and then centrifuged for 10 minutes at 1,500 

" 

rpm (SOOg). The serum was removed with a sterile pasteur 

pip~tte and ~as stored at -30oC until assayed for IFN titers. 

,Serum fr~m the following groups of animals was collected: 

(1) Normal B6AFl mice 
l 

(2) »Normal B6AFl mice injected with Poly I:C 

(3) GVH~reactive B6AFl mice 

(4) GVH-reactiv._~6AFl mice inject~d with Poly I:C 

In •• ch group, •• rum from 4 .nimal./gro~p/day was poo1ed . 
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2.15 'IFN ASSay 

The IFN Assay was performed in Dr.Jean-Mari~ Dupus' 

laboratory, Institut Artnand-Frappier, Lav~l. A brief 

description of the assay follows: 

The tast serum samples were obtained from normal mice, 

1 
normal mice injected with Poly I:C, pVH mice, and GVH mice 

injected with Poly I:C as described in section ~.14. The IFN 

standard was obtained (rom The·National Institutes of Health, 

Bethesda, Maryland (4000 units of IFN/ml). Both the IFN 

standard and tne teS t samp les w e re se r iàlly dil u t:-ed in MEM. E 

lx without FCS, and each dilution was plated in triplicate 

w e 11 sin. a vol ume 0 f 150 u 1 / w e 11 . Th e h i g he s t di 1 ut ion 0 f th e 

test sample (serum 'containing IFN) and the standard was also 

added to extra wells' (3 wells/sample) to test the cytotoxicity 

of the sample. ,The plates were then e'xposed to ultraviole.t 

light for 15 minutes to inactivate possi~le virus which might -
exist ln the samples. 

L2 cells (fibr~blasts) which were grown as monolayers 

were trypsanlzed to Inactivate IFN tnat May have been produced 
~ -

by the L2 cells and were then washed lx, counted, and àdjusted 

to a concentration of 25xlO S L2 cells/ml in ME~.E lx with 10, 
• 

FCS. These L2 cells vere then plated in a volume of 0.2ml/wel1 

L 2 ce 11 s / w e 11 ) c 0 nt a ln in g d t.f fer e nt d i lu t ion s 0 f th e 

s tan da r d I F Nan d var i 0 u ste s t sam p 1 es. The c e 11 s _"e r e 

incubated for 24 hours at 370C in St C02. After 24 hours of 

incubation, the plates were examlned microscopiçally to 

con'firll the c, formation of {ono1ay ers, then the IFN contalning 
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sampl •• were r6moved by rev~rsing the plates onto sterile 

gauze. The 'virds (Sindb~s) .was then added .to the L2 c~il 

monol.yera. 
9 " ,_ 

2 ,~ç" 

.-l' 

After addition of the virus to L2 cells, t~e pla~es w'fe 
fur the r i Tl cu bat e d t'n- a p e rio d 0 f 72 h 0 ~ r s a t 3 7 0 C in 5 % CO 2 . 

Fo11owin~ this lnçubation the plates were read under the 

microscope and the L2 ~~lls in each well w~re graded on a 

scale of 0 to 4+ (the wells in which all the L2 cells were 

des, t r 0 y e d b Y the vi rus .w e reg rad e d as 4 + ). 1 n the ab sen c e 0 f 

IFN the v.irus woulod destroy all tlhe L2 cells, wh~reas the 

prese_nce of IFN would protect the L2 cells from viral 

destruction. 

2.16 E~YTHROCYTE ANTIGEN 

Sheep red blood cells (SRBC) were obtained from a 

• solution containing a 1: 1 ratio of sheep blood and Aiserver's 
. .. 

solution (Institut ~rmand Frap~ier, Laval, Canada). The sheep 

blood was diluted 1 in 10 with isotonic saline, centrifuged at 

1,500 rpm for 10 minut~s and the supernatant was discarded. 

For !!! Y!!.2. immunization, the SR.BC wer~ resuspended in 

isotoniè sal.in'e at 30x _~~~~c}~.ed cell volume (PVC). Aliquots 

of 0.3ml, containing. approximate ly Sxl08 SRBC, were inj eC'ted 

1:":"V. via the tail ve,in of the animal. ; 

2.17 rBI 11 !!!2 DIRECT PLAQUE FORHING CELL (PFC) ASSAY 

Spleen cells vere assayed for the total numb~r of 

direct Ple'a to SRRC using the technique of Cunninigham and·· 

. --
" 
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Szenberg (1968) as modif1ed in thls 1aboratory (Elie and ~app. 

1917; Trel.ber and Lapp. 1978; Parthenais and Lapp, 1978). The 

ani~als were injected wlth 5 X •• l0 8 SRBC, sacrif'iced four days 

lat e r . and the i r spI e e n s w e r e pf e par e d for the P F Cas $ a y . 
, 

Splenic single cell suspensions were made in a final volume of 

1,5 mIs 0 f H B S S. O. 0 5 ml. 0 f s pl e en c e 11 s w a s m i x e d 'W:Lt hO. 07 m 1 

of a 10% SRBC solueion, and 0.5 ml of ~uinea pig C' diluted , 
1:20 in HBSS. The mixtur"tr"was distrlbuted into 4- 5 chambers 

) 

made from two precleaned microscope slides (Fisher Scientific 

Co., N. J .) h e l~ t 0 g eth e r b y do u b 1 e s ide d n seo t ch" b ra n d . t a p e .. 
~ ,~' 

A blank solution, contaoing SRBC and C' only, was used t'o fili . 
the 1ast slide when necessary. The chambers were sealed with 

warm paraffin wax and 'incubated at 370C for oné hour. 'The 

~laques were counted by macrdscopic examination and c~nfirmed, 

~~ n~cessary. ~icroscopically . 

2 .• 18 ., KITOGEN ASSAY 

Sp1enic mitogen responses were tested 

ac~ot(ling to the technique d-escribed by Kirchner et al:. 
, 

(1975). Mice were sacrificed 

spleens removed aseptically. 

by ether euthanasia and their 
\ 

Splenic single ceUl suspensions 
\ 

were maçle as described in section 2.4; For the mitogen a.ssay, 

• A 
spleen cells resuspe~d,in RPMI-1640 supp~emented with 1% 

~ 

.GentJlmycin, 2mM L glutamlne (Grand Island Biological po., 
b ) 

Grand Island, N.Y.') and 5% FCS (Flow Lab'oratories, 
(. 0 

" 
Kissis~aug,.. Ontario. Canada). () Concanava~,in A (ConA) 

... --: 

" 
(P ha r mac 1 a Fin e C b e mi cal il " ~' U pp s a la, S w e den) , 
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Phytohemagglutinin (PHA) (Wellcome Research Reagents Ltd., 

Beckman, England), and E.Coli Lippopolysaccharide (LPS) (Sigma 

Chemical Co., St. Louis, Mo,) were weighed, resuspended in .. 
HBSS, and then diluted into various concentrations (lOOul/ml; 

SOul/ml; 2Sul/ml; 12.Sul/ml; and 6.2Sul/rnl) ConA, PHA, and 

LPS, in a volume of O.lml was adoded to different tubes each 

containing 3xl0 6 splenocyta,es in a volume of 0 9ml. A volûme 

of 200ul (6xl0 5 cells/well) was plated in triplicate into fiat 

bottom microtiter plates (Flow Laboratories rnc, Mississauga, 
f 

Ontario, Canada) and incubated at 370C in an atmosphere of 5% 

C02 and 95% air for 48 hours. After this incubation period, 

the plates were pulsed with thymidine methyl 3H (TdRH3 NEZ 

027, New England Nuclear Co., Boston, MA.; ~cific activity 

6. 7 CL/ m mol e); a t a f i na 1 con c en t rat ion 0 f 1 u Ci/ w e 11, for a 

period of 12-16 hours. The cultures were harvested, atter a 

total incubation of 60-64 hours, using a multiple automated 

sample harvester onto glass fiber fiiters (Mandel Scientific, 

Rackwood, Ontario, Canada). The fiiters were air dried and 

placed in scintillation vials, each containing 6ml 

scintillation fluid (Scintiverse, Fisher Scientific Co , 
, 

N.J.), and counted in a beta counter (LKB Rackbeta). The 

results are presented as either 

(1) mean counts p4Lt-minute (cpm) + S.E. Of triplicate 

cultures. 

(2) Net cpm, calculated as follows: a 

mean cpm in the presence of mitogen - mean cpm without 

mitogen 

(3) , of nomai resonse, caiculated as fo110ws: 
( 
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Net cpm of experimental group 
----------------- X 100 

Net cpm of normal splenocytes 

2.19 TREATKENT OF SPLENOCYTES WITH PGs PRIOR TO KITOGEN 

ASSAY 

Singles cell suspensions of normal and GVH-reactive 

spleens were made, washed twice, aliquoted, and resuspended in 

RPMI-1640+5% FCS. Tubes containing 25-30xl0 6 splenocytes were 

treated with either medium alone or with different 

concentrations of either PC El or PC E2, (or a peroid of 60 

minutes at 370C in a humidified atmosphere containing 5% C02 

Following these treatments the cells washed twice and then 

resuspended in RPMI-1640+5% FCS and 1% Gentamycin at a 

concentration of 3.3x10 6 cells/ml, and tested for their 

ability to respond to T-'cell mitogens (ConA and PHA) The 
" 

protocol for mitogen assay is described in detail in section 

2.18 

2.20 INTERLEUKIN-2 (IL-2) PRODUCTION 

On different days after GVH induction, spleens were 

removed from normal and CVH mice, under sterile conditions, 

and single cell suspensions made. The splenocytes were washed 

t w i c e and r e sus pen d e d i n R PMI - l 6 4 0 + 5 % F ,C S a t a fin a l 
If 

concentration of 3.3xl0 6 splenocytes/ml, in a volume of l 6 

ml, in 15 ml eonieal tubes (Starstedt, Canada). The desired 

concentrations of T-cell mitogens (CorrA and PHA) were then 

added to the-cells. ln sorne experiments, LPS a B-cell m1togen 
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wh1ch does not induce IL-2 production, was used as control. 

Splenocytes in the presence of mitogens, were incubated for 18 

hours at 370C in 5% C02. Follow1ng th1s incubat10n, 6xlO S 

spl~nocytes/well were plated in triplicate for the mitogen 

assay (section 2.18) and the remaining- cells were spun at 

1,000 rpm (SOOg) for 10 minutes and supernatants contain1ng 

1L-2 were collected. This protocol allowed us to aS5e5S 

mitogen responsiveness as weIl as mitogen production by the 

\ 
same cell populat10n. 

2.21. IL-2 ASSAY 

Supernatants conta1ning 1L-2 were tested for their 

abil1ty to support the growth of 1L-2 dependent cytotoxic-T-

lymphocyte l1ne (CTLL), as assessed by 3H-thymidine 

incorporation. 

The concentration ~f CTLL cells was adjusted to 20xl0 4 

Iml in Dulbecco's modified eagles medium supplemented with 5% 

FCS. Two x 10 4 CTLL cells, in a volume of 100ul/well, were 

plated in round bottom 96,well plates. 100ul of supernatant, 

which was collected from normal and GVH-reactive splenocytes 

~==-_ ..... f-.lQ~l ..... l~olLll!wing stimulation with either ConA or PHA (and in sorne -
experiment with LPS) was added to triplicate wells containing 

CTLL cel1s. These CTLL cel1s were then incubated at 370C in 5% 

C02 for 40 hours. After this incubation period, the plates 

were pulsed with Thymidine methyl 3H at a final concentration 

of luCi/well, for a pero id of 8-12 hours. 

incubation period, the cells were harvested 
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filters. The filters were air dri-ed, placed in scintillation 

vials containing 6ml of scintillation fluid. The results are 

exp r e s se d as me an net· cp m ± S. E. 0 f tri pli c a tee u l tu r es 0 ras 

% of normal response . 
• 

2.22 DETERMINATION OF SPLEEN INDEX (SPL~NOMEGALY) 

AnimaIs were randomly selected from a pool of GVH-

reactive mice and from a pool of age-and-sex matched normal 

B6AFl mice on different days after GVH induction Each animal 

was weighed, numbered, and then sacrificed Spleens from each 

of the animaIs were removed asceptically and placed in a petri 

dish that had been previously numbered and weighed The petri 

dish containing the sl'leen was then weighed. The weight of 

spleen of an individual animal was determined as follows 

weight of petri dish+spleen - weight of petri dish 

alone 

Spleen Index (which determines splenomegaly) was determined by 

the method of S1monsen (1962); 

Spleen weight of GVH-reactive animal 
Total weight of GVH-reactive animal 

Spleen weight of normal animal 
Total weight of normal animal 

2.23 HISTOLOGY 

On different days after GVH induction, GVH-reactive 

mice were sacrificed by ether- euthanasia' and their thymuses, 

lymph nodes, salivary glands, liver, lung, and pancreas were 

removed and fixed in S% formaI in. Parrafin sections of each of 

these organs were stained with hematoxylin and eosin and 

" 
77 

\ 

.. 



o examined. The histopathologlcal leslons were graded as normal, 

mild-slight, and moderate-severe. The photomicrographs and the 

descriptions of various degrees of histopathological les ions 

are presented in the result section of chapters 4-7. 

o 
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CHAPTER THREE 

. 
STUDIES ON THE STATUS OF NK CELL ACTIVITY IN DIFFERENT 
lYMPHOID ORGANS DURING THE COURSE OF GVH REACTIONS. 
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3.1 INTRODUCTION 

It 1s well-estab1ished that the GVH reaction results 

in severe prolonged 1mmunosuppression of both the T-and B-cell 

function. However, the status of NK cell activity in different 

lymphoid,' organs after GVH induèt'ion 1s. still poorly defined. 

Experiments were ,therefore, designed to -investigate; (1) The 

effect of PLC genotype on the status of splenic NK cell 

act1vity following GVH induction in FI mice; (2) The effect of 

PLC dose on the status of NK cell activity in different 

lymphoid organs of FI mice; (3) The status of NK cell activity 

in different lymphoid organs of FI mice undergoing a chronic 

GVH react10n. 

3.2 EXPERIMENTAL DESIGN 

The experimental design is shown in figure 2.1 a, b, . . 
c, d. 

In the first series of experiments studies were undertaken 

to confirm the presence of the "c las sica l ft NK ce Il ac ti vi ty in 

the pa~ially purified cells that we have used as NK cells 

(section 2.6). The following aspects of NK cell activity were 

a s ses s e 'd i n the no r mal -' m 1 ce: ( 0 N K c e Il a c t i vit yin the 

partially purified splenocytes, thymocytes and BM cells against 

YAC targets which are NK sensitive (i.e., organ distribution bf 

NK, cell actiyity); (11) P-8IS target ce11 (NK insensitlve 

target) kl1llng by splenocytes; and (iii) effect of antl-thy 
. 

1.2 serum plus C' treatment of normal splenocytes on YAC 

k11ling. --
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In the second series of experiments, studies were-designed 

to investigate the effects of GVH reactions on splanic NK cel) 

activity. In these studies GVH reactions were induced in B6AFl 

r~ mice by injecting 30xl0 6 1ymphoid cel1s of.either parental 
~, 

strain A or B6. Eight days 1ater, each group of GVH-reactivp 

animals and normal FI mice was random1y divided into two 

groups. One group of animals were injected with SRBC on day 8 

p 0 s t - G V H in duc t ion, toc 0 n f i r m su pp r e s s .i a n a f P F Cre s p 0 n set 0 

; 
SRBC, which ls a ha11mark of GVH reaction induction. The 

anima1s in the other group were used ta determine NK cell 

activity on day 8 post-GVH induction. In these studies NK celI 

activity of individual spleens and pooled splenocytes (3 

animals/group) within a group was a1so determined at different 

E:T cell rBttios. Perce-nt NK cel1 mediated ki11ing of YAC-I 

targets was a1so calcu1ated for an individua1 well at a given 

E:T cell ratio to deeermine the variabi1ity in cytotoxicity 

",ithin the wells. 

In the third series of experiments kinetics of sp1enic NK 

cel1~~ivity durin'g the course of GVH reactions was studied 

GVH reactions were induced in B6AFl mice by injecting either 

30xl0 6 A or 30xl0 6 B6 PLC. On different days post-GVH induction 

3 -4 animals/group were sacrificed. Spleen~ from these anima1s 

within a group were pooled, and NK ce1l activity for each group 

of poo1ed sp1enocytes.was determined. 

In the fourth series of experiments, we studled : (1) the 

kinet1cs of NK cell actlvity ln different lymphoid organ and 
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(i i) ,the effeé ts 0 f 'parental lymphoid ce Il dosè on the kine tics 

and the degree of augmented NK ce Il activity. In these studies 

B6AFt· mice were inj ected with different doses, 30x10 6 , 20x10 6 , 

or IOx10 6 , of B6 PLC. On" different days post-PLC injection 

animaIs were randomly selected from different groups of FI mice 

and their spleens, thymuses, lymph nodes, and BM cells w,ere 

pooled seperately. Single cell suspensions were made of each 

organ seperately and tested for their NK celI dctivity. 

Furthermore, on day 8 post-PLC injections animaIs in each 

group were a1so tested for t\leir immune functional status in 

the PFC assay. Suppression of the PFC response to SRBC was used 

as a criterion for the GVH reaction induction. NK eell aetivity 

in different lymphoid organs (spleen, thymus, lymph nodes, and 

BM), of the gioup of B6AFl mice in which suppression of PFC 

response was o~served (B6AFI mice injected with 30xl06 B6 PLC), 

was then followed for 3-4 months post-GVH induction. 

Ne x t, .8 tu die s w e r e de 8 i g n e d toi n v est i g a t e wh eth e r 

s u p e r n a t an t s der ive d f rom c e Il s 0 f v a ~ i 0 u s l y m p h 0 i d 0 r.g ans . 

(lymph nodes, spleen, and BM) of GVH-reactive animals'were able 

to induee/augment NK cell activity (spontaneous killing of YAC-

1 tumor targets) in cells of different lymphoid organs (lymph 

node, BM.) of normal B6AFl mice. GVH reactions were indueed in 

B6AFl miee by injeeting 30xl0 6 B6 PLC~ since this cell dose 

induced GVH ~reactlons as assessed by suppre'ssion of PFC 

response to SRBC. 

-
Spleen, lymph nodes, and BM. cells were removed from -4-6 
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GVH-r~active animaIs on day 8 post-GVH reaction induction and 

8ingl& ce Il suspensions were made. Supernatants from cells of 

these lymphoid organs were collected (see section 2.9), 

Partially purified NK cells were obtained from lymph nodes and, 

BM of normal B6AFl mice. These NK cells from BM and lymph nodes 

of normal mice were tested for their NK eell activity after 

they had been treated with supernatants derived from cells of 

different lymphoid organs of GVH-reactive mlee (see section 

2,10) . 

3.3 RESULTS 

3.3.1 ENDOGENOUS N~-c-ELL ACTIVITY IN DIFFERENT LYMPHOID 

ORGANS OF PARENTAL AND FI KICE 

The endogenous splenie, th Y ml e , and B M N'K ce 11 

actlvlty of parental strains A and B6 and their B6AFl hybrids 

ls shown in table 3.1. At aIl E:T cell ratios tested, splenic 

NK cel1~ from parental strain A possessed lower cytolytic 

~ , 

activity against YAC-l targets, than compared with the 

endogenous splenie NK cell aetivity of parental strain B6 and 

B6AFl mice. Futhermore, as can be seen in table 3.1, the 

splenie NK eell aeeivity 9f B6AFl mice is similar to that of , 

parental strain B6 rather than of parental strain A. These 

results are consistent with data previously reported (Petranyi 

'et al, 1975 ; Kiessling et al, 1975a). Furthermore, NK celi 

activity against YAC targets was low in the BM (is compared t~ 
'spleen) and non-exis.tent in the thymus (Table 3.1). Theae 

results are in accordance with the organ distribution pattern 
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o of classical NK calls as reported earlier by Kiessling et al. 

(1975) and Herberman et al. (1975). 

3.3.2 P- 815 TAR.GET CELL KILLING BY PAR.ENTAL AND- B6AFI 

SPLENOCYTES 

Table 3.2 shows the kil1ing of P-81S tumour target 

cells by splenocytes taken from parental'strains A or B6, as 
- , 

-weIl as their B6AFl hybrids. As can be seen, the splenocytes 

from either the parental strain mice or the FI hybrids did not 

1ysi9 P-8IS tumour targets effective1y. lt has previously been 

reported that P-81S tumours ce1ls are resistant to NK cel1 

mediatad 1y9i9 (Keiss1ing et al, 1975;, Herberman et al, 1975). 

o 3.3.3 EFFECT OF ANTI-THY-1.2 SERUM PLUS C' TREATHENT ON 

ENDOGENOUS SPLENIC NK ACTIVITY OF B6AF1 HYBRIDS 

Figure 3.2 demonst;ates the effect of anti-thy 

1.2 serum plus C' treatment on splenic NK cell activity'of 

B6AFI mice. Such treatment did not reduce NK cel1 activity 

against YAC targets at any E:T ce~ll ratio; rather slight 

enhancement of NK ce11 activity was observéd in this study. 

Similar results showing no effect of anti-tny 1.2 serum plus C' 

treatment on NK cell activity have been previously reported 

(Keissling et aL, 1975a,b; Shellam, 1977; Clark et al., 1979; 

Borland et aL, 1983). 

Collectively, these data (Table 3.1, Table 3.2, and 

• Fig.3.2) show that the partially purified splenic cel1s ~e have 

\lsed as NK affectors do contaln cel1s which mediate th,e 
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"classical n NK cell type of killing, as assessed by their organ 

distribution, non-adherence to plastic, insensitivfty to anti-

thy 1.2 serum plus C' treatment, inability to kill P-8l5 (NK 

insensitive) tumour targets, and their ability to kill YAC-l 

(NK sensitive) tumour targets. 

3.3.4 NK CELL ACTIVITY FOLL~VING GVH REACTION INDUCTION 

GVH reactio~s were induced in B6AFl mice by injecting 
, 

either 30xl0 6 A or 30xl0 6 B6 parental cells. In the firs t 

series of experiments, splenic NK cell activity was studied on 

day 8 after GVH-induction. 

Table 3.3 demonstrates splenJrc NK cell activity of 

individual animals within a group and splenic NK- cell activity 
. , . 

of pooled splenocytes from 3 animals/group. The data 

demonstrate that on day 8 post-GVH reaction induction augmented 

NK cell activity is observed in all of the individual animals 

as well as the pooled splenocytes in both the groups of GVH-

r e a c t ive m i c e (A - - > B 6 A F l ,& B 6 - - > B 6 A F,l ) wh e n c 0 m par e d w i th 

normal B6AFl splenocytes. However, NK cell activity observed in 

the splenocytes of B6AFl mice that were i~jected with 30xl0 6 B6 --
PLC was higher than the NK cell activity observe~ in the 

splenocytes of B-6AFl mice that received 30xl0 6A parental 

ly~phoid cells (table 3.3; 40' killing versus 29% killing at 

50:1 E:T cell ratio, with the pooled sple.nocytes). 

Table 3.3 also shows the mel:\11- ± of NK cell mediat.ed 

killing of YAC-l targets at different effector:target cell 
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ratio. ( usually 4 well/E:T cell ratio were tested). As can be 

seen, the variability (± S.E of the Mean ) betwe,en the wells at 

a given E:T cell ratio was always very small « 10% of the Mean 
__ 1 

kill:tng observed 4t a given E:T cel1 ratio). '{hus, these data 
a 

show th,at augmented NK cel1 activity during GVH reactions is 
\ 

o b s e r v e d i n in div i du a 1 an i mal sas ·w e 11 a sin poole d 

splenocytes. 

Table 3.3 a1so sl\.ows that GVH reactions augment the 
. 

totoxic activltY'of effector cel1s ~hat can lyse P·815 target 

cells. The effect', of t"h"e donor genotype in augmenting P- 815 

effector cell cytotoxicity ls evident. Strain A PLC induce much 

greater P-815 effector oe11 cytotoxicity than R6 PLC. This 
-

augmentation of the P-815 effector cell activity by the GVH 

reaction sha11 be discussed in detai1 in chapters 4 and 6. 

3.3.5 KINETICS OP' SPLERIC RK CELL ACTIVITY FOLLOVIRG GVH • 

INDUCTION 

Figure 3.3 shows the kinetics of sp1enic NK ce11 
.' 

activity of B6AF1 mice injected with either 30x10 6 A or 36x10 6 

B6 PLC. As can be seen, augmented sp1enic NK cell activity was 

observèd as ear1y as day 4 post-GVH-induction, and by day 8 

post-GVH-induction, NK ce,JI activity reached its peak in both 
. -

GVH-reactive groups (A-->B6AF1 and B6--,>B6AFI). AftW- day 8 

post-GVH-induction, NK cell activity started to dec1ine, , 
eventually falling to below control leveis. Thus, the splenic 

.-BK cell acti"vf.ty in the two GVH-reac\tive groups follows a 
'\ 
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simi1:ar kineties, namely, an augmentation fo-llowed by latet 

depression. However, the peak .splenie NK eell aetivity observed 

in tlle group of B6AFl hybrids injeeted wlth 30xl0 6 B6 PLe was 
l\ 

higher than that observed in B6AFl miee lnjeeted with 30xl06A 

PLC (33% kiii vs 24% kill). Moreover, the deeline of NK celi 

activity in B6AFI miee injec'ted with 30xI0 6 B6 PlC .. as slower 

than that observed. i'n B'6AFI ~iee inj eeted with 30xl0 6 A PLC 

(Figure 3.3). The return te near-normal levels of splenie NK 

eell aetivity of.B6AFl mice injected with 30xl0 6 B6 PLC was 

observed by day 17 post':GVH-induct1on, whereas, be10w normal 

splenie NK cell activity in B6AF1 mice injected'with 30xl0 6A 

PLC was ob.served by -day 14 post-GVH-induction (Figure 3.3). 

3.3.6 ASSESSHENT OF GVD REACTION INDUCTION: SU~PRESSION 

OF PFC RESPONSE TO SaBC 

Ta bIle 3.4 de mon s t rat est heP F Cre s p 0 n seo f B 6 A FI 

injected with either 30xl0 6 A or 30x1Ô 6 B~ PLC. Table 3.4 shows . . 
that the B6AFI mice whidh were injeeted with 30xl0 6 A PLC, 

became totally immuno-suppressed. However, severe but 

in~omp1ete suppression of the P~C response to SRac was observed 

in B6ÂFl ~iee injeeted with 30xl0 6 B6 PLe by day 8 p~st-PLC 

injection (9% of the normal response), 

3.3.7 KIRETICS OF NK-CELL ACTIVITY IN DIFFERENT LYKPHOID 

ORGANS OF B6AFl KICE FOLLOVING PLe INJECTION: 
" 

EFFECT OF PLC DOSE 

Different doses ~OxlO~, 20xl0 6 , or lOxl0 6 of parental 

" 
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strain B6 1ymphoid cells were injected into groups of B6AFI 

mie e a'n d the k in et i c s 0 f N K ce Il a ct i vit yin di f fer e n t l Y m ph 0 i d 
J 

organs was followed. 

3.3.7.1 KINETICS OF SPLENIC NK CELL ACTIVrTY: 

Figure 3.4 i11ustrates the splenic NK cell 

kinet;ics of B6AF1 mice .tnjected with either 30, 20, or IOxl0 6 

B6 PLC. NK cell act1vity started to increase by day 3 post-PLC 

injection in the groups of B6AFI mice that were injected with 

30xl0 6 B6 PLC and reached a peak by day 8 after GVH induction 

(three experiments). Augmented NK cell activity in the groups 

of B6AFI mice injected with lOxl0 6 and 20xl0 6 B6 PLC reached a 

peak by day 12 post-PLC injection in two experiments and on day 

15 in one ,experiment. The highest NK celi activity was observed 

in B6AFl mice that were injected with 30xl0 6 B6 PLC (32% 

killing on day 8), followed by B6AFl mice with 20xl0 6 B6 (26% 

, ~i11ing on day 12), and lOxl0 6 B6 PLC 
-
(21% on day 12), 

respectively. Although, the peak NK cell activity in FI mice 

inJected with 20x10 6 and 1 0 x 1 0 6 B 6 P Le f l u c t u a
0 
t e d b e t w e e n 

days ,12 -15 after GVH in-duction, it was never observed on or 

earliar th an day 8 post-GVH induction. However, the peak NK 

ce)' activity in FI mice that received 30xl0 6 B6 PLe was 

consistently observed on day 8 after GVH induction . ... 

In a 11. gt,oups of B6AFl mice that recieved different doses 

af B6 PLC, NI< cell activity after reaching a peak started to 

decline, and returned to control l~vels by day 17 post-PLC 
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injection and then became suppressed by day 20 post-PLC 

injection. 

Figure 3.4 furth[l.er shows the splenic NK cell activity of 

B6AFl mice undergoing chronic 

" 
GVH -reactions. The induction of , 

GVH reactions was determined by the severe suppression of the 

PFC response to SRBC (Table 3.5). As can be sean, the splenic 

NK cell activity of B6AFl mice undergoing a chronic GVH 

reaction (FI mice injected with 30xl0 6 B6 PLC), was severely 

suppressed up to day 150 post-GVH induction 

3.3.7.2 KINETICS OF LYKPH-NODE NK CELL ACTIVITY 

Figure 35 illustrates the NK cell kinetics of 

lymph node cells of B6AFl mice injected with different doses of 

B 6 P LC . Slightly augmented NK_cell activ1ty was exhibited on 

day 3 post-GVH induction by lymph node cells of B6AFl mice 

injected with 30xl0 6 B6 PLC Slightly augmented NK celi 

activity by lymph node cells of B6AFl mice injected with 20xl0 6 

B6 PLC was observed on day 6 post-GVH induction, whereas no 

augmentation of NK cell activity of lymph no de cells of B6AFI 

mice injected with 10xlOr B6 PLC was observed up to day 8 post-

-
GVH induction The peak NK cell activity in the lymph-node 

cells of B6AFl mice injected with 30xl0 6 B6 and 20xl0 6 B6 PLC 

was observed on day 8 post-GVH induction, whereas peak NK 

activity in lymph node cells of B6AFl mice i nj e c te d w i th 

làxl0 6 B6 PLC was observed on day 10 post-GVH induction. The 

highest peak of NK cell activity was lilbserved in B6AFl mice 

injected with 30xl0 6 B6 PLC ( 26% kil1ing), whereas the peak NK 
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cell activity observed in the 1ymph node cells of B6AFl mice 

injected with 20xl0 6 and lOxl0 6 B6 PLC was approximat'e1y the 

same, namely 14% and IHs respectively. In all groups of GVH-

reactive B6AFl mice, the NK cell activity returned to control 

levels by day 15-17 post-PLC injection. 

Figure 3.5 further shows that the 1ymph node NK cell 

activity of B6AFl mice undergoing a chronic GVH reaction ( 

B6AFl mice injected with 39x106 B6 PLe) remained severely 

suppressed up to day 150 post-GVH induction. 

KINETICS OF THYMIC NK CELL ACTIVITY 

Figure 3.6 illustrates the thymie NK cell 

aetivity of B6AFl miee inj eeted with different dose of B6 PLe. 

The initial appearance of NK cell activity in the thymus of 

GVH- reactive B6AFI mice was dependent upon the number of B6 

PLC injected. Thymie NK ce11 activity was first observed on day 

3 post-PLC injectio~ in B6AF1 mice injected with 30xl0 6 B6 PLC, 

on day 6 in B6AFl mice injected with 20xl0 6 B6 PLC and on day 8 
• 

in B6AFl mice injected wit..h 10x10 6 86 PLC. In all groups of GVH 

reactive B6AFl mice the thymie NK cell activity remained 

elevated up to day 12 post-PLC injection and then returned to 

normal (undetectable) levels by day 15 post-PLC injection. 

Figure 3.6 further shows that the. thymie NK cel1 activity 

of GVH-reactive 86AF1 mice (1.e., Fl mice injected with 30x10 6 

o 86 PLC) remained undetectable up to day 60 post-GVH induction 

but, in contrast to the spleen and lymph node NK cell activity, 
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a dramatic increase in thymic NK cell activity was observed 

beyond day 60 after GVH- induction. 

3.3.7.4 KINETICS OF BK NK CELL ACTIVITY 

Figure 3 7 illustrates the BM NK cell kinetics of 

B6AFl mice injected with either 30xl0 6 , 20xl0 6 , or lOxl0 6 B6 

PLC. Augmented BM NK cell activity was observed on day 3 post

PLC injection in B6AFI mice which were injected with 30xl0 6 B6 

and 20xl0 6 B6 PLC. On the other hand, in B6AFl mice injected 

with 10xl0 6 B6 PLC augmented --;;-~~ill"activity was observed on 

day 10 post-PLC injection. The highest degree of augmented NK 

cell activity was observed in the BM,of B6AFl mice that were 

injected with 30xl0 6 B6 PLC (22% ~illing on day 8 post-PLC 
.~ 

injection). The BM NK cell activity started to fall, after 

reaching a peak level, in all groups of GVH-reactive Fl mice 

and, by day 20 post-PLC injection had declined to normal or 

below normal leveis. 

Figure 3.7 further shows that the SM NK cell activity of 

GVH-reactive B6AFl mice remained suppressed up to day 50 post-

GVH induction. Howe~er, like the thymus and in contrast to 

sp~een and lymph nodes, dramatically augmented NK cell activity 

was observed in the BM beyond days 60 after GVH induction. 

3 _ 3.~ PFC RKSPO~SE TO SRBC OF B6AFl KICE INJECTED WITH 

DIFFERENT DOSES OF B6 PLC 

Table 3.5 shows that among the B6AFl mice injected 
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with different doses of B6 PLC, only the group of Fl mice that 

received 30xl0 6 B6 PLC became severely immunosuppressed (11% of 

the normal response) by day 8 post-PLC injection. Whereas, only 

partial suppression of PFC response to SRBC was observed in Fl 

mice injected with 20xl0 6 B6 PLC (75% of the normal PFC 

response) and no suppression of PFC response was observed in 

the group of Fl mice injected with lOxl0 6 B6 PLC (100% of the 
f 

normal response) o n d a y 8 p "'0 s t - PL C i n j e c t ion. The s t u die s 

regarding the duration of immunosuppression in different groups 

of GVH mice are presented in chapter seven of this thesis. 

3.3.9 EFFECT OF SUPERNATANTS FROM GVH-REACTIVE CELLS ON 

NORKAL BK AND LYMPH NODE NK CELLS 

GVH reactions were induced in B6AFl mice by 

injecting 30xl0 6 56 PLC. This PLC dose resulted in a chronic 

GVH reaction, as assessed by suppression of PFC response ta 

SRBC (Table 3.4 & 3.5). Supernatants were derlved from spleen 

cells, lymph node ce ln and BM cells of GVH-reactive B6AFl mice 

(day 8 after GVH induction) and normal B6AFl mice as described 

in detail in section 2.9. 

3.3.9.1 EFFECT OF SUPERNATANTS FROM GVH REACTIVE CELLS ON 

NORMAL BK NK C ELLS 

FlguJ;'e 3.8 demonstrates the effect of 

supernatants derived fram GVH-re~ctive spleen and BM cells on 

normal BM NK cell activity. As can be seen, the supernatants 

der1ved from the GVH-reactive spleen cells and BM cells 
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induced/augmented NK cell activity of normal BM NK cells at all 

E:T ce11 ratios tested. However, the supernatants derived fro~ 
day 8 GVH-reactive spleen cells ware more effective in 

inducing/augmenting normal BM NK ée11 activity than 

supernatants derived' from day 8 GVH-reactive BM cells. 

Supernatants derived from normal B6AFl spleen and SM cells also 

induced/augmented NK cell activity of normal BM cel1s. However, 

the supernatants from normal ce11s were much less effective in 

inducing/augmenting NK cel1 activity in normal ce11s than the 

supernatants derived from GVH ce11s. 

3.3.9.2 EFFECT OF SUPERNATANTS FROK GVH-REACTIVE CELLS ON 

NoaKAL LYHPH NODE CELLS 

Figure 3.9 demo~strates the effect of 

supernatants derived from GVH-reactive spleen and 1ymph node 

cells on NK ce11 activity of normal 1ymph node cel1s. As can be 

seen, the .treatment of normal partial1y purified 1.ymph node NK 

cel1s with supernatants derived from GVH-reactive spleen cells 

or 1ymph node ce11s dramatica1ly'fAduced/augmented NK cel1 

activity in normal lymph node ce1~s at a11 E:T ce1l ratios 

tested. The supernatants derived from day 8 GVH-reactive spleen 

cells induced /augmented normal 1ymph node NK cel1 activity to 

a greater degree at a11 E:T cell ratios than supernatants 

derived from day 8 GVH reactive 1ymph node cel1s. In contrast, 

s u p e r na tan t s der ive d f rom no r mal B 6 A F 1 s p 1 e e n c~e 1 1 s, but no t 

lymph node cells, only slightly augmented NK ceU activity of 

normal lymph node cells. 
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3.4 DISCUSSION 

In this study we have demonstrated that GVH reactions 

inducejaugment NK ce Il in different lymphoid organs of FI mice 

early after GVH reaction induction. Furthermore, regardless of 

the dose of B6 PLe injected into B6AFl mice, an increase in NK 

cell activity is observed in splenocytei, 1ymph node cells, 

thymocytes, and SM cells between days 1-12 post -PLC injection. 

However, the initial appearance of NK cell' activity in the 

th Y mus and the m a g nit u d e 0 f p e a k 0 f· -li K c e Il c y t 0 t 0 x i cac t i vit Y 

in the spleen are dependent upon the number of PLC injected. 

After reaching a peak, NK cell activity in all organs and in 

aIl groups of B6AFl mice that were injected with different 

doses of PLe declined to normal and/or below normal levels. 

We have also shown that a dose of 30xl0 6 B6 PLe resuited 

in a GVH reaction as assessed by immunosuppression of the PFC 

response ,to SRBC. The long-term effects of a chronic GVH 

r e a c t ion 0 n N K c e Il a.c t i vit yin di f fer e n t 1 Y m ph 0 i d 0 r g ans we r e 

also studied. The data showed that aithough NK celi activity in 

spleens and lymph nodes remained suppressed beyond day 50-60 

post GVH induction, it intensified in the thymus and SM of GVH-

reac~ve mica. Finally, the data presented in this chapter show 

that supernatants derived from GVH-reactive splenocytes, lymph 

node cells, and BM cells are much more effective in 

inducingjaugmenting NK cell activlty in n?rmal lymph node and 

BM cells th an supernatants der1ved from (pleen, lymph nO,des, 
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and BM ce1ls of normal mice. 

-On the basis of 'the NK ce Il kinetic studies presented in 

this chapter. it i5 proposed that the GVH reaction can be 

divided into three separate phases: (1) Early phase: This p~ase 

is characterized by an increase in NK cell activity in the 

spleen, lymph nodes, thymus, and BM followed by a return to 

control levels; (2) Intermediate phase: This phase is 

characterized by suppressed NK cell activity in spleen, lymph 

nodes, thymus, and BM; (3) La'te phase: This phase is 

characterized by c~~~inued suppression of NK cell activity in 

the spleen and lymph nodes and dramatic reap~earance of NK cell 

activity in thymus and BM. The results presented in this 

chapter clearly demonstrate that both the time at which NK cell 

activity is assessed and the organ selected to determine NK ... 
cell activity are critical factors to be considered in the 

determination of NK cel1 status following GVH induction .. 

The initial report on NK cell status during GVH reactions 

demonstrated depressed splenie NK cell activity (Keiss1ing et 

al., 1977) . However, recent studies from our laboratory (Roy 

et aL, 1982; Ghayur et aL, 1986), as well as reports by other 

workers (Borland et aL, 1983; Pattengale et aL, 1983; Mowat 

et al., 1985, Varkila and Hurme, 1985), have demonstrated an 

early augmentation followed by a decline in NK cell activlty 

in several dlfferent parent into FI hybrld GVH combinations. 

Furthermore, Clancy et al. (1983) has recently df:IJcribed an 

early augmentation (upto daY~2) and a later decline (by day 

20) of NK cel1 actlvlty in the spleen, lymph nodes, thymus, and 
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SM of GVH rats. Thus, the studies in rats confirm our earlier 

studies (Roy et aL, 1982; Ghayur et aL, 1980) and those 

presented in this chapter. In humans, Dokhelar -et al. (1981) 

have also reported ear1y augmentation followed by severe 

depression in peripheral blood NK cell activity in bone marrow 

transplant patients who deve10ped GVH disease. ~!lus, the first 

two phases of NK cell activity during the course of GVH 

-reactions/GVH disease have been documented. 

The mechanism of augmentati'On of NK cell activity ear1y 

after GVH induction is not clear. However, this augmentation of 

NK cell activity could be due to the release of"lymphokines 

from.GVH-reactive ce1ls. The data presented in this chapter 

(Figures 3.8 and 3.9) showing that the supernatants from GVH

reactive cells of dif~~rent 1ymphoid organs can effectively 

induce/augment NK ce1l activity ~f cells derived from different 

lymphoid organs of normal mice support the above propos al. 

Moreover, we have previously reported production of interferon 

(IFN) (Zawatsky et al., 1979) and PGE (Lapp et al., 1980) by 

the GVH reactive ce1ls of different: ly_mphoid organs .!n Y.!E!~. 

IFN production has a1so been reported following initiation of 

mixed lymphocyte reactions (MLR) in Y.!E!~ (Kirchner et aL, 

1979) (HLR i8 a .!n Y!E!~ correlate of GVH reactions). IFN is 

one of the most potent potentiators of NK cel1 activity ( 

Gidlund et al., 1978; Djeu et aL, 1979; Trinchieri and 

Santoli, 1978; Senik et al., 1979). IFN has been shown to 

increase the lytic efficiency of mature NK cells as well as 

recruit and provide a maturational signal for pre-NK cells. ( 
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S a k s e~ a e t al., l 9 7 9; H e r ber man e t al., 1 9 7 9; M 1 n a t 0 e t al, 

1980; Senik et al., 1980). A1though, PGE by itse1f inhibrrNK 

. 
ce11 cytotoxic activity (Roder and Klein, 1979; Brunda et al , 

1980; Bankhurst, 1982) , a combination of IFN and PGE can at 

least !!! ~!E.E.2, enhance the lytic ability of NK cells (Targen, 

1981). Furthermore, it is a1so of interest to note that 

significant augmented NK cell activity is observed in BM of 

GVH-reactive mice. NK cells (Haller et aL, 1977; Haller and 

Wigzell, 1977) as well as IFN producing cells (DeMaeyer et al , 

1967, 1970; 1975; DeMaeyer-Guignard et aL, 1969) originate in 

the BM CoI1ectively, it would appear that the ear1y augrnented 

NK cell activity could be possibl y due to a cornbination of 

different factors, namely :(1) Increased lytic efficiency of 

mature NK cells of both host and donor origin (donor NK cells 

present in the inoculum) and recruitment and maturation of pre-

NK cells by lymphokines such as IFN released after the 

induction of GVH reactions. (2) Increased nurnbers of NK ce11s 
. 

produced and probably released into the periphery by the BM in 

response to the intense immune reaction that occurs early after 

the induction of GVH reactions. 

The reasons for the depressed NK cell activity during the 

intermediate phase are - not clear at the moment However, 

several possibilities may exist, each of which may not be 

mutually exclucive : (1) depression of IFN and PGs production 

by GVH- reactive cells, sinee NK cell activity during this 

phase couid be restored by .!!! Y.!~.!:.2 treatment of spleen ce11s , 

with PGs' and poly I:C, an IFN inducer (Ghayur et al., 1981), 
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(2) depletion of nuc1eated cells in the spleen and bone marrow 

of GVH mica (Xenaeostas et aL, 1986) and (3) maturational 

defeet in the splenie N~_eells during this phase 

possibilitws for depressed NK c~l1 aetivi~y are diseussed in 

detail in ehapter 9. 

The late phase of GVH reactions, as characterized in this 

chapter by continued suppression of NK cell activity in the 

spleens and lymph nodes and a dramatic inerease in NK cell 

activity in the thymus and BM, has not been reported thus far. 

This recovery of thymie and BM NK cell activity is of interest. 

In humans, it has been reported that following a110geneic bone 

marrow transplantation, NK cell activity in the peripheral 

blood recove.rs earliar than other immune functions (Livnat et 

aL, 1980; Noel et aL, 1978; Ringden et aL, 1979). NK cells 

originate 1n the BM and are then exported to the periphéry. 

Furthermore, NK cells are present in the ~5rmal thymus as a 

resident ~opulation (Zoller et al., 19181), and are believed to 

be of T-cell lineage (Herberman and Holden, 1978; Herberman et 

al, 1979). Thus, it is possible that the augmented BM NK ce11 

aetivity may represent the regeneration of BM of GVH reactive 

mice following its depletion by the GVH reaction (Xenaeostas et 

aL, 1986; Ghayur et aL, 1986a,b; also see chapter 9). The 

augmented thymie NK eell aetivity may be due to the exportation 

of pre-T-cells (possibly NK cells) to the thymus by the 

reg e ne rat 1 n g B M. l t ha s b e e n r e p 0 rte d th a t c.e 11 s w i th sur fa ce 
té 

markera of NK cell (asialo GMI) as well as NK cells with 

cytotoxic activity are the earl1est to appear in the thymus 
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during its ontogeny (Habu et aL, 1980; 

r; 
second possibility for the augmented NK 

Koo et aL, 1982). A 

cell activity ma~ be 

related to the regeneration of the thymie microenvironment of .. 
the regerating thymus (Ghayur et al., 1985, 1986) following 

G V H - i n duc e d th y' mie i n j ury. The s t u die s reg a rd l n g t h e 

regeneration of thymie architecture are described in chapter 7. 

oÏ this thesis. 

An ana1ysis of data on NK cell activity (Table 3.3 & 

Fig.3.3) and the PFC response to SRBC (Tables 3.4 & 3.5) shows 

that by day 8 after GVH-induction. although complete to severe 

suppression of th.e PF~response to SRBC is observed, NK cel] 

activity is highly auimented. This suggests a complete 

dissociation between T-cell dependent B-cell responses and NK 

ce11 activity early after GVH reaction induction. 

Thus in this chapter, we have demonstrated that CVH 

reactions induce highly augmented NK cell activity in the 

spleen, lymph nodes, thymus, and BM early after CVH reaction 

induction. However, later during the course of GVH reactions NK 

cell activity remains depressed in the spleen and lymph nodes, 

but reappears in trr--e thymus and BM. The early augmented NK cell 

activity appears to be due, at lease in part, to substances 

released by cells in the different lymphoid organs of GVH-

reactive mice. Finally, the peak NK cell activity after CVH 

/ 

induction appears at a time when the PFC response to SRBC la ~ 
'----

completely and/or severely suppressed. 

In the following two chapters the relationshlp between NK 
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cell cytotoxicity, T and B-cell funct1ons. and the development 

of GVH-assoc1ated tissue injury to the non-lymphoid and 
• 

lymphoid organs, respectively, are presented. / 
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Table 3 l' Endogenous splenlc, thyllllc, and bone marrow NK ceU actlvlty of parental stralns 

A and 86 and 86AFI hybrlds agalnst YAC targets 

EXPT 1 EXPT.2 EXPT.J 
Organ 

Assayed a 

, SPLEEN 

THYMUS 

BONE 
HARROW 

Animal 
Genotype 

A 

86 

B6AFI 

A 

66 

B6AFI 

A 

86 

66AFl 

50: 1 

3.0 
12.6 

14.0 

1.2 

-1.2 

-0.9 

2.0 

3.8 
4.6 

25 :'1 

2.5 
7.0 

10.4 

0.5 
a 8 

-2.4 

1.5 

2.5 

1.6 

12: 1 6:1 

2.0 2.2 
4.5 J.7 

5.3 3.1 

-1.2 -0.8 
0.7 -1.2 

-0.1 -1.3 

0.6 

1.1 

EFFECTOR : TARGET CELL RATIO 
50: 1 

5 3 

21.0 

20. 2 

0.5 
LB 

0.6 

LB 
4.0 

5.6 

25:1 

2.5 

10.4 

12.3 

-1.2 
-2.1 

O.ff 

1 2 

2.5 
2.0 

12: 1 6: 1 

1.0 a 8 

6.6 2.5 

7. 2 '" 3.0 

-0.8 -1.9 

-1.0 cr. 8 

-0.6 0.2 

50: 1 

3.8' 

11. 0 

13.3 

-2.4 
1.5 

0.2 

2.9 

4.9 

3.2 

25: 1 

2.0 

7. 1 

10.5 

-0.8 

-1.2 

-0.7 

I.J 
J.5 

2.1 

a Spleen cells, thymus cells and bone marrow cells from 3 anlmals/straln/experlment were pooled . 

.b Not done. 

~ 

( 

o ~O 

12: 1 

2.00 

5.00 

5.00 

-1.2 
0.5 

-0.8 

6: 1 -0 -
1.5 

.b 

-1.2 

~ 

'0 
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Table 3.2 P-815 target cell killing by splenocytes from parental stralns A and 86 
and B6AFl hybrids 

-l 
EXPT.l EXPT.2 

EFFECTOR TARGET CEll RATIO 
Animal 

Genotype a 50:1 25:1 50:1 25:1 

A 0.9 0 .. 7 0.6 -0.2 

B6 1.5 0.9 1.4 1.0 

B6AFl 1.9 0.4 -2.4 
.. b 

a Spleen cells from 3 animals/strain/experiment were pooled ~ 
*b Not done 

"'\s 

o o 

N 
o 
.-t 

\ 



25~ 
1 

>- 20 

i U 

x 
0 -0 

15 

>-
0 "Ii 

~ 10 ., 

5 

Flgure 3.2 

-

o 

o Normal 

- Antl-thy 1.2 plus C' treatment 

------.---------. ~ 
/ ~o 
-/0 
o 

6:1 12'1 25'1 50: 1 

Effector . '!arget Ratio 

L--..;..~-r--, 

Effect of antl-thy 1.2 serum plus C' treatment on B6AF1 splenic 
NK cel1 actlvlty agalnst YAC targets 

o 

" 

o 

C") 

o -



.J 

. Table 3.3 NK cell activity and P8l5 target cell killing of splenocytes obta1ned from .normal FI 
and GVH reactive mice. 

Oonor strain 
and number of 
cells injected 
to induce GYH 
reactions 

86 30xl06 

86 30x106 

86 30xl06 

A 30lt106 

A 30xl06 

A 30xl06 

Non-specifie cytotoxieity against YAC and P815 at different E:T ratios 

Splenocytes from individual animaIs Pooled splenocytes 

VAC P815 YAC P8lS 

50: 1 25:1 50: l 25:1 50: 1 25:1 

10.0 + 0.9 6.8 + 0.6 -0.9 + 1. 7 0.7 + 1.9 .. 
12.2 + 0.7 6.3 + 0.9 0.9 + 1.4 10.9 + 0.9 

12.5 + 1. 0 
,..d 

34.0 + 0.9 22.2 + 0.7 13.1 + 1. 3 10.0 + 0.2 

32.7 + 0.8 20.9 + 1. 4 14.6 + 2.5 9.1 + 0.7 40.5 + 1. 7 Il. 5 + 1.6 

36.1 + 1. 4 22.5 + 0.9 

27.6 + 1.8 21.9 + 1.1 57.1 + 2.4 55.2 + 2.8 

22.2 + 1. 3 15.4 + 1. 6 58.6 + 3.7 55.9 + 2.6 29.8 + 1. 6 46.1 .:!:. 2.1 

24.1 + 1. 5 11.9 + 1. 2 

a 1 cytotoxiclty of indivldual wells (4 wells) at a glven E:T ratio was calc..ulated. The data ts presented 
as the Hean + S E. 

b Splenocytes were taken from 86AFI mlce 8 day~ after GVH Induction. 
cd The experlment was repeated two tlmes wlth slmllar results. Results of one experlment are shown. 
• Not done. 
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Fi gure 3.3 

Days Post GVH 

Kinetics of splenic NK cell activity against YA~argets of B6AFI 
mice injected with either 30xl06A or 30xl06S6 PlC. The experiment 
was perfonned two times. Each experiment gave similar results. 
Results of one experiment are shm'ln. At each point the normal and 
GVH splenocytes were tested in the same cytotoxicity assay. The 
effector:target cell ratio used was 50:1.The horizontal line 
is the mean splenic NK cell activity of normal B6AFl mice. 
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Table 3.4 PFC/spleen response to SRBC of B6AFl mice injected with either 30xl06 B6 or 30xl06 A Ple. 
~ 

Number and strain of \ 
parental lymphoid 
cells injected to 
1nduce GVH React10nsa 

JOd06 B6 

30xl06 A 

Number of animals 
/ group 

9 

9 

9 

Mean PFe/spleen ± S.E. x 10- 3 

112.5 ± 11.5 

9.8i2.1' 

0.2 ± 0.2 
~ 

~ 

a B6AF1 mice were injected with SRBC on day 8 after PlC injection. 

o o 

% of normal PFC spleen 
response to SRBC 

100 

8.6 

0.1, 

o 
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Figure 3.4. 
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J 6 8 10 12 15 17 20 60 80 100 120 ISO 

DAYS POST GVH INDUCTION 

Kinetics of splenic NK cell activity of 86AFI mice injected with different doses of 86 
PLC against YAC targets. The experiment was repeated three times. Each experiment showed 
similar kinetics. Results of one experiment are shown. The horizontal line 1s the mean(tS.E) 
splenic NK cell activity of normal 86AF1 mice. The effector:target cell ratio used was 50:1. 
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Kinetics of lymph ngde NK cell ~ctiVity of 86AFl mice injected with different doses of 86 
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,Table 3.5 PFC/spleen response to SRBC of B6AFl mice fnjected wlth different doses of 86 PlC 

Uumber and stratn 
of parental cells InJected 

to Induce GYH reaeltons (a) 

JO x 106 (86) 

20 x 106 (86) 

10 x 106 (86) 

Ho. of mice 

Igroup 

9 

12 

12 

12 

Mean no. of PfC/spleen 

+ S.E. x 10-3 

97.5 + 4.5 

11. 5 + 1.6 

73.2 + 2.6 

97.6' + 5.8 

(a): 86AFI mlce were fnjected wfth SRBC on day 8 after PLC injection. 

o o 

% of nornal 

PfC to SRBC 

100 

11.7 

75.0 

100.1 
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CHAPTER FOUR 

THE RELATIONSHIP SETWEEN SPLENIC NK CELL ACTIVITY; T- AND B-CELL 

FUNCTIONS; AND THE DEVELOPMENT OF'HISTOPATHOLOGICAL LESIONS IN . 
THE NON-LYMPHOID ORGANS AFTER THE INDUCTION OF GVH REACTIONS. 
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4.1 INTRODUCTION 

The studies presented in ehapter 3 demonstrated 

that the magnitude of augmented splenic NK cell activity was 

dependent upon the number of PLC injected into B6AFl hybrids 
!...,.r ,", 
fll~~- However, GVH-assoeiated suppression of the PFC response to SRBC 

was observed only in those Fl miee in which peak NK cell 

activity appeared earlier (FI miee injected with 30xl0 6 B6 

PLC) In this.. chapter we have further investigated' (1) the 

relationship between the GVH induced augmented splepic NK cell 

aetivity and the GVH-induced suppression of splenic T-and B-
I 

ce 11 function; ( 2 ) 
1 

the relationship between the GVH-induced 

augmented splenic NK eell aetivity and the development and 

severity of GVH-induced histopathological lesions in non-

lymphoid organs (liver, pancreas, and-",-salivary glands). 

4.2 EXPERIMENTAL DESIGN 

The experimental protoeol is outlined in figure 4.1 

GVH reaetions of different intensities were indueed in B6AFl 

hybrids by injecting different doses, 6 30,20, , or 10xlO , of 

either parental strain A or B6 lymphoid cells. Tl;Ie relationship 

between splenie NK eell activity (YAC killing) and other "non-

specifie" cytotoxic activities, i.e , P-8l5 and Eb tumor target 

eell killing, splenie T- and B-eell function, and the 

development of histopathological alteration in the liver, 

pancreas, and salivary glands of these GVH-reaetive mice was 

investigated. The rationale for studying the relationship 
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o between splenic NK cell activity and the development of 

hi s top a th 01 0 g i cal cha n g es in the 1 ive r , pan cre as, and saI i var y 

glands was three fold: (1) liver (Bain and Diener, 1972), 

pancreas (Seemayer et al., 1983), and salivary glands (Clancy 

et al., 1981) are characteristic non-Iymphoid target organs for 

GVH reactions; (ii) the histopathological alterations in the 

liver, pancreas, and salivàry glands appear concomitently with 

h i s t o.p a th 0 log i cal cha n g e sin l y m ph 0 i d 0 r g ans (S e e m a y e r e t al, 

1977, 1978); (Ui) recent studies have shown that generalized 

augmented NK cell activity côrrelates significantly with the 

development of GVH reactions in both man (Dokhlar et al , 1981) 

and mouse (Borland et al., 1983). 

On different days after PLC injection, animaIs were 

o randomly picked from a pool of B6AFI mice that were injected 

with dif(erent doses of PLCs and from a pool of normal B6AFl 

mice. Thes'Ie animaIs were sacrificed, their spleens and bone 

marrow (BM) cells wer,e removed, and single cell suspensions 

were prepa.red. Splenocytes of individual spleen were divided., 

into two aliquots. Cells in one aliquot were teste~ for the PFC 

response to SRBC and for mitogen response ta Con A, PHA, and 
, 
LPS. The cells in the ocher aliquot were pooled from several 

mice and were treated as described in chapter 2, (section 2.5) 

to obtain NK cells. The splenic NK cells obtained from each 

group of B6AFl animaIs o~ day 16 post-PLC injection were 

further divided into two aliquots. Cells in one aliquot were 

treated with anti-thy l.2 serum plus C', whereas the cells in 

the othe r al i quot were trea ted w i th C' and medium (RPM 1-1640) 
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and served as contraIs. NK cel.ls in bath these aliquots were 

then tested for their ability to kill NK sensitive YAC-l tumor 

targets and also NK Insensitive palS tumor targets Like the 

splenocytes, BM cells from each group were also pooled. 

partially purified, and'tested for their ahility to kill YAC 

ta r g e t sin a 4 hou r SIC r rel e a s e a s s a y (s e c t ion 2 7) Th (' 

liver, pancreas, and salivary glands from each animal were 

removed and examined histologically. 

4.3 RESULTS 

4.3.1 DIRECT PFC RESPONSE TO SRBC 

<-

Tables 4 la and 4.lb demonstrate the results of the 

PFCjspleen and PFCjl06 spleen cell responses to SRBC, 

respectively, of B6AFl mice injected with different doses of 

either strain A o~ B6 PLC. On day 4 after PLC injection, 30xl0 6 

and 20xl0 6 strain A PLC induced much greater suppression than 

the eqvivalent cell dose of B6 strain donor cells On day 17 

after PLC injections, the groups of B6AFI mic~ that received 

either 30, 20, or 10xl0 6 A strain P Le, became totally 

suppresséd. In contrast, total suppression of the PFC response 

to SRBC was observed only in the group of B6AFl mice that 

received 30xl0 6 B6 PLe. The groups of B6AFI mice that received 

20xl0 6 B6 or lOx10 6 B6 PLC demonstrated partial recovery and 

even enhancement, respectively, of the PFC response to SRBC on 

day 12 after PLC inj ection. These data are summarized in 

figures 4.2a and 4.2b. 

4.3.2 eON A, PRA, ABD LPS KITOGER RESPONSIVENESS 
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Tables 4.2a and 4.2b demonstrate the Con A, PHA 

and LPS responses of B6AFI mice injected with different doses 

of either strain A or B6 PLC. The mitogen data presented are 

from the same GVH-reactive mice for which the' PFC data are 

presented in tables 4.la and 4.lb. Table 4.2a demonstrates 

that on day 8 after PLC injections significant suppression of 

Con A, PHA, and LPS responses was observed in all groups of 

B6AFI mice that received qifferent doses of either strain A or 

B6 PLC. The degree of suppression of mitogen responses within a 

CVH combination was, however, dependent upon the number of PLC 

injected into B6AFI mice. When equal numbers of strain A or B6 

PLC were injected into B6AFI mice, strain A lymphoid cells 

inddced a greater degree of suppression of mitogen responses 

than did 56 parental strain lymphoid cells (Table 4.2a). Table 

4.2b shows that on day 16 after PLC injection, B6AFI mice that 

received either 30, 20, or 10xl0 6 A strain PLC were severely 

suppressed for Con A, PHA, and LPS responses. In contrast 

severe suppression of these mitogen responses \lias observed on 

day 16 in 56AFI mice that received 30xl0 6 56 PLC, while partial 

recovery of Con A, PHA, and LPS responses were observed bn 

B6AFl mice that received either 20xl0 6 B6 or 10xl0 6 56 PLC. The 

mitogen data for Con A, PHA, and LPS are summarized in figures 

4.3a, 4.3b, and 4.3c, respectively. 

4.3.3 SPLENIC CELLULARITY 

Table '.3 shows the splenic mononuclear ce11 

numbers of B6AFI mice injected with different doses of either 
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B6 or A PLC. On day 8 after PLC injections, no significant 

differences were observed between the splenie mononuclear cell 

numbers of B6AFl mice that received different doses of either 

B 6 0 r A P LC and normal age-and sex-matched B6AFl mice 

However, on day 16 after PLC injection, reduction in splenic 

mononuclear cell numbers was observed only in B6AF1 mice that 

received 30xl0 6 B6 PLC, but not in B6AFl mice that received 

either 20xl0 6 B6 or lOx10 6 B6 PLC. On the other h~nd, on day 

16 after PLC injection, reduction in splenic cellularity was 

observed in the spleens of B6AF1 mice injected with 20xl0 6 A 

and 30 xl 0 6 APL C, but no tin t,h e s p l e e n s 0 f B 6 A F 1 mie eth a t 

received 10xl0 6 A PLC. These results are summarized in figure 

4 4. 

3.4 

4.3.4.1 

KINETICS OF SPLENIC NON - SPECIFIC CYTOTOXICITY DURING 

GVH REACTIONS: EFFECT OF DOKOR CELL GENOTYPE 

KINETICS OF SPLENIC BK CELL ACTIVITY 

The kinetics of splenic NK cell activity in GVH 

reactive B6AFl mice against YAC-l (H·28), 8 NK cell sensitive 

target, are shown in fig.4.5. Two distinct patterns of splenic 

NK cell activity are observed in B6AFl mice injected with 

different doses of either strain A or B6 PLC. In animaIs that 

received either 30xl0 6 or 20xl0 6 A strain or 30xl0 6 B6 strain 

PLC, splenié NK cell activity pt!aked early, i.e., on day 8 

after GVH induction, and then declined rapidly to normal levels 

by day 20-24 after GVli induction. In contrast, in mice that 
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received lOxl0 6 A and either lOxl0 6 or 20xl0 6 B6 strain PLC, 

peak splenic NK cell activity was delayed, i.e., peak NK 

activity was observed on day 16 after GVH induction, and then 

returned to normal 1evels by days 20-24 after GVH induction. 

Figure 4.5 also shows that in a1l groups of B6AF1 mice that 

received different doses of either A or B6 PLC the maximum 

increase in NK ce1l activity was dependent upon the number of 

cel1s injected. For example, 42%,31%, and 26% kil1ing of YAC 

was observed in FI mice injected with either 30, 20, or 

B6 PLC respectively. Similarly, 35% ,29%, and 22% killing of 

YAC targets was observed in F1 mice injected with .either 30, 

20, or 10xl0 6 A PLC, respective1y. The return of splenic NK 

cell activity to normal and/or below normal levels was more 

rapid, in B6AF1 mice that received different doses of A PLC. 

Moreover, B6 PLC induce.d greater overal1 splenic NK cell 

activity at each cel1 dose than the equiva1ent dose of A PLC 

(Figure 4.5). Inspite of the differences in NK ce1l activi,-ty 

f 
observed between different groups o! GVH-reactive mice, the 

kinetics of sp1enic NK ce1l activity in ,a11 experimenta1 groups 

fo1lowed a similar pattern, namely<.t, an augmentation fo11owed 

by a dec1ine to normal and/or near normal 1eve1s. 

4.3.4.2:1 KIHETICS OF BK HK CELL ACTIVITY 

Figure-4.6 demonstrates the NK ce11 activity of BM 

cel1s of B6AF1 mice that were injected w1th different doses of 

either B6 or A PLC. As can be seen, in the groups of F1 mice 

that rece1ved different doses of B6 PLC , the bone marrow NK 
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ce Il aetivity reached a peak by day 8 after ~LC injections, and 

then declined to near normal levels by day 16 after PLC 

injections. Moreover, in B6AFl mice that received different 

numbers of B6 PLC the magnitude of peak NK cell activity in the 

B M w a s de pen den 0 u p 0 n the dos e 0 f P L C i n j fol c....t..e d . N K cel l 

aetivity in the BM of FI mice that received different doses of 

A PLC was also found to be augmented on day 4 after GVH 

induction. However, unlike Fl mice that received B6 PLC no 

further augmentation in this activity was observed (i e., no 

clear peak in NK cell activity was observed) beyond day 4 after 

GVH induction. Moreover, in B6AFl !}lice that received different 
1.. 

doses of A PLC al1 groups showed the same degree of 

augmentation of NK cell activity (i.e., no clear dose df,lpen?ent 

1ft 
effect was observed as was seen with B6 PLC). NK cell activity 

in these groups also declined to near normal levels by day 16 

after PLC injections. 

4.3.5 P-8l5 AND Eb TUKOR TARGET CELL KILLING BY GVH 

SPLENOCYTES 

The splenie non-specific cytotoxicity data for P-

815 (H-2d), an NK 1nsensitlve target, are presented ln Figure 

4.7. The influence of the genotype in activating effector 

mechanism(s) responsible for P-8l5 killing is evident. Marked 

P-81S cytolysis was observed in mice injected w1th different 

doses of A strain lymphoid cells, whereas negl1gible effects 

were observed in B6AFl mice that reeeived different numbers of 

B6 cells. Since YAC-l i8 a lymphoma eell line of H-2a genotype 
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which expresses both H-2d afld H-2k, and P-815 Is a mastocytoma 

cell 1ine of H-2d genotype (OBA/2 origin), we posited whether 

the differences observed might be related to target genotype 

To resolve this issue, Eb, "a second H-2d genotype (DBA/2 

origin) Iymphoma ce II line target, was employed under the same 

conditions. Figure 4.8 demonstrates the kiIIing of Eb targets 

by day 8 GVH-reactlve sp1enocytes at E:T cell ratios. 

As can be seen, on day 8 after GVH inductio, the kiIIing of 

Eb targets by Fl mice treated PLC was greater 

than that of Fl mice .injected with 30xl0 6 A strain'PLC, at a11 

E:T cell ratios tested. These results are similar to those 

presented in fig.4.5 for YAC-l killing. suggest 

that, depending upon the donor cell genotype, either different 

cytotoxic mechanism(s) or different sub-populatlons of the same 

family of effector celis are activated during the course of GVH 

reactlons. 

4.3.6 EFFECT OF ARTI-THY 1.2 SERUM PLUS C'TREATMENT ON YAC 

ABD P-815 TARGET CELL KILLING BY GVB SPLENOCYTES 

"" 
To determine wlnether the cytolysis of YAC and P-8l5 

~argets could be attributable to cytotoxic T-lymphocytes (CTL), 

partially purified splenic cells from ditferent groups of GVH

reactive B6AFl mice were pretreated with anti thy 1.2 serum and 

C' prior to testing in a 4 hour 51Cr release cytotoxicity 

assay. Tables 4.4 and 4.5 show that pretreatment of partially 

purified spleen ce1ls wlth ~nti-thy 1.2 serum plus C' failed to 

abrogate both YAC-1 and P-815 cytolysis re~pectively. These 
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data suggest .that YAC (Table 4.4) and P-81S (Table 4.5) killing 

observed during the course of GVH reactions i5 not mediated by 

T-cells. 

4.3.7 HISTOLOGY OF NON-L~KPHOID ORGANS DURING THE COURSE 

OF GVH REACTIONS 

GVH-associated histopathological changes were 

studied in B6AFl mice injected with different doses of either 

B6 or A PLe. Histopathological changes were grade ct as normal, 

mild or moderate-severe according to the degree of 

lym1?hocytic infiltrates and ductular pathalogical changes in 

the liver, pancreas, and salivary glands on days 8 and 16 

after PLe injection. The degree of GVH-associated lesions, were 

characterized as mild when the cellular infiltrates were 

observed only around the ducts. In tissues that were 

characterized as moderate-severe, the infiltrating cells 

spilled into the parenchyma of the organ. 

On day 8 after PLC injections, no tissue alterations were 

""'" recognized in t~e majority of B6AFl mice receiving different 

dos e s 0 f B 6 PL C ~ n d l 0 x 1 0 6 APL C ( Ta b l e 4. 6- )', Ho w e v e .r, i n m i c e 

that rec~ived 20, or 30xl0 6 A PLe varying degrees of ductular 

injury associated with mononuclear cell infiltrates were 

present in the majority of mice at day 8 post-PLe injections 

(Table 4,6). 

No lesions were noted on day 16 in animals receiving 10 or 

20x10 6 B6 PLe, whereas moderate-severe ~hanges were appreciated 

r-
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in those B6AFl mice given 30xl0 6 B6 PLC. In contrast, 

moderate-severe ductular alterations associated with intense 

cellular infiltrates were manifest on day 16 in animals 

injected with either 20xl0 6 or 30xl0 6 A strain PLC. Only mild 

ductular injury associated with slight cellular infi1trates 

were noted in B6AFl mice injected with 10xl0 6 A PLC (Table 

-4.6). Photomicrographs showing normal, mild, and moderate-

severe lesions in liver, pancreas, and salivary gland are shown 

i n F tg ure s 4. 9 - 4 . 1 7 . 

4.4 DISCUSSION 

The data presented in this chapter demonstrate that 

GVH reactions induced in B6AFl hybrids by three different doses 

(10, 20, and 30xl0 6 ) of A strain PLC, stimulate both NK cell 

cytotoxic activity and P-8l5 target cell kil1ing, induce 

histopathological alterations in the liver, salivary glands, 

and pancreas, and cause profound immunosuppression of T- and B-

cell function. In contrast, GVH reactions induced in Fl h~brids 

by similar numbers of B6 strain PLC resuited only in a Dlarked 

incraase in NK cell activity. However, slightly augmented P-8l5 

target cell killing, histopathological changes, and 

immunosuppression of T- and B-celi function were observed only 

in Fl mice that received 30xl0 6 B6 PLC, whereas, 10 and 20xl0 6 

B6 PLC were ineffective. The GVH-induced tissue lesions were 

• apparent (day VH induction) when both T- and B-cell 

function were severel and P-

815 target cell killing were at their peak or highly augmented. 
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The severity of histopathological lesions which developed' later 

(day 16 post-GVH induction) correlated with an early temporal 

f 
peak of 'NK cell activity and augment~ P-815 target cell 

killing, but not with the overall NK cell activity 

Depending upon the donor lymphoid cell genotype employed. 

different non-splcific cytotoxic effector' cell populations were 

activated to differen't: degrees. The lysis of YAC-l (H-2a) 

(Fig.4.5) and Eb (H-2d) (Fig 4.8) cell lines by splenocytes 

from mice injected with 30xl0 6 parental A or B6 strain 
• 

lymphoid cells was similar, the greatest effect being observed 

in recipients of B6 PLÇ. In contrast, highly augmented P-815 

(H-2d) cytolysis (Fig 4.7) was observed in mice which received 

30xl0 6 A strain PLC. The effector cells mediating the lysis of 

YAC, P-8l5, and Eb targets appear to be highly efficient since 

lysis of these targets was observed in a 4 hour Assay. These " 

results suggest that the cells mediating the lysis of YAC. P-

815, and Eb targets represent either separate effector 

populations (eg., NK, MO etc.) with differen~pecificities for 

target cell recognition or sub-populations (eg., NKl, NK2. 

etc.) of the same effector cell population. The activation of 

different non-specifie effector cells (eg., NK cells and MO) 

during GVH reactions and differential susceptibi1ities of 

targets to lysis by cells derived from GVH animaIs have been 

previously described (Ptak et al., 1975; Fung and Sabbadini, 

1976; Hansen et al., 1982). Similarly, heterogeneity within the 

NK cell population has also been reported (Tai et al., 1980; 

Lust et aL, 1981). ~ 
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The NK effector cells involvèd in the 1Y81s of YAC 
, 

targets, likè the effector cells mediating the lys1s of P-Bl5 

targets, were not eliminated by anti-thy l..2-...serum plus C' 

treatment (Tables 4.4 and 4.5), suggesting that these effector 

cells are not T-cells. Two recent reports showing NK cel1 

cytotoxicity during the course of GVH reactions have produced 

conflicting data on P-8l5 killing. Pattengale et al. (19B3) 

reported P-BlS target cell killing in a GVH system (B6---> 

B6xDBA/2Fl) in which severe GVH disease was induced. In their 

study, (Pattengale et aL, :1983) cells affecting the P-B1S 
-~ 

target cell lysis expressed Thy-1 antigens. However, Borland et 

al. (1983) reported no spontaneous P-8l5 killing in a differens 

GVH combination, that is, CBA into CBAxBalb/c. The basis for 

these discrepencies, in relation to our study, is not entirely 
" 

clear. Conceivab1y the strains of animaIs employed contribute 

to these divergent findings. This Interpretation appears 

plausible since, in our study, the activation of effectors for 

P·8l5 targets was observed only in recipients of A strain 

1 Y m ph 0 i d c e 11 s'. 1 non e 0 f the G V H c 0 m b i na t i on sin w hic h P - B 1 5 

effector cells bore thy 1 

et aL, 1983), the donor 

antigens (86·->B6xDBA/2) (fattengale 

anti-host cytotOXic-T-l~mphocyte 
response could have been directed against the H·2d haplotype 

(OBA/2 and P-81S are of identical H-2 haplotypes). In our-GVH 

combination (A-->B6AF1) in which P-B15 target cell lysis 

occured. the pirel.t anti-Fl GTL response w,ou1d have been 

directed against the 86 (H-2b) haplotype. ~owever, the ki11ing 

of Eb, vhich 1s of the same haplotype as P-8l5, was s1milar to 
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YAC killing rather than the P-8l5 killing in the two GVH. 

combtnations employed in the present study. Therefore, we 

propose that cytotoxic T-lymphoctes are not principally 

involved in this process. 

The origin of effector cells for P-81~ targets was not 

established in the present study .• However, it is known that 

MO/monocytes are activated during the course of GVH reactions 

(Ptak et aL, 1975; Fung and Sabbadini, 1976; Hansen et aL, 

1982). Although techniques were emp10yed to remove adherent 

o 
cells, MO/monocyte contamination of the effector popul~tio~ 

remains a possibi1ity, especially since P-81S targets are 

sensitive to activated MO/monocyte (Roder et aL, 1979). 
1 .. 

Ana1ysis of data relating to non-specifie cytotoxic cell 

activity and the initial development and subsequent severity of 

tissue injury during the cour~ of GVH reactions yields several 

interesting associations. Firstly, ",hen 30x10 6 "A and 20x10 6 A 

strain PLC were employed to induce GVH reactions, NK cell 

activity and P-81S target cell killing peaked or were high1y 

augmented by day 8 post-GVH induction and histopatho1ogical 

alterations first appeared at the same time. These FI hybrids 

s u b s e que n t'l y de ve 10 P e d s ev e reG V H - a s s.() C i a te d pat h 0 log i cal 

a1terations. Secondly, when lOxl0 6 A strain PLC were employed 

to induce GVH reactions, the appearance of peak NK calI 

a c t i vit Y and P - 8 1 5 't a r g etc e 11 k i Il 1.1 g w a s de 1 a y e d ( d a y 1 6 

after GVH induction); the initial appearance of 

,histopathological lesions was also delayed and the tissue 

alterations were minimal (graded as mi1d). Thirdly, in Fl 
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recepients of 30x10 B6 6 PLC , peak NK cell activity and 

a1ight1y augmented P- 815 target cell kiil ing (8 -10%) were 

observed 8 days after GVH induction, yet tissue alterations 

that developed 1ater during the course of GVH reactions (day 16 

post-GVH induction) were of moderate-severe intensity. 

Fourthly, in FI recipients of 20xl0 6 B6 and lOx10 6 B6 PLe, a 

stgnificant increase in NK cel1 activity was observed which 

peaked at day 16 after GVH induction; nevertheless, P-81S 

target cell 1ysis was not observed, nor did GVH-induced 

histopathological lestons develop. 

The results described above show that moderate to severe 

lesions developed in mice that displayed an early peak in N.K 
'1/ 

cell actiyity and an augmented P-81S target cell killing. ln 
• 

contrast, in those groups of Fl mice in which NK cell activity 

'and/or P-8lS killer cell activity peaked later, tissue 

a 1 ter a t ion s w e r e e i the r mil d 0 r n 0 t d e'''t e c ta b le. The fin d i n g s 

suggest that the magnitude of tissue injury which develops 

during the course of GVH reactions may be related to the 

rapidity with which NK cell activfty peaks, but not with the 

overall augmented NK cell activity, and, as well, may be 

related to an increase in activity of cytotoxic cells capable 

of killing P-8lS target cells. The data presented in this 

chapter do not address the question of whethe& interactions 

between NK cells and P-81S target cell effectors are 

responsible for the mbre severe tissue lesions ohserved in some 

GVH -combinations. The question regarding the ro1e of NK cells 

an-d P- 815 effector c'ell~ in GVH-as-sociated tissue damage is 
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addressed in detail in chapter 6. However, a correlation 

between the early appearance of 'tlK cell activity and the 

deve10pment of acute GVH disease iq recipients of allogeneic 

bone marraw transplants has been described (Dokhelar et a1., 

1981). The data presented in this study support this 

observation and a1so suggest that the rate of augmentation of 

NK cell activity may predict the magnitude of tissue injury 

associated with GVH reactions. 

The effect of donor genotype on the BM NK cel1 activity 

following GVH .reaction induction has not been reported thus 

far The data presented in figure 4 6 demonstrate the effects 

of, do~or genotype on the kinetics of BM NK cell activity As 

can be seen, B6 PLe at aIl doses induee BM NK cel1 activity 

which peaks on day 8 after PLe injection. However, the 

magnitude of peak BM NK cell activity is dependent upon the 

number of PLe injected. Furthermore, the kinetics of BM NK cell 

activity is similar to that observed in the spleen, namely an 

au g men t a t i on f 0 110 w e d h Y a de c l fn e in N K c e Il m e dia t e d k i Il i n g 

of-'YI\C targets. In contrast, in 1:he A- ->B6AFl GVH combination, 

no PLe dose-depandent effect was ohserved that influenced the 

magnitude of BM peak NK cell activity, as was witnessed when 

different doses of B6 PLe were· injected into B6AFl mice. 

Moraover, no'" shat:p peak was noted. Once NK cell aetivity in the 

BM was augmented (day 4) it remained slightly augmented and 

the n st art e d t 0 de e 1 i ne slow l y w i th t i me. In th i s cha pte r 'we 

als9 demonstrate that the magnitude as weIl as overall
~ 

augmented splenie NK cell aetivity followlng GVH reaction 

) 
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induction are dependent upon the strain and number of donor 

cells injected. A similar dependence of splenic NK cell 

activity on donor cel~ genotype and dose of donor cells 

injected has previously been reported (Pattengale et aL, 1983; 

G h a y ure t al., 1 9 8 4; V a r'k i 1 a and H u r me, l 9 8 5 a ). l t i s 0 f 

interest to note that NK cel1s originate in the BM and are then 

transported'D' to the periphery (spleen) (Haller and wigzell, 

1977; Haller et aL, 1977). Thus, in light of the data 

presented on BM NK cell activity, it is plausible that the 

differences observed in the kinetics and overa1l 
i 

augmentation 

of splenic NK ce11 activity, between animaIs receiving PLC of 

different genotypes may reflect the ability of donor cells to 

stimulate production and/or release of NK cells from the BM to 

the periphery. If this i9 the case then our data would suggest 

that the greater degree of overall NK cell activity observed in 

the sp!eens of B6AFl mice injected with 30xl0 6 B6 and 20xl0 6 B6 

PLC, as compared to 30 and 20xl0 6 A PLC, may reflect a 

9ubstantial contribution from the host bone marrow. 

'A comparison of non-specifie effector cell activity 

(Figures.4.5 and 4.7) and T and B-cell function (Table 4.1a,b 

and 4.2a,b) in B6AFl hybrids which develop moderate-severe 

hlstopathological leslons shows that the NK cell and P-81S 

effector cell activity reach their peak and remain augmented 

for several days after T and B-cell activity have been severely 

suppressed. The data in this report also show that in groups of .. 
B6AFl mice that disp1ay an early rapld augmented NK cell 

, 

llctivlty (and severe leslons) severe suppression of T and B-
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cell function is observed early after GVH reaction induction 

Thus, a clear dissociation between NK cell act1vity and ~ and 

B-cell function is observed early after GVH reaction induction 

van Elvan et al. (1981) have demonstrated that the ability of 

donor cells to generate suppression following GVH induction 

correlates with their eapacity to induce severe GVH reactions 

The data pr-esented in this report supporte the work of van Elvan 

et al (1981) and furthermore d-emonstrate that an early rapid 

augmentation of NK cell activity correlates with the se;verity 

of GVH reactions as assessed by development of 

histopathological les ions in non-lymphoid organs. The fact that 

the peak NK cell activity is observed at a time when both the T 

and B'-cell function are severely suppressed suggests Chat the 

specifie and non-specific immune responses have different 

mechanism(s) for suppression and/or activation. It is possible 

that early after GVH reaetion induction the specifie and non-

specifie immune responses play different roles at different 

stages of the GVH reaetion. 

It is generally assumed th4t the. GVH-associated tf.ssue 

damage is mediated by cytotoxic T-lymphocytes. Our reaults 

showing that the initial appearance and later severity of GVH-

induced lesions correlates with the peak NK cell ~ct~vity and 

with the time when peak NK cell activity is reached after GVH 

induction, respectively,(but not with the T and B-cell 
~ 

function), would suggest that NK cells may play sorne role in 

the induction of GVH-associated tissue damage. An active role 

for NK cells in GVH lnduced tissue damage 1. a like1y 
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possibi11.ty sinee recent studies have reported that: cytotoxic 

T-lymphocyte (CTf> responses are severely suppressed as ear1y 

as day 4 after GVH induction (Shearer and Polisson, 1980); CTLs 

May not be essential in GVH indueed pathogenesis (Hamilton, 

1984; Judas and Peck, 1983; Mason, 1981); and that antibodies 
) 

against NK ce1ls prevent GVH induced mortality (Charley et al., 

1983; Varki1a and Hurme, 1985). Thus, in light of the studies 

cited above, the results presented in chapter 3 regarding 

production by GVH-reaetive lymphoid cells of factor(s) which 

i n du c e d N K c e 11 1 i k e a c t i vit yin no r mal l Y m ph 0 i d 'c e 11 s, and the 

data presented in this chapter, we propose that specific T-cel1 \ 

immune responses May be invo1ved in the activation and/or 

recruitment of non-specific (NK-like) effector cel1s which May 

then either direct1y or indirectly be involved in the GVH-

induced tissue damage. Whether the host and/or donor NK ce1ls 

are activated and/or recruited following GVH induction is not 

clear from the data presented in this chapter. 

The fa c t th a t 10 and 10 xl 0 6/] 6 PL C we r e no tas e f fic i en t 

as a similar number of A PLC in inducing tissue damage and/or . ~ 

immunosuppression May be due to the rather rapid elimination of 
1 

B6 ce1ls from B6AF1 mice by the phenomenon of hybrid 

resistance. \le have observed an ear1y rapid e l,i m i.na t ion 

(within 36-48 hours) of f1uorescein 1abe11ed B6 PLC , but not A 

PLC, from B6AF1 hybrids (Peres et al, 1983; Peres et al, 

J.Immunol. in press). Koreover, Shearer and Po11ison (1980, 

1981, à-nd 1983) have prevlous1y reportel1 that greater numbers 

of BIO (H-2b) PLC ,as compared to BIO.A (H-2a) PLC, are 
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required to overcome the hybrid resistance mechanism(s) in 

BlOxB10.A (H-2bxH-2a)Fl mice. These workers have demonstrated 

that 20xl0 6 BIO PLC (simi1ar to the genotype of the B6 PLC used 

in the present study) were unable to induce complete 

suppression of CTL generation when injected into BlOxB10.A Fl 

mice. In contrast 29xl06 BlO.A PLC (the sarqe H-2 genotype of A 

PLe used ~n the present study) induced severe suppression of 

CTL generation in BlOxB10.A Fl mice. Shearer and Pollison 

(1980,1981) further showed that 40x10 6 B10 PLC were sufficient 

t 0 0 ver c 0 met he h y br i d r e sis tan ce mec han i s m 0 f B 1 0 . B 10 A Fla Ife! 

induee complete suppression of CTL generation. The data 

presented in this chapter suggest that a1though the 'injection 

of 20x10 6 and 10x10 6 B6 PLC cause a significant, but de'layed, 

increase in NK cel1 activity, these cell doses are unable to 

induce severe immunosuppress1on and moderate-severe lesions 

However, 30x10 6 B6 PLC, a dose which is sufficient to overcome 

the F1 hybrid resistanee, cau~e an,early rapid increase in NK 

ce1l activity as .. .wel1 as severe immunosuppression and moderate

severe t1ssue 1es10ns. Co11ectively, these data wou1d suggest 

that when 10xl0 6 and 20xl0 6 B6 PLC are injected into B6AFl mice 

the required crit1ca1 number of donor ce11s may not 'acquire 

sufficient tenure to promote the deve10pment of complete 

immunosuppres~1on and histopathologieal ·lesions. 

lt wou1d, therefore, appear that although non-specifie 

c y't 0 t 0 xie mec han 1 s m ( S ) 0 f h 0 s tan d / 0 r don 0 r 0 r i gin m a y b e 

activated fo11ow1ng GVH-1nduction. the development of 

histopatholog1cal 1eslons may be ~endent upon a major donor 
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cell contribution. If donor and host non-specifie cytotoxie 

cells are activated during GVH reactions, but the donc r non-

specifie and not the hO!lt non-specifie cytotoxic cells (NK 

cells) may be responsible for the tissue injury, an interesting 

question,of speciflcity of the effector cells for Fl target 

cells is raised. To investigate this question of specificity 

for GVH-induced tissue damage different parent into Fl hybrid 

combinations of beige/beige (a mutant with a defect in NK cell 

activity) and +/beige mice were employed. The data are 

presented in chapter 6. 

Thus, in this chapter we have shown a correlation between 

the appearance of early peak of NK cell activity and the 

development of moderate-severe lesions in non-lymphoid organs 

after GVH induction. However, this correlation was based upon 

st u d yin g N K ce 11 a ct i vit yin -o(!)e '() r g an (s p 1 e en) and the 

development of les ions in different organs (liver,pancreas, and 

salivary glands). In the following chapter we present data on 

NK cell activity and the development of lesions in the same 

organ (thymus): 
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~ Groups of B6AFI hybrids were injected 
• ,. /Wlth dlfferent doses of A or 86 PLC 

,.. 

86AFl hybrid 

1 
Un different days ~ GVH induction, 

the following parameters were investigated 
1 

1 1 
H1stology lnmune functions • 

1 1 1 1 

\. 

"' 

\-

~ 
M -

L1ver Pancreas Salivary 
glands 

1 1 1 t 
Splenic PFC responses Splenic mitogen Splenic NK cell Bone marrow NK cell 

cell ularity Ispl een responses and palS activity 

1 

- effector j"cttvity 

~I------+---~I ' 
Con A PHA LPS 

With Without 
Anti- Thy 1. 2 

+ . C .. treatmen t 

Figure 4.1 Experimental design used to investigate the relationship between splenic NK cell activity, T-and 8-cell 
functions. and the development of histopathological alterations in the non-lymphoid organs. 
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Table 4.la. PFe/spleen respollse to SRBe of B6AFI mlce Injected wlth dlfferent doses of alther A or 86 PlC. 

Humber and Straln 
or PlC IIlJecteda 

3Uxl06 1\ 

2Uxl06 1\ 

lUx 106 1\ 

30xl06 86 

20x1U6 06 
r. 

lOx106 86 

Expertment 
Humber 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

l 
2 

1 
2 

PFe .:t. S.E/SI!~el!_~1O-3 lX of lIor11lal 'response) 

il 

114.3 ± 4.5 
183.61.27.0 

5.3 ±. 1.2 
40.3 ± 2.3 

22.3 ± 5.9 
49.0 ± 12.6 

61.7 ± 18.6 
86.1.:1: 10.9 

54.0 ±. 4.9 
90.2 ±. 25.0 

64.7 ± 3.8 
Id4.9 ± 14.0 

64.1'±'24.8 
124.2.t. 16.1 

Oay~ post GYH induction 

(4.6) 
(21.9) 

(19.5) 
(26.7) 

(53.9) 
(46.9) 

(47.2) 
(49.1) 

(56.6) 
(57.1) 

\56.0) 
(67.6) 

12 

98.0.±. 5.5 
180.2 1. 7.9 

0 
0 

0 
0 

1.4.:1:. 1.4 
2.2 ± 1.9 

o 
o 

73.0 ± 5.2 
-b 

134.5 ± 16.6 
291.3 ± 26.6 

r 

(1. 51 
(1. 2) 

(82.0) 

(151.1) 
(164.9) 

a -lIl1'ee anllllals/9rouP III experllllent no.1 and four animais/group ln expertmellt no.2 were randomly seleded 
From a pool of mlce. Ihe data Is presellted as mean ±. S.E. 

-b • Ilot dOlle 

o c'f. o 

1.0 
('1) ..... 

';;:~'illl 
-~~ 



a Three animaIs/group ln experlment nO.1 and four animaIs/group ln experlment nO.2 were randomly selected 
f,-om a pool of IIIfce. The data 15 presented.. as mean .:t s.L 

-b not done 
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Table 4.2a .Splenic ConAt PHA, and ~PS mitogen responses of'86AFl mice on day 8 after the injection of d1fferent doses 
of either'A or 86 PLC. 

" 
lIU1nber (xl0-6 ) and Strafn Mftogen Responses mean net cpm t,S.L x 10- 3 (S of~Qrmal response) 

of parental 1~~ 
cell s fnjec Expt. 1 ConA pHA LPS 

1 220.0 t 19.0 133.7 :t 0.7 49:21 :t 0.74 
2 284.3 t 13.2 235,1 ± 22.1 N.D. 

J 1 5.2 :t 2.6 ( 2.39) 3.4 :t 2.0 ( 2.5) 0.8 t 0.2 (1.7)_ 
30 A 

2 5.3 t 1. 2 ( 1.89) 3.9 t 0.9 ( 1.5) N.D. 

1 11.1 ± 3.6 ( 5.06) 9.4 t 3.5 ( 7.0) 1.9 i 1.2 (~.81 
20 A 

2 21.4 :t 3.6 ( 7.54) 20.8 ± 5.3 (8.7) N.D. 

1 36.4 ± 4.9 (16.57) 20.0 t 5.0.(14.7) 19.5 ± 1.3 (39.8) Î 
la A .! 2 49.4 t 2.0 (17.50) 55.4 t 11.7 (23.5)\ U.D. 

1 9.2 t 2.8 ( 4.26) 10.9 t 2.8 ( 8.2) 1.2 ± 0.5 ( 2.~) 
30 86 

2 18.2 ± 4.8 ( 6.50) 35.5 t 12.9 (15.1) N.D. 

1 
1 27.9 t 10.6 (12.69) 26.6 :t 1.0 (19.9) 8.2 t 1.7 (16.8) 

20 86 
2 75.5 :t 8.7 (26.75) 81.3 :t 4.6 (34.5) N.D. 

1 61.8 :t 4.5 (28.11) 73.0 ± 12.1 (54.7) 10.7 t-2.03 (21.8) 
10 86 

2 117.3 ± 5.1 (41.50) 95.8 t Il.8 (40.7) N.D. 

aThree an1mals/group in Exper1ment no. 1 and four an1mals/group 1n Experfment no. 2 were randomly selected fro. a pool of mlce 
The data 15 pre5ented às mean netcpm: S.E. x,10- .3 • 
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rable 4.2b. 'Splen1c ConA, PHA. and lPS .ftogen responses of B6AFI _ice on day 16 after" the' lnj.ectfon of different 

doses of either A or 86 PlC. ' 
" 

rh/lllber (x lOb) and S tra f n 
of parèntal Iymphofd 

cell s tnJ~c~E!da [xpt. ,a 

- ( 

30 A 

ZO A 

10 A 

30 86 

20 86 

10 86 

1 
2 

2 

2 

2 

2 

1 

2 

2 

Hfto9E!n ~E!sp~n5e~ mea_n net r;pm ! S.L x 10- 3 't of 119,1'\1141 responsel 

ConA PUA lPS 

236.0 ± 14.4 143.3 t 4.5 45.1 ! 4.1 
252.4 t 19.8 212.2 t 3.0 N.D. 

1.9 t 1.7 ( 0.8) 0.6 1 O.lbl 0.6) 0.8 ! 0.6 Il.9) 

0.4 1 0.8b , 0.1) 1.2 t 0.8 , 0.61 N.O. 

2.5 t 2.0 , 1.0) 2.1 t l.a. , 1.4) 1.4 ! 0.7 b (J.1l 

1.3t 0.8 ( 0.5) 1. 7 ! 0.8 ( 0.81 N.O. 

24.4 ± 17.7 (10.3) 13.7 ± 14.Sbl 9.5) 0 . .5 ! 4.Sb ll.J) 

6.6 t 1. 7 ( ~6) Il. 7 ! 2.8 ( 5.5) N.O. 

13.0 ± 3.6 , 5.5) '. 10.0 t 1.9 , 7.0) 0.6 ! O.lb, 1.4) 

4.5 t 1.J ( 1.7) 4.1 ± 1.0 ( 1.9) I~.O. 

. 
1 

101.5 t 33.5 (43.0) 18.8 t 18.8 (54.9) 26.4 ! 3.5 (58.5) 

161.8 ! 8.5 (66.4) 149.8 ± 4.6 (70.5) - N.O. 
, 

131.3 t- 9.3 (55.6) 109.9 t 8.91176.6) 26.4 .f 2.8 (51l.61 

N.O. N.D. N.O. 

, 

a Three anlmals/grollp ln Experiment no. 1 and four animai s/group fn Experlment no. 2 were randornly selected frorn a pool of mi., 
The data ts presented as mean net cpm ± S.L x 10- 3 • 

~ Some Indlvidua1 mlce in these groups gave 4 negatlve net ~pm value. 1) 
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presented is the mean of two experiments on éach day (see tables 4.2a and 4.2b) • 

.., 

~-

" 

o ___ .>~,-r 

" • 

-000I:t -- . 

--;: 

~, 

"'~ 
~~~ 



J 

o 

'-'-, 

o 30xl06A • ,30xl0686 

â 20xl06A • 20xl06S6 

o lOx106A • lOxl06 86 

100 
1 • 

\ 
CD 
III 
C 
0 80 
a 
1/1 
CD 
~ "" 
<11 60 
E 
~ 

0 
c: 

40 

;\ 
1 

20 

l-..-_~' . ~~ 

~ 

, 
Flgure 4.3b 

i 8 16 8 16 

Days Post GVH Induction 

Summary of the splenlc PHA responses of B6AFl mice on days 8 and 16 after the 
inJectlon of dlfferent doses of elther A or 86 PLC. The % of normal responses 
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shown were calculated from the data shawn ln tables 4.2a and 4.2b. 

( 

'--

r;. 

o 

--

• 

"C'"') 

~ 
.-4 

\ 

• 

. , 

::.' 

._~ 



l' 

. , 

.... 

\.... 
lA"di" 

Table 4.3 Splenic nucleated cell numbers of 86AFl mlce injecte~th different doses of etther A or 86 Ple. 

Number and straln 
of PLC lnJected 

30xl06 A 

20xl06 A 

10xl06 A 

30xl06. 66 

20xlO6 66 

10xl06 66 

o 

Experiment 
number 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

,1 
2 

1 
2 

..... 

8 

138 . O:t 1 9 . 8 
128.0 T 17.1 -
130.8 ± 5.8 
172.0 ± 13.5 

96.6 ± 34.1 
137.5± 20.9 

87.0 ± 5.6 
146.2 ± 13.6 

140.5 ± 9.5 
135.6± 6.6 

125.3 i: 8.8 
123.0 ± 9.2 

133.0~· 5.8 
111.7 ± 10.7 

~ 

Q 
,..-

Cellularity t S.E x 106 

Days ~os t -GVH j nduc t j on 
• 

16 

139.5 :t 3.1 
1l1.0± 8.8 

( 102.0) 49.0 ± 9.9 ( 37.9) 
(132·4) 49.8 ± 6.7 ( 49.8) 

( 74.8) 55.3 ± 5.6 ( 42.8) 
(106.4) 67.8:t 2.4 ( 52.5) 

( 67.4) 136.0 t 15.6 (l05.3) 
(113.2) 139.8 ± 8.2 (l08.3 ) 

(108.8) 44.0 :t 4.7 ( 34.0) 
(104.5) 35.5 t 1.7 ( 27 .4) 

( 97.0) 144.5 t 17.6 (111.9) 
( 95.2) -b 

(103.0) 137.0± 10.4 (106.0) 
( 86.5) 154.8 ± 13.8 (119.9) 
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Figure 4.5 Kinetics ~f splenlc NK cell activity against YAC targets of 
B6AFl mice arter the injection of different doses of either 
A or B6 PLC. Spleens from 3

i 

animals/group/day were pooled. 
The experiment ~: performed three times. Each exper1ment . 
showed similar ~~~etics. Results from one experiment are shawn. 
The horizontal line is the mean (tS.E) NK cell acti~ity of 
normal B6AFI mice (3 animals/day). The effector:target cell 

) ratio used was 50:1. . 
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Table ~.4 Percent cytotoxicity of B6AF l GVH splenocytes on day 16 post GVH 
fndycfion against YAC-l targets after treatment with anti Thy-l + 
C'. a 

NUMBER (x106 ) ANa TREA TMENT OF " CYTOTOXICITY 
STRAIN OF DONOR EFFEeTOR CELLS E:T RATIO USED 
CELLS INJECTED WITH ANTCbThr-l.2 

(a) 

(b) 

(c) 
( d) 
(e) 

... 
, , 

+ C' ,e , 50: 1 25:1 

lad 7d 

+ u d 7d 

41 22 
30 86 

+ 36 21 

36 28 
20 86 

+ 32 25 

16 11 
10 86 

+ 13 7 

12 7 
30 A 

+ 6 4 

17 11 
20 A 

+ 14 9. 

N.D. e N.D.a 
10 A 

N.D. e N.D~e + 

GVH reacti ons were f nduced 1" 86AF l hyb ri ds by 1 nj ecti"g d 1 fferent doses; 
30xl06 , 20x106 , 10xl06 of either parental stra1n A or 86 lymphoid ceIls. 
Effector ceIls were used untreated (-) or treated with anti Thy-l and 
C' ( + ) • Protoco 1 for trea tment f s descri b'ed 1 n deta il in Ma ter; al sand 
Methods. 
Splenocytes from 3 mi ce/group were pooled. 
Normal B6AF1 ,mice age and sex matched were u$ed as normal controls. 
N.D. not done. 
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Table 4.6: Intens1ty of h1stopatholog1cal les10ns in the l1ver, pancreas and sal1vary gland (S.G.) 
of B6AFI mice on days Band 16 after the inJection of different doses of either 86 or A PlC~ 

lntensft of Lesions 16 after:GYH induction 
Oonor ce 11 Number of cells Organ exam1rted NOnRal Hoderate - Sevére 

injected 1njected x 10-6 for lesions 8 
. 

16 8 16 8 16 
N 
I.t) -86 JO l1ver 417 017 317 1/7 017 6/7 

Pancreas 517 1/7 2/7 117 017 5/7 
S.G. 417 017 317 2/7 0/7 5/7 

86 20 l,iver 517 617 217 117 0/7 0/7 - Pancreas 717 717 017 0/7 0/7 0/7 
S.G. 5/7 5/7 2/7 2/7 0/7 0/7 

> 

86 la L iver 617 617 117 117 0/7 0/7 
Pancreas 717 717 017 0/7 0/7 0/7 
S.G. : 7/7 217 017 5/7 0/7 0/7 

A JO l1ver 017 0/7 717 017 017 7/7 
Pancreas 1/7 017 - 617 0/7 0/7 7/7 

-......s....Ll~- 2.11 017 517 1/7 017 617 

A 20 l1ver 117 017 417 0/7 't 2/7 7/7 
Pancre"s 317 0/7 4/7 1/7 0/7 6/7 
S.G. 2/7 0/7 417 0/7 1/7 7/7 

A 10 L 1ver 5/7 2/7 2/7 417 0/7 1/7 
Pancreas 6/7 2/7 '" 1/7 4/7 0/7 1/7 
S.G. 5/7 2/7 2/7 4/7 0/7 1/7 

li 

a The d1fferent degrees of h1stopatholog1cal lesi~ns are defined 1n section 4.3.6 and are shown in figures 4.9-4.17. 
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Figure 4.9. Photomlcrograph of live~ with nonmal architèct~rej 

(HPS x200) Note the absence of lymphocytic inrtî
trates in the vicinity of the duct and vessel and 
the uniform liver parenchyma. 
The liver was taken from B6Ar1 mouse at day 16 after 
the, injection of 20xl06B6 PLC. ~ 
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Figure 4.10 Photomicrograph of liver showing mild Iymphocytic 
infiltrates (mild liver damage) (HPS x200). Note the 
presence of lymphocytes a round the ducts (1 oca 1 i zed , 
infiltrates) Also note the absence of lymphocytes in < 

the liver parenchyma. 
The l iver was taken from 86AFl mouse at day 16 after'-
the injection of lOxl06A PlC. ' 
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Flgure 4 Il Photomlcr69raph of llver showing severe lymphocytlC 
lnflltrates (severe liver damage) (HPS x200) Note the 
presence of lymphocytic ïnfiltrates around the ducts 
and ln the liver parenchyma 
The llver was tak~ from B6AF1 mouse at day 16 after 
the lnjectlon of 30xl06A PLC. 
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4 12 Photoml c rograph of pancreas wi th nonna l architecture 
(HPS X200)~ N the presence of an lslet of langerhans. 
Also note the absence of lymphocytic lnflltrates around 
the ducts an in the pa renchyma. 
The pancreas was taken from B6AF1 mouse at day 16 after 
the injection of 20x106B6 PLC . 
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Flgure 4.13 Photomicrograph of pancreas showing mild lymphocytlc 
infiltrates (mlld lesions) (HPS x200). Note the presence 
of lymphocytlC infiltratres around the duct (locallzed 
lnflltrates). Also note that most of the acinar cells 
surroundlng-the lnfiltrates are healthy. 
The pancreas was tàken from 06AF1 mouse at day 16 after 
the lnjection of 10x106A PLC. 
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Figure 4.14 Photomicrograph of pancreas show;ng severe lymphocytic 
infi ltrates (severe lesions) (HPS x200). Note the 
intense lymphocytic infiltrates around the ducts. Also 
note that the lymphocytes have moved 'into the acinar 
tissue. 
The pancreas was taken from B6AFl mouse at day 16 after 
the injection of 30xl06A PLC. 
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Fl gure 4.15 

tri 

Photomicrograph of salivary gland with normal architec
ture (HPS x200). Note the absence of lymphocytic ;nfi1-
trates around the ducts. Also note the uniform parenchyma 
of the sa l i Va ry gland. 
The sa1ivary gland was taken from B6AF1 mouse at day 16 
after the injection of 20x106S6 PLC. 
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Figure 4.16 
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\ 
Photomicrograph of salivary gland showing mild lympho-
cytic infiltrates (mild lesions) (HPS x200). Note the 
presence of lymphocytic infiltrates around the ducts 
and localized damage to the parenchyma. 
The salivary gland was taken from B6AFl mouse at day 16 
after the injection of lOx106A PLC. 
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-- J Figure 4.17 Photomicrograph of salivary gland showing severe lympho-
cytic infiltrates (severe lesions) (HPS x200). Note the 
presence of intense lymphocytic infiltrates around the 
ducts and in the salivary gland parenchyma. 
The salivary gland was taken from B6AF1 mouse at day 16 
after the injection of 30xl06A PlC. 
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CHAPTER FIVE 

o 

THE RELATIONSHIP BETWEEN THYMIC NK CELL ACTIVITY AND THE DEVELOPMENT 
OF THYMIC HISTOPATHOLOGICAL LESIONS AFTER THE INDUCTION OF GVH 
REACTIONS. 
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5.1 INTRODUCTION 

", 
In chapter three lt was shown that the initial 

appearance of thymie NK celi activity was dependent upon the 

number of PLC injected into B6AFI mice. However, it is not 

-known whether there 1s any relation~hip between the thymie NK 

cell activity and the development of thymie histopatnological 

lesions. In the previous chapter it was demonstrated that GVH-

induced moderate-severe histopathological lesions in the non-, 

lymphoid organs appeared in those groups of B6AFl mice in which 
---' 

a g r e a ter and e a r l.y p e a k 0 f s p l e nie N K c e Il a c t i vit Y w a s 

observed. In contrast, only mild or no histopathological 

lesions were observed in the groups of B6AFl mice in which ~he 

peak of splenic NK cell activity was deIayed. In th!s chapter 

we have investigated the relationship between the thymie NK 

cell activity and the degree of GVH-induced thymic 
p 

histopathological alterations in B6AFl mice inJected with 

different doses of either B~ or A PLC. 

5.2 EXPERIMENTAL DESIGN 

The experimental design is presented in Figure 5.1. 

GVH reaetions were induced in B6AFl mice by inJecting different 

doses, 30 , 20 , or 10xl0 6 , of elther parental strain B6 or A 

lymphoid cells. On different days post-PLC injections, 3-4 

animàla(group were sacrificed and their thymuses were removed 

to determine NK cell mediated killing of VAC tumor targets. .. 
Simllary, 3-4 anima1/grou~ were also randomly selected at 
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different daya post-PLC injec~ions and their complete -thymuses 

wera fixed in St formalin fQr histology. 

On day 8 post-PLC injections splenocytes from the animaIs 

in aach group of B6AFl mice whose thymocytes were tested for NK -

.cell activity were tested for the suppression of Con A, PHA, 

and LPS responses to assess the i~duction0of GVH reac~ion. 

In the second series of experi.ments, GVH reactions were 

induced in B6AFI mice by injecting 30xl0 6 B6 PLC t this PLC 

dose resulted in immunos~ppression, which ls a hallmark of GVH 

reaction induction). On different days post-GVH induction 3-4 

GVi- reactive mice and 3-4 normal B6AFI mice were sacrificed 

and their thymuses were removed. Single cell suspensions of 

• 
GVH-reactive and normal thymuses were made separately and 

supe rna tan t s from thes e thymgcyte populations we re co llec ted 1 

as described pr~vi.~usly (sectionfl 2.8). These s~pernatants were 

then tasted for thair ability to in4uce/augment NK cell 

activity (YAC killing) in normal B6AFl thymocytes. 

5.3. RESULTS 

5.3.1 ASSESSKENt OF GVH INDUCTION KITOGEN RESPORSES OF 

D6AF1 KICE IlfJECTED VITH DIFFERENT DOSES OF EITHER A 

oa B6 PLC 
l 

Table 5.1 shows the splenic' Co_n A and PHA responses 

of 86AFl Dlica injacted with different doses' of either A or 86 

PLC. As can ba seen severe suppression of T-cell mitogen 

resposnse. was obsarved III a1l groups of D6AF1 mice tl1at 

.' r a c • i v. d d 1 f f. ra nt dos. S 0 f APL C . t-h e de gr e e 0 f su pp r e s s ion 
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was depende~t upon the dose of PLC injectad. In contrast, 

severe suppression of ConA and PHA respo~ses was only observed 
c 

in F 1 m J c· eth a t r e c e ive d 30 lt 10 6 B 6 F L C, wh e J;' e a s B'6,ft. F 1, m i cet h a t 

recèived either 20xl0 6 or 10xl0 6 B6 PLC' exhibited partial 

suppres.slon only. These data confirm tbe resu1ts presented in 

chapter four :(Tables 4.2a,b). 

5.3.2 KIWETICS OF APPEARABCE OF THYMIC HISTOPATHOLOGICAL 

• LESIONS AFTE~ GVH INDUCTION 

Ta b 1 e 5 .. 2 s h 0 W s the f r e que n c y 0 fan 1 mal s w 1. th mil d 

and moderate-severe thymie leslons as weIl a$ the time of , 

initial .ppearance and lfter severlty of the histopaçhological 

changes that deve1ô'p in the thymus.es of B6AFl mice following 

injections of differen~ doses of either strain A or B6 PLC. In 
-

the groups _9f FI mice injected with 30xl0 6 A and 20xl0 6 A ~ 
. . 

strain PLC thymie histopathological changes started to appear 

by day 8 and were as graded mild; however, on day 16 afteL CVH 

reactlon induction severe thymie a1terations were obs.arved in 

a1l animaIs in these two groups. However, the injection of 

10 x 1 0 6 A P,L Cre sul te d in 0 n 1 y mil d th Y m Je 1 e_ s ion sor no les 10 p.Il 

• 
at a11 on day 8 and 16 after GVH reaction induction. In 

eontrast to the A~->B6AFl GVH comb!nations, 
1 

thymie 1esions of 

moderate intensity deve10ped on1y in B6AFI miee that received 

30xl0 6 B6 PLC on day 16 ~fter GVH reaction induction. The 

ma j 0 rit Y 0 fan i mal sin the gr 0 U P s 0 f FI Dl i c e i n j e c. te d w i fh-

20xl0 6 B6 and 10x10 6 B6 PLC did not ahow Any signa of 

detectable thymic h:.topatho~le~l change.. The data ln ta~l. 
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S. 2~-demons trate that -the degree of thymie al tera tians' observed 
( 

by day 16 post-GVH rea'ction induction de'pended upon the number , " 

and genotype of PLC injected to in~uee GVH reactions. 

5.3.2.! 

'" 
r, , , , 

DESCR.IPTION OF THYlIIC HlSTOPATHOLOGICAL CHANGES~ jl'f 
'j,.~ 

Various degrees of thymic histopathologiac:l 

alterat1on$ were recognized on d1fferent days post PLC 

injections in B6AFl mice which received 30 , 20 , or IOx10 6 PLC 

of either B6 or A origin. T~ymic changes were graded as normal, 

mild, moderate, or severe. A brief descl;iption of various 

degrees of thymie lésions follows:-

'(a) NORKAL: A normal B6AFI thym~s was characterizbd by a 

tobular configuration, sharp cortico-medullary d~lineation, and 

broad cortex pae!ced with thymocytes. The medulla, in contrast, 

con t a in e d f e w e r- ,t h Y m 0 c y tes and w a s dis t i nc t ive sin c e. i t 

dispIaye~ clusters of pale epithelial èelis ag~egated to form , 
Hassallrs corpuscles, as weIl as "large" pale individual 

epitheliai cells. Individual ~pithelial cells could be 

dlfferent~ated f~om thymocytes by their Iarger size, vesicul~r 

nucl.ei, abundant pale cyto'pl-as-m, polygonal shape, and 

occasionally, cytoplasmic processes. Photomicrographs of a 

normal thymus are showR in figures 5.2a and 5.2b. 

(.P) lIILD LBSIONS: The mild thymie histopathological lesions 

wera charac terized by 'only partial changes in the cortex and/fit' 

m.dulla, but the' cortico-maduIlary -demarcation was clear~y 

visible. rn some such mildly dysplastic thymuses partial 

dapletion of lymphocytes vas observed in .the cortex, In the 
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medulla distinct 
1 

visible, however, 

- .. . 

"small" dark individu.l epithelial cell. we~ 
. \ 

"large" pale individual epithellal ~ell*,~ ..... _ ..... , 

e pit he lia l C"8 il c 1 u ste r s' _& r Ha s s a Il' seo r p' use 1 es e 0 u 1 d no t b e 

recogniz~d. A representat!ve th~~us i9 shown in figures 5.3a 

and S.3b: 

" (c) HODERATE LESIONS: The moderate thymie hi5top~thological 
• ! 

i 
alte.rs:tion9 were characterized by a considerable depletlon oI 

cortical lymph~cytes, involution (si~e) of the gland, complete 
~ -

105s, of cortico'-medul1ary demareation, and total.-C1isappearance 

of "large" pale individual eplithelial cells and epithelial 

c e 11 c lus ter s ( la s s a l' seo r pus c 1 es) i n the m e d u Il a. H 0 w e v"e r • 

rare ., small n dark 
,JJir 

indi vidual epi the 1 ial ce l,ls could be no ted 

in the medulla. Sueh a moderately dysplastic thymus 18 shown in 

figures S.4a and 5.4b. 

(d) SEVERE LES-l"ONS The severe thymie histopa~hological 

l. ,"" . 
lesions were characterized by a dramatic ,in~olutlon (s12:e) of 

ehe gland, complete lo~s of co~tico-medullàry demarcation, and 
J 

complete disappearance of Hassall's corpuscles and both tqe 

"small" and "large" individual epithelial cells in the medulla. 

Intense 1ymphocytic infiltrates were a1so visible in the 

medulla. The medulla of such thymuses was identifiable only by 
\ 

the presence of large vesseis. A severely dy,plastif thy_~us ls 

shown in figures 5.5a and S.5b. 

A su;mary of vatious de'gretls of, thymic h,i~topathological 

changes ls ,presented in tab~ 5.3. 

,() 0 

5.3.3 . KINETIO OF THYKIC.BK CELL ACTI~JTY 
n 
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The data presented in figure 5 7 show the kinetic 

of NK cell eytotoxicity against YAC targets by thymocytes of 

B6AFl mice injected with different doses of either strain A ~r 

B6 PLC. Two distinct patterns of thymie NK celi activity are 

observed In the groups of B6AFl mice injected with 30xI0 6 A, 

20xl0 6 A, and 30xl0 6 B6 PLC, thymie NK cell activity was 

detected as early as day 4 post-GVH reaction induction, reached 

its peak by day 8 and then declined to control levels by day 20 

after GVH-induction On the other hand, in the groups of Fl 

mice that received either IOxl0 6 A, 20xl0 6 B6, or lOxlO B6 6 

PLC~ the appearance of thymie NK cell activ1ty was delayed It 

was first observed on day 8 post-GVH induction NK cell 

activity in these GVH-reactive groups reached.; a peak value by 

day 12 and then declined to undetectable levelt by day 20 after 

GVH reaction induction. Thesi data suggest that on the basis of 

the time of appearance of thymie NK ce Il activity following PLC 

injections, the GVH-reactive Fl hybrid mice can be divided into 

two groups. The first includes those animaIs in which thymic 

NK cell activity was observed on day 4 while the other includes 

those animaIs in which thymic NK cell activity is first 

detected on day 8 after GVH induction These results sho~ that 

RII doses of cells from both B6 and A strains indueed thymic NK 

eell aetivity ; however, the initial appearance and magnitude 

of peak thymie NK cytotoxic aetivity attained following GVH 

induction are dependent upon the number of PLC injected within 

a given GVH combination. 
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5.3.4 EFFECT OF SUPERNATANTS FROM GVH THYKOCYTES ON 

NORMAL THYKOCYTE NK ACTIVITY 

The data presented in figure 5 7 show that when 

normal B6AFl thymocytes were treated with supernatants derived 

fro'llI GVH-reactive thymocytes, NK cell cytoxicity against YAC 

tumor targets was augmented and/or induced rapidly in normal 

B6AFl thymocytes On the other hand, supern~tants derived from 

normal B6AFl thymocytes had no effect in augmenting and/(Jt 

inducing YAC tumor cell killing in normal B6AFl thymocytt>O-; 

The· s e r e sul t s s u g g est th a t N K c e Il sor N K - l i k e cel 1 s (w hic h 

med~ate killing of YAC targets) are present in the normal 

thymus and that the GVH thymocytes, but not normal thymocytes, 

produce factor(s) that can augmentjinduce YAC killing in normal 

thymocytes. 

5.4 DISCUSSION 

The data presented in this report dem~strate two distinct 

pat ter n s 0 f a p p e a r a n-ç e 0_ f th Y mie N K c e Il a c t i vit Y fol 1 0 win g G V H 

reaction induction, namely an early appearance (day 4 post-GVH 

induction) and a late appearance (day 8 post-GVH induction) 

Sim i 1 a rry, d i f fer e n t G V H - r e a c t ive g r 0 u p s c an b e div ide d i n t 0 

two catagories depending up on the severity of thymie lesions . . 
that develop following GVH reactions induction, namely ... 
moderate-severe or no 'lesions-mild les-ions A comparison 

between the two patterns of appearance of thymie NK ce If 

activity and the two patterns of thymie lesidns shows that when 
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thymie NK cell ac~ivity appears early after GVH induction, 

moderate to severe thymie les ions (moderate les ions in FI mice 

injected with 30xl0 6 B6, and severe lesions in FI mice injected 

with 30xl0 6 A and 20x10 6 A parental lymphoid cells) wet"e 

observed On the other hand, when the appearance of thymie NK 

eell aetivity was delayed, mild thymie lesions or no thymie 

lesions were observed (mild lesions, in Fl miee injeeted with 

lOxl0 6 A cells, an"d no lesions in Fl miee injeeted with either 

20xl0 6 B6 or lOxl0 6 B6 parental lymphoid eells) Moreover, 

thymie les ions appeared at the time when thymie NK eell 

aetivity was at its peak and/or highly augmented These data 

suggest that if NK eells are involved in GVH-indueed thymie 

alterations, then the augmented thymie NK eell aetivity E~.E se 

may not be important, but rather the time at which thymie NK 

cell activity appears may play the decisive role either 

direetly or indirectly in GVH-assoeiated thymie alterations . 

.> 
The early appearanee and rapid inerease in thymie NK eell 

activity in FI mice which show thymie les ions may be due to at 

least two possibilities, eaeh of whieh may not be mutually 

exclucive. Firstly, this early appeat"anee and rapid inerease in 

thymie NK cell activity may be due to the entry of donor cells 

into the host thymus following GVH ~eaction induction. We have 

previously shown that there is a significant entry 9f both 

parental and FI cells into the thymus of GVH mice, as measured 

by fluorescein isothiocyanate labe11ing (Gartner et al., 1984) 

and mitogen responses (Lapp and Kirchner, 1979). Entry of 

mature T-cells into the thymus has also been reported by other 
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workers (Naparstek et aL, 1982). Moreover, we have previous1y 

proposed that NK ce11s May be present in the thymus of normal 

animals as a resident population (Rayet aL, 1982) Recently, 

Z011er et al (1981) have demon5trated the presense of NK calls 

in the normal thymus. Furth'ermore, the data presented in figure 

5.7 also suggest that NK.and/or NK-like cells are present in 

the no r mal th Y mac y tep a p u 1 a t ion Th US, i t i s po s s i b let h a-t=- the 

cells entering the thymus fo11owing GVH- induction May be 

either T-cells in different stages of maturation! 

differentiation or even NK and/or NK-like cells present in the 

inoculum which enter the hast thymus preferentially lt has 

been proposed that NK effector cells may belong ta the T-cell 

lineage (Herberman and Ho1den, 1978; Herberman et al 1979, 

K apI an, 1 9 8,4 ) D a k h e 1 are t a 1 ( 1 9 8 1) and C l a n c y e t a l ( l 9 8 3 ) 

have suggested that NK or NK-like effector cell observed during 

GVH reactions May represent a T-cell at a certain stage of its 

maturation/differentiation following alloantigen-induced 

activation. Neminin and Seksela (1984) have shown that NK 

effector function May reside in a precursor CTL population and 

Morretta et al. (1984) have shawn that alloantigen activated 

CTL clones caft-exert NK-like killing Sinca the number of. 

celis entrying the thymus i5 dependent upon the dose of cells 

injected Lv. and sinee spleen ce11s in the mouse contain 

progenator-T-ce11s (Kadish and Basch, 1976), the data showing 

an association between higher dose of paréntal cells injected, 

early appearance of thymie NK cell aetivity, and development of 

moderate-severe thymie a1terations wouid suggest that early 

thymie NK celi aetivity May be due, at least in part, to thl\ 
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entry of donor cells into the host thymus. 

The second possibility for the early appearance and rapid 

increase in thymie NK cell activity may be the depletion of 

thymic and/or T-cell derived factor(s), as reported previously 

(Grushka and Lapp, 1971, 1974; Lapp et al., 1974). Thymie 

fa c t 0 r de p 1 e t ion m a y r end e r the l h Y m i c ft n vi r 0 n men t con d u"t: ive 

for the exp r es s ion 0 f N Kan d /0 r N K - li k e a ct i vi t"y 0 f don 0 ras 

weIl as host ce lIs. lt has been reported that the resident 

thymie NK cell population is under the influence of T-

suppressor cells (Zoller et aL, 1981) and a functionally 

normal thymus exerts a suppressive influence on NK cell 

activity (Zoller et al , 1981; Bardos et aL, 1982). lt is 

plausible that the rate of thymie and/or T-cell derived factor 

depletion may depend upon the number and genotype of parental 

cels injected to induce GVH reactions (namely, intensity of the 

GVH reaction). 

On the other hand, t'he reasons for the la::k of thymie 

Alteration in GVH-xeactive Fl mice that received either IOxl0 6 

or 20xl0 6 B6 PLe at:e not clear. However, at leas1:,· two reasons 

may exist each of which may not be mutually exclusive.· The 

first may be the rapid elimination of B6 donor celis by the 

q • 

B6AFl hybrids, due to the hybrid resistance phenomenon, as 

diseussed in the previous chapter (section 4.4). This rapid 

elimlnation of B6 donor cells by the B6AFI hybrld wouid reduce 

the 81z8 of the inoculum (and posslbly the size of the effector 

cell population), there.by decreasing the effectiveness of the 

donor cells to induee GVH reactlons, as assessed by Immuno-
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su pp r es s ion ( T ab 1 e 5 . 1) and th Y m ici n j ury ( T'a b leS 2). The 

induction of immunosuppress~on and thymie injury in Fl hybrids 

injeeted with 30xl0 6 B6 lymphoid cells would suggest that this 

eell dose ean override the B6AF~ hydrid resistanee mechanism(s) 

and enough donor eells survive to induee thymie lesions. The 

second reason for delayed thymic NK cell aetivity. and the lack 

• 
of development of thymie lesions could be due to the activation 

of only host thymie NK cells in response to cireulating 

lymphokines eg , Interferon (Zawatsky et al, 1979), released 
. 

following PLe injections lt ls possible that donor NK cell 

activity, but not host thymic NK celi activation, may play an 

important role in inflict~~g/initiating thymic injury 

The mechanism(s) responsible for th~ GVH-induced histo-

pathologieal Alterations of the thymus is not yet elear 

However, if a certain cell type is to be assigned the mediator 

of GVH-associated tissue damage it is important to show that 
"-" 

the effector cell is present in host organs at the time when 

tissue damage is observed. Recently Borl,and et al. (1983) have 

demonstrated NK cell aetivity by lymphocytes present in the 

intestinal epithelial cells of GVH-reactive mice. Intestinal 

epithelial cells are one primary target of GVH reaetions 

(Ferguson and Parrott, 1972). The data presented in this report 

show an augmented NK eell aetivity in the thymus, an organ 
o 

whieh also serves as a target for the GVH reaction (Seemayer et 

aL, 1977, 1978; Lapp et aL, 1985), at the time when thymie 

leslons are developing. These result; suggest that even if 

thymie NK eells are not directly involved in GVH reaction 

172 

>, 



o 

8 

, .. \ 
\. 

indueed thymie damage, the klneties of their appearanee 

followi~g GVS teaetion induction may predict the severity and/-

or development of thymic injury during the course of GVH 

reactions in mice. 

The studies presented in the previous chapter showed that 

the early appearance of peak aplenie NK cell aetivity following 

GVH induction ~orrelated with moderate-severe-alterations in 

the non-lymphoid organs. A comparison ~ data presented in this 

chapter (chapter 5) and data presented in the previous chapter 

(chapter 4) shows a close parallel between the initial 

appearance and the later severity of hlstopathological lesions 
, 

in the lymphoid and non-lymphoid organs. Thus, the data 

presented in this chapter and in chapter 4, collectively 

suggest that the kihetics of splenic ~K effector cells that 

Mediate the killing of YAC targets !B !!!E~ , May be able to 

predict the severeity df GVH-associated tissue damage that 

would develop in different organs ( both the lymphoid and non-

lymphoid) following GV~-induction. 

Although the data presented in this ehapter and in the 

previous ehapter suggest that NK cells may either directly or 

indirectly play an important role lh ~he development of histo-

pathologieal leslons (or NK cell activity can at least predict 

the development of 1esions), the findings raise three important 

questions 

(1) Do tissue lesions occur in the absence of NK cell activity? 

(2) What ls the origin of NK cell actlvlty, Le., host origin, 

donor origin, or both host and donor origin 1 

(3) Is it the host, donOT or both host and donor NK cell 
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These~questions are addressed in the following chapter. 
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Thymie histology Thymfe NK 
acti vit y 

~ Injected with different doses 
~ .... ~Of either A or 86 PLC 

B6AFl hybrid 

1 
On different days post GVH induction, 
the following studies were performed 

Effeet of thymocyte supernatants 
on normal thymocyte NK acitivty 

Splenic 
T - ce 11 m Hogen 

responses 

• 

\ 

Figure 5.1 Experimental design used to investigate the relationship between .thymic NK cell activity and the 
development of thymie histopathological alterations. 
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Table 5.1 Splenlc COll fi alld PliA responses of 86AFI miee injected wHh dHferent doses of efther A or 86 PLC. 

Humber and stra ln Mftogen reSDQOSeS c~m .±. S.Exl0- 3 lX of normaLr:~~p()nse} 
of PLC ifljecteda 81ank ConA PUA 

2.1 .:!:. 0.4 191.2 1- 5.8 162.9 ±. 0.1 

30x106 0.4 i 0.1 " (1. 2) (4.3) A 2.8.±. 0.2 7.3'±'0.1 

20x106 A 0.3.±. 0.1 21.4±3.1 (11.2) 30.1 ± 1.8 (18.5) 

10xI06 A 17.9.±. 0.5 48.8 1. 1.8 (16.3) 59.2 .±. 1.9 (25.6) 

30xI06 86 4.2.i 0.5 6.3.±.0.8 ( 1. 1) 7.2 1. 0.3 ( 1.8) 

20xl06 86 12.5.±. 1.1 133.5.±.1.4 (64.0) 82.0 .±. 0.6 (43.2) 
"1 

lOxl06 86 5.7.i 1.2 108.2 .±. 6.6 (54.2) 92.7 .±. 12.4 (54.1) 

a Spleens from three anfrnals/group were pooled. Splenocytes were tested for mitogen responses 8 days after 
PLC IlIjec tI on. 
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Table 5. 2: 

Donor cells 
injected 

86 

86 

86 

A 
A 

A 

o 
Ii:,,, 

1 
-.../ ,/ 

Intensity of histopathological lesions in the thymus-of B6AFI mice on days 8 and 16 after the injection 
of different doses of either 86 or A PLC. 

1 
J -

Intensity of lesions (frequency/total) on da ys 8 and 16 after GVH induction 

Nurnber bf ce 11 s ... 

tnjected x 106 Nonnal Mild Moderate-severe 
8 16 8 16 8 16 

30 3/1 017 4/7 0/7 0/7 7/7 

20 517 5/7 'Z17 217 0/7 017 

10 6/7 7/7 1/7 0/7 ~0/7 0/1 

30 2/7 0/7 5/7 0/1 0/7 - 7/7 
-" 20 117 0/7 5/7 0/7 0/7 7/7 

10 3/7 0/7 417 6/7 0/7 1/7 
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Figure 5.2a Photornicrograph of a thymus showing nonnal architec
ture (HPS x200). Note the densély packed cortex and 
a distinct cortico-medullary demarcation. 
The thym.vs was taken from B6AFl mouse at day 16 afte,' 
the injection of 20x106S6 PLC. 
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Figure S.2b 

- --

Photomicrograph of a thymus showing a normal archi.tec
ture (HPS x400). Note the presence of pale epithelial 
éell clusters and "larg~" pale healthy individual epi
thelial cells (arrows) Jn the medulla. Hassall's cor
puscles were also observed·in th~ section-(not show~ 
in the photomicrograph). 
Thelthymus was faken from B6AFl mouse at day 16 after 
th~ injection of 20xl06B6 PLC. 
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Figure 5.3a Photomicro~raph of a thymus showing mild thymie 
dysplasia (HPS x20~); Note the presence of a distinct 
cortico-medullar~demarcation. 
The thymus was taken from B6AFI mouse at day 16 after 
the injection of 10xl06A PLC. 

, 



c' 

J' 

o 

Flgure 5,3b Photomlcrograph of a thymus showlng mlld thymlC 
dysplasla (HPS x400). Note the absence of eplthellal 

.. 

cell clusters and "large" pale lndlvldual eplthellal 
cells. Als() note the presence of "small" dark lndlVl
dual epltheJlal cells (arrows) ln the medulla. Such 
mlldly dysplastlc thymuses were also deVOld of Hassall's 
corpusc les. 
The thymus was taken from B6AF1 mouse at day 16 after 
the injectlon of 10xl06A PLC. 
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Flgure 5.4a Photomlcrograph of a thymus showing moderate thymlC 
dysplasla (HPS x200). Note the complete loss of 
cortlco-medullary demarcation. 
The thymus was taken from B6AFl mouse at day 16 after 
the inJectlon of 30xl06B6 PLC. 
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Fl gure 5.4b Photomicro9raph of a thymus showing moderate thymlC 
dysplasia (HPS x400). The thymic section is devoid 
of "large" palè indlvldual epithelial cells, eplthellal 
cell clusters, and Hassall's corpuscles. However. a few 
"small" dark indivldual eplth~lial cells (arrows) c.an 
be recogn i zed. 
The thymus was taken from B6AF1 mouse at day 16 after 
the injectlon of 30xl06B6 PLC . 
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F1gure 5.Sa Photomicrograph of a thymus showing severe dysp1asla 
(HPS x200). Note the complete 10ss of cortlco
medu1lary demarcation and intense lymphocytlC 1nf11-
trates around the vessels in the medul1a. 
The thymus was taken from B6AFI mouse at day 16 after 
the inject10n of 30xl06A PLC. 
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Flgure S.Sb Photomicrograph of a thymus showing severe dysplasla 
(HPS x400). Note the complete loss of individual epi
thelial cells, epithelial cell clusters, and Hassall's 
corpuscles. The medull~ is recognized only due to the 
presence of large vessels. 
The thymus was taken from B6AFI mouse at day 16 after 
the injectlon of 30xl06A PLC. 
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lable 5. J Sunmary of eharaelerlstles of varlous degrees of thymie ;estons observed ln 86AFI mlce undergotng 
GVH reactlons of d Ifferenl tnlensltles .. 

Deoree of Thyml e CIlI3UGES l!.!....ll!l CORTEX Cortleo - ÇIlA"G~S III IllE I-IEDULLA 
Thy.,le Sin Partial Vepletlon Severe Vepletlon Hedullary Epi thel hl Ce Ils Hassa Il' 5 Vegre! of lymOhOC)ltc 
lestons Dema rca tion Clusters Indtvldual (orpuscles InftltrHes 

.. 
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Figure 5.6 Kinetics of thymie NK cell activity agalnst YAC targets of 
B6AF1 mice injected with different doses of either A or 86 
PLC. The experiments were repeated three times. Each experl
ment gave similar results. Results of one experiment are shown. 
The effector:target cell ration used was 50:1. 
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o Nonna 1 thymocy.tes 
.Nonnal thymocytes treated with nonnal thymocyte supernatant 
6GVH thymocytes 

ANormal thymocytes treated with GVH thymocyte supernatant 
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Effect of supernatants derived from nonnal and GVH reactive thymocytes on normal thymocyte 

'0 

l 

NK cell activity against YAC targets Left panel' The supernatants were obtained from thymocytes 
of B6AFl mice 5 days after the injectlon of 30xl06B6 PlC; day 5 GVH thymocytes ,were also tested for 
NK cell activity, Right panel' The superRatants were derived from thymocytes of B6AFl mice 8 days 
after the injection of 30xl06B6 PLC; day 8 GVH thymocytes were also tested for NK cell activity. 
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CHAPTER SIX 

, 
THE RELATIONSHIP BETWEEN NK CELL ACTIVITY OF HOST AND DONOR ORIGIN 
AND THE DEVELOPMENT OF HISTOPATHOLOGICAL LESIONS. 

o 



o 

o 

o 

• 6.1 INTRODUCTION 

The results presented in the previous chapters (4 and 

5) suggested an association between NK cell activity and GVH

induced pathological changes. However, these studies did not 

e1ucidate whether NK ce11 activity was essential for the 

devlopment of histopathological lesions, nor did they elucidate 

the origin of NK cell activity (host versus donor) or determine 

the origin of NK cells that correlated best with the 

development of histopathological lesions In this chapter we 

have investigated these issues ~y employing different parent 

into Fl hybrid GVH combinations carrying the beige/beige 

mutation (beige mice are deficient in NK cytolytic function, 

whereas +/beige mice possess normal NK cel1 cytolytic 

function) . 

6.2 EXPERIMENTAL PROTOCOL 

The experimental protocol is presented in figure 6.1 

Recent studies have shown chat the beige (bg/bg) mutant mice 

may a1so be deficient in cytotoxic T-cell function against sorne 

targets (Halle-Pannenko, 1985; Seksena et al, 1982), but not 

against other targets (McKinnon et aL, 1981), in addition to 

their defect in NK cel1 cytotoxic activity (Roder, 1979; Roder 

et aL, 1979a,b). Since functional T-ce11s are required ( not 

necessarily CTL) for the initiation/induction of GVH reactions 

( K 0 r n g 01 d and S pre nt, 19 7 8 , 1 9 8 2 ), wei n v est i,.! a t e dT- c e 11 
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o functlon of the B6 bg/bg and B6 +/bg donor mice prior to the 

induction of GVH reactions by evaluatlng skin graft rejection, 

Con A and PHA mitogen responslveness, interleukin-2 (IL-2) 

production in response to Con A and PHA, and the PFC response 

to SRBC antigens The skin grafts were 'derived from C3R-jHej 

+/bg (H-2k) donor animaIs and the H-2k haplotype of B6C3HFl 

recipients provided the stimulus for the initiation/induction 

of GVH reaction for the 56(H-2b) donor (parental) cells. 

Prior to GVH induction, NK celi activity was also assessed 

in the B6 bg/bg and 56 +/bg donor mice and in B6C3HFI bg/bg and 

56C3HFl +/bg recipient mice employed in this study. 

o GVH reactions were induced in B6C3HFl bg/bg (bg/bgFl) and 

B6C3HFl +/bg (+/bgFl) mice by inj ecting eicher SOxlO 56 bg/bg 

or SOxlO B6 +/bg PLC. Thus, four differenc GVH combinations 

were studied:' (i) bg/bg PLC inj eeted into bg/bgFl mice. (ii) 

bg/bg PLC injected inco +/bgFl mice. (iil) +/bg PLC injected 

into +/bgFl mice, 
, 

and (iv) +/bg PLC injected into bg/bgFl mice. 

On different days after GVH induction, splenomegaly , 

splenic NK cell activity, splenic Con A and PHA responses, the 

PFC response to SRBC. and histological changès in the thymus, 

1iver, and pancreas were evaluated. 

6.3 RESULTS 

6.3.1 IMMUNE FONCTION OF PARENTAL B6 bg/bg A~D B6 +/bg DONOR 

190 

, . 



o 

o 

o 

6.3.1.1 

KICE 

SPLENIC NK CELL ACTIVITY OF 86 bg/bg AND +/bg 

PARENTAL AND bg/bgF1 AND +/hgF1 KI CE 

The results presented in Table 6.1 demonstrate 

that splenie NK eell activity was markedly defieient in H6 

bg/bg animals when compared with B6 +/bg litermate controls 

Table 6.1 further shows that bgjbgF1 animals were also markedly 

deficient in splenic NK cell activity when compared with +/bgFl 

controls. These results show that the bg/bgFl recipients that 

we have used in the present study. were indeed homozygous for 

the beige gene as defined by both the funetional defect in the 

NK eell aetivity and the lightness of coat colour ( 
4 

determined by visual examination) 

.. 

as 

6.3.1.2 T - CELL FUNCTIONS IN THE B6 bg/bg AND H6 + /bg DONOR 

KICE 

Table 6.2 demonstrates that no significant 

differences were observed in the survival t~me of C3H/Hej +/bg 

skin grafts between 86 +/bg and B6 bg/bg miee. Miee of both 
. 

genotypes rejected their skin grafts by day 11. SimilarLtr. 

there was no difference in the !~ Yfy~ ~FC response to SRBC 

between the B6 bg/bg and B6 +/bg mice. Theae results suggest 

that the effector cell f~nction for allograft rejection and T-

he 1 p e r c e 11 fun c t i.o·n 0 f B 6 b g / b g mie e w e r e B i mil art 0 B 6 + / b g 

191 
\ 



o 

o 

• 

mi ce !!! !:!Y2. Tab!"e 6.2 further shows the proliferacive 

respœues to T and B-ce11 mitogens. As shown in Table 6.2, B6 

b~/bg cells gave a greater proliferative response to both Con A 

~ 

and PHA than B6 +/bg litermate control. The reasons for these 

differences in mitogen responsiveness are not c1ear. Moreover, 

table '6.2a shows that 1L-2 production in respon~ to Con A and 

PHA by B6 bg/bg splenocytes was also greater . , 
th a n,IL - 2 

production by B6 +/bg mice. These rêsults suggest that B6 bg/bg 

splenocytes produce at 1east as much, if not more, 1L-2 than 

+/bg littermate controls. 

Thus the data presented in tables 6.1, 6.2 and 6.2a show 

that the B6 bg/bg parental and bg/bgFl mice employed in the 

present study, were clear1y deficient in their NK cell function 

(as assessed by YAC kil1ing), whereas .!!! Y!Y2 and in Y!EE~ T-

cell functions of B6 bg/bg donor mice were normal as assessed 

by skin ~raft rejection, the PFC response to SRBC, T-ce1l 

-
mitogen responses, and 1L-2 production in response to T-cell 

mitogens. 

6.3.2 KORPHOLOGICAL. FURCTIORAL, AND HISTOLOGICAL STUDIES 

OF GVH REACTIVE bg/bg AND +/bg KICE: 

GVH reactions induee marked sp1enomegaly, severe 

suppression of T and B~cell function, histopathological 

alterations of lymphold ..and non-lymphoid organs, and 

generallzed augmentation of NK cell activity early after GVH 

" 
induc tion (for de tal1s. see Chapte r 1). S tudies were performed 
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to compare the efficacy of +/bg and bSlbg PLC in inducing these -
~VH-associated chang~s in either +/bgFl or bg/bgFl recipients. 

6.3.2.1 SPLENOHEGALY 

The results presented in table 6.3 demonstrate that 

when GVH reactions weI'"e induced in bg/bgFl or +/bgFl miee by 

injecting either B6 bg/bg or B6 +/bg PLC, splenomegaly was 

observed as early as day 4 and persisted up to day 12 post·GVH 

induction. Since funetional' T-eells are required for the 

initiation/induction of CVH reactions and sinee splenomega1y is 

a c1assical feature of CVH reaction indu~on, the results 

presented in Table 6.3, further suggest that the B6 bg/bg mice 

that we have emp1oye-d to induee CVH reactions possessed 

funetional 'l'-cells. 

6.3.2.2 THE PFC RESPONSE TO SRBC 

Tab1e.6.4 shows;' the data obtained for the .in y!y~ 

PFC response to SR5C in different CVH combinations. As can be 

seen, o~ day 8 after GVH induction both the bg/b~Fl and +/bgFl 

mice injected with either B6 . bg/bg and B6 +/bg PLC were 

severe1y immunosuppressed for the PFC response to SRBC. 

However, complete supp~ession of the PFC response to SR5C was 

observed on1y in bg/bgFl and +/bgFl mica that recaived 56 +/bg 
/) 

PLC. Although the PFC respoÂse in both bg/bgFl and +/bgFl mice 

injected with B6 bg/bg cells was severely ',uppressed, none of 
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the animais in either group was totally suppressed On day 26 

after GVH induction bg/bgFl mice that received bg/hg donor 

oe11s sh~wed partial recovery fro~ the early suppression of the 

Pf"e response, (Table 6.4) hoJ;ver, +/bgFl mice that received 

bg/bg ~Le showed contin~ed severe persistent suppression of the 

PFe response to SRBe (Table 6 4) In contrast, neither the 
\, 

+/b1Fl mice nor the bg/bgYl mice inoculated with B6 +/bg donor 

cells responded t9 SRBC on day 26 after GVH induction (Table 

6 4) 

6.3.2.3 MITOGEN RESPONSES 

Table 6 5 shows the results for the in vitro T-cell 

C: 
mitogen responsiveness of splenocytes taken from bg/bgFl and 

+/bgFl mice injected with either B6 bg/bg or B6 +/bg donor 

calls The mitogen data were obtained from the same animal~ 

used for the PFC assays in table 6 4 Table 6 5 demonstrates 

that when B6 bg/bg donor cells are injected into bg/bgFl or 

+/bgFl mice ~nly partial suppression of Con A and PHA responses 

was observed on both days 12 and 30 post-GVH induction. In 

contrast, b,g/bgFl and +/bgFl mice that received B6 +/bg donor 

cells showed persistent severe suppression of bath Con A and 

PHA responses up to day 30 after GVH-induction The 

results presented in tables 6.4 and 6.5 collectively suggest a 6-

disassociation between the suppressJon of the PFC response ta 

SRBC and the suppression of mitogen responses. The data also 

o sùggest that both host and douor cells may be involved in 

inducing GVH-associated early immunosuppression. 
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6.3.2.2 HISTOPATHOLOGICAL CHANGES 

Table 66 demonstrates the frequency of animals-

displaying different degrees of histopathological lesions in 

thymus, liver, and pancreas in various GVH combinations The 

results clearly show that when B6 bg/bg PLC were injected into 

either bg/bgFl or +/bgFl mice, nearly a11 mice displayed either 

mild lesions or no lesions at all (78%) In contrast, moderate-

severe 1esions in the thymus, liver, and pancreas were observed 

at a high frequency (80%) in both bg/bgFl and +/bgFl mice that 

received B6 +/bg PLC These results demonstrate that B6 bg/bg 

PLC, but not +/bg PLC, lack an effectivp. mechan1s'TI to induce 

moderate-severe GVH-associated lesions in lymphoid and non-

lymphoid organs 

6.3.2.5 SPLENIG NK CELL ACTIVITY 

The data presented in figure 6 2 and table 6 7 show 

t h a t w h e n b g / b g P Le w e ]; e i n j e c t .. .-e d i n t 0 b g / b g F 1 mie e, 0 nJ y 

slightly augmented splenic NK activity was ,o1>served ( about 

10%) on day 4 after GVH induction. However, when bg/bg PLC were 

injected into +/bgFl mice markedly augmented splenic NK cell 
" 

activity was evident at day 4 post-GVH induction, suggesting 

that the observed NK cell activity in this GVH group was of 

host origin. Conversely, splenie NK eell aetivity was also 

o o b s e r v e d b Y d a y 4 a f ter G V H 'i n duc t ion w h e n + / b g par e n t a l 
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lymphoid .e-ells were injected into bg/bgFl hybrids, suggesting 

that in this group NK cell activity was derived from the donor 

cells. The highest NK cell activity was observed in +/bgFl mice 

t h a t r e c e ive d + / b g P L C. The s,e d a t a i n die a t eth a t N K cel 1 s 0 f 

both host and donor origin are activated during the course of 

GVH reactions. 

6.3.2.6 Sf_LENIC P-l~S EFFECTOR CELL ACTIVITY 

Table 68 demonstrates the P-8lS effector cell 

activity in the spleens of bg/bgF and +/bgFl mice that received 

either B6 bg/bg or B6 +/bg PLC As can be seen, the P-815 

effecto! cell activity was augmented to approximately the sarne 

the 

(10%) in aIl GVH groups on day four after GVH induction 

data 'Suggest that the bg/bg or +/bg genotype of either 

ost or the donor had no effe~t on the degree of augmented 

P-8 5 effector cell activity. 

6.4 DISCUSSION 

In this study we have investigated the role of hast 

and donor NK cells in inducing GVH-associated moderate-severe 

tissue damage, and the effects of host and donor NK cell defi

ciency on GVH-induced immunosuppression and splenomegaly. The 

results show that: (i) GVH-induced splenomegaly and tissue 

damage are separate events mediated by distinct mechanisms; 

(ii) The PFC response to SRBC (T-cell and B-cell coopera~ive 

response) is more susceptible ta GVH-induced immunosuppression 
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than T-C'ell mitogen responses (proliferative response) ( i i i) 

GVH reactions activate NK cells or-ôoth host and donor origin, 

( i v ) a c t i vat e d (a n d p e rh f-P s r e c r \l i t e d) N K ce! l s 0 f don 0 r 0 r i gin 

may play an important role in inducing GVH-associated moderate-

severe tissue damage 

The data presented in this study show that PLC with (+/bg) 

".sI 0 r w i t hou t (b g / b g) N Key toI Y tic pot ,e n t i a l are a b 1 e toi n duc (' 

splenomegaly as well as early partial suppression of the PFe 

response to SRBC However, NK deficlent PLC, unlike PLC with 

normal NK function, clearly lack the capacity to induee GVH-

associated moderate-severe tissue damage as well as severe 

per~istent immunosuppression of T-cell mitogen responses 

Previous data from tfris laboratory have demonstrated two 
(1 

distinct phases of immünosuppression during GVH reaetion, 

namely, an early and a late phase each caused by different 

mechanisms (Lapp et al 1985) During the early phase, GVH 

reactions caused a quantitative increase in splenic macrophages 

(the principal cause of splenomegaly) (Elie and Lapp, 

1976,1977), which produced copious amounts of PGE and 

suppressed T-helper cell function (Lapp et al 1980) Since 

spleno mega ly resul ts as a cons equence 0 f donor T - ce 11 ind..lc e d 

recruitment and accumulation of host macrophages and macrophage 

-like cells, the results presented in this/report showing that 

NK deficient PLC are able to induce splenomegaly and early 

partial immunosuppression suggest that NK deficient PLC çan 

activate mechanisms responsible for the recruttment of host 

cells as weIl as early partial immunosuppression. 
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In contrast to the early phase of immunosuppression, the 

la te phase of GVH-induced immunosuppression (severe-persistent) 

was found to be due at least in part, to a T-helper cell 

maturational arrest resulting fro~ GVH-induced thymie dysplasia 

(Seddik et al, 1979,1980) Our recent studies showed that 

thymie dysplasia resulted in a depletion of 1L-2 producing, but 

not 1L-2 responding, cells (Mendez et aL, 1985a,b). IL-2 

production is essential for T-celi responses (both mitogenic 

and antigenic) The data presented in the present study show 

that the PLC with normal NK cell activity, which induced severe 

prolonged immunosuppression of T-cell mitogen responses, also 

induced !!LOderate-severe thymie dysplasia. In contrast, NK defi

cient bg/bg PLC failed to cause severe prolonged immuno

suppression and thymie dysplasia. Collectively, these results 

strongly suggest that splenomegaly and early immunosuppression 

are mediated by mechanisms distinct from those responsible for 

inducing tissue damage (thymie dysplasia) and late immuno

suppression. 

A comparison of data presented in this report on the PFC 

response to SRBC (Table 6.4) and T-cell responses (Table 6.5) 

shows several interesting points regarding the early phase and 

late prolonged phase of immunosuppression during GVH reactions. 

The data suggest that cells involved in the PFC response (Table 

6.4) and T-cell mitogen responses (Table 6.5) have different 

susceptib~lities to suppression during the early phase of GVH 

reactions (compare GVH groups; bg/bg-->+/bgFl, bg/bg--> 
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bg/bgFl, and +/bg-->bg/bgFl). On the other hand, it is possible 

that distinct suppressor mechanisms for PFC and mitogen 

suppression are activated during the early phase .of GVH 

reactions Both host and/or donor cells may contribute to the 

suppression of the PFC response, whereas severe suppression of 

the mitogen responses is dependent upon a donor component The 

NK deficient mice (bg/bg) might lack or may not possess an 

effective suppressor component for the suppression of mitogen 

responses as present in the mice with normal NK cell function 

(+/bg) The data presented in this report (Tables 6 4 and 6 5) 

show that lymphoid cells deficient in NK cell cytolytic 

functlon can induce early severe immunosuppression of the PFe 

response to SRBC regardless of the NK activity of the 

reciepient However, immunosuppression of T-cell mitogen 

responses is dependent upon the presence of functional NK 

cells 

The present study also d~monstrates a strong correlation 

between severe suppression of T-cell mitogen responses (Table 

6.5) and GVH-associated tissue damage (Table 6.6). The data 

presented demonstrate that both bg/bgFl and +/bgFl mid~ that 

were injected with +/bg PLe showed severe suppression of 

mitogen responses and the majority of these mice developed 

moderate-severe histopathological lesions. In contrast, Fl mice 

that received bg/bg PLe showed only partial suppression of T~ 

cell mitogen responses and the majority of these FI mice did 

not develop moderate-severe lesions. These results ~uggest that 

the donor component which induces severe early and persistent 
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suppression of mitogen responses may a1so play a central ro1e 

,in GVH associated tissue damage. However, the possibi1ity that 

the suppression o~ mitogen responses is secondary to thymie 

injury cannot be ruled out. 

The data presented in this chapter also demonstrate that 

there is no correlation between the P-81S effector cell 

activity (Tab1e~.8) and the se~erity of GVH-associated lesions 

(Table 6.6) which deve10p after GVH induction. However, data 

presented in chapter 4 showed that, in groups of GVH mice in 

'. 
which moderate lesions appeared, only slightly augmented P-81S 

target cel1 ki11ing and high1y augmented NK activity was 

observed. In contrast, in GVH mice which demonstrated severe 
.;" *' 

lesions highly augmenteçi P-815 target ce11 killing as well as 

high1y augmented NK ce11 activity was observed. These resu1ts 

'" of chapter 4 suggested that P-815 effector cells may b~ playing 

a ro1e in the induction of moderate-severe lesions. The results ... 
presented in this chapter, however, show that in bg/bgF1 and 

+/bgF1 mice that received either bg/bg or +/bg PLC, the degree 

of P-815 effector ce11 ki11ing was approximate1y the same 

(about 10% on days 4 and 12, see Table -6.8), whereas marked 

differences in the degree of histopathologica1 1eslons (Table 

6.6) were observed. The severity of GVH associated lesions 

correlated with NK ce11 activity of donor origin. Thus, the 

data presented in this chapter strong1y suggest that P-815 

1 

effector cell activity after GVH reaction induct~on cannot 
• t! 

predict the degree of GVH-associated lesions. 

The precise mechanism(s) responsible for the GVH-induced 
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histopathological lesions in the thymus as weIl as in the non-

1 Y m P h 0 i d 0 r g ans i s (a r e) n 0 t Y etc l e a, r (E 1 k i n s, 1 9 7 8 ). l n the 

present ~tudy a comparison of NK cell activity (Figure 6 2) and 

the development of moderate-severe histopathological lesions 

(Table 6.6) suggests that the activation of donor cells may 

play a pivotaI role in the pathogenesis of acute GVH disease 

In contrast, the role of activated host NK cells in thi!> 

process may only be minimal, if any The data presented in this 

report demonstrate that when bg/bg PLe were used to ind4ce GVH 

reactions in bg/bgFl mice, only slight augmentation of NK cell 

• 
activity (Figure 62) and either none or slight histopatho-

logical alterations were observed (Table 6 6) However, when S6 

bg/bg PLC were injected into +/bgFI mice highly augmented NK 

cell activity was observed, but either nOQe or only mild histo-

pat h 0 log i cal l e' s ion s 'vi e r e 0 b s e r v e d . The 8 e r e sul t s s u g g est th a t 

in this GVH combination (bg/bg-->+/bgFI) the augmented NK celi 

activity is of host origin and that the ~st NK cell activity 

does not play an active role in GVH induced moderate-severe 

lesions. In contrast, when B6 +/bg PLC were injected into 

bg/bgFI mice, highly augmented NK cell activity as well as 

moderate-severe GVH assoc1ated histopathological changes were 

ohserved. Thus, the data suggest that in this GVH combinat ion 

(+/bg- ->bg/bgFI) augmented NK cell activity is of donor origin 

and this augmented donor NK cell activity correlates best with 

the GVH- associated moderate-severe histopathological altera-

tions. The data t>resented in the preceding chapters (chapters 

4 and 5) also suggested that donor cells may play a critical 
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role in the induction of GVH-associated tissue damage. 

Finally, we would like to comment on the slight ~ugmenta

tion of NK cell activity observed in bg/bgFl mice tpat received 

bg/bgPLC. This slight augmentation of NK cell activity, to a 

leve1 simi1ar to that observed in control +/bg mice (Table 

6.1) " may reflect the activation of both host and donor NK 

cells. This slight augmentation of NK cell activity in the 

bg/bg parent-->Fl GVH combination may be due to the production 

of interferon during the GVH reaction (Zawatsky et al , 1979; 

also see chapter 9). Other workers have reported slight augmen-

tation of NK cell activity in bg/bg mice, to levels similar to 

that observed in unifected +/bg mice, after viral infections 

which is known to induce Interferon production (McKinnon et 

al., 1981). Moreover, bg/bg mice produce the same amounts of 

interferon as +/bg mice (McKinnon et al., 1981). The data 

presented in this r.eport, however, show t-hat in the bg/bg PLC-

>bg/bgFl GVH combination the level of activated host and donor 

NK cell activity is much lower than that observed in +/bgFl 

mice chat received +/bg PLC (9% vs 64%) (Figure 6.2). lt is of 

interest to note that moderate-severe pathological lesions were 

rare1y seen in those mice (bg/bgFl or +/bgFl) that received 

bg/bg PLC. lt would appear that the near absence of moderate

severe lesions is due to the dëficiency in the cytotoxic 

capacity of the bg/bg donor NK cel1s. 

The fact that the histopathological leslons appeared in 

GVH combinations in which NK celi activity was of donor orlgin 

(+/bg- ->bg/bgFl), as opposed to host origin (bg/bg- ->+/bgFl) 
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suggests a degree of specificity for donor NK cells in tha 

development of GVH-induced histopathologica1 lesions One can 

but specu1ate at this tim.e on the relevance for donor as 

opposed to host NK cytotoxic activity in the development of 

GVH-induced histopatho1ogica1 lesions. One possibility is that 

the NK cell sub-population responsib1e for the GVH-induced 

histopathological 1esions may be of T-cel1 lineage (Herberman 

and Ho1den, 1978, Herberman et al 1979, Kaplan, 1985) lt has 

been documented that some allospecific T-cell clones could be 

induced to undergo a change to NK-like non-specifie cytotoxi-

city!!! ~!.E!~ (Seelay et al, 1979, Paw1ec et al, 1982, Brook, 

1983, Morretta et al., 1984) lt has a1so been suggested that 

the MLC-induced NK-like cells and MLC-indu~ed allospecific 

cytotoxic effector cells have a common precursor and may 

probab1y represent different stages of differentiation 

(Neiminin and Sekse1a, 1984). More recent studies by Morretta 

et al. (1984) have shown that alloantigen activated T-cell 

clones can exhibit -antigen specifie kl1ling as we1l as killing 

of NK-sensitive targets. Thus, it is possible that the donor NK 

cell activity responsible for both YAC ki1ling and GVH effector 

function may be derived from either (i) the same sub-population 

of T-cells that contain CTL precursors (ii) alloantigen 

activated T-cells with specificity for dual recognition 

(specifie 

Morretta 

and 

et 

NK sensitive 

al. (1984), 

target structures) as shown by 

or (111) donor T-eells vith 

"i~omplete" maturation and/or differentiation following thair 

activation after GVH reaction induction. 
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o Since T-cell maturation and differentiation are dependent 

upon adequate amounts of thymic factors (Stutman, 1977) and 

since earlier GVH studies suggested a deficiency of such 

factors (Grushka and Lapp, 1971, 1974; Elie et aL, 1974; Lapp 

et al., 1974), lt seems plausible that the GVH reactlon may be 

conduclve to the production of specifie NK cel1s. Dokhelar et 

al. (1981) and Clancy et al. (1983) have al 50 sugge~ted thatt' 
,'. 

cells (T-ce1ls) involved in GVH disease mechanisms ~ay exert NK 

cell like activity at some stage of their maturation/ 

differentiation. 

Recent studies by Pennenko and Bruley-Rosset (1985) showed 

that the parental lymphoid cells of C57BL/6 Pas orl-bg/bg mice 

possessed a decreased potential to induce GVH-associated 

m~rta1ity in x-irradiated (C57BL/6xDBA/2)FI hybrids as compared 

to lymphoid cells of C57BL/6 parental mice. These workers a1so 

showed that the bg/bg donor mice employed to induce GVH 

reactions were tota11y incapable of generating specifie 

cytotoxic T-cell responses against P-815 tumor targets in 

~.!:S!~.' Slmilarly, Sexsena et al. (1982) have reported 

deficient cytotoxic T-cell responses agalnst P-815 targets in 

the B6 bg/bg mice. On the other hand, normal cytotoxic T-ce11 

responses have been reported against vesicular stomatitis virus 

in B6 bg/bg animaIs (KcKinnon et aL, 1981). Sexsena et al. 

(1982) have suggested that the development of cytotoxic T-cell 

responses in B6 bg/bg animals might depend upon the antigen 

employed (and also probably on the route of sensitization and 

the Btrength of antigen employed). However, in the present 
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study 86 bg/bg animaIs that we have employed as donors, were 

normal in T-cell functit>n as assessed by skin -graft rejection, 

!~ y!~~ PFC response to SR8C, T-ce11_mitogen responses to Con A 

and P HA, and IL - 2 pro duc t ion. l t i s al soi m p 0 r tan t ton 0 te th a t 

the skin grafts were derlved from C3H (H-2k) mice, and the sarne 

H-2k haplotype served as the stimulator/inltiator for the GVH 
1 

reaction induction. Furthermore, the results show that B6 bg/bg 

donor ce1ls possess the capacity to induce sp1enornegaly (Tablé 

6.3) and ear1y immunosuppresslon of at least PFe responses to 

SRBC (Table 6.4), suggesting that the mechanism(s) responslble 

for the activation of a GVH reaction (which is T·cell dependent 

(Korngold and Sprent, 1978, 1982» was (were) intact in the 

bg/bg donor cells. Moreover, 86 bg/bg donor cells when injected 

into +/bgFl mice were a1so able to activate NK cel1s of the 

recipient (Figure 6.2). However, bg/bg donor cells were clearly 

deficient in inducing GVH-associated tissue damage_(Table 6 6), 

and GVH-assoeiated severe pro10nged T-ce1l immune defieieney 

(Table 6.4). Our data suggest that the bg/bg mutation rnay be a . , 
useful model to study the comp1ex interactions involved in the -
early and the late phases of GVH reaction induced immuno-

suppression, at least in the parent into FI hybrid GVH model 

The results presented in this chapter showed that (i) NK 

cerIs of donor origin may play an active role in GVH induced 
1. 

pathologieal lesions; (ii) splenomega1y and tissue damage are 

two distinct features of the GVH reaetion; (iii) the PFC 

response to SRBC Is more sensitive to the Immunosuppressi ve 

effects of the GVH reaction than the T~cell prJliferative , 
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'0 responses; and, (iv) severe persistent immunosuppression of T-

eell proliferative funet~ons is observed only ln those groups 

in w-hich thymie medullary injury oeeurs, whereas the 

suppression of the PFC response ean be observed in the absence 

of thymie dysplasia. In the following ehapter the relationship 

betweeh splenomegaly, thymie injury, and the duration of T-eell 

immunodefieieney ls further Investigated in the non-beige mice.· 
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PART A l~ne functlons of donor mlce 

,Q .n 
86 bg/bg 86 +/bg 

The followlng Immune functlons were tested 

" 1 

~ 
l, 

1 1--- -- 1 
Splentc Con A, PHA & lPS Il-Z production Skln graft PFC response 

HK .Hogen after Con A & PHA rejectlon to SRBC 
acttvltr responses stimulation 

~) 

PART 8. The efflcacy of 86 bg/bg and 86 +/b~ donor eells 
ln Induel~9 GVH reaetloos 

~, 

1 

~ 

./ 

~ 'nJecte. _'th .tth.r 
.)~ /86 bg/bg or B~ +/bg PlC 

86CJH bg/bg FI 
86CJH +/bg FI 

The followlng-parameters were assessed 

1 
r 1 l , 

...... 
o 
N 

.... ~~!" '''l 

Splenomegaly PFC response T-cel~ mltogen Splenlc Hfstology) 
responses HK cell of 0 

. actlvlty (1) thy.us 
~ (If) ltver 
-, '" ( 111) pancreas 

Figure 6.1 Experimental d~sign used to investigate the role of host and donor NK cells in inducing GVH-associated 
histopathologfcal alteratfons. 
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Table 6.1. Splellic NK cell cytoto,-icl ly of parental 86 +/ug alld by/bg alld reclplellt U6C3/1 FI +/bg and bg/bg j ce. 

Gel\O type NUIlIber of anlmalsa , CytotoxlcltyAaga\nst YACb,c 

86 +/bg 6 10.26 ± 0.50 

B6 bg/bg 6 1.68 ± 0.37 

Fi +/bg 7 9:16 ± 0.77 

F l bg/bg 5 0.85 t 0.32 

~ - -----

a. The animals used were between the ages of 12-16 weeks. ) 

b'. AnimaIs were randomly selected From a pool of mice and NK cytotoxlclty perfonned on Indlvldual anlrnals. The mean ± SE 15 
presented for each group. 

ç. Tpe effector to target cell ratio was 50:1 
a 
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Table 6.2. lnlnUlle funetloll of 86 t/bg and B6 bg/bg mlce used as donors to induce GVH reactiol1s. 

Inunulle FUllctlol1 (Uumber of AnimaIs) ~ 
------------------------------------~~~~~~~~~~~~~~~~~~~--------------------------------------~~ 

Geno type 

U6 t/bg 

06 bg/bg 

Sk '" graft 
SUry 1 va 1 tllne a 

11 (8) 

11 (7) 

PFC to SRBC 
~ ± S.E. x 10- 3/per spleen 

96.8 ± 15.4 (6) 

92.8 ± 18.2 (6) 

Mltogen Response net cpm + S.E. x 10- 3 

C6n A PRA LPS 

32.8 ± 9.9 (7) 26.5 ± b.1 (7) 50.4 ± 12.3 (7) 

86.0 ± 20.9 (7) 89.9 ± 20.4 (7) 28.5 ± 13.7 (7) 

a. AnimaIs wer€ grafled wllh C311 skln. 
11 ln both groups. 

Graft dressfngs were removed 011 day 10 and aIl grafts were rejected by day 
7" 
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Table 6.2a. Lyrr,ph node and splenic cellularity and splenocytes Il-2 production in response to 

Con A, PHA, and LPS by B6 +/bg and B6 bg/bg mice. 

CELLULARITY + S.E.xl06 

Proliferation of CTlL cells to Il-2 containing supernatants obtained 
from mitogen stimulated splenocy~es 

GENOTYPEa H3 - Thymidine incorporation (cpm : S.E. x10- 3) for different m1togens. 

86 +/bg 

B6 bg/bg 

Lymph node s Sp l een r 

32.0 + 0.7 106.6 + 11.1 

28.6 + 1. 4 127.3 + 25.7 

0 

0.6 + 0.1 

0.5 + 0.1 

Con A PHA LPSb 

60.8 + 9,.1 30.1 + 10.8 0.6 1+ 0.1 
- 1 

96.1 + 10.8 75.0 + 16.1 (f.6 + 0.1 

a - 7 animals of each genotype were used. For each parameter tested, ~he data 1s presented as Mean + S.E. 

b - LPS was used as control. 
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Table 6.3. Spleen indices of 86C3fl Fl +/bg and bg/bg mlce injected with either 86 bg/bg or +/bg parental lyrnphoid cells. --N 

Uonor Genotype Recipient Genotype Spleen Index at 4 and 12 days after GVH fnductfona 

4 12 

"'/bg +/bg 1.44 t 0.03 1.95 ± 0.14 
v 

t/bg bg/bg 2.36 ± 0.37 1.99 t 0.17 

bg/bg bg/bg 1.88 ± 0.29 1.68 ! 0.35 

bg/bg +/bg 1.45 ± 0.07 1. 70 t 0.06 

..... 

a. A tnl"fmtln of 3 allimais/group/day were used. 
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Table 6.4. PFC response to SR8C of B6C311 FI +/bg and bg/bg m'ce inJected wf th el ther 86 +/bg or bg/bg PLC 

Gytf COlllblnatfon PFe/spleen ± S.L x 10 3 ~FC/I06 spleen cells ± S.E. 
Donor Recfplent Fi Days after GVlla (1 of nonllal respollse) 

Genotype Genotype \ 
Days after GVHa (i of normal response) ~ 

~ 

8 26 8 26 

bg/bg 64.5 ± 5.6 74.0 ± 9.1 372.2 ± 44.6 517.5 :t: 64.1 

+/bg 79.4 ± 8.2 86.6 t 4.7 580.9 ± 151. 9 635.5 ± 111.6 

+/bg +/bg 1.1 ± 1.1 (1.3) 0.1 ± 0.1 (O.l) 8.5 ± 5.7 (1.4) 0.9 ± 0.9 (0.1) 

+/bg bg/bg 0.0 (0) 0.0 (0) 0.0 (Ol 0.0 (0) 

bg/bg bg/bg lU.l ± 2.U (15.6) 49.4 ± 14.8 (76.6) 86.2 ± 25.6 (23.1) 283.3 ± 44.1 (64.0) 

bg/bg +/bg 19.4 ± 12.4 (24.4) 5.5 ± 2.6 (6.9) 82.7 ± 56.3 (14.2) 52.0 ± 28.7 ( 8.98) 

a. A II1tntmlJn of 3 anfmals/group/day were randomly selected from a pool of anlma1s. The data presented ts the mean ± S.L 

" 
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a. A mtntllllJu of 3 alltmals/yroup/day were rafldomly selected from a pool of anImaIs. lhe data 15 presented as the mean net 
cpm ± S. E. x lU-~ 
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Table 6.6 Frequency of bg/bgFl and +/bgFl mlce showing different in~ensftles of histopathological les10ns in the thymus, 
l1ver. and pancreas after the injection of 86 bg/bg or 86 +/bg PLC. 

GYH Comblnatlonsa Organs Examlnsd 
for Lesions 

Intensltl or leslons (Freguens~lTotal) 

Hoderate-
DOllor Recipient Normal Mfld Severe 

Thymus 5/12 6/12 1/12 

bg/bg bg/bg FI Uver 9/12 3/12 0/12 

Pancreas 10/12 ~12 0/12 

Thymus 5/6 0/6 1/6 

bg/bg t/bg FI llver 6/6 0/6 0/6 

Palle reas 6/6 0/6 0/6 

lhymus 0/9 0/9 9/9 
t/bg bg/bg FI 

lIver 0/9 2/9 7/9 

Pancreas 1/9 2/9 6/9 

Thymus 0/13 2/13 11/13 

+/bg +/bg FI Llver 2/13 4/13 7/13 

Pancreas , 3/13 4-/13 6/13 

GYH reacttons were lnduced by tnjecttng 50 li: 106 86 bg/bg or 86 t/bg PLC. 
.J::,-

I ~ 

b Organs were removed on days 12 and JO after GY" Induction. 
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Figure 6.2. 
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EffECTOR: TARGET RATIO 

Splenic NK cell activity of bg/bgF1 and +/bgF1 mice injected with either 86 bg/bg 
or B6 +/bg PlC against YAC targets. Splenocytes were taken from FI mice 4 days after 
the injection of PLCs. The effector:target cell ratio used was 50:1. 
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"'" Table 6.7. Sple"Ic NK cell activity observed against YAC targets in bg/bg F6 and +/bg FI mice on 
dffferent days after Ule injection of either 86 bg/bg or 86 +/ g PLC. 

_._-_.~_._-- ~ 

~--

GYH Comb1nat10ns 
a 

S CytotoxlcHy 
DOllor Red pi en t Days Post-GY" Induction 

Genotype Genotype 
4 12 30 

+/bg +/bg 61.26 10.67 5.67 

+/bg bg/hg 31.4'9 12.33 6.92 

bg/bg bg/bg B.75 3.33 1.08 

bg/bg +/bg 35.2U 9.33 4.33 

a. Spleens From 4 animals/group/day were pooled,. On each day. slJlenocy)es From a11 the GY" 
groups and nonnal bg/bg F L & +/bg F l spJenocytes were tested in the same cytotoxicHy 
assay. The mean ± S.L of the NK actfvitHy of nonnal bg/bg FI and +/bg F splenocytes 
on d1fferent days was 0.85 ± 0.32' and 9.07 ± 0.l3i. respectively. The eftector:target 
cell ratio used was 50:1. 
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Table 6.8 Splenic P8lS effector cell activity in bg/bg FI and +/bg FI mlce on different 
days after the injection of either 86 bg/bg or B6 +/bg PLC. 

GVH Combinationsa % Cytotoxi city 

Donor Recipient Days Post-GVH Induction 
Genotype Genotype 

4 12 

+/bg +/bg 12.42 6.33 

+/bg bg/bg 11.38 9.33 

bg/bg bg/bg 12.78 B.OO 

bg/bg +/bg 10.46 5.00 

a. Spleens from four animals/group/day were pooled. On each day, splenocytes from all the 
GVH groups and nonmal bg/bg FI and +/bg FI splenocytes were tested in the same cytotox1c1ty 
assay .• The mean + S.E. of P8lS effector cell activity of nonmal bg/bg FI and +/bg FI 
splenocytes on different days was 0.97 + 0.68% and 2.75 + 0.68% respectivtly. The 
effector : target ratio used was 50 : 1: -
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CHAPTER SEVEN 

THE ROlE OF SPlENOMEGAlY AND THYMIC DYSPlASIA IN DETERMINING THE 
DURATION OF T-CEll IMMUNODEFICIENCY: THE KINETICS OF IMMUNE FUNCTIONAl 
RECOVERY AFTER GVH INDUCTION. 

\ 



o 

o 

o 

7.1 INTRODUCTION 

The data presented in ehapter 6 demonstrated that 

splenomegaly and thymie dysplasia observed du~ng the course of 

GVH reactions May be unrelated events mediated by separate 

mechanisms. In addition, thymie in jury , but not splenomegaly, 

may be important in indueing severe prolonged T-cell immuno

deficiency. 

In chapter 3 we demonstrated that, depending upon the 

number and genotype of PLe injected to induce GVH reactions, 

varying degrees of thymie dysplasia could be induced In this 

chapter we have further investigated the contribution of 

splenomegaly and thymie histopathological alterations in deter

mining the duration of GVH-induced severe prolonged immuno

suppt:ession. We also describe the kineties of regeneration of 

T- and B-cell immune function following GVH-induced severe 

immunosuppression. 

7.2 EXPERIMENTAL DESIGN 

The experimental design is outlined in Figure 7.1 

GVH reactions were indueed in B6AFl hybrids by injecting 

different: doses,30, 20, or 10xl0 6 , of either parental strain A 

or B6 lymphoid cells. Since the long-term effects of GVH 

reactions on immunosuppression were to be investigated, we 

initially studied the mortality of GVH-reactive S6AF1 mice in 

different groups. 

In the next series of experiments the relationship betwéen 
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early splenomegaly (days 8 and 16) and the severity of t,hymic 

injury was studied. Moreover, the assoeiation between early 

splenomegaly and the degree of thymie les ions was also 

investigated in relation to the duration of immunos-uppression. 

During the studies on the meehanism(s) responsible for the 

duration of immunsuppression it was observed that animals that 

survived the initial moderate-severe thymie injury and severe 

immunosuppression started ta reeover from both the thymie 

damage and immunosuppression. However, during the immune 

reeovery phase different numbers of PFCjspleen to SRBC were 

noted in these GVH miee. Since ç~e PFC assay measures T~cell 

dependent B-cell responses, the graduai recovery of the PFC 

response ta SRBC provided a model to study the kinetics of 

reeovery of T-and B-cell function. Ye have, 'the"l'efore, further 

investigated the relationship between the PFC response to SRBC, 

T-cell proliferative function, mitogen indueed IL-2 production 

by T-cells, and B-eell proliferative funetion on individual 

mice during the immune recovery phase of the GVH reaetions. 

7.3 

7.3.1. 

RESULTS 

KORTALITY IN B6AFl KICE INJECTED VITH DIFFERENT DOSES 

OF EITHER A OR B6 PLC 

Table 7.1 shows the percent of B6AFl mice surviving 
'\ 

up to day 35 after the injectIon of dlfferent doses of either A 

or B6 PLe. As can be .... seen, at a glven cell dose A strain PLC 

1 n duc e d g r e-a ter m 0 r t a 11 t Y th an B 6 PL C . B y' d il Y 3 5 a f ter PL C 
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injection, 20% ot mice that received 30xl0 6 A PLC and 80% of the 

mice that received 20xl0 6A PLC survived. However, no mortality 

was observed in the group of B6AFl mice that were treated with 

10xl0 6 A PLC. On the other hand, 88% of the B6AFl that were 

injected with 30xl0 6 B6 PLC survived, whereas no mortality was 

observed in the groups that received either 20 or lOxl0 6 B6 PLC. 

7.3.2. DEGREE OF SPLENOKEGALY AND THYKIC LESIONS OBSERVED IN 

B6AF1 KICE INJECTED VITH DIFFERENT DOSES OF EITHER 

A OR B6 PLC: 

Tables 7.2-7.4 and 7.5-7.7 demonstrate the degree of.. '" 

splenomegaly and thymie lesions observed in individual B6AFl . 
hybrids injected with different doses of either parental strain 

A or B6 lymphoid ce1ls, respectively. A summary of the degree 

of sp1enomegaly and 'thymie l-esions observed in different GVH 

combinations is presented in figure 7.2. 
'0 

7.3.2.1 THE DEGREE OF SPLENOKEGALY OBSERVED IN DIFfERENT GVH . 
COHBINATIONS 

As can be seen, on day 8 after PLe injection, the 

degree of splenomegaly is dependent upon the number and 

genotype of PLC injected (Figure 7.2). The highest degree of 

splenomegaly on day 8, within a GVH genetic combination, is 

observed in the groups injected with either 30xl0 6 A or 30xl0 6 

B6 PLC (Figure 7.2). When equa1 numbers of either A <H B6 PLC 

are ~njected in B6AFl miee, A PLe induee a greater degree of 

'sp1enomegaly than B.6 PLC. However, on day 16 post-PLC 
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injection, the degree of splenomegaly in the groups of B6AFl 

hybrids inJect\d with either 20xl0 6 A or 10xl0 6 A PLe increased 

(as compared to the splenomegaly observed on day 8 post-PLe 

injections), and attained levels observed in the group of B6AFl 

mice injected w1th 30xl0 6 A PLe (Figure 7.2) In contrast, in 

B6AFI mice that received 30xl0 6 B6 PLC the degree of 

splenomega1y declined by day 16 post-PLe injection ( lis 

compared to that observed on day 8 post PLC injection), and 

reached the leve1 observed in groups injected with 20xl0 6 or 

lOxl0 6 B6 PLe, which was close to normal (Figure 7 2). 

7.3.2.2 THE DEGREE OF THYMIe LESIONS OBSERVED IN DIFFERENT 

GVH COKBINATIONS 

Tables 7.2-7.4 and 7 ':>-77 also demonstrate the 

degree of thymie lesions observed in individual B6AFl hybrids, 

injected' with different doses, 30xl0 6 20xl0 6 ; and lOxl0 6 

of either parental strain A or B6 lymphoid cells, aespectively 

The data ARE summsrized in figure 7.2. As can be seen (Figure 

7.2), the initial appearance of thymic lesions was dependent 

upon the dose and strain of PLe ernployed Thymic 

histopathologiea1 lesions in B6AFl hybrids injected with either 

or 20xl0 6 A PLe started to appear by day 8 post-PLe 

injection and were graded as mild. In contrast, the thymuses 

of Fl hybrids injected with lOx10 6 A PLe appeared to be normal 

(Figure 7.2). No thymie alterations were observed on day 8 

p 0 s t - P Lei n j e c t ion i n the l!I a j 0 rit Y 0 f B 6 A F 1 h yb r i d ,s t h a t 

received either 30 20 or lOxl0 6 B6 PLe (Figure 7.2 and 

Tables 7.5-7.7). 
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However, on day 16 post-PLC injection, severe lesions ""ere 

observed in Fl hybrids injected ""ith either 30xl0 6 or 20xl0 6 A 

strain lymphoid cells. Only mild thymie lesLons were observ~d 

in Fl mice injected with lOxl0 6 A PLC (Figure 72) In 

contrast, moderate to severe thymie lesions were observed in Fl 

lJIice that received 30xl0 6 B6 PLC. The groups of Fl hybrids that 

rece~ved either 20xl0 6 or lOxl0 6 B6 lymphoid cells showed no 

thymie changes (Figure 7.2) 

On day 30 after GVH induct~on severe thymie lesions 

persisted in Fl mice that receLved 20xl0 6 and 30xl0 6 A PLC, 

whereas F1 mice that received lOxl0 6 A PLC displayed a 

, 
completely normal thymie architecture (mice in this group 

d~splayed mild thymie lesions on day 16 post-PLC injection) 

(Figure 7.2). On day 30 after PLC injection, moderate thymie 

lesions ""ere observed only Ln the group of Fl mice that 

received 30xl0 6 B6 PLC, whereas completely normal thymuses ""ere 

observed in Fl mice that received either 10 or 20xl0 6 B6 PLC 

(Figure 7.2). The characteristics of the different degrees of 

thymie lesions are described in detail in chapter 5 (Section 

5.3 3.1). 

Collectively, the data presented in tables 72-7.7 and 
"-

summarized in figure 7.?- show that Althrugh the egre. of eaflY 

splenomegaly May be able to predict(the severity of ic 

lesions, this relationship May b~ue only in a given GVH 

combination, i.e. 1 the degree of e~rly splenomegaly in one GVH 

combination May not be able to predict tiie severity of thymie 
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les ions in a different GVH combination. Furthermore the data 

also suggest that the maximum degree of splenomegaly cannot 

predict the severity of thymie lesions. lt would therefore 

appear that splenomegaly and thymie les ions may be mediated by 

se~arate mechanisms 

7.3.3. THE KINETICS OF REGENERATION OF THYMIC ARCHITECTURE 

FOLLOYING GVH-INDUCED KODERATE-SEVERE LESIONS 

Figure 7.3 demonstrates the kinetics of thymie 

regeneration following GV~ induced thymie dysplasia Figure 7.3 

shows that the GVH dysplastic thymuses reeovered and regained a 

completely normal architecture, with time post-PLC inj ections. 

The time required for the thymuses ta reeover was dependent 

upon the initial severity of the thymie lesions compare 
1 

thymie recovery ~f Fl mice injected with lOxl0 6 A (Figure 7.2), 

30xl0 6 B6, and 20x10 6 A PLe (Figure 7.3) J. The groups of F1 

hyQrids injected with 1~106 A PLC showed only mild initial 

thymie lesions (day 16) and thair thymuses recovered structure 

by day 30 post-PLC injections (Figure 7.2). ~he group of F1 

hybrids that received 30x10 6 B6 PLe showed moderately severe 

lesions initia11y (days 16 and 30) and their thymuses recovered 

by day 130 post-PLe injection (Figure 7.3). Finally, the group . ' 

of Fl mice that received 20xl0 6 A strain PLC showed severe 

thymie lesions on days 16 and 30 post-PLe injection and these 

thymuses took tha longest period of time to recover, almost 160 

days post-PLe injection (Figure 7.3). 
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7.3.3.1 DESCRIPTION OF THYMIC HISTOPATHOLOGICAL CHANGES 

OBSERVED DURING THYMIC REGENERATION: 

In chapter 5 we described moderate and severe 

thymie dysplasia In both moderate and severe thymie dysplasia 

a complete loss of cortico-medullary demarcation was observed 

Furthermore, in severely dyplastic thymuses intense lymphocytic 

infiltrates were observed in the medulla on day 16 after GVH-

induction. However, on day 30-35 lifter GVH induction, the 

moderate and severe dysplastic thymuses became depleted of 

lymphocytes Representative photomicrographs of such a 

hypocellular thymus are shown in Figures 7 4a and 7 4b Beyond 

day 30-35 after GVH-induction, various stages of thymie 

regeneration were observed (Figure 7 3) The different stages 

of thymie regeneration were characterized as follows 

(i) FIRST STAGE: These thymuses demonstrated an increase in 

size following drastic prior involution. This increase in size 

was attributed to repopulation of the cortex with lymphocytes 

The lymphocytes were densely packed and the cortex resembled 

that of a normal thymus and was clearly distinct from the 

medulla The medulla of such thymuses (stage 1) was still 

hypocellular (depleted) and no individual eplthellal cells, 

epithelial cell clusters, or Hassall's corpuscles were 
) 

observed. Thus, the stage 1 of the regeneration process was 

characterized by a complete regeneratlon of the thymie cortex, 

whereas the medulla displayed characteristic GVH-asBoclated 

dysplasia. A representative thymus showing stage l of 

regeneration ls shown in figure 7.5a. 
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(1i) SECOND STAGE: These thymuses were characterized by the 

following changes: increfsed size, densely-packed cortex with 

lymphocytes, and distinct cortico-medullary delineation. In 

localized are as of the medulla of such thymuses, although 

"large" pale individual epithelial cells, and epithelial cell 

clusters were rare'ly observed, several "small" dark irregularly 

shaped individual epithelial cells were observed No Hassall's 

corpuscles were visible. The "small" dark individual epithelial 

cells appeared similar to epithelial cells that were observed 

in the medulla of mildly dysplastic thymuses as shown in 

ehapter S, (Figure S.4b) The medulla of the thymuses in stage 

2 of regeneration was hypocellular. The above described changes 

suggested that the process of medullary epithelial cell 

regeneracion had starced. Thus, in stage 2 of the regeneration 

process, partial regeneracion of the thymic medulla, besides 

complete regeneration of the cortex was observed. A 

representative medulla of such a thymus is shown in figure 

7. Sb. 

1 

(iii) THIRD STAGE: The GVH thymuses in this stage of 

recovery possessed, besides a ~al cortex and a distinct 

cortico-medullary junction, abundant "large" pale individual 

epithelial cells and epithelial cell clusters in che medulla. 

However, only a~ few sparcely distributed "small" dark 

individual epithelial cells were observed. Also, only rare 

Hassall's corpuscles were observed. The medulla of thymuses in 

stage three of regeneration also showed repopulation with 
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lymphocytes. A representative thymus s'howing stage three of 

regeneration is shown in figures 7.6a and 7.6b. 

(iv) FOURTB STAGE: This stage was characterized by complete 

regeneration of both the cortex and the medulla. In such 

t h Y mus es, ab und a nt" 1 a r g e n pal e e pit h e lia 1 cel 1 s, e pit h e lia l' 

cell c1usters, and Hassall corpuscles were distributed 

throughout the thymie medulla Thus, the architecture of such 

thymuses was indistinguishable from that of a normal (non-GVH) 

thymus. A representative thymus showing stage four of 

regeneration is shown in figure 7 7. 

The characteristics of various stages of thymie 

regeneration are summ:lrized in table 7.8 

7.3.4. THE KINETICS OF SUPPRESSION AND SPONTANEOUS RECOVERY 
, 

OF PFC RESPONSE TO SRBC IN B6AFl MICE INJECTED VITH 

DIFFERENT DOSES OF EITHER A OR B6 PLC: 

Table 7.9 shows the PFC response to SRBC of normal 

B6AFl mice used as controls on different days after GVH 

induction. Tables 7.10-7.12 and 7.13-7.15 demonstrate the 

kinetic of ear1y suppression and the later spontaneous recovery 

of the PFC response to SRBC of B6AFl mice that received 

different doses (30x10 6 , 20xI0 6 , or lOxl0 6 ) of either A or B6 

P L C. The ,d a t a are s umm a riz e d i n fig ure 7. 6. A s c an b e 5 e en, b Y 

day 4 post-PLC injection, the suppression of PFC response to 

SRBC in FI hybrids i5 dependent upon the number and strain of 

PLC injected. However, the degree of suppression of the PFC 
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response to SRBe in the Fl hybrids injected with different 

doses of A strain lymphoid cells was greater than the degree of 

suppressi~n ln FI hybrids injected with the same dose of 86 

lymphoid cells (Figure 7.8). Furthermore, by day 12 post-PLC 

injection, complete suppression of the PFC responses to SRBC 

was observed in all groups of Fl mice injected with A strain 

lymphoid cells On the other hand, total suppression of the PFC 

response to SRBC was observed on1y in the group injected with 

30xl0 6 B6 PLC (Figure 7.8). 

The data presented in figure 7.8 further show that FI 

hybrids in different GVH-reactlve groups which had become 

totally suppressed earlier after GVH induction for the PFC 

response to SRBC, started to res~0!1d to SRBC at various times 

post-PLe injection. The group of FI hybrids injected with 
(.,. 

lOxI0 6 A PLe recovered from total immunosuppression and started 

to respond ta ~RBC,by day 60 post-PLC injection. F1 hybrids 

that received 30xl0 6 B6 PLC started to show recovery of the 

PFC response to SRBC by day 120-130, and on day 150 po~t-PLC 

injection a11 mice in this group responded to SRBC. Simi1ar1y, 

the group of Fl mice injected with 20x10 6 A PLC started to 

recover from total suppression by day 150-160, and on day 180 

after PLC injection aIl animaIs in this group responded to SRBC 

in the PFC asssy. 

7.3.5. SPLENIC CELLULARITY OF B6AF1 HICE INJECTED YITH 

DIFFERENT DOSES OF EITHER A OR B6 PLC: 

Table 7.16 shows the sp1enie cellularity of B6AF1 

227 



o 

o 

o 

mice used as controls on different days after GVH induction 

Tables 7.17-7.19 and 7.20-7.22 show the kinetics of depletion 

and repopulation of splenic mononuclear eellularity of B6AFl 

mice following the injection of various doses of either A or 86 

PLC, respectively. The data are summarized in figure 79 As 

ean be seen, the splenic eellularity of B6AFl mice that 

received 30xl0 6 A and 20xl0 6 A PLC started to decline by day 12 

post-PLC injection and reached approximately 30% of the normal 

s'p l e nie c e 11 u l a rit Y b Y d a y 3 4 P 0 S t P L C i n j e c t ion (F i g ure 7 9) 

On the other hand, splenic mononuclear cellularity of B6AFl 

miee that received 10xl0 6 A PLC increased slightly on day 16, 

but then declined to approximately 60% of the normal splenie 

cellularity by day 34 post-PLC injection (Figure 7.9) In the 

groups of B6AFl mice that received different doses af B6 PLe, 

depletion of splenic cellularity was observed only in the group 

that received 30xl0 6 PLC (approximately 28% of the normal) on 

day 34 post-PLC injection (Figure 7.9). 

Beyond day 34 post-PLC injection, various degrees of , 
repopulation of spleens with mononuclear cells were observed. 

The time required by the B6AFl miee that received 10xl0 6 A, 

20xl0 6 A, or 30xl0 6 B6 PLC, to achieve normal/near-normal 

B6AFl mice that received lOxl0 6 A 
--

splenic repopulation varied. 

showed normal splenic ce11ularity by day 64; B6AFl mice that 

received 30xl0 6 B6 PLC disp1ayed norma1/near-normal splenic 

ce11u1arity by day 124-154; and B6AFl mice that received 20xl0 6 

A PLC required 184 days post-PLC injection to achieve normal 

sp1enie mononuc1ear ce11ularity (Figure 7.9). 
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Since the recovery of the PFC response to SRBC and splenic 

cellularity was graduaI, i.e., variations in the number of PFC 

response to SRBC and s~lenic ce11u1arty were observed in 

individual mice on a given day during the recovery of the PFC 

response (see table 7.11 day 150-160 and table 7.13 days 120-

130), we investigated the relationship between splenic .., 
cellularity, T-cell prolifer~tive responses to Con A and PHA, 

IL-2 production by T-cells fo1lowing stimulation with Con A and 

PHA, and B-cell proliferative responses to LPS in GVH-reactive 

B6AFl mice (that received 30xl0 6 B6 PLC) that possessed 

different numbers of PFC/spleen during the immune recovery 

phase 

7.3.6 SPLENIC CELLULARITY AND THE PFC RESPONSE TO SRBC OF 

NORMAL B6AF1 MICE 

Table 7.23 shows sp1enic mononuclear cellularity 

and PFC/spleen and PFC/I0 6 spleen cell response to SRBC of 

normal B6AFI mice used as controls for different experiments. 

Nine separate experiments were performed. The splenic 

cellu1arity and the PFC data for individual experiments 

presented in table 7.23 were used to calculate the % of normal 

cellulaTity and PFC response of GVH micehfor a given 

experiment. This protocol was employed to standardize the 

variations observed in normel mice from experiment to 

experiment. 

7.3.7 SPLERIC CON. A, PRA, AND LPS RESPONSES OF NORMAL B6AFl 
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Table 7.24 shows the splenic Con A, PHA, and LPS 

responses of normal B6AFl mice that 'Nere used as controls. The 

mitogen data presented are from the same mice for which the 

splenie cell~larity and the PFC data are presented in Table 

7.23. Splenoeytes from 3-4 normal mice were pooled The data 

represent the mean + S E of triplicat, cultures ~hese mitogen 

responses for a given experiment were used to ealculate the' 

of normal Con A, PHA, and LPS responses of GVH splenoeytes in 

that experiment 

7.3.8 RELATIONSUIP BET~EEN SPLENIC CELLULARITY, PFC 

RESPONSE TO SRRC, AND CON A, PUA, AND LPS 

RESPONSES OF GVU KICE DURING IMMUNE RECOVERY 

The GVH miee 'Nere divided into four groups sinee 

variations in the numbers of PFC/spleen response to SRBC 'Nere 

observed during the immune reeovery phase of the GVH reaction. 

In 0 ne gr 0 U P a 11 the mie e in di f fer e n te-x p e r i men t s th a t di d no t 

respond to SRBC 'Nere pooled. In the other group the miee, in 

different experiments, that responded to SRBC to normal/near

normal levels (30.30-upxlO- 3 PFC/spleen) were pooled. AlI 

remaining miee that possessed O.3-30.30xlO- 3 PFC/spleen 

(intermediate range) were divided into two separate groups. 

The data obtained for splenie cellularity, PFC response to 

SRBC, and the Con A, PHA, and LPS, responses from GVH mice vith 

different numbers of PFC/spleen a~e presented in Tables 7.25-
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7.28 The data for each of the parameters of individual animals 

are presented as % of normal response. The % of normal 

responses was measured by using the response of normal mice in 

that experiment as 100% for each parame ter. 

Table 7.25 shows the splenic cellularity and Con A, PHA, 

and LPS responses of GVH mice that possessed no PFC to SRBC 

The data show~hat when cellularity and mitogen responses of 

individual mice were studied, a lack of correlation between 

these two parameters was observed. The data in this group of 

GVH mice (no PFC) also show that in 11/21 mice, although the 

Con A and PHA responses were less than 30%, the LPS responses 

varied between 62-235% of normal. Furthermore, when the % of 

normal response for each parame ter was pooled and expressed as 

the mean in this group of GVH mice (0 PFC) the following was 

"" observed: cellularity 60%, Con A response 23%, PHA response 9% 

and LPS response 90% of normal (Table 7.25). The pooled data 

for each parame ter are summarized in figure 7.10. 

T&ble 7.26 demonstrates the relationship between SPleni, 

cellularity, PFC/I0 6 spleen cell response to SRBC, and Con A, 

PHA, and LPS responses of GVH mice that possessed 0.3-15.00 x 

1 0 - 3 P F C / s p 1 e ~ n. T q e da t a pre s"e n t e d i n t ab 1 e 7. 2 6 s h 0 w a lac k 

of correlation between the splenic cellularity and the PFC/I0 6 

spleen cell response to SRSC in individual mice. Moreover, no 

correlation between the PFC/l0 6 spleen cell response to SRBC 

and Con A, PHA, and LPS responses was observed. When the 

percent of normal response of different parameters for 
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i n div i du a l mie e i n th i s g r 0 u p (O. 3 . 1 5 . 0 x l 0 • 3 P F C j spI e.8 n) w a s 

pooled and 

pattern was 

expressed as the mean response, 

observed: splenic cellulariEy 110%, 
(.1 

the following 

PFCn0 6 spleen 

cell response to SRBC 6%, Con A response 82%, PHA response 44%, 

and LPS response 112% of normal. The pooled data are shown in 

figure 7.10. 

Table 7.27 shows the relationship between splenic 

cellularity, PFC/l0 6 spleen ce Il response to SRBC, and Con A, 

PHA, and LPS responses of GVH mice that possessed 15 30-

30.00xIO· 3 PFC/spleen. A comparason of data (% of normal 

response) of different parameters of an individual animal in 

this group aga in shows a lack of correlation between splenic 

cellularity and PFC/l0 6 spleen cell responses and between 

PFC/I0 6 spleen cell respon~es and Con A, PHA, and LPS 

responses. The mean results for various parameters in this 

group show the following: sp-lenic cellularity 123%, PFC/I0 6 

spleen cell response 20%, Con A response 88%, PHA response 69%, 

and LPS response 108% of normal. The pooled data for each 

parameter are expressed in figure 7.10. 

Table 7.28 shows the relationship botween splenic 

cellularity, PFCjl06 spleen cells, Con A, PHA, and LPS 

responses of GVH mice that possessed 30.30 and ~bove x 10. 3 

PFCjspleen to SRBC. In this group a lack of correlation between 

spl~nic cellularity and PFC/l0 6 spleen cell response to SRBC 

and between the PFCjl06 spleen cell response eo~SRBC and Con A, 

PHA~ and LPS responses in individual animals was al~ observed . .. 
The mean data for varlous parameters in thls group (30.30 and 
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up x 10 - 3 prC/spleen) show the following: 

\ 
1 

s p 1 e ni c' c e 11 u l a rit Y 

133%, P.FC/I0 6 spleen cell response to SRBC 93%, Con A response 

90%, PHA response 86%, and LPS response 102% of normal. --

Figure 7.10 which summarizes the data presented in) 
f 

tables 7.25-7.28, shows the mean response of each parame ter ~s 

a function of PFC/spleen response to SRBC. Collectively, the 

data in figure 7.10 suggest that during the immune recovery 

phase the kinetics of immune functional recovery may be as 

follows splenic cellularity and LPS response, Con A 

responses, PHA responses, and, fina11y, PFC response to SRBC. 

7.3.9 IL-2 PRODUCTION RY NORMAL B6AFl SPLENOCYTES FOLLOgING 

CON A AND PHA STIMULATION 

Table 7.29 shows the 3H-thymidine incorporation by 

lL-2 dependent CTL-L cel! in the presence of lL-2 containing 

supernatants derived from normal splenocytes following their 

stimulation with either Con A or PHA. Supernatants derived 

~om LPS stimulated normal splenocytes were also tested for 

their 4bility to support growth of CTL-L cells in some 

exp e.r i m'e n t s and sèreved as negative controls. The data 

presented in Table 7.29 were used to determine the % of normal 

response (3H-thymidine incorporation) of supe~natants derived 

from GVR splenocytes after Con A or PRA stimulation. The 'data 

for each experiment (Table 7.29) are presented as the mean+S.E 

of triplicate cultures. 
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7.3.9 RELATIONSBIP BETVEEN SPLENIC CELLULARITY, PFC 

RESPONSE TO SRBC, ABD IL- 2 PRODUCTION BY GVH 

SPLENOCYTES FOLLOVING CON A AN~ PRA STIMULATION 

Splenocyte IL-2 production was assessed in the same 

animals for whicn the cellularity, PFC response to SR~, ~n A, 

PHA, and LPS responses were studied (Tables 7.25-7.28). The 

data obtained for the proliferation (3H-thymidine 

inco~poration) of CTL-L cells in the presence of IL-2 
f 

containing supernatants derived from CVH splenocytes following 

st~mulation with Con A or PHA are presente9 in tables 7.30-
/' ,'----exp r e s s e d a s( % 0 f no r ma -r-: r e s p 0 n 5 e 7.32. The data are 

, 

T ab 1 e 7. 3 0 s h 0 w s the 1 L - 2' ~u c t ion ~ f ter Con A and PH A 

\ 

stimula~ion by CVH splenocytes of mtee that expressed no 

to SRBC. The data show that the,% f nor;nal amount of IL-2 

PFC 

produced after Con A stimulation was g~ter th an that produced 

after PHA stimulation of splenocytes of~e same animal (43% 
\.~ 

versus 17\, respectively). The pooled data are expressed in 

figure 7.11. 

Tables 7.31 and 7.32 demonstrate IL-2 production 

following sti-mulation wit:t-h Con A or PHA by CVH mice that 

possessed 0.3-15.00, 50 10 -3 15. and more x PFC/spleen, 

respectively, . The data show that in each of these group the 

Con A stimulated splenocytes produced greater amounts of IL-2 

than PHA ttimulated splenocytes. T~e pooled data ara shown in 

figure 7.11. 
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7.4. DISCUSSION 

The results presented in this chapter show that the 

duration of GVH-induced prolonged immunosuppression is closely 

associated with the severity of GVH-induced initial thymie 

histopathol.ogical changes, rather than with the degree of GVH 

induced splenomegaly. The GVH induced dY5plastic thymuses 

gradually reèover from the thymic injury with time after GVH 

induction. The thymic architectural recovery precedes the 

recovery of immune responses (PFC). The recovery of the 

immune response, like the thymie architectural recovery, i5 

also gradual. The data further show that during the immune 

functional recovery the splenic B-cell proliferative function 

recovers earlier than the splenic T-cell proliferative 

function. Moreover, th. T-cell POpu(t1on Chat 15 respon51ve ta 

Con A recovers more rapidly than the PHA responsive T-eells 

The PFC responses reappear only after the Con A and PHA 

responses have recovered partially(80% and 45% of the normpl, 

respectivaly). Thus, the kineties of reeovery of immune 

function following their severe suppression appear to be in the . 
1 

ftollowing order: LPS responsive B-eell proliferative funetion, 

Con A responsive T-cells proliferative funetion, PHA responsive 

T-cells proliferative funetion, and finally PFC response tor~ 
SRBC. 

'The rasults presented in' this chapter provide interesting 

information regarding the're'lationship between the degree of 

s~lenomegaly C~igure 7.2), thymie injury (Figure 7.2), and' 

duratlon of GVH .induced prolonged immunosuppression (Figure 
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7.8) (also see figure 7.12). The groups of FI hybrids injected 

with either 10xl0 6 A or 20xl0 6 A PLe show th.!l"t: on day 8 post

GVH induction the degree of splenomegaly. (Figure 7 2) is 

dependent upon the numbel\of PLe injected However, by day 16 

a f ter G V H i n duc t ion the t w 0 gr 0 u p s 0 f GV1f'~ r e a c t ive B 6 A F 1 ID i c e 

exhibited approximately the sarne d~gree of splenomegaly but 

marked differences in bath the degree of thymie injury (Figure 

7.2) and duration of immunosuppression (Figures 7.,8 and 7.12) 

Similarly, the maximum degree of splenomegaly ~n the groups of 

B6AFl mic-e injected with 30x10 6 B6 PLe "las observed on day 8 

,whereas, by day 16 post-GVH induction, the degree of 
7 

splenomegaly had declined. In contrast, mild splenomegai y "las 

observed on day 8, but increased dramatically by day 16 post-

GVH induction in the groups of B6AFl mice injected with Ibxl0 6 

A PLe. Inspite of these differences in the kinetLcs of 

splenomega1y (Figure 7.2), the g,roups of B6AFl mice that 

received 30xl0 6 B6 1ymphoid cells exhibited moderately severe 

thymie 1esions (Figure 7 2) by day 16 post-GVH induction and 

-1:. e mai n e d s e ver e l y i m m un 0 s U p pre 5 s e d for u p t 0 1 5 0 d a y s III f ter 
" 

GVH induction (Figures 7 8 and 7.12). In contrast, the groups 

of Fl mice that received 10xl0 6 A parental lymphoid c::ells 

showed on1y mi1d thymie histopath~'ogica1 1esions on day 16 

post-GVH induction and no thymie les ions were detected by day 

30 post-GVH induction. Moreover, these GVH ~eactive animaIs 
, 1 

recovered from immunosuppression by day 60 post-GVH indu1tion. 

These results suggest that in th~ GVH combinatlons used i~ the 

present study (A- ->B6AFl and B6- ->B6AFI) the maximum degree 
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of splenomegaly May not be a"ble to prediet either the degree of 

thymie injury or duration of GVH induced immnuosuppression. The 

duration of prolonged immunosuppression of the PFC response to 

SRBC May be determined by the degree of initial thymie injury 

(Figure 7.12). However, the rapidity with whieh ~plenomegaly is 

indueed following GVH induction May be a mare useful indieator 

to prediet the degree of t:hymie injury and, thus, the duration 

of immunosuppression within a GVH genetie eombination. 

Fu~~hermore, these data sug,est that the meehanism(s) 

responsible for inducing splenome~aly and thymic injury May be 

total:ly independent. Continued splenom~galy May not influence , 

the degree of GVH~ indueed thymie injury. These results support 

data presented in ehapter 6 whieh also shawed that the degree 

of splenomeg.ly eould neither prediet the degree af t~ymie 

lesions nor the induction of severe prolonged 

immunosuppres5ion 

~ 
The results presented in this ehapter also show that the 

GVH indueed thymie injury i5 not an all or none phenomenon, but 

the severity of GVH induced thymie lesions is depen~ent upon 

both the number and strain of P',LC injeeted to induee GVH 

reattions (Figure 7.2; a1so see ehapter 5). More important, the 

data presented in this ehapter sh,ow that the GVH dysplastie 

thymuses' reeover structure gradually and regain a normal thymie 

arch~tecture (cortico-medullary demarcation, reappearance of 
r ~ 

medu11ary epi~helial cell~ and Hassall's corpuscles ) with time 

.' post-GVH induction '(Figure 7.3 ançl Figures 7.4-7.7). The time 

requlred for the displastic thymuses to regain notmal 
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" architecture i9 determined by the înitial severity of thymie 

injury [compare thymie recovery in B6AFl mice injected with 

lOxl0 6 A, 30xl0 6 B6, and 20xl0 6 A 'pLG, Figures 7.2 and 73 

In CVH reactive groups in which complete destruction of thymie 

architecture was observed (complete depletion of the thymie 

cortex, obliteration of cortieo-medullary demarcation, and 

complete loss of medullary epithelial cells and Hassall's 

corpuscles) i.e., the groups of B6AFl mice that received 30xl0 6 

B6 and 20xl0 6 A PLC, the time required for both cortical as 

well as medullary regeneration was Getermined by the fnitia1. 

severity of the thymic lesion (Figur~ 7.3). In B6AFl mice that 

received 30xl0 6 B6 PLC the initial severity of thymic leslons 

was graded as moderate on day 30 post-GVH induction. The 

thymuses in this group displayed cortical regeneration (stage 

1) by day 55 post-GVH induction (Figure 7.3). These thymuses 

required approximately 25 days for cortical regeneratlon. In 

addition, this combination (30xl0 6 B6-->B6AF1) showed complete 

medullary regeneration by day 120-130 post -CVH induction 

Therefore, chese thymuses required another 65-75 days for 

medullary regeneration after the cortex had regen~rated (Figure 

.. , 6 
7.3);/ On the other hand, in B6AFl mice that received 20xlO A 

PLC the initial intensity of thymie, lesions was graded as 

severe on day 30 post .. GVH induction. These th,ymuses requlred 

approximately 45 days for cortical regeneration (stage 1) and 

anothe~ 85 days for cdmplete medullary regeneration (Figure 

7.3). in both the GVH combinat1ons employed 1n this study it 1s 
. 

evident that a longer time interval 18 needed for complete 
> 

, 
medullary regene~t1on after the cortical recovery than the 
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time interva1 needed for cortical regeneration after moderate-

severe thymie dysplasia (Figure 7.3). 

The kinetics of thymic regeneration as deseribed in this 

ehapter show that the proeess of thymic recovery occurs in the 

following sequence: cortical regeneration fo11owed by 

medu11ary regeneration. This sequence of events that occurs 

during thymie fegeneration is similar to events observed during 

thymie ontogeny during embryonic development in birds (LeDourin 

and Jotereau, 1975), mice (t'loore and Owens, 1~cf7; Owens and 

Ritter, 1969), sheep (Mackey et aL, 1986), and man (Haynes, 

1984) . H 0 w ev e r, the t i met a ken b y the t h y, mus t 0 reg e n e rat e 

fo11owing GVH induced injury is sign~fieantly prolonged, as 

compared to that observed during ontogeny. These time 

disparities in the thymic development during the GVH reaction 

a~d fetal life may reflect the environmental differences under 

which the thymus deve1ops. The explanation for the length of 

time required for complete thymi(c architectural recovery 

following qVH in~ced injury depends upon the initial severity 

of the thymic injury is not e1ear. However, it is possible that 

the initial intensity of the GVH reaction might determine the , 
generation and intensity with which mechanism{s) responsible 

for inducing as weIl as maintaining the thymie lesions are 

i~duced during the early period after GVH induction. Our reeent 

studies suggest that a radio-sensitive mechanism(s) i5 

invo 1 ved in mai nt:aining thym ic les ions fo llow ing GVH reae tion 

induction (Seddik et al., 
j 

1 9 8 4 b ). The d a ,t a pre sen t e d i n th i s 
~ 

report would suggest that when GVH reactions are indueed by 
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injeeting smaller doses of PLC and if these GVH-reaetive 

animaIs survive for long periods of time, the meehanism(s) that 

maintains thymie lesions may subside gradually with time after 

GVH induction. 

The observation that thymie medullary regeneration takes a 

longer time than cortical regeneration during the recovery 

phase is of partieular interest in regards to the dut;ation of 

GVH induced prolonged immunosuppression. Previous data reported 

from this laboratory strongly suggested that the GVH-indueed 

prolonged T-cell immunodeficieney was, at least in part, 

assoeiated with thè GVH-indueed thymie medullary injury that 

prevented T-helper eell maturation (Seddik et al, 1979,1980, 

1984b). The results presented in this report show that the 

recovery of GVH induced thymie 'lesions precedes the recovery of 

the PFC response ta SRBC, whieh is a T-eell dependent B-celi 

response (Figure 7.12). The observation would sugggest that 

perhaps complete thymie medullary reeovery may be i~tl .limiting 

fa ct 0 r in the r e c a ver y of the P F C r'e s p 0 n set 0 SR B C and th a t a 

normal thymie architecture may be essential for the T-cell 

dependent B-eell responses. 

However, a comparison of the kinetics of thymie recovery 

f~om injury and recovery of the PFC response to SRBC from GVH-

induced immunosuppression shows a "lag period" between the 

thymie architectural reeovery and recovery of the PFC response 

ta SRBC (Figure 7.12). We have observed that although the 
) 

... -" 
thymuses ,.4ay ~pear arch! tee turally normal, the an imals may 0 r 
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may not respond~ SRBC. The Fl mice that were injected with 

either 20x10 6 A PLC (Table 7.11; days 150-160, after GVH 

induc;tion) or 30xl0 6 86 PLC (Tiible 7.13; days 120-130 after GVH 

induction) displayed a normal thymie architecture, however, .. 
on1y a few animals responded to SRBC in the PFC assay, while 

others did not. The precise reasons for the presense of the 

"lag period" (lack of PFC response although the thymuses have 

regained a normal architecture) and the variations in the 

number of PFC to SRBC observed during the immune recovery phase 

are not clear. However, at least, two possibilities should be 

considered: (i) the defect may be in the functional potential 

of the T-cell and/or B-cell, sinee the PFC response to SRBC is 

a T-cell dependent B-cell response, (ii) that although the 

C lih muses recove,r structurally from the GVH indueed thymie 

njury, probably they do not resume their hormonal function, 
/' l 

(Le., funetional reeovery of the thymus may be ~radual) whieh 

may take a longer time to reeover. , 
To understand th~ reasons for the delay in the recovery of 

the PFC response as weIl as the variations observed in the PFC 

responses. we have a1so investigated the kinetics of reeovery 

of B-ce11 and T-cell function and their re1ationship to the PFC 

res1?onse to SRBC during the immune reeovery phase of the GVH 

reactions. .. 
A·comparison of B-and T-ce11 pr01iferative responses 

during the immune recovery phase' of the GVH reaction 

demonstrates that the B cell proliferative responses recover • earlier than the 'T-cell proliferative J;esponses (Figure 7.10), 
\ 
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o f 0 11 0 win g the ire a r lie r s ev e r e su pp r e s s ion. IW e h av e pre v i 0 u s l y 

demonstrated that the prolonged B-cell suppression following 

GVH induction is due to an arrest in the production of pre-B 

and B-cells in the bone marrow and severe depletion of B-cells 

in the spleen (Xenacostas et al., 1986, in press). On the other 

hand, the prolonged suppression of T-cell function is, at Ieast 

in part, due to the GVH induced thymic dysplasia (Seddik et 

aL, 1979,1980). The thymie dysplasia results in a maturational 

arrest of 1L-2 producing T-helper ce1Is (Mendez et aL, 1985a, 

1985b). Collectively, these studies suggest that the GVH 

associated immunosuppression of both the B- and T-cell function 

is due to the GVH-associated alterations in the primary 

lymphoid organs which are responsible for the production and 

o maturation of B- and T-cells. lt would therefore appear that, 

for the B-and T-cells to resume function following severe 

immunosuppression, the primary eventjprocess must be the 

regeneration of architecture and resumption of function of the 

primary lymphoid organs responsible for the production and 

maturation of these cells. 

Re c e n t s tu die s f rom th i s 1 a.b 0 rat 0 r y h a v e s ho w n th a t b Y d a y 

60-80 after GVH induction a spontaneous, but gradual." increase 

in the number of pre-B and B-cells is observed in the bone , 

marl;"ow, suggesting the recovery of B-cell genesis following tts 
, . 

cessation. The gradual recovery in bone mar!ow pre-B and B-cell 

numbers colncide with the ree9very of B-cells in the spleen 

(Xenocostas et' al., 1986). These "new" splenie B-cells were 

o responsive to LPS (Xenacostas et aL, 1986; Ghayur et aL, 
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1986a,b). This sequence of increase in bone marrow pre-B and B-

cell numbers, as weIl as the recovery of splenic LPS responsive 

B-cells, suggests that the recovery of B-cell genesis in the 

bone marrow May be the limiting factor in the recovery of B-

cell function (proliferative responses). 

Since the production and maturation of T-cells is 

depend~nt upon a normal thymus (Stutman, 1975,1977, 1978), the 

data presented in this chapter showing a gradua1 recovery of T

" cell proliferative function (Figure 7.10) would suggest that 

after the recovery/regeneration of thymie architecture the 

resumption of its function May also be graduaI. The da'ta 

presented in this chapter show that the rate of regeneration of 

Con A responsive T-ce11s is faster than the rate of 

regeneration of 'PHA responsive T-cells (Figure 7.10), 

suggesting that these two T-ce11 sub M popu1ations may have 

different degrees of. requirementsjdependence upon the thymus. 

lt is believed that Con A responsive T-cel1s are less mature 

than the PHA responsive T·cel~s (Schlesinger et ll1., 1975; Ir1e 

et al., 1978; Cantor and Yeissman, 1976; Stobo and Paul, 1973). 

Scollay (l~82.1984) and Sco1lay et al (1984) have shawn chat 

the T-cells that leave the thymie medulla and populate the 

periphera1 lymphoid organs exhibit properties of mature T-

ce 11 s. M o-r e ove r , s ev e r a 1 W 0 r k ers ( Ka i s 1 e r 1 i an et a 1 ., 19 8 1 ; 

Ta~1guchi et aL, 1971; F01ch and Waksman, 1972; Anderson et 

al., 1974) reported that PHA +esponsive T-ce11s are more 

sensitive to thymectomy tpan Con A responsive T-ce11s . 

Collective1y, thase studies suggest that the PHA responsive T-

243 



o 
\. 

o 

o 

.' . 

cells May be more dependent upon an intact t~ymus or thymie 

medulla. Whether these PHA responsive cells require both thymie 

medullary epithelial cell contact as well as thymie hormones or 

.--1 ,thymie hormones alone, is not clear. However, in light of the 

studies mentioned above, the data presented in this chapter 

showing that the recovery of PHA responsive cells is slower 

th an recovery of Con A responsive cells would suggest that the 

PHA responsiveness during the recovery phase May reflect the 

gradual functional regeneration of the thymus (thymie 

medulla?). 

A comparison of the recovery of the T-cell and B-celi 

proliferative function and the recovery of the PFC response to 

SRBC a1so shows that the PFC response to SRBC remains severely 

suppressed even though the T-and B-cell proliferative function 

have regenerate~ to normal/near-normal levels (Figure 7.10) 

../ 
Moreover, the data presented in Table 7.25 show that in sorne 

mie e' wh i ch ha d 0 P Fe, the Con A and PH Are s po n ses we r est i 1 l 

severely suppressed, yet B-cell proliferative responses were 

normal/near-normal and, in some instances highly augmented 

(Table 7.25). Furthermore, when the T-and B-cell proliferative 

responses were plotted as a function of PFC/spleen response to 

SRBC, lt was observed that although Con A an~ PHA proliferative 

responses were approximately 90% and 70% of normal, the PFC/l0 6 

• 
spleen cell response was still severely suppressed (about 20% 

of the normal) (Figure 7.10). However, after the initial 

recovery of T-ce11 responses (about 90% for Con A and 70\ for 
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PHA of the normal resposnes) thè further increase (recovery) in 

T-cell responses was less dramatic but the increase <Jecovery) 

in the PFC response was very dramatic (Figure 7.10). These 

results suggest that probably after the recovery of 

proliferative function the regenerating immune system 

requires further maturatiOn to acquire the capability to 

ellicit T-B-cell cooperative responses. On the other hand, it 

i5 also possible that :(i) the T-cells cells that respond to 

Con A and PRA and the 5-cells that respond to LPS, 

respectively, are different (separate lineage) from those T-

cells and B-cells that are required for the T-B cell 

cooperative responses; (ii) the T-cells and B-cells may be 

normal, however, the defect may be in antigen presenting cells 

The data presented in this chapter do not provide information 

for or against either of these possibilities. 

. 
However, in Iight of the observation th&.'f; the graduaI 

thymie architectural recovery precedes the recovery of the PFC 

response (Figure 7.12) and the data showing that the T-and B-

celi plloliferative function recover earlier than T-B 

cooperative function (7.10), it would appear that perhap~ the 

limiting factor in the recovery of the PFC response to SRBC may 

be the functional maturation of T-cells that can cooperate 

and/or provide help to B-cells. The functional maturation of T-_. 
'. 

cells that can cooperate with the B-cells would depend upon the 

the graduaI functional recoverr of the thymus following its 

architectural recovery . 

In brief. these data demonstrate that the GVH induced 
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In brief, these data demonstrate that the GVH indueed 

thymie injury and splenomegal~ are probably mediated by 
) 

separate meehanisms. The GVH-indueed thymie injury is not an 

"all or nond" phenomenon. Sinee thymie reeovery preeeedes 

r e C 0 ver y 0 f the P Fere s pb n set 0 5 R B C, the da t a al sos u g g est s 

that the GVH-induced thymie injury may, at least in part, 

The studies presented in this chapter also suggest t~at the 

kinetics of immune funetional reeovery in an alult animal may 

be as follows LPS responses, Con A responses, PHA responses, 

and finally T-cell dependent B-eeli responses. 

The data presented in this ehapter showing a gradual 

~egeneration of thymie architecture and immune funetion suggest 

that the thymie abnormalities, either structural or functionai 

or both, may be involved in GVH-indueed proloI"ged T-eeli 

immunosuppression (and possibly other immunodefieieney states) 

The gradual histologieal recovery of the thymus followed by 

immune functionai recovery provides an in vivo model to study 

thymie ontogeny 1n an adult animal as well as its role in the 

production of immunocompetent T-cells. 
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.0 In the following chApter we have investigated whether the 

immunocompetent T-eells that respond to Con A and PHA require 

only the physieal pr~sense of thymie medullary epithelial cells 

or that the functional maturation of the mitogen responsive T-

cells requires both the presense of medullary epithelial cells 

as weIl as some faetor(s). 
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~. . injected with different doses 
.. ~Of ei ther A or B6 "LC 

!I-~ ~ 

B6AFl hybrid 

On different days post GVH induction 
the fol1owing parameters were studied 

Splenomegaly Splenic 
ce 11 ul a rit y 

PFC response 
to SRBC 

Con A, PHA, LPS 
mitogen responses 

Il-2 production 
following Con A & PHA 

stimulation 

Thymie 
histology 

Figure 7.1 Experimental design used to investigate the role of splenomegaly and thymic dysplasia in determ1nlng 
the duration of .T-cell immunodeficiency during'the course of GVH reactions. 
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Donor Strain 

A (H-2a ) 

A 

A 

86 (H-2b) 

B6 

B6 

o 
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Table 7.1. SurvlVal tlmes of B6AFl mlce lnJected wlth dlfferent doses of parental $traIns 
A or 86 lymphold cells 

No. of donor No. of 86AFl mice 
No. of B6AFI mlce survlvlng 

up ta 35 days post 

l.. 

r , 

1 -, 

/~ 

cells lnJected per group GVH InductIon S; Surv;val 

30 X 106 

20 X 106 

10 X 106 

30 X 106 

20 X 106 

10 X 106 

25 

25 

25 

25 

25 

25 

o 

5 

20 

25 

22 

25 

25 

20 

80 

100 

88 

100 

100 

o 



Table 7.2 The degree of splenomegaly and thymlc leslons observed ln B6AFI mlce on dlfferènt days after 
the InJectIon of 30x 106 A PLC 

Degree of Splenomegaly and thymlS leslons ln Individual anImais after GVH inductIon 

Uay B Day 16 __ u~=-u ___ _ 

Splenomega Iy Thymlc Lesions Splenomegaly Thymie Lesions Thymie Lesions 

3.59 Hlld 3 12 Severe Severe 

] 25 Ht Id 2 85 Severe Severe 

J,12 Mtld ],41 Severe Severe', 

3 72 Hlld Sever'e 
• 

'" 3 84 ~1I1 d 

4 JO Nonna' 

4. Il Nonna 1 

Mean 3 70 J 13 
+ S E + 0 16 + 0 16 

) 

(.). . 0 ,- 0 

o 
Ln 
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Table 7 3 

.. 

Mean 
+ 5 E 

The degree of splenomegaly and thymlc leslons observed ln B6AFl mlce on dlffelent da~s aftel 
the 1 nJec t 1 on of. 20 II 106 A PlC 

Degree of Splenomegaly and thymlc leslons ln Indivldual anImaIs after GVH InductIon 

Day 8 Day 16 Q!L30 

Sp]enomegaly Thymic Lesions Splenomegaly Thymlc Lesions Thymie LesIons 

2 52 Mlld 2 82 Se ve re Severe 

2 32 Nonna 1 2 85 Severe Severe 

2 07 MI Id 3 02 Severe Severe 

2 84 Mlld 3 81 Severe Severe 

3 72 Mlld "\ 3 86 Severe 

3 41 Nonna 1 3 35 Severe 

3 61 Mlld 3 26 Mlld 

2 93 3 28 
+ 0 25 + 0 

o 

"il> 

o 

-ln 
N 

.... 



,-; 

r 

o 

Table 7.4: The degree of splenomegaly and thymie lesions observed in 86AFl mlee on different days after 
the inJection of 10 x la6 A PLC. 

Oegree of Splenomegaly and thymte lestons ln l~dtvjdual an1mals after GVH induction 

Ual 8 Day 16 Ual 30 
Splenomegaly Thymie leslons S"lenomegaly Thymie leslons Thymie leslons 

1. 9] Normal 2.66 HI Id Horma 1 

~ 
1. 23 Honna 1 3.36 Hl1d Nomlal 

1. 47 Horma 1 3.71 Modera le Horma. 

2.11 Hanna 1 2.86 Hlld Horma 1 

2.19 Honna 1 2.96 Hl1d 

1. 99 Horma 1 3.57 Mlld 

2.26 MlId 2.75 Mlld 

Mean ' 1.89 3 12 
+ S.E. + 0.15 + 0.16 

" 

• o 

N 
Ln 
N 

o 
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Table 7.5: The degree of splenomegaly and thym1e lesions observed ln B6AFI mlee on dlfferent days after 
the InJection of 30 x 106 86 PlC. 

Degree of ,SElenomegal~ and thym1e leSlons ln 1nd1v1dual animaIs aft~r GVH InductIon 

Day 8 Da! 16 Da! 30 

SplenOllJt>galy Thymie Lesions Splenomegaly Thymie Lesions Thym i c Les i on S 

2.41 Normal 1. 23 Mooerate Moderate 

2.40 Norma 1 1. 52 Hoderate Hoderate 

2 57 Norma 1 1.25 Moderate Severe .. J 

2.55 Mild 2 26 Modera le I-Ioderate 

2 BI HI Id 2.26 Hoderate 

"; 

2.76 Norma 1 2.41 Severe 

2.BB Normal 2.67 Moderale 

Mean 2 63 1. 94 
+ S.E. + 0.07 + 0 22 

-. 
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Table 7.6: The degree of splenomegaly and thymie lesions observed in B6AFI mlee on dlfferent days after 
the injectl0n of 20 x 106 86 PLC. 

1 

Degree of Splenomegaly and thymfe lesfons in fn~ivfdual animais after GVH induction 

Day 6 Day 16 (Jay 30 

Splenomegaly Thymie Lestons Splenomegaly Thymie lesions Thymie les Ions 

1.60 Nonnal 1.49 Nonna 1 Nonnal 

1.77 
, 

Honna 1 1.18 Norma 1 Normal 

1.66 Nonna 1 1. 37 Normal Nonna 1 

2.30 Nonnal 2.11 Nonnal Nonnal 

2.07 Norma 1 1.,61 Hl1d 

1.86 Norma 1 1.71 Htld 

2.07 Normal 1.73 Severe 

Mean 
J't 

1. 90 1.63 
+ S.L + 0.10 + 0.12 
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Table 7.7: 
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:::- . 

The degree of splenomegaly and ~hymlC lesl0ns observed ln 86AFI mlce on dlfferent days after 
the injectIon of 10 x 106 86 Pl$. 
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Figure 7.2 Summary of the degree of splenomegaly/and thymic lesions··observed in B6AFI mtcd 
on dtffereot days after the injection of different doses of either A or 86 PLe. 
The degreef~f splenomegaly and thymie lesiohs observed 1n ind1v1dual an1mals in 
eaeh group are shown 1n tables 7.2-7\6. 
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Kinetics of ~hymic regeneration observed in B6AFl mice injected with either 20xl06 A 
or 30xl06B6 Ple. 
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Figure 7. 4a 
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Photomicrograph of a thymus showing severe dysplasia (HPS x20Q} 
Note the çomplete absence of cortico-medullary demarcation . 
and severe hypocellularity of the organ. 
The thymus was taken from 86AFI mouse at day 30 after the 

. in je ct ton of 20xl06A PLC. 
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Figure 7.4b Photomicrograph of a thymus showing s~vere dysp1asia 
(HPS x400). Note the complete absence of individual epithe
lia1 cells, epithelial cell. clusters, and Hassall's corpus
cles in the medulla. Also note that the medulla is severely 
hypocel1 ular. 
The thymus was taken from 436AFl mouse at day 30 afte? the 
injection of 20xl06A PLC. 
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Figure 7.Sa Photomicrograph of a thymus showing the stage 1 of thymic 
regeneration (HPS x200). Note the complete repopulation of 

• 

the cortex with lymphocytes and reappearance of sharp cortico
medullary demarcation. Also note that the .medulla 1s st11l 
hypoce 11 u 1 ar. 
The thymus was tè)ken fram 86AFl mouse at day 75 after the 
injection of 20xl06A PLC. 
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.. 
ehotomicrograph of a thymus show1ng partial stage 2 of 
regeneration (HPS x400). Note the presence of severeal 
II small 11 dark irregular shaped individual epithelial cells 
(arrbw,a), a few ,"large ll pale -jndividual epith,.t!lial cells
(arrow,b), andotwo epithelial cell clusters (arrow,c). No 
Hassall ' s corpuscles were visibl.e. The individual epithelial 
cells and the ep.ithelial cell cjlusters were observed only i-n 
this particular are~ of the medul1a. \ 
The thymus was taken from B6AFI mouse at\ day 75 after the 
injection of ,20xl06A PLC. - - \ 
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Figure 7.6a Photomicrograph of a thymus showing stage 3 of regeneration 
(HPS x200). Note the presence of a well defined cortex and a 
medulla. Also note the repopulation of the medulla with 
1 ymphocytes. 
The thymus was taken from B6AFI mouse at day 120 after the 
lnjection of 20xl06A PLC. 
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Fi gure 7. 6b Photomi crograph of a thymus ShOWl ng stage 3 of regenera t ion 
(HPS x400). Note the presence of several "large" pale rounded 
individual epithelial cells (arrow,a), and a large epithelial 
cell cluster (arrow,b). Also note that the " sma ll" dark irreg
ular shaped individual cells that were observed during stage 
2 of regeneration (Fig.7.5b) are not visible. Numerous 
"large" pale individual epithelial cells and epithelial cell 
cl usters were observed throughout the medull a. 
The thymus was taken from B6AFl mouse at day 120 after the 
injection of 20xl06A PLC. 
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Fi gure 7.7 

, 

Photomierograph of a thymus showing stage 4 of regeneration 
(a nonnal thymie medullary architecture) (HPS x400). Note 
the presence Qf a nicely-formed Hassall's corpuscle (arrow,a), 
Two epithelial\ cell clusters (arrow,b), and several "large" 
pale individual epithelial cells (arrow,c) in the medulla. 
Numerous such '. structures were di spersed throughout the medull a. 
The thymus was taken from B6AF1 mouse at day 160 after the 
injection of 20x106A PLC. 
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Table 7.8 Sunmary of the Characterlstics of Vanous Stages of ThymlC Regeneration 

Stages of Thym1c 
Regeneratlon 

lst stage 

2nd stage 

3rd stage 

4th stage 

Characteristics of each stage of thymlC regeneration 

- Increase in thymlC size 

- Repopu 1 a t 1 on of cortex Wl th 1 ymphocytes 

- Reappearance of cortlcomedul1ary demarcatlon 

- Depleted medulla 

- No vlslDle fndivldual medullary eplthel1al cells 
or eplthelial cell c.lusters 

- No vls1ble Hassall's bodies 

Depleted medulla 

- Loca 1 i zed reappea rance of seVe ra l "sma 11'' da rk 
irregular shaped lnd1vldual eplthelial cells 

- Rare epithel1al cell clusters and "large" pale 
individual epithelial cells cou1d be seen ln 
locallzed areas of the medul1a 

- No viSlble Hassall 's bodles 

- Repopulation of medulla 

- Abundant healthy "large" pale indivldual eplthelial 
cells and eplthelial cell clusters observed 
throughout the medulla 

- A few "smal1" dark irregular shaped lndlvidual 
epithe1ial ce11s were seen in the medulla 

- No vislble Hassall 's bodies 

- Normal medul1a with abundant "large" pale individual 
epithelial cells, epithelial cel1 clusters and 
Hassa 1 l 's bod i es 

, 265 
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Table 7.9 PFe response ta SRBC of nonnal BF6F' ~j~e that were used as contrais on dlfferent days after GVH 
. Induction 

Oays post GVH PFC respon se ta SABC 1 

Induction No of III ce 
PFC/spleen x 10 3 PFC/I06 spleen cells 

4 3 63 9. 95 1. 62 1 364 1; 880 6. 475 9 

i t S.E· 73.7 t 10.7 ï t S.E· 573.5 t 157.1 

8 3 123 9. 115 8ô 105 0 1.197 7. 1.3OB 5. 1.272 7 
X t S.E • 114.3 t 4.6 r t S.E· 1,259.6 t 32.7 

12 3 107 7, 123 0; 112 2 735 4ô 891 3, 831 1 
X t S.E • 114.3 t 4.6 . r t S.E· 819.3 t 45.5 

30 3 83 0, 99 0; 771 748 7. 471 4; 535 4 

i t S.E· 86.4 t 6.5 r t S.E· 585.2 t 83.9 

60 8 31 Sô 120 0; 191 4ô 97 0 488 4ô l,8182 ô 2.058 1 ô 1.630 0 
295 8. 171 6; 232 8; 34{) 8 1,972 Oô 1.069 2; 1.437 O. 2,581.8 

r t S.E· 185.0 t 36.4 r t S.E,· 1,631.7 t 221.2 

90 83 1. 99 O. 77 1 ô 33 0 748 7, 814 8, 535 4; 602 2 
117 Oô 102 0 247 2i 1.130 4; 7158 

Xt S.E· 85.5 t 10.1 r t S.E· 656.4 t 124.3 

120-130 6 132 9. 86 4, 120 9, 119 4 1.230 6; 1.028 6; 1.439 J; 1.396 5 
106 2; 111 3 1.123 8; 1.016 4 

X t S.E· 112.9 t 6.5 X t S.E· 1.205.9 t 74.3 

1~-160 6 120 0, 120 3. 100 5. '106 2 650 4; 662 8; 563 0; 687 9 
73 8ô 95 1 502 1. 689 1 

1 t S.E • 102.7 t 7.1 1" t S.E· 625.8 t 31.1 

180 5 109.8. 83 li 96 0; 87 9 903 7; . 791 4; 1.600 O. 91S 6 
92 , 724 7 

l t S.E· 9).8 t 4.5 1" t S.E· 987.1 t 157.0 
1 

1 The ~In ~ S.E PFC response ta SRBC of III the nOnall .Ice 15: PFC/spleen· 113.9i8.6 and PFC/l065pleen cells· 
976.9t77.1. 

~ 

" 

\Q 
\Q 
N ./ 

.. 

9 



" ,."~ 

~ 
~ ~ 

Table 7.10: PFC response to SRBC of B6AFl mice on d1fferent days after the injectio~ of 30xl06 A PLC. 

'\ 

Oays post GYU PFC response to SR8C 
induction No. of Dl1ce 

PFC/I06 spleen cells PFC/spleen x 10. 3 

...... 
\0 
N 

§ 6 3.9. 6.0. 2.1. 6.6 36.1; 64.4. 17 .9i 60.4 
2.7; 9.9 / 21.1 ; 84.3 

X + 5.E - 5.2 + 1.2 l + 5.E - 47.4 + 10.8 

8 3 0.0; 0.0; 0.0 0.0. O.Oi 0.0 
X + 5.E • 0.0 X + S.E • 0.0 

12 6 0.0. O.Oi O.Q. 0.0 0.0. 0.0;.- 6.0; 0.0 
0.0; 0.0 0.0; 0.0 

X ± S.E - 0.0 X + S.E • 0.0 

~O 6 0.0. 0.0; 0.0; 0.0 0.0; 0.0; 0.0; 0.0 
0.0; 0.0 0.0; 0.0 

X + S.E • 0.0 l + S.E 1: 0.0 
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Table 7.lll PFC retponse to SRBC of B6AFI .Ice on'dlfferent dlys If ter the Injection of 20xl06 A PlC 

Oays post GYH 
Induction 

4 

8 

12 

30 

60 

90 

120 

150--160 

IBO 

No. of .tee 

6 

3 

6 

5 

5 

6 

\ 9 

11 

6 

PFC response to SRBC 

PFC/spleen x 10 3 PFC/I06 spleen cells 

24.6; 23.7; 29.7; 24.6 235.1; 344.2; 349 2. 205 0 
31.2; 16.5 221 3; 148.1 

1 t S.E - 25.1 t Z.a i t S.E • 253.5 t 32.6 
/ 

; 

0.0: 0.0: 0.0 0.0: 0.0: 0.0 
r t S.E • 0.0 i t S.l • 0.0 

0.0; 0.0; 0.0; o 0 0.0. o 0; 0.0; o 0 
0.0; 0.0 0.0; 0.0 

r t S.E· 0.0 r t S.E • 0.0 

0.0; 0.0; o 0; o 0 0.0; 0.0; 0.0; 0.0 
0.0 00 

i t S.l • 0.0 l t S.l • 0.0 

o 0; 0.0: 0.0: o 0 0.0; 0.0: 0.0; 00 
0.0 

1 ~ S.E • 0.0 1 :t S.l • 0.0 

o 0: 0.0: o 6. o 0 0.0: 0.0: 6 6. o 0 
0.3: o 0 4.4; 00 

1 ! S.l • 0.2 ! 0.1 1 ! S.E· 1.8 ! 1.2 

1.2; o D, o D, 00 11 1: o O. o O. o 0 
0.0; 0.0. 0.0: o 0 o 0: 0.0: o 0; o 0 

0.0 0.0 
1 ! S.E· 0.1 ! 0.1 1 ! S.E • 1.3! 1.3 

1 2; 3.9; o D, 1 2 11.1, 40 6, o 0; 26 7 
0.6. o 3. o 0; o 0 16.7; 9 1, 0.0; o 0 

0.0, 0.0; o 0 0.0; 0.0; 0.0 

1 ! S.E - 0.7 ! 0.3 1 ! S.E • 20.9 ! 5.8 

37.5. 0.6; 25 5; 6 3 342 S. 3.8; 200 7. 85.1 
34 2: 36.9 285 0; CS2 .• 

1 + S.E - 23.5 + 6.6 1 + S.E • 233.3 , 11.2 

,.--

o 

CO 
\Q 
N 

0-

." O
· 

: ".;5.~ 



!t .. ~ ~ 
!::*' 

Table 7.12: PFC response to SRBC of B6AFI mice on different days after the injection of 10x106 A1pLC. 

f 
Days post GVH 

i'nduc t 1 on 

4 

8 

12 

\ 30 

60 

o 

No. of ffilce 

6 

3 

6 

3 

7 

, , 
1. 

PFC response tO,SRBC 
1 

PFC/spleen x 10- 3 PFC/106 spleen cells 

32.7; 60.3; 87.3; 56.7 465.8; 687.2; 1, 134.5; 724.1 
41. 4; 43.8 333.3; 363.2 

i + S.E = 53.7 + 7.9 X + S.E = 618.0 + 122.7 

8.4; 2.1; 5.9 71. ~; 22.9; 82.5 
i + S.E = 5.5 + 1,8 X + S.E = 58.9 + 18.3 -

0.0; 1. 2; 0.0; 0.0 ' 0.0; 12.4; 0.0; 0.0 
0.0; 0.0 0.0; 0.0 

X + S.E = 0.2 .! 0.2 X + S.E = 2.1 + 2.1 -
0.0; 0.0; 0.0 0.0; 0.0; 0.0 

X + S.E = 0.0 X + S.E = 0.0 

89.7; 24.9; 22.8; 16.5 776.6; 164.4; \ 180.9; 171. 9 
73.8; 1. 5; 46.5 540.7; 18.5.; 476.9 

X + S.E = 39.4 .± 12.1 X + S.E = 332.8 + 101.9 
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Table 7 13 PFC ntsponse to SRBC 0; B6AFI .Iee on dlfferent da ys after the Injection of JOxl06B6 p~~ 

Oays pos t GVH 
PFC response to SRBC 

Inductton Ho of 1I1ee 
PFC/spleen x ID 3 PFC/I06 spleen cells 

4 6 40.5: 59 7. 73.5. 4&.6 361 5. 421 2. sas 4. 363 6 
68 7. 43.2 417 1: 268 9 

1 * S.E· 55.7 + 5.6 r t S.E· 402.6 t 42.8 

8 5 2 1. 8 7. 5.7. 3 9 22 5. 89 5. 38 7. J5 6 
8_4 81 2 

l' * S.E· 5.8 + 1.3 l t S.E· 53.5 t 133 

12 6 o O. 0.0..-- 0.0: o 0 o O. 0.0. o O. o 0 
o O. 0.0 o O. o 0 

1 t S.E· 0.0 l t S.E· 0.0 

30 6 o O. 0.0. 0.0. 0.0 o O. 0.0. 0.0. o 0 
o O. 0.0 o O. o 0 

1 t S.E .. 0.0 l t S.E· 0.0 

55 o O. 0.0: 0.0. o 0 o O. o O. 0.0. o 0 
0.0. o O. 0.0 o O. o O. 0.0 

0 l'tS.E· 0.0 1 t S.E· 0.0 

90 6 0.0. o 0: 0.0. 0.0 a O. 0.0. 0.0. o 0 
0.0: a 0 o o. o 0 

1 t S.E· 0.0 1 t S.E· 0.0 

120 o 3. 0.6. 0.9. 0.0 4 0; 4.4. 7.4: o 0 
00; o 0: 0.0 o O. 0.0. o 0 

1 :t S.E· 0.3 + 0.1 1 t S.E· 2.3 t 1.1 

130 4 2. 2 1: a 9. 0.0 3S 4. 24 1; 9.7. 0.0 
o 0: 0.0. 0.0 o O. 0.0. o 0 

1 ! S.E· 1.0 + 0.6 l t S.E· 9.9 t 5.4 

ISO 9 -77 1. 46 8. 6 6. 9 0 642 5: 528.8. 95 7; 107 1 
0.9: 77 4. o 6: 9 6 l1 Si 713 O. 8 2. 76 Z 

15 0 163.9 

1 t S.E· '27.0 ! 10.6 X t S.E· 260.8 t 94.5 

270 
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Table 7.14: PFC response to SRBC of B6AFI mice on different'days after the lnjectlon of 20xl06 86 PLC. 

Oays post GVH PFC respense to SRBC 
lnductlon No. of mlce 

PFC/spleen x 10- 3 PFC/I06 spleen cells 

4 6 60.6; 50.7; 51. 9; 75.3 
/ 

569.0; '344.5; 468.8; 774.7 
55.5; 60.3 483.7; '180.3 

- -
X :t S.E = 59.1 :t 3.6 X :tS.E = 520.1 :t 58.7 

8 5 105.0; 88.8; 96.4; 83.4 750.3; 682.8; 902.9; 907.0 
74.7 690.7 

- -
X :t S.E = 89.6 :t 5.2 X :t S.E = 786.8 :t 49.6 

12 6 87.3; 69.3; 51. 6; 153.6 567.3; 508.1; 516.5; 1,602.5 
137.1; 147.3 846.3; 1,~075. 6 

- -
X ± S.E = 107.7 ± 17.9 X ±. s.r = 852.7 ±. 175.6 

30 3 78.3; 66.6; 90.3 542.1; 542.1; 586.7 
- -
X ±.S.E = 78.4 ±. 6.9 X ±. S.E = 566.9 ±. 14.9 

60 4 127.5; 141. 8; 94.2; 114.9 817.3; 1,132.2; 713.6; 847.4 
- -
X ±.S.E = 119.5 ±. 10.0 X ±. S.E = 877.6 ±. 89.6 ... 
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Table 7.15: PFC response to SRBC of B6AF1 mice on different days after the injection of 10xl06 B6 PLC. 

ol(ys pos t GVH PFC response to SRBC 

induction No. of mlce 
PFC/106 spleen cells PFC/spleen x 10. 3 

N ..... 
N 

4 6 87.6; 45.6; 54.3; 72.9 983.2; 337.8; 402.2; 566.7 
88.2; 81.3 768.6; 763.4 

X :! S.E = 71.7 :! 7.3 X ± S.E = 636.9 ± 100.0 

8 4 83.4; 74.4; 62.7; 73.5 611.6; 658.2; 504.8; 668.5 

X ± S.E = 73.5 ± 4.4 X ± S.E = 588.3 ± 34.6 

12 7 112.2; 167.1; 125.1; 107.4 1,038.9; 1,194.0; 1,029.6; 688.5 , 
131.7; 117.0; 124.8 936.8; 787.9; 821.3 

X :! S.E = 126.4 :! 1.4 X ±.S.E = 923.1 ± 65.1 

30 8 102.9; 15.3; 55.8; 51.9 1,361.1 ; 179.9; 366.1; . 436.9 
217.8; 114.6; 87.6; 83.4 2.304.8; 1.248.4; 842.7. 702.0 

X :! S.E = 13.0 :! 1.4 X ± S.E = 930.2 ± 244.8 

.- 60 4 88.7; 88.8; 111.9; 76.8 631.8 ; 730.9; 816.2; 474.1 J, , 

X :! S.E = 91.6 :! 7.4 X :! S.E = 633.2 ±. 73.5 
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Summary of the PFC/I06 spleen cell response to SRBC of 86AFl mice on different 
davs after the injection of ~ifferent doses of either A or B6 PLC. 
The horizontal line is the mean PFC/I06spleen cell response of normal B6AFl mice 
that were used as controls on different days after the injections of PLC (see Table 7.9). 
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Table 7.16 Splenic nuéleated cell numbers of normal B6AFI mice that were used as controls on different days 
after GVH induction. 

Uays post GVH S~lenic cellularitl x 106 
induction. No of mice individual animaIs Mean + S. E. ., 

124.2 + 17.8 8 J 97.2; 117.45; 157.9 -
12 J 93.2 • 79:7 ; 74.3 82.4 !: 5.6 
.. 

16 3 130.9; 124.2; 121. 5 125.6 !: 2.8 

34 J 99.9: 111.0; 129.6 113.5 ~ 8.7 

64 8 64.5; 66.0; 93.0; 60.0 / 95.9 ± 10.4 
120.0; 128.4; lZ9.6; 105.6 .. 

94 7 88.8, 97.2; lIS.2; 115.2 102.9 !: 5.1 
106.8; 82.8~ 114.0 

124 6 97.2; 75.6; 75.6; 7~.9- __ 84.8 + 4.3 
85. 1 i --- -~8. 6 \ 

~ 
" ....... 

164 6 147.6; 145.2; -142.8; 123.6 131.2 ::!: 6.5 
117.6; 11U.4 

184 5 91.2; 84.0; 48.0; -16.8 81.6 + 9.5 
102.0 --
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Table 1.17 Splenic nucleated cell numbers of B6AFI mièe on different days after the injection of 3Oxl06 A PLC. 

Oays post GYH Splenic cellularity x 106 

\ • induction No of mlce \ individual animals Méan + S.E. 

Il') 
8 6 108.0; 93.2; 117.5; 109.4 112.3 + 4.8 ..... 

'" 128.3; 117.5 

12 3 68.4; 78.3; 56.7 67.9 + 6.3 
l 

16 • 6 52.7; 28.4; 64.3; 44.6 46.~ ."!: 6.3 
28.4; 59.4 

34 6 29.7; 18.9; 37.8 ; 27.0 29.3 + 2.9 
36.5; 25..7 
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Table 7.18 Splenlc nucleated cell numbers of B6AFI mlce on dlfferent days after the injection of 20xl06 A PLC. 

Uays post liVIl 
'"duc li on 

8 

12 

16 

34 

64 

94 

124 

164 

184 

o 

No or IIIlle 

6 

3 

6 

5 

5 

1 6 

9 

11 

fi 

Spl enl c ~l ul an ty x 106 

lndlVldual anlmals 

97 2, 68 9, 85 1; 12U U 
141.0; 111. 5 

79.6; 55 4; 7U.2 

41 9, 4U 5, 63 5, 58 5 
40 5; 41.9 

28 4, 39 2; 27 0, 30.U 
31 5 

62 4, 7U 8, 28 U, 25 ') 
22 5 

61 U, 73.5, 91 5. 52 5 
69 0, 58 5 

lU2 U. 6 J '). 73 '). 78 U 
51. 0; 75 U; 67 5. 72 U 

49.5 

lU8 U. 95 U. 85 5. 115 U 
36.U; 33 0; 78 2; U4 5 

64 0; 6U 5, 79 U 

lU9.5; 157.5 t 12 T 5; 73 5 
12U U; 76.5 

--

~ 

-0 

~~ 

Mean + S.E 

.. , 
103.9 + 10.5 -

68.4 + 7.1 

47.7 + 4.9 

3J.2 + 2.1 

41.8 + 10.2 

67.7 + 5.7 

70.0 +' 5.3 

69.9 + 7~4 

110.8 + 13.1 

.... 

, 

1.0 ,..., 
N 

"" 1 

o ·1 " 



Table 7.19 Splenlc nucleated cell numbers of B6AFl mlce on dlfferent days after the lnJectlon of lOxl06 A PLC. 

S~lenlc cellularlt~ x 106 1 Uays post GVH ( 
Il1due li on No of /\lice lndlvldual anlmals Mean + S.E. 

~ 
8 6 70.2; 87.5; 76 9. 78.3 " 93.0 + 9.6 " 

124.2; 12U.6 - N 

.,. 

12 3 117 .5; 91. B, 71.6 93.6 + 13.3 

16 6 145.8; 97 .2; 124 2; 132 3 119.9 + 7.7 
99.9; 120.2 

34 3 6U.8; 68.~; 54.0 61.2 + 4t 3 

64 7 118 5, J 51 5; 126 U; 96.U 115.1 + 9.4 
136.5, Hl U, 97.5 

--~.,.~ 

10 o o 



Table 7.20 Splenic nucleated cell numbers of B6AFI mice on dlfferent days after the injection of 30xl06 86 PLC. 

Uays post GVIl 
, Illduclioli 

8 

12 

16 

34 

59 

94 

124 

134 

154 

o 

No 0 r 1111 ce 

6 

5 

.,. 
6 

6 

7 

6 

7 

7 

9 

SIJJWJj c ce 11 ul arity x 106 
.( 

lndlvldual anlmals. Mean + S.E. 

112.1; 141.7; ) 25.5; 133.7 139.7.:!: 8.3 
164.7; 160.7 

93.2; 97.2; 147.2; 109.5 110.1 + 9.7 
103.5 

~ 

84.0; 57.5; 51 U; 35.5 57.3 ... 9.5 
30.6; 42.0 

59.5; 21. 0; 16.5; 23.5 27.8 + 6.6 
28.5; 18.0 

55.4; 52 7; 63 5; 57 5 58.1 + 4.8 
83.7; 47.5; 46.5 

67 5; 109 5; 63 U; 57.U 86.8.:!: 11.5 
9U 5, 125 2 

75 0; 109.5; 121 5; 78 8 88.4 ... 7.3 
87 u, 73.5; 73 5 

118.5, 87.0; 93 0; 72.5 95.6 + 5.6 
108.0; 97.5; 93.U 

120.0, 88.5, 69 0; 8<1 U 
78.0; lU9.5; 73.5/; 126.0 93.3 ... 6.9 

91.5 

e 

:> 

CO 
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N 
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Table 7.21 Splenlc nucleated cell numbers of B6AF1 mlce on dlfferent days after the injectl0n of 20x106 B6 PLC. 

Vars rost GVII 
IflductlOIl 

8 

12 

16 

34 

64 

o 

No of lII.ce 

6 

5 

6 

3 

4 

SplenlC cellularlty x 106 

lndlVldual anlmals Mean + S. E. 

1U6.5, 147.2; Il U 7; 97.2 116.9 + 7.1 
114.8; 125.3 

14U.0; 130.0; lU6.7; 92.U 115.4 + 8.6 
108.2 

153.9; 136 4, 99.9; - 95.9 130.8 + 11.2 
162.0; 137. U 

144.5; 122.9; 153.9 140.4 + 9.2 

156.U; 124.8; 132.U; 135 6 137.1 + 6.7 

j 

et 

0\ ..... 
N 

o 



o 

" 

Table 7.22 Splenic nucleated cell numbers of B6AF1 mice on different days after the injection of 10xl06 86 Ple. 

Days post GVH 
Induction 

8 

12 

16 

34 

64 

o 

No or lIIice 

6 

4 

7 

8 

4 

1 

Splenl~~ellularity x 106 

indlvidual anlmals Mean + S.E. 

89.1 ; 135.0; 135.0; 130.9 118.6 + 7.6 
114.8; 106.6 

136.4; 130.9; 124.2; llU.O 125.3 ~ 5.7 
. 

108.0. 130.9; 121.5; 156.U 123.6 + 14.1 
140.0; 148.5; 152.0 

75.6; 85.1; 152.4; 118.3 105.1 + 9.3 
94.5; 91.8: 103.~; 118.8 

140.4; 121.5. 137.7; 162.U 140.4 + 8.3 

o 
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Flgure 7.9: Summary of splenic cellularlty of B6AFl mice on different days after the injection of 
different doses of either A or B6 PLC. The horizontal line is the mean cellularity of 
normal B6AFl mice that were used as controls on different days after GVH ind~ction 
(see table 7.16), 
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Exper1ment 
number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Table 7.23: Splenic cellularity and PFC response to SRBC of B6AFl mice used as controls 
in different exper1ments. 

Splen1c cellularity xl06 1 
PFC/splee/\ 

+ S.E. x 10-3 

PFC response to SRBCa 

PFC/l06 .. S. E. 
spleen ëell s 

/ 

156.65 + 7.23 -119.70 + 22.99 y._~~ .:t_1ZU2--

67.50 + 5.27 72.20 + 2.78 1,082.00 ! 95.54 

89.13 + 2.70 150.75 ~ 26.45 1,668.60 ~ 246.19 

123.30 + 14.75 89.93 ! a.81 917.45 + 164.00 

88.50 + 1.50 69.80 + 2.09 789.82 + 35.83 

100.50 + 7.10 76.40 ! 10.08 754.07 + 49.95 

138.63 + 19.31 50.33 + 6.47 402.39 + 98.14 

95.25 + 3.9 250.80 + 14.75 2,645.50! 191.72 

119.00 + 10.45 107.90 + 9.7 906.67 ! 36.21 

a 3 - 5 nonmal B6AF1 mice were used as control/experiment. The data presented is the mean + S.E. 
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Experiment 
nunèer 

2 

3 

4 

5 

6 

7 

8 

9 

o 

Table 7.24: Splen1c Con • PHA and LPS responses of B6AFI m1ce used as co~trols 
in experimentso 

0 

11,652 ~ 1,076 

5,185 : 225 

,. 
4 ,084 ~ 1.002 '\ 

t 

9,699 .!: 565 

7,886 ~ 367 

15,038 : 2,492 

14,980:!: 1,225 

2,596.!: 243 

6,978 : 1,443 

t 
Mltogen responses cpm + S.E. 

Con A PHA 

57,882 ~ 1,488 72 ,588 ~ 4,780 

31,868 : 1,328 56.492 : 3,403 

140,064 ~ 12,452 90,304 :!: 11.709 

58,579.!: 7,979 72,578 .!: 8,666 

136,711 ~ 6,998 138,731 .!: 2,821 

115,763 : 11,509 125.748 : 9.776 

6°7,028 :!: 5,160 62,030:!: 4,663 

133,241 ~ 243 152,090.!: 11,681 

i 
98,046 ~ 3,421 80,495 ~ 4,926 

°0 

lPS 

51,141 ~3,109 

-54,230 : 5,419 

62,406 : 5,623 

69,760.!: 2,716 

56,384 .!: 3,228 

66,786! 2,412 

45,139 :': t: 
31 ,308 .!: 1, 128 

49.806 ! 3.310 

o 

M 
co 
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Table 7.25 Percent of nonnal splenic cellularity, and % of nonnal splenic ConA, PHA, and 
LPS responses of GVH reactive B6AFl mice with no PFe during the illlllune recovery 
phase of the GVH react10n. a 

Experiment No. S of nonnal splenic % of nonnal mitogen responses 
and cell ul arityll,c 

(animal no.) Con A PHA LPS 

Il (1) 34 18 13 43 

1 (5) 52 21 2q 62 

2 (8) 107 35 . ' 
2 (9) 72 3 

4 (2) 60 27 26 69 

4 (6) - 52 4 1 32 

7 (1) 16 4 2 35 

(2) 49 101 12 60 

(3) 75 24 2 65 

(4) 79 7 7 

(5) 15 3 2 6 

(6) 34 59 9 0 

(7) 45 115 31 49 

(8) 19 8 4 132 

8 (1) 88 6 4 75 

(2) 77 6 12 170 

(3 ) 181 0 3 115 

(4) 41 0 0 121 

( 5) 44 17 13 235 

(6) 91 11 11 234 

(7) 33 18 16 219 

Mean ! S.E. 60.29 ± 8.22 23.19 ± 6.88 9 89 1: 2.00 90.681:17.47 

a: S of normal splenic cellularity and splenic mitogen- responses l'lere calculated by 
using the splenic cellularlty and mitogen responses of normal 86AFl mi ce in a glven 
exper1ment as lOO~ - ' 

b: The nonnal splenic cellularity for each experiment are shown in table 7.23 
Normal splenlc mitogen ,responses are shown ln table 7.24 

c: GVH reactions were 1nduced in 86AF1 mice by injecting 30xl06a6 PLe. The animals l'lere 
sacrificed between days 100-150 after GVH induction. 
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Table 7 26 Percent of normal splenic cellularfty, PFC/l06 spleen cell response ta SRBC, 
and % of nonnal splenic CanA, PHA, and LPS responses of GVH reactive B6AF1 
wfth 0.30 - 15.00 x 10- 3 PFC/spleen response ta SRBC during the inrnune recovery 
phase of the GVH reaction. a 

Experimen t no. % of norma l % of nonnal 
and splenlc PFC/l06 1 of nonna 1 mltogen responses C 

(animal no.) cel luI antyb, spleen cell 
response Con A PHA LPS 

1 (2) 91 2 95 67 135 

1 (4) 43 2 51 " 41 118 

2 (1) 138 3 92 58 105 

(4 ) 156 4 80 31 118 

( 5) 165 5 70 26 115 

(6) 198 4 116 32 103 

(7) 196 0 21 55 30 118 

3 (3 ) 76 13 75 52 129 

(5 ) 42 2 81 22 78 

(6) 114 1 62 63 80 

(7) 116 7 79 40 112 

(8) 57 10 85 52 98 

(~) 114 8 85 43 82 

4 (4 ) 83 2 123 46 ~ 

(9) 114 8 81 26 108 

5 (1) 117 10 56 54 105 

(2) 136 2 42 43 135 

(6) 85 2 51 49 58 

6 ( 5) 88 4 85 56 121 

(6) 106 5 76 58 134 

(7) 103 18 81 45 156 

(8) 101 13 128 49 128 

(9) 139 9 66 35 138 

7 (4) 93 5 125 27 127 

(5 ) 129 5 98 94 94 

(6) 86 12 82 
\ 34 128 /1 

Mean :. S.E. 110 35 :. 7.82 5.93 :. 0.88 81.54 .. 4.50 43.96 .. 3.47 Ill. 77 ! 4. 46 -

a, b, c see table 7.25 
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• Table 7.27 Percent of normal splenic cellularity, PFC/I06 spleen cell response to SRBC. 
and 1 of normal splenic ConAt PHA. and LPS responses of GVH reactive B6AF1 
mice with 15.30 - 30.00 x 10-3 PFC/spleen response to SRBC during the immune 
recovery phase of the GVH reaction. a 

• 

Experiment no. 1 of norma 1 1 of norma 1 
and f~ITnic ~FC/l06 1 of normal m1togen responses C 

(animal no.) ce u arity sp een cell 
response Con A PHA LPS 

3 (4) 155 9 92 78 138 
(7) 150 la 74 40 88 

4 (1) 125 15 l16 107 73 
(6) 77 33 99'- 69 82 

5 (4) 136 30 74 63 112 
(7) 132 20 65 58 133 

-- 6 (3 ) 87 25 69 53 146 

-0 
( 4) 91 34 86 64 128 

7 (8) . 132 16 105 44 82 
(9) 159 16 89 116 103 
(10 ) 112 13 97 75 103 

Mean ~ S.E. 123.27 ~ 8.49 20.09,:: 2.72 87.82 .:: 4.84 69 . 73 .:: 7. 17 108.00 .:: 7.63 

a. b. c: see table 7.25 
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Table 7.28 Percent of normal splenic cellularity. PFC/l06 spleen cell response to SRBC • 
and % of normal splen1c ConA~ PHA. and LPS responses of GVH reactive B6AFI 
mice with 30.00 - more·x 10-" PFC/ spleen to SRBC durlng the ll1111une recovery 
phase of the GVH reaction. a 

Experiment no. % of norma 1 % of norma 1 
and splenic PFC/l06 % of norma 1 mitogen resQonses C 

(an1mal no.) ce 11 ul a rit yb spleen 
response b Con A PHA LPS 

(3 ) 68 133 132 104 115 

(6) 99 115 141 158 119 

2 (2 ) 213 59 91 90 91 

(3 ) 198 125 69 80 92 

3 ( 1) 146 - 24 115 77 67 

(2 ) 133 22 100 76 102 

4 (3) 61 342 
') 

109 79 79 

5 (3 ) 169 51 76 68 125 

(5 ) 127 61 69 57 128 

6 (1) 130 46 B6 B2 93 

(2 ) 120 45 111 79 113 

Mean + S.E. 133.09! 14.40 93.00:: 27.50 99.91:: 7.32 86.36 ! 7.98 102.18 + 5.90 

a. b, c: see tab 1 e 7.25 
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Exp.er1ment no. 

~ 

o 

1 

2 

3 

4 

5 

6 

7 

Table 7.29: ~H-Thym1d1ne incorporation by Il-2 dependent CTLL cells in the prese~ce of 1l-2 
contain1ng supernatants from nonmal 86AFl splenocytes. follow1ng stimulation w1th 
elther Con A or PHA. 

}. 

3H-Thymid1ne incorporation by CTlL cells 1n the presence of IL-2 conta1n1ng supernatants (c~S.E.) 

H1togens' used ta praduce IL-2 
o Con A - PHA 

5,442 .!. 623 24.811 .!. 654 87,776 .!. J2. 609 

3.474 ! 233 37.946!: 1.445 69.048 ± 3.369 

2.652!: 696 52.940 ±7.593 80.232 .:!: 8.579 

1.436!: 37 63.410.:!: 3.220 79,846 .:!: 4.987 

490 .:!: 17 76.444 .:!: 72,273 .:!: 3.007 

3.278 .!. 246 53.454.!. 2.403 79.427\ .!. 2.191 

925 + 85 44.090 .:!: 5,515 66,177 .:!: 8,286 - { 

o 

\ .. 

lPS 

3,128 .!: 265 

1.996 !: 97 
'.l) 

2,998 !: 101 

Cl 
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Table 7.30 Percent of normal 3H-Thymidine incorporation by CTLL cells in the presence 

of IL-2 containing supernatants obtained following stimulation with either 
Con A or PHA of splenocytes of GVH reactive B6AFI mlce with no PFC/spleen 
to SRBC during the 1~e recovery phase of the GVH reaction. a 

, 
Experiment no. % of normal 3H-Thymidine incorporation 

and by CTLL ~lls in the presence of IL-2 
( a n 1 ma l no.) containing supernatants. a,b,c 

Mltogen employed to produce IL-2 
Con A PHA 

1 (1) 30 16 
(5 ) 99 49 

2 (8) 41 19 

(9} 49 19 

4 (2) 61 24 
(6) 74 40 

7 (1) ... 6 3 
(2) 5 3 

(3) 0 0 

(4 ) 4 1 
(5 ) 31 4 
(6) 33 4 
(7) 92 31 
(8) 76 26 

Mean + S.E. 42.93 + 8.94 17.07 .:!: 4.17 

a: % of nonnal 3H-Thymidine incorporation was calculated by uSlng 
3H-Thymldine incorporation by CTLL cells in the presence of IL-2 
containing supematants der1Ved from normal B6AFl splenocytes in 
a given experiment as 100%. 

b: 3H- Thymidine incorporat\tin by CTLL cell s in the presence of IL-2 
containfng supernatants 'derived from normal B6AFl splenocytes 
following stimulatlon with either Con A or PHA for each experlment 
1s shown in table 7.29. 

c: GVH react10ns were tnduced in B6AFI mtce by tnjecting 30xl06B6 PLC. 
Animals were sacrif1ced between days 100-150 after GVH induction. 
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Table 7.31 Percent of normal 3H-Thynndine incorporation by CTll cells in the presence 
of Il-2 contalning supernatants obtalned following stimulation with 
either Con A or PHA of splenocytes of GVH reactive B6AFl mice wlth 
0.03 - 15.00 x 10- 3 PFC/spleen to SRI3C dunng the immune recovery phase 
of the GVH rea ct l on. 

Expenment no. 
and 

(anlmal no.) 

1 (2 ) 

(4) 

2 (1 ) 

(4) 

(5 ) 

(6 ) 

(7) . 

3 (3 ) 

(5 ) 

(6 ) 

(7) 

(8) 

5 (1) 

(2 ) 

(6 ) 

6 (5) 

(6) 

(7) 

(8) 

4 (4 ) 

Mean + S.E. 

~ of normal 3H-ThYlmdlne incorporatlon by'CTll 
cells ln the presence of IL-2 contalnlng supernatantsd,b,c 

Mltogen employed to produce IL-2 
Con A PHA 

30 16 

46 37 

87 57 

51 32 

66 44 

53 37 

34 42 

37 18 

49 7 

62 19 

51 28 

21 17 

52 18 
~ 

51 27 

70 34 

56 19 

85 35 

73 40 

84 1-02 

60 25 

55.70 + 3.98 32.75+4.53 

a, b, c: see tab l e 7.30. 
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Table 7.32 Percent of normal 3H-Thymidine incorporation by CTlL cells in the 
presence of Il-2 containing supernatants obtained following stimulation 
with either Con A or PHA of splenocytes of GVH reactive B6AFl mice with 
15.30 - more x 10- 3 PFC/spleen to SRBC during the immune recovery p ... hase 
of the GVH reaction. a 

Experiment no. % of normal 3H-Thymidine incorporation by 
and CTLL cell s in the presence of IL-2 

(a n i ma 1 no.) containing supernatants.b,c 

Mi togen emp 1 oyed to produce lL-2 
Con A PHA 

1 (3 ) 125 67 

(6 ) 145 91 

2 (2 ) 93 104 

(3) 111 91 

3 ' (1) 78 33 

(2 ) 57 18 

(4 ) 37 7 

4 (1) 78 73 

(3) 86 71 

(6) 94 79 

5 (3) 59 60 
" 

(4) 31 20 

(5) 70 78 
/ 

(7) 39 9 

6 58 35 

81 46 

74 39 

(4) 79 48 

Mean! S.E. 77.39 + 7.05 53.83 ! 7.03 

1 
a, b. c: see tab 1 e 7.30 
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CHAPTER EIGHT 

ATTEMPTS TO RESTORE T-CELL PROLIFERATIVE FUNCTIONS IN VITRO OF GVH 
IMMUNOSUPPRESSED SPLENOCYTES DURING DIFFERENT STAGES OF THYMIC 

o REGENERATION. ~ 
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8.1 UITRODUCTIOR 

In th/previous chapter it was demonstrated tha the 

thymuses as weIl as the immune functions of GVH 

animaIs gradually recover from thymie injury and 

immunosuppression. The data presented in chapter seven also 

suggested that the thymie architectural recovery precedes 

immune funetiona1 reeovery. Moreover, it was noted 

although the thymus may appear arehitectura1ly normal 

animal may not regain immunoeompetenee <as assessed by the 

response to S'RBC). lt was suggested that the time 1ag in 

immune functiona1 recO"Very after the thymus has regerined 

normal architecture may be due to the possibi1ity that 

the thymus appeared architecturally normal it had not ~t 

r:ecovered functionally (Le. resumed its hormonal production). 

Experiments were therefore, designed to investigate the effects 

of agents whieh either mimic and/or mediate the actions of 

thymie hormones for examp1e PGs of the E series (Bach and Bach, 

1974; Garaci et al, 1981; Garaci et al, 1983). on T-ce11 

pro1iferative functions of immunosuppressed GVH T-ce11s during 

various stages of thymie regeneration. 

8.2 EXPERIHENTAL DESlqN 

The experimenta1 protoco1 is out1ined in figure 8.1. 

GVH reactions were induced in B6AFl mice by inj ecting either 

or 20xl0 6 A parental strain lymphoid ce Ils. On 

different days post-GVH induction, animaIs from each GVH group 
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o and normal B6AFl mice were randomly selected from a pool of 

mice. The immune status o"f"" GVH reactive mice was assessed by 

measuring the PFC response to SRBC. Spleen cells from animals 

that were totally suppressed for the PFC respons~ to SRSC (no 

PFC) were pooled. since earlier studies (chapter 7) showed that 

such animals were still severely suppressed for the Con A and 

PHA mitogen responses. The cells were divided into aliquots 

(25-30xl0 6 spleen cells/aliquot) and each aliquot was 

precreated with either PGEl or PGE2 and then tested for mitogen 

responsiveness. as descri~ed in section 2.19. Sub·optimum, 
• 

optimum, and supra· optimun of both Con A and PHA were used in 

the mitogen assay The data are presented as cpm + S E of 

triplicate cultures at a given mitogen concentration 

o The thymuses from a11 experimental GVH mice in the above 

studies were examined histologically. 

8.3 RESULTS 

8.3.1 EFFECT OF PGEl OR PGE2 PRETREATMENT ON T-CELL 

PROLIFERATIVE RESPONSES OF NORMAL B6AFl SPLENOCYTES 

TO THE OPTIMUMMITOGENCONCENTRATION. 

Table 8.1 demonstrates the T-ce1l pro1iferative 

responses of PGEl or PGE2 pretreated normal B6AFl splenocytes 

following stimulation with the optimum concentration of ~ther 

Con A or PHA. The data (Table 8.1) show chat PGE1 or PGE2 

pretreatment either had no significant effect or slightly 

o inhiblted T-cel1 proliferatlve responses of normal splenocytes. 
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8.3.2 EFFECT OF PGEl AND PGE2 PRETREATKENT ON THE T-CELL 

PROLIFERATIVE RESPONSES OF NORMAL SPLENOCYTES TO 

INC&EASING CONCENTRATIONS OF CON A AND PHA. 

Figure 8.2 demonstrates the responsiveness of PGEl 

and PGE2 pretreated normal B6AFl splenocytes to increasing 

concentrations of Con A and PHA. The results show that.,B.t the 

supra-optimum mitogen concentration a decline in the 

proliferative response of PGE pretreated as well as non-PGE 
1.: 

pretreated normal splenocytes is ohserved (bell shaped dose 

response curve). 

8.3.3 EFFECTS OF PGEl AND PGE2 PRETRKATKENT ON CONA AND PHA 

RESPONSES OF GVH SPLKNOCYTES TAXEN DURING DIFFERENT 

STAGES OF THYMIC REGENERATION. 

On differe]1t days after GVH reaction inducfion. 

splenocytes from mice that expressed no PFC response 

(immunosuppressed GVH splenocytes) were pooled and tested for 

T-cell mitogen responses following pretreatment with PGEl or 

PGE2. 

8.3.3.1 EFFECT OF PGEl OR PGE2 PRETREATKENT ON T-CELL 

PROLlFERATIVB RESPORSES OF GVH SPLENOCYTBS {O THE 

OPTIMUM HITOGEN CONCENTRATION 
\ 

( 

Table 8.2 shows the number of B6AFl mice that were 

totally immunosuppressed on different days after the injection 

of 20xl0 6 A PLe. 
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Table 8.3 shows the T-cell proliferative responses to the 

optimum concentration of Con A and PHA of PGEl or PGE2 

pretreated immunosuppressed splenocytes On day 30 after the 

injection of 20x10 6 A PLC, no significant differences were 

observed between the mitogen responses of PGEl and PGE2 

pr~treated and non-PGEl and PGE2 pretreated GVH splenocytes On 

day 30 after GVH induction, thymuses from the animals whose 

splenocytes were pooled disp1ayed severe thymic dysplasia 

(Table 8.3). Pretreatment of day 75 post-GVH sp1enocytes with 

PGEl or PGE2 again showed no significant differences between 

the ~t cpm responses to the optimum concentration of Con A or 

PHA ~ PGE1 pretreated and non-PGE pretreated splenocytes. 

However, only slight enhancement of Con A and PHA responses was 

observed fo11owing PGE2 pretreatment. The thymuses on day 75 

after GVH induction showed various degrees of cortical 

regeneration only. 

Sp1enocytes taken at day 120 post-GVH induction showed 

moderate increases in their Con A ànd PHA responses after PGEl 

or PGE2 pretreatment when compared to non-PGE pretreated 

sp1enocytes. PGE2 pretreatment had a greater enhancing effect 

on Con A and PHA responses than PGE1 pretreatment. The enhance-

ment of mitogen responsiveness following PGE1 and PGE2 pre-

treatment varied between 2-17 fo1d. On day 120 .post-GVH induc-

tion, the thymuses showed various degrees of medul1ary 

epitha1ia1 call regeneration. 

The most dramatic enhancement of both Con A and PHA 

responses was observed when splenocytes were taken at day 160 
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after GVH induction and were pretreated with PGEI or P"G-E2. At 

160 days after GVH induction, thymuses displayed complete 

medullary regeneration with abundant visible epithelial ce1ls 

and Hassall corpuscles, however, T-cell function had not 

recovered. 

Table 8.4 shows the number of 86AF1 mice that were totally 

i °m m u nos u p pre s s e don d i f fer e n t d a y s a f ter the i n j e c t ion 0 f 

30xl0 6 86 PLC. The data presented in table 8.5 show the T-celL 

~roliferative responses to the optimum concentration of Con A 

and PHA of PGEI and PGE2 pretreated immunosuppressed spleno-

cytes taken from B6AFI mice at different days after the injec

tion of 30xl0 6 86 PLC. The data demonstrate that PGEI or PGE2 

~as a greater enhancing effect on both Con A and PHA respon-

siveness as the thymuses recover from the GVH induced medullary 

injury (Table 8.5, days 120 and 130 post-GVH), than the effect 

of PGEI and PGE2 pretreatment on mitogen responses of GVH 

splenocytes wh en the thymuses displayed either moderate lesions 

(Table 8.5, day 30), or when only cortical regenerati~"1 was 

evident (Table 8.5, day 55). 

Thus, in the two CVH combinations employed in this study, 

a similar pattern of enhancement of Con A and PHA responsive-

ness of CVH splenocytes following PCEI or PCE2 pretreatment i5 

observed. The enhancing effects of PCEl and PG~2 on T-cell 

proliferative responses appear to be dependent upon thymie 

medullary regeneration at the time of PC pretreatment. These 

results suggest that T-cells th,t respond to Con A and PHA, may 
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require two signaIs to acquire immunocompetence: contact with 

thymie medullary epithelial cells and thymie factor(s) (or 

agents that mimic the effects of thymie factors). 

8.3.3.2 EFFECT OF PGEI AND PGE2 PRETREATKENT ON THE T-CELL 

PROLIFERATIVE RESPONSES OF GVH SPLENOCYTES TO 

INCREASING CONCENTRATIONS OF CON A AND PHA. 

Figures 8.3-8.6 demonstrates the effects of PGEl 

and PGE2 pretreatment on the proliferative responses to 

increasing concentrations of Con A and PHA of GVH splenocytes 

(20xl0 6 A PLC --> B6AFl). taken during different stages of 

thymie regeneration. The data demonstrate that: PGEl and PGE2 
~ 

pretreatment at the time of severe thymie lesions (Figure 8 3) 

or at the time of cortical regeneration (Figure 8.4) had no 

significant effect on T-cell mitogen responses. However, when 

the GVH splenocytes were taken at a time when medullary epithe-

lial cells, but not Hassall corpuscles, had regenerated (Figure 

8.5) PCEl and PGE2 pretreatment slightly enhanced proliferative 

responses to Con A and PHA. The most pronounced enhancement of 

Con A and PHA responses of GVH splenocytes following PCEl or 

PGE2 pretreatment was observed at the time when both the epit-

helial cells and Hassall corpuscles were visible in the thymie 

Ir 
medulla (Figure 8.6). Moreover, the data preaented in figure 

8.6 clearly show that PGEI and PGE2 pretreatment of CVH .pleno-

cytes results in a bell-shaped response pattern when increasing 

concentrations of Con A and PHA vere u~ed. ~his bell-shaped 

reaponse pattern of GVH JJplenocytes (Fig.8.6) la siml1ar to 
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that observed with normal splenocytes when increasing concen-

trations of Con A and PHA are employed (Figure 8.2). 

Similarly, in a different GVH combination (30xl0 6B6- ->. 

B6AFl), it was noted that PGEI and PGE2 pretreatment had no 

siginficant effect on the responsiveness of ~VH splenocytes to 
t 

increasing concentrations of Con A and PHA when a moderate 

degree of thymie injury uas visible (Figure 8.7) or when thymie 

cortical regeneration had taken place (figure 8.8). In this 

combination (30xl0 6 B6-->B6AFl) also PGEI and PGE2 pretreatment 

of GVH splenocytes enhanced the proliferative responses at aIl 

Con A and PHA concentrations tested at the time when thymie 

medullary regeneration was evident (Figures 8.9 and 8.10). 

Furthermore, with increasing mitogen concentrations a bell-

shaped response was observed (Figures 8.9 and 8.10). These' 

results ,collectively, suggest that PGEl and PGE2 May be acting 

on a cell population that ls essential for the initiation of 

the proliferative response. 

8.4 DISCUSSION 

The data presented in this chapter demonstrate the 

effects of PGEl and PGE2 pretreatment on T-cell mitogen 

responses of GVH immunosuppressed splenocytes taken during 

different stages of thymie regeneration. The results show that 

PGEl and PGE2 pretreatment had no significant enhancing effect 

" on mitogen responses at the time when the thymuses displayed 

8ieher moderate-severe lesions or when cortical regeneration 

" was evident. The enhancement (restoration) of GVH immuno-
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suppressed splenoeyte mitogen respon~ following PGE1 or PGE2 

pretreatment was observed only when the thymuses displayed 

medullary regeneration. These results suggest that the 

immunoeompetent T-ee11s that respond to T-ce11 mitogens May 

require two s~gnals for funetional maturation and that PGEl and 
, , 

PGE2 May be acting on a cell population that plays an important 

role in the initiation of proliferative responses. 

The pronouncad en~ncement of mitogen responses following 

PGE1 or PGE2 pretreatment of GVH sp1enocytes , at the time when 

the GVH-reaetive thymuses show medu11ar~.-#egeneration, suggests 

that new post-thymie T-ce1l precursors ( Stutman, 1975, 1977, 

1978; Stutman and Shen, 1977, 1979) had repopu1ated peripheral 
~ 

lymphoid organs after passing through the recovered thymuses 

(architecturally normal thymuses). However, these post-thymie 

T-cell precursors were unable to respond to Con A and PHA. 

although tne thymUSe~ad reeovered strueturally. Possib1y such 

thymuses have not /yet resumed their hormone(s) production. 

Therefore, pretreatment of GVH sp1enocyt,es that have co~e ln 

contact wlth "regJnerated n thymie eplthe1ium with elth~r PGEl 

or PGE2 results in greater restoration of T-cell mltogen 
...,. 

responsiveness. In the prevlous ehapter (ehapter 7) we had 

sugges ted tlla t the fune t 10nal recove ry (ho rmona l produc t 10ns) 

of the thymus May take a longer time to reeover than its are"hi-

teetural reeovery. The data .presented ln this ehapter demons

tratlng that the maximum restoration of T:cell proliferative 

funetion fo110wlng PGE1 or PGE2 pretreatment Is obse~ved on1y 

when the thymus has reeovered arehiteetura11y support our 

. 
302 

J 
/ 

/ 

1 



,. 
~, 

• 
" . 
~~'. 

earl1er proposal. Several workers (Bach and Bach (1974; Garaci 

et aL, 1981; Garaci et aL, 1983) have shown that PGEI and 

PGE2 mimic and/or mediate the effects of thymie hormones. Thus, 

the data presented in this chapter strong1y suggest that the 

regeneration of thymie epithelium and Hassa11's corpusc1es may 

not be suffie lent to induce T-cell immunocomp,etance and that 

thymie factor(s) May be required for complete T-cel1 functiona1 

maturation 

Previous work from this 1aboratory (Seddik et al, 1984) 

and others ( Stutman, 1975, 1977, 1978) supports the hypothesis 

that GVH immunosuppressed splenocytes, which re'5pond to T-ce11 

mitogens following PGEl and PGE2 treatment have been inf1uenced 

by the "regenerated" thymuses. We have pre"{iously demonstrated 

that GVH dysplatie thymuses eont~d to r~cruit pre-T-cells 

from the periphery. however, thesjthymuSeS were unab1e to 

induce terminal &aturation in the newly recruited pre-T-ce11s 

($eddik et al.. 1984). We have also reported that the GVH BM 

continues to produce pre-T-cells throughout the course of GVH 

reactions (Seddik et aL, 1984). The pre-T-cells produced by 

the CVH BM become functional under the influence of a normal 

th Y mus ( S e d di k e t aL. 19 84). S i ne e i' t i s weIl do c ume n t e d th a t 

immunoeompetent T-cells which initiates Con A and "PHA induced 

proliferation require a functional thymus (i.e. thymie 

epit:helial cell contact as well as thymie factor(s) (St~ 

1977, 1978; Bach and ~arnaud, 1976), the data in the present 

study would therefore. suggest that PGEI and PG&2 treated GVH 

splenocytes tbat respond to Con A and PHA m~y have "homed" to 

? 
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the spleens after being processed by the regenerated thymuses 

The data presented in this chapter further demonstrate 

that when increasing concentrations of mitogens are employed to 

id4éce proliferation of PGEI or PGE2 pretreated splenocytes of 
~ 

GVH- reactive mice whose thymuses show medullary regeneration 8 

bell-shaped curve is obtained This bell-shaped curve in 

response to increasing concentrations of mitogen is observed 

following PGEl and PGE2 pretreatment of splenocytes obtained 

from bath the GVH combinatto'11s (20x10 6 A PLC-->B6AFl and 30xl0 6 

B6 PLC - ->B6AF1) This response p.attern of PGE pretreated GVH 

splenocytes is identical ta that observed when normal B6AFl 

splenocytes are stimulated in the presense of increasing 

concentrations of mitogens 

1 

The fact that the PGEI and PGE2 pretreatment of GVH 

immunosuppressed splenocytes restores mitogenic responses 

suggests that PGEl and PGE2 are acting on a cell population 

which is required for the initiation of proliferative 

responses. If PGEl and PGE2 are in fact acting on a cell popu-

lat ion which is required for the initiation of the 

proliferative response5 then it would appear from the present 

ç data that this cel! population is present in the GVH spleens at 

the time of thymie medullary regeneration, but i5 not yet 

functional. 

It has been reported that the cellular response to 

mitogensjantigens 1s determined by two factors; (1) the 

intrinsic resting state of the cell that initiates the immune 
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response at the time of the stimulus, and, (ii) the stimulus 

strength (Kook and Trainin, 1975). Since PGE1 and PGE2 have 

different effects on the mitogen responsiveness of normal and 

GVH iQlmunosuppressed splenocytes, the data presented in this ... 
chapter suggest that normal and GVH immunosuppressed 

splenocytes may possess different intrinsic resting states It 

has been suggested that one of the roles of the thymus is to 

maintain T-cells in a responding state via thymie hormones 

(Kook and Trainin, 1975). If, as proposed in the previous 

chapter (chapter 7), thymie functions (hormone production) 

resume gradually following the graduaI regeneration of thymie 

architecture during the recovery process, then it may be 

plausible that the cel1s which are required for the initiation 

of the mitogen responses are present in the spleens of the GVH 

i m m u nos u p pre s s e d mie e who set h Y mus e s h.a d reg e n e rat e d 

, structurally, but due to the lack/deficiency of thymie hormones 

may not be st an optimum intrinsic state to respond to the 
• 

stimulus. 

It should be remembered that in these studies splenocytes 

from severa1 mice/day/GVH combination, which were totally 

immunosuppressed for the PFC response to sasc, were pooled 

(Table 8.2 and 8.4 ). Although the thymuses from these mice 

were at a similar stage of regeneration on a given day post-GVH 

induction, it i8 possible that the degree o~regeneration may 

! not be the same in each ,i.e .• the number of medullary epi

thelial cells and Hassall's corpuscles or the degree of 

-lunetio'nal recovery. lt is important to take these data limita-
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t ion sin t 0 e 0 n si der a t ion bec a use var i a t ion sin the de gr e e o.f 

thymie regeneration may influence the resting state of the 

splenocytes These differences in the restimg state of 

splenoeytes may also determine the degree of enhancement of 

proliferative responses following PGE1 and PGE2 pretreatment 

In this chapter we have argued that PGEI and PGE2 may be 

acting upon a cell population which initiates the immune 

response, but we have not characterizerl the cel1. However, data 

reported from this laboratory as well as by other workers 

suggest that PGEl and PGE2 may (be acting upon a IL-2 producing 

T-helper cell population, which may be under the direct 

influence of thymie epithelial cells and/or their products Our 

earlier work suggested that the prolonged GVH T-cell immuno-

deficiency was due to a T-helper cell maturation arrest (Seddik 

et aL, 1980, 1984) associated with thymic epithelial cell 

in jury. Our recent data demonstrate that this GVH indueed 

thymie injury results in marked depletion/reduetion in IL-2 

producing, but not IL-2 responding cells (Mendez et al, 

1985a,b). Studies by Beardsley et al. (1983) provide direct 

evidenee that the maturation of IL-2 producing eells i8 under 

the influence of thymie medullary epithelial cells and/o,'their 

produets. The data presented in this chapter show that PGEI and 

PGE2, which mimie ·the effect/action of thymie hormones (Bach 

and Bach, 1974; Garaei et aL, 198~; Garaci et aL, 1983), are 

m '0 ste f f e e t ive i n in i t i a tin g and i n due i n g T - e e 11 mit 0 g e n 

" responses only wh en the GVH thymuses have regained normal 
'--

architecture. These data suggest that the T-ce11 sub-
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o population, probably T-helper cells responsible for IL-2 

production and thus Initiating T-cell proliferation in response 

to T-cell mitogens (and possibly allo-antigens), requires both 

an intact thymie epithelium as weil as thymie factor(s) (or 

agents that mimic the actions of thymic factor(s». 

In brief, the data presented in this chapter suggest that 

the status of the thymus, particularly its epithelium, May play 

a critical role in determining the degree and extent of T-ceII 

immunodefieiecy ( and probably the functionai eapability of Th 

lyl+ cells). 

In the following chapter studies are reported on the 

• restoration of GVH depressed splenie NK cell cytolytie activity 

and its relationship to thymic medullary dysplasia. 

/ 
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~ injècted with either 
(i) JOxl06 86 PlC or 

, ; ~(ii) 20x106 A PlC 

86AFl hybrid 

On dlfferent days post GVH induction the animals were tested 
for their immune status in" divided into 2 groups 

1 . , 
Animals with 0 PFC/spleen Animals with different no. of PFC/spleen 

1 
J -~ 1 

Thymie histology Splenoeytes from these miee were pooled 

Al1quoted and treated with 
either PGEI or PGE2 

Figure 8.1 Experimental design used to investigate the role of thymie medullary epithelial eells in T-eell 
immunodeficiency during the course of GVH reactions. 
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Table 8. l Effects of PGEI and PGE2 pretreatment of normal B6AFl splenocyte responses to optimum 
concentrations of Con A and PHA . 

.,ç 

PG [moles] 
Pretreatment 

mltogen responses net cpm ± S.E. x 10-38 

ConA PHA 
,., 

178.6 ± 10.5 129.3 ± 13.5 

PGEl 10- 6 150.7 -\15.1 111.3 ±. 11.1 

PGEl 10-9 165.5 ± 12.2 108.6 ± 15.1 

PGE2 10-6 136.2 ± 15.0 111.6 ± 16.4 
~ 

PGE2 10-9 
15~.8 ± Il. 9 126.6 ± 17.8 

a Pooled data of nlne Indlvldual experfments 
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Figure 8.2 Effects of PGEI and PGE2 pretreatment on nannal B6AFl 
splenocyte responses to different concentrations of 
CanA and PHA. 
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lable 8.2 Number- of mlce will! zero PFC/Spleen 011 dtfferent days after the ln je ct l,on of 20xl06A PLC. 
\ 

Uitys after Number or mlce lnjected Number of ml ce wi th 
GVU w 1 th SRBC/ day zero PFCa 
Induction 

lf!::l 
1 , -30 5 ~. 5 -. 

t') l 
75 5 5 

L20 9 8 

'" 160 6 4 

a Splel10cytes frolll GVII mfce wl th zero PFC were pooled for PGEl and PGE2 Pretreatment 
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Table 8.3 Effects of PGEI and PGE2 pretreabDent on GVH 1..unosuppressed splenocyte responses to the opt1.u. 
concentrations of ConA and PHA dur1ng different stages of thy.1c regenerat1on. 

Day arter GYli PG [moles) HllUGEH RESfDHSES HEl cwg i S.E,xl0- 3 DEGREE OE 1IIlHIC R~GENERAIIOH 
Inductlona Pre trea DIen t ConA (1. 25 ugs J PHA \ 1. 25 ugs) tort'cal MedUl1lrY d 

HE CG He 
) 

30.4 ± 5.2 0.7 ± 0.3 
PGE1 10- 6 22 9 1. 2.0 0.8 1. 6.4 

JO PGE1 10- 9 32.9 i 1.4 0.3 ± 0.4 
PGE2 10-6 28.3 ! 2.1 1.9 1 1.4 
PGE2 10-9 26.1 1. 1.9 0.4 1. 0.2 

24.8 1 2.3 1.41 1.1 
PGEI 10-6 22.5 i 1.1 2.2 1. 1.5 

7S PGE1 10-9 25.2 ± 2.1 4.8 1 0.8 .+ 
PGE2 10-6 36.7 1 2.3 1.91 0.3 
PGE2 10- 9 36.4 1. 3.4 2.9 1 0.6 

3.5 1 0.2 
PGEl 10-6 5.6 1. 0.7 

120 PGEl 10-9 12.4 i 2.9 -b + + 
PGE2 10-6 14.3 1 1.5 
PGE2 10-9 36.8 ± 1.8 

23.9 ± 0.6 41.2 ± 1.1 
PGEl 10-6 88.6 ! 5.6 113.9 ± 10.4 

160 PGEI 10-9 106,9 1. 3.8 135.6 ± 7.9 + + + 
PGE2 10-9 111.6i 1.0 121.7 t 10.8 

-b -b -b 

a GY" react Ions were Induced ln B6AFl mlce by Injectlng 20x106A PlC: b not done: 
c medullary 2plthellal cells: d lIassa Il corpusc1es 
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lable 8.4 Humber or ",Ice wHh zero PFC/Spleen on dHferent days after the injection of 30xlO6a PLC. 

Oilys a f ter Humber of mlce ll1jected Humber of mtce wt th 
GVII w 1 th SR8CI day Zero PFCa 

1 lnductlol1 
i 
\ M 30 6 6 .... 
\ 

M 

! 
55 7 7 

120 
1 

7 4 

\ ~ 
130 7 4 

a Splellocytes fro", GYII mlce wtth zero PFC were pooled for PGEl and PGEZ Pretreatment. 
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Table 8.5 Effects of PSEl and PSE2 pretreat.ent on SVH 1-.unosuppressed sp1enocyte responses to the opt1.u. 
concentrations of ConA and PHA dur1ng d1fferent stages of thy.1c regenerat1on. 

~ 

Day 1 Ber GVII PO [1I01esJ JMllUGEH-BESfDHSES HET cpm * S,E.xl~3 
Induction- Pretreat.ent ConA (1,26 ugs) Pf~ (1.25 ugs) 

2l.7 ± 1.6 0,9 i 0.4 
PGEI 10-6 22.9 ± 0.3 1.5 ±. 0.2 

30 PGEl 10-9 28,1 .± 0,6 2.4 i 0.6 

PGE2 10-6 24.5 ± 0.6 .. I.Bi O.B 
PGE2 10-9 32.6 ± 0.6 0.9 i 1.1 

16.6 .t 1.3 

PGEl 10-6 11.9 ± I.S 
55 PGEI 10-9 21.0 i 1.1 b 

PGE2 10-6 40.9 .t 1.6 

PGE2 10-9 25.4 i 1.8 

2.5 ± 0.2 1.8 ± 0.4 
PGEI 10-6 16,6 f 0.2 6,3 ± 0.6 

120 PGEl 10-9 35.9 ± 4.4 19.9 ± 2.0 

PGE2 10-6 65.9 i 4.3 21,1 i 0.4 
PGE2 10-9 61.1 ! 4.6 32.2 ± 2.3 

11.5 i 0.1 2.9 i 1.4 
PGEl 10-6 61.5 i 4.4 23.6 .t 1.1 

130 PGEI 10-9 10.2 i 0.8 32.8 i 1.3 
PGE2 10-6 65.8 i 2,4 21.4 i 1.0 
PGE2 10-9 68.9 .t 1.4 32.9 i 2.4 

• GYII reactlons were Induced ln 06AFl mlce by Injecttng 30xl0606 PlC: b 
c Hedullary eplthellal cells: d lIassell corpusc1es 
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CHAPTER N INE 

AN INVESTIGATION INTO THE MECHANISM(S) OF DEPRESSED SPLENIC NK CELL 
ACTIVITY DURING GVH REACTIONS: RESTORATION OF DEPRESSED SPLENIC NK 
CELL ACTIVITY OF GVH MICE IN VIVO AND IN VITRO. 
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9.1 INTRODUCTION 

In chapter 3 we demonstrated that by day 30 after 

GVH- induction s~lenic NK cell activity was severely depressed 

In chapters 6 and 7 data were presented suggesting that the 

GVH- induced severe prolonged T-cell immunodeficiency was 

closely associated with thymic medullary dysplasia In chapter 

8 we showed that T-cell proliferative functions of GVH 

immunosuppressed splenocytes could be partially restored by PGE 

pretreatment only when the thymuses of the GVH-reactive mlce 

displayed meduIIary regeneration. Since NK cell actlvlty 15 

believed to be thymus independent, ( nude mi ce possess high NK 

ce1I activ1ty and thymectomy 1ncreases NK cell activlty), ln 

this chapter we have therefore investigated the possible causes 

/ of depressed splenic NK cell activity during GVH reaetions and 
f 

whether the depressed splenie NK cell aetivity of GVH-reactive 

mice c0l.11d be restored at the time when thymic medullary 

lesions were visible. 

9.2 EXPERIMENTAL DESIGN 

A diagramatie representation of the exp~rimental 

design is shown in figure 9.1. GVH reactions were induced in 

B6AFl mice by injeeting 30xlO B6 6 PLe. GVH reaction induction 

was confirmed by suppression of the PFC response to SRBC on 

days 8 and 12. 

In the first series of experiments, GVH-reactive and 
" 

normal mice ware randomly selected. On different days after GVH 
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induction the animals were sacrificed under ether anesthesia. 

Blood from GVH and normal mice was collected by cardiac 

p,uncture and poo'ed for each group. The blood was allowed to 

clot for 45-60 minutes at room temperature, and serum was 

collected (see section 2.14 for details). The serum was then 

tested for interferon (IFN) levels (see section 2.15). Single 

cell suspensions were made of GVH and normal spleens. The cells 

of each suspension were partially purified to obtain ~ ce Ils 

(see section 2.5 for detail) and were tested for NK cell 

cytotoxicity. The thymuses from GVH animaIs were fixed in 5% 

formalin for histology. 

In the second series of experiments, GVH reactions were 

induced in B6AFl mice by injecting 30xI0 6 86 PLC. Age and sex 

matched normal B6AFl mice served as controis. These GVH-

reactive mice were divided into two groups, Gl and G2. 

Similarly, normal B6AFl mice were also divided into two groups, 

NI and N2. GVH and normal B6AFl mice from groups GI and NI were 

randomly selected and injected with Poly I:C (lOOug/mouse) I.P. 

in a volume of 0.3 ml at the time when NK celi activity of GVH-

reactive mice was severely depressed and IFN could not be 

de t e c t e d i n the i r s e ru m . The G V Han d n 0 r mal B 6 A F 1 m i c e 0, f 

groups G2 and N2 were not injected with Poly I:C and served as 

controis. Eighteen ta twenty four hours after the adminstration 

of Poly I:C, the mice (Gl,G2, Nl, and N2) were sacrificed. 

Serum was obtained, as described above,' and tested fo,r IFN 

titers. 
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The spleens from each group were pooled and single cell 

suspension were prepared. NK eell aetivity was then assessed 

Thymuses were removed, fixed in 5% formalin, and studied 

histologically. 

The third series of experiments was designed to 

investigate whether NK cell activity in NK celi depressed GVH
• 

reactive spienocytes eould be restored by lI! YlE.!:~ treatment 

with either PGs and Poly I:C alone or in combination Splenic 

and BM mononuclear cellularity and thymie histology were also 

studied. 

9.3. RESULTS 

9.3.1. CONFIRMATION OF THE INDUCTION OF GVH REACTION: 

To eonfirm that a GVH reaction was induced mice were 

randomly selected from a pool of GVH-reaetive animals and the 

PFC response to SRBC was assessed. Table 9.1 demonstrates that 

the GVH-reaetive animals were totally suppressed by day 12 

after GVH induction, thus confirming the induction of 'GVH 

reaetions. 

9.3.2. KINETICS OF SPLENIC NK CELL ACTIVITY AND SERUM 

INTERFERON TITERS AFTER THE INDUCTION OF GVH 

REACTIONS: 

Table 9.2 demonstrates the kineties of splenie NK cell 

aetivity and serum IFN titers (both measured in the same mice) 

during the course of GVH reactions. The data presented show 

that splenic NK cell activity and serum IFN titers were 
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augmented by day 4 after GVH-induction. NK activity peaked by 

day 8 and IFN leve1s were maximum by day 12, followed by 

depressed NK activity and IFN t:iters by day 30 after GVH 

induction. These results show a close association between 

augmented sp1enic NK cel1 activity and serum IFN titers during 

the course of GVH reactions. 

9.3.3 EFFECTS OF IN VIVO ADKINISTRATION OF POLY I:C ON 

SPLENIC BK CELL ACTIVITY AND SERUM INTERFERON TITERS 

OF GVH IKMUNOSUPPRESSED MICE: 

Table 9.3. shows the effects of !!! ~!~~ adminstration 

of poly I:C, an IFN inducer, on NK ce11 activity and IFN 

production in GVH-reactive animaIs when both NK cell activity 

and IFN titers had declined. The results show that a single in 

~!~~ injection (I.P.) of Po1y I:C (lOOug/animal) increased NK 

ce11 activity to levels of normal non-po1y I:C treated mice, 

wh1.ch was much less than the NK activity observed in normal 

mi2e treated with Poly I:C. IFN production and NK cell activity 

of GVH mica treated with Poly I:C was only about 25-30% of NK 

activity and IFN titers observed in normal mice treated with 

-Po1y 1: C. These data show that IFN producing cells and NK cells" 

are pr~sent in the GVH- reactive animals and that Po1y I:C 

boosted NK ce11 activity and serum IFN titers show a close 

association, i.e., both NK cell activity and IFN 1evels of GVH 

mica were 25-30% of norma1 B6AFl response following Po1y I:C 

adminstration. 

9.3.4. THYHIe BISTOLOGY: 
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Table 9.4. shows that on days 30 and 35 after GVH 
l' 

induction moderate thymic lesions were observed in both 

untreated and Poly I:C treated GVH mice, whereas normal B6AFl 

mice that received Poly I:C possessed a normal thymic 

architecture, suggesting that Poly I:C did not have any effect 

on the thymus. 

9.3.5. BM NUCLEATED CELLULARITY FOLLOW ING GVH REACTION 

INDUCTION 

Figure 9.2 shows the BM cellularity of B6AFl mice on 

different days after the injection of 30xl0 6B6 PLe. The results 

show that the BMs of GVH mice became severely depleted of 

nuc leated cells by day 20 after GVH induction. Spontsneous 

repopulation of the BM starts by day 30 and by day 60 after GVH 

induction complete repopulation of the BM was observed. 

9".3.6 SPLENIC NUCLEATED CELLULARITY FOLLOWING GVH REACTION 

INDUCTION: 

Figure 9.3 shows the splenie cellularity of B6AF-.l 

mice on different days after the injection of 30xl0 6 B6 PLe. The 

data show that the spleens of GVH mice become severely depleted 

of nucleated cells by day 30 post-GVH induction. Figure 9.3 

further shows that by day 60 post-GVH induction only partial 

repopulation of the spleens of GVH animaIs with mononuclear 
\ 

cells was observed. The kinetics of splenic nuclear cell 

~ 
repopulation in different ÇVH combinations a1so shown in 

chapter 7 (Figure 7.9). .. 

9.3.7. EFFECTS OF PGS AND POL Y 1: C PR.ETREATIIEHT ON NORMAL 
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ABD GVH IKKUNODKPRESSKD SPLENIC R~CELL ACTIVITY: 

Table 9.5 shows the effect of diff~rent 

concentrations of PGEI, PGE2 and PGF2 on normal/B6AFI 
, 

sp l enocyte s. PGEI and PGE2 pre t rea tmen t supp res se d sp fen ic NK 

cell activity of normal FI cells in a dose-dependent manner, 

whereas PGF2 had no significant effect. 

Table 9.6. demonstrates the effect of pretreatment wlth 

different PGs, either alone or in combination wlth Poly I:C, on 

the NK cell actlvlty against YAC targets of normal and GVH 

splenocytes. When splenic NK cells from GVH mice were treated 

w i the 1 the r P G sor Pol yI: C p rio r tom i x i n g w i th ta :t'.g e t s , a 

slight enhancement of NK cell activity was observed. When 

splenic cells from GVH-reactive mice were pretreated with bath 

PGs and Poly I:C hlgher NK cytotoxicity was induced than NK 

eytotoxicity indueed in GVH splenocytes by PG or Poly I:C 

treatment alone. In contrast, PGEI or PGE2 pretreatment 

inhibited endogenous as weIL as in Y!fE~ Poly I:C activated 

normal splenie NK eell activity. 

9.4 DISCUSSION 

The results presented in this chapter show that the 

early enhaneement (up ta day 12 after GVH induction) and the 

latter d~presslon (by day 30 after GVH induction) of splenic NK 

cell aetivity parallels se~um IF~ t~ers during the course of , 
GVH reactlons. By day 30 af;e~YH induction, bath the splenie 

~'" 
NK cell actlvlty as well as serum) IFN titers could only be 
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partially boosted by !~ y!y~ administration of Poly l'C, ln 
, . 

addition, NK cell activity of GVH immuno.uppressed splenocytes 

could be boosted following !n Y!E!~ treatment with PGs and Poly 

l : C • h 0 w ev e r , un 1 i k eth e s p 1 en i c T - c e 11 pro 1 i fer a t 1 v e ~u net ion 

(chapter 8), splenie NK eell activity of GVH immunodepressed 

mice could be restored by PGs and Poly I:C treatment at the 

time when the thymic medullary injury "'as still evident The 

results suggest that NK cells are present in the spleens of GVH 

mice but are not able to express fully their eytolytic 

potential. Furthermore, the restoration of splenie NK eell 

a ct i vit yin Y!E.E~ 0 f G V H mie e do es no t r e qui r e co m pl ete 

regeneration of the thymie medulla. 
~ 

In chapters 4, S, and 6, we have shown that the early 

appearance of NK cell aetivity, probably of donor origin, may . 
play an important role in the development of GVH induced tissue 

damage. Therefore, an understanding of the mechanism(s) 

responsible for enhanced NK eell activity following GVH 

induction May be useful for manipulating and possibly 

preventing the development of tissue damage associated wit~ GVH 

reaetions. In ehapter 3, data were presented (Figures 3.8 and 

3.9) showing that supernatants from GVH-reaetive lymphoid cells 

were able to inquee NK cell activity (YAC killing) in normal 

'-
lymph node and bone marrow eells. Although, the active 

eomponent of the GVH supernatants that induced NK celi ~ctivity 

in normal Iymphoid cells was not characterized, it la possible 

that the supernatants contained IFN. We have previou8ly 

reported high titers of IFN in supernatanés obtain4d from !B 
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Y.t~!~ cultured GVH splenocytes (Zawatsky et al., 1979). The 

data presented in this chapter (Table 9.2) show a close 

association between augmented serum IFN titers and augmented 

splenic ~K cell activity early after GVH reaction induction. 

Thus, the data presented in this chapter would strongly suggest 

that during the early phase of GVH reactions augmented NK cell 

a c t l'v i t Y m a y b e due, a t 1 e a s tin par t , to augmented IFN 

production. This augmented IFN produc~ion may play an important 

roI e in r e c ru i tin g and /0 r a c t i vat in g N K c e Il S 0 f 'b 0 th h 0 s t an d 

donor origin. The activated donor NK cells may th en inflict-

tissue damage (chapter 6). 

The data presented in table 9.3 show that on days 30 and 

35 after GVH induction, splenic NK cell activity as weIl as 

serum IFN. titers of GVH immunodepressed mice could be partially 

b 00 ste d b Y !!! y.!.y~ ad min i s t rat ion 0 f Pol yI: C . The da t a in" 

tables 9 3 show that, in absolute terms, the Po~y I:C induced 

augmentation of NK ce Il activity in GVH mice was significantly 

lower than'Poly I:C induced augmentation of NK cell activi~y in 

no r mal m i c e (1 5 % and 13 % in G V H mie e ver sus 5 6"\ and 4 9 % in 
.,. 

normal mice). However, the ratio of Poly I:C boosted NK ce; 

activlty in .both the GVH ~ .activity to endogenous NK cell 

lmmunosuppressed and normal mice was the same, i.e., between 3-

f 

4 fold increase (Table 9.3). Table 9.3 further shows that the 

endogenous GVH sple-nic NK dell activi ty was approximate ly 30% 

',of tM endogenous noralal NK cell ac'tivi ty and 'tha t the Po 1y 1: C 

boosted G~H sp1enlc_NK cell activity and serum IFN titers were 

alsPo approxill'ately 30t o,f the Poly I:C boosted normal NK cell 
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o activity and serum IFN titers. Furthermo"'te, the data presented 

in figure 9.3 (also see chapte-r 7; Figur.e 7.9) show that by day 

30 after GVH induct.n the splenic cellularity of GVH mice 1s 

also approximately 30% of the'nbrmâ~ cellularity The data thus 

show that NK cells and IFN- producing cells are present in the 

lymphoid tissues of GVH induced immunodepressed mice and that 

the function of the cells could be boosted by Poly l C These 

results suggest that depressed splenic NK"cell activity and 

IFN production May be due, at least in part, to depletion of 

splenic mononuclear cells. 

The data presented in table 9 6 demonstrate that GVH 

depressed splenie NK cell activity can also be boosted by !~ 

o ~!~!~ treatment of GVH splenocytes with PGs and Poly l C at the 

time of splenic cell depletion. In contrast, PtEl and PGE2 

suppressed both the endogenous and Poly I:C boosted normal 

splenic NK cell aetivity. The boosting of GVH depressed splenic 

NK cell activity by PGs and Poly I:C treatment at the time of 

~. s~lenic cell depletion (day 30-45 after GVH induction) sugge~ts 

that some other meehanism(s) beside splenie mononucl~ar eell 

depletion May be involved in the depression of splenie NK eell 

activity. One meehanism l'esponsible for the depressed 'GVH 

splenic NK cell activity at the time of splenie mononuelear 

celi depletion lIIay be a continuous production of lymphokines 

during the early phase of the GVH reaction. The continuous 

production of l~mphokines may d~plete the substrates neeessary 

for lymphokine production. The depl='esaed production of these 

" lymphokines may result in decreased NK cytolyt1e activity. tt 
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has been reported that mice infected persistently with virus or 

injected continuous1y with IFN inducers become hyporeactive, 

i.e., either produce very Iow amounts of IFN or fail to produ~e 

Any IFN in response to subsequent stimuli (St'ringfellow, 1978). 

During GVH reactions there is a continuous production of IFN up 

to day 12, followed by a dec1ine reaching background levels by 

day 30 after GVH induction. After day 30, IFN can only be 
lA 
partially boosted by Poly I:C (Table 9.3). Lapp et al. (1980) 

have also reported that GVH splenocytes produce copious amounts 

of PGE up to day 10, followed by a rapid decli~ to undectable 

levels by day 30 after GVH induction. PGE producto.ion could not 

be induced by C.parvum after day 30 of GVH induction (Lapp 

unpubliahed observations). Since !E ~.!!!~ pretreatment of GVH 

aplenocytes with PGs and Poly I:C boosts splenic NK cell 

activity, i.t is plausible that d~creased produ~tion of IFN 

and/or PG by cells in GVH-reactive anim~ls may also, at least 

in part, contribute to the depressed aplenic NK cell activity 

of GVH mice, in addition to the aplenic mononuclear cell 

depletion. 

The data presented in this chapter (Figure 9.3) further 

show that bl day 60 after GVH induction aplenic cellularity 

increases and reachea about 65' of normal splenic ce1lularity, 

yet the splenie NK cell activit~remains severely depressed 

(Table 9.6). On day 60 after GVH induction, the depressed 

.• plenic NK 'cell activity ean also be boosted by !!! Y!!!..2 

pretreatment of GVH splenocytes vith PGs and Poly'~:C (Table 

9.6). Theoboosting (restoration) of GVH depressed splenie NK 
~ 
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o 9.6). The boosting (restoration)-of GVH depressed splenic NK 

cell activity by PG and Poly I:C pretreatment at the time of 

splenie repopulation suggests that some other meehanism(s) 

basides splenic mononuelear cell depletion and hyporeactivity 

of the surviving cells may be involved in the depression of 

splenie NK cell activity (since "newly" formed mononuclear 

cells should be present in the repopulated spleens) The data 

presented in figure 9.2 show that by day 20 after GVH 

induction, the BM of GVH mice becomes severely hypocellular (BM 

mononueiear cellularity may reach approximately 17% of normal) 

However, by day 60 post-GVH induction, BM eellularity 

spontaneously increases and reaches normal levels (97% of 

normal) (Figure 9.2). lt was shown in chapter 3 (Figure 3 7) 
, 

o that the BM NK cell aetivity not only reappeared but was 

dramatically augmented by day 60 after GVH induction, a Cime 

when BM cellularity reaches normal levels (Figure 9.2). In 

contrast, splenie NK cell activity reÏnained severely depressed 

up to day 150 after GVH induction (chapter 3, Figure 3.5). The 

fact Chat the NK cell activity recovers in the BM but not the 

spleen (chapter 3), by: day 60 sfter GVH induction, s.uggests 

that NK cells produced in the BM are exported to the spleen, 

however, these spleni~ NK cells do not undergo spleen 

"dependent" maturation and ~re unable to e~press their full 

cyt;olytic potential. 

'J 

Several etudies have recently' reported heterogenelty 

within NK4ee 11s (Tai et ai., 1980: Lust et al., 1981). lt has 

been suggested that certain eub-population. of NK cel)s are BM 
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dependent while others are spleen dependent for their complete 

maturation (Lust et al., 1981). The spleen dependant NK cell 

populations, although produced in the HM (Haller, 1977; Haller 

et aL, 1977), perhaps undergo further maturation and 

differentiation in th~ aplenie microenvironment (Lust et aL, 

1981). /tt is possible that the, splenie microenvironment of CVH-

reactive animaIs may not be conducive to further maturation of 

Î NK cells (expression of cytolytic potential). In faet, 

\~~ 
Pattengale et al. (1983) have reported that the spleens of GVH-

reactive animaIs have altered histology. The data presented in 

this ehapter (Table 9.6) do not show whether boostable splenie 

NK cells at the time of splenie repopùlation are "new" BM 

derived NK cells or not. However, the data presented in table 
, 

9.6 showing that PGs and Poly I:C pretreatment can boost GVH 

depr~ssed splenie NK cell aetivity at the time of splenie 

repopulation (Figure 9.3) suggest that NK eells are present in 

the repopulateè spleens but fail to express their eyto1ytic 
~ 

potential. 

In br.ief, the data presented in this ehapter (and a1so in 

chapter 3) suggest that the eontinued depression of ~plenic NK 

cell a~tivity in GVH mi ce May be due to at least four 

mechanisms (i) splenie mononuclear eell depletion; (ii) 
, 

hyporeaetivity of lymphokine producing cell~; (ill) a PG 

sensitive suppreslor meehanisM in the spleen but not in the 

bon. marrow; and. finally. (iv) lack of expression of cytolytie 

potential by splenic NK' cells. l.e •• a defect in spleen 
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dependent NK cell maturation. These four possibilities may not 

be mutually exclusive 

The association between thymie dysplasia and NK eell 

aetivity (Tables 9.4 and 9.6) does not coneur with the 

relationship between thymie dysplasia and T-eell funetion as 

des cri b e d in the pre vi 0 use ha pte r (c h a pte r. 8) The data 

presented in this ehapter showing Chat NK cell aetivity can be 

restored even when thymie medullary dysplasia is evident 

suggest that splenic NK eell activity can be restored earlier 

than splenic T-cell proliferative function and Chat the 

restoration of splenic NK cell activity is independent of 

thymie medullary regeneration . It is believed chat NK cells 

and T-cells belong to the same lineage, and represent different 

stages in maturation/differentiation (Herberban e.t al., 1979; 

Herberman and Holden, 1978; Shellam, 1977; Kaplan, 1985) . It 

has been proposed that NK cells are pre-T~ç.è·lls and the thymie , . 
hormones (or the presense of a normal thymus) induced 

J depression lof NK ce II activity reflects a shift in pre-T-cells 

(NK cells) into more mature T-cells (Bardos et al., 198~) 

"\ 
Similarly, thymectomy (or the a1>sense of t;he thymus as in nu/nu 

mice) increases the pre-T-cell pool and therefore, increases NK 

cell activity (Shellam, 1977; Herberman et aL, 1979). If NK 

cells are pre-T-cells as 15 believed, then it i8 possible that 

the presense of boostable NK cells ln GVH spleens may represent 

Jimmature pre-T-cells which do not require an architecturally 

normal thymie medulla. In fact, we have observed that GVH SM 

continues to produce pre-T-cells (Seddi1c et al., 1984b) 
\ 
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On different days post PlC injection 
the following studies were perfonmed 
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Figure 9.1 Experimental design used to investigate the possible mechanism(s) of depression'of splenic NI< cell 
activity during the course of GVH reactions. 
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Table 9.1: PFC/spleen response to SRBC of B6AFI mice after the injection of 30xl06 B6 PlC. 

Days after 
GYH 

induction a 
PFC/spleen ± S.E X 10-3 

0 117.3 t 11.7 

, 

1 

8 9.7 ± 3.3 

12 0.1 t 0.1 

a Three an1mals/day were tested for the PFC response. 
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Table 9.2: Splenlc NK cell acthity and serum IFN titers of 86AFl mlce on different days after the 
Injection of 30xl0606 PLe. 

Vays after 
GVH Induction 

4 

8 

12 

30 

% S~eclfic L~si~b 
YAC-l PBlS 

12 1 
..... 

lB 1 

44 8 

32 ·9 

2 

Serum 1 FN t Hers (u/ml )e 

V 

40 .. 
. 80 

120 

0 

r' 

en 
~ 
~ 

a 4 anlmals/day were randolllly s~lected from a pool of miee 

b The effector : target cetl ratio used was 50:1 
/~ 

c On each day IF" t1ters were detennlned ln pooled serum of 4 animals ) 

~ 
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~ 
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Table 9.3 

" 

Groups 

Expt.1 

86AFl 
\ 

86AFl 

86AFI (GVH) 

1) 

B6AFl (GVH) 
<f 

Expt.2 

B6AFl 

B6AFl 

86AFI (GVH) 

86AFl (GVH) 

" 

~ 0 1 " 

~., i . .\ t n. . t 

<?~ 
1 

Effect of in vivo administration of poly I:C on NK cell activity and IFN production 
in normal and GVH react1ve B6AF1 hybr1ds. 

Poly I:C Days Post 
~ Specifie lysis Treatment GVH 

in vivo Induction YAC P8lS IFN Tf ter (u/ml) 
'\ 

-----

.' 
15.41 0.89 0 

1 

+ 56.00 4.55 1 560 

JO 4.10 -0.46 0 

+ 30 15.48 1.46 150 

10.62 -1.11 0 

+ 49.22 3.19 480 

35 3.25 ND 0 

+ 35 12.99 ND 140 
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" r lable 9.4: Uegree or thymie ln jury observed in GYllmtee treated with Poly I:C. 

l>ays after 
GVII 
inductfon 

0 

30 

--
35 

a (-) 

b (-) 

o 

Poly I:C Thymi e Injury b 
treatment 
(100 ulll/mouse)a Cortex Hedulla 

+ 

~ + + 
+ + + 

+. + 
+ + + 

110 poly J:C treatment; (+) poly l:C treatlIIent 

no lestons were observed; (+) lestons were visible 
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Table 9.5 Effects of pretreat~ent of spl~ocytes with dlfferent concentratlons of PGE~ 
PGE2, and F2~on splenie NK cell actlvlty of norma\ B6AFl mlce. ,~, 

PG (moles) 
r '-ea tlllen t 

PGEI 10- 4 

PGEl 10-6 

PGEI 10- 9 

PGEI 10- 12 

PGE2 10- 4 

PGE2 10-6 
, 
PGE2 10- 9 

PGE2 10- 12 

PGF2J.. 10- 4 

PGF2g1. 10-6 

PGF2.,t.. 10-9 

PGF2o<.. 10- 12 

~ 

% C~~cltY agalnst YAC Targetsll-.. 
[: T 5U: 1 

13.7 ± 2.1 

7.2±.1.5 

10.3 ±. 2.5 

13.51:..1.1 

14.8.±.. I.4 

É 

6.6 :t. 1.5 

9.0 .±. 2.0 
(1l.3.±..2.3 

14.7 .±. 1.6 

13.2.±1.1 

14.91.2.2 

16.0 1. 2.5 

12.6 ±. 1.3 

a Ihe data Is p"esenled as ",ean .±. S.E. of three seperate experlments 
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Table 9.6 Effects of in vitro pretreatment of splenocytes with either PGs and Pol~ I:C alone or in combination 
on splenic NK cell act1v1ty of nonmal and GYH react1ve 86AFI m1ce. a 

% S~eclrlc Il:sls or YAC-l il: r = !JU:ll 

lreatment Days Post GVU Induction 

PGs (moles) Poly I:C (lUUuy/ml) U 3U 45 6U 

10.0 0 Z.O l.o 

El 10-6 6.0 3.5 4.U 

El 10-9 9.0 1.0 5.0 7.0 

E2 10-6 7.0 4.5 9.0 

Ea 10-9 7.5 4.0 5.5 8.0 

FZ~ 10-6 9.0 6.5 9.0 

F2a{ 10-9 8.5 2.0 5.0 1.U 

- , t 11.5 Z.5 5.5 7.0 

El lU-6 + 9.5 7.5 13.0 
1 

El 10- 9 t 11.0 8.0 6.0 14.5 

E2 10-6 + 12.5 13.0 19.5 

E2 10-9 + 15.0 7.0 21.0 21.0 

F2oC. 10-6 + 14.0 13.0 20.5 

FZ,,", 10-9 t 16.5 10.5 9.5 16.5 

" , 
GYH react10ns were 1nduced in 86AFI mfce by\ 1nject1ng 30xI06 86 PlC. r" a 
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GENERAL DISCUSSION 

The-results presented in this thesis demonstrate the 

relationship between the immune functiona1, morpho1ogica1, and 
. 

histopathologica1 changes associated with the GVH reaction. ',.le 

have investigated the relations1Hp between ,these three features 

of the GVH reaction by: (1) inducing GVH reactions of various 

Intensities in different GVH genetie combinations (A- ->a6AF1; 

B6-->B6AF1); and, (ii) employing parent in ta F1 GVH 

combinations with or without an NK ce11 functional defect. 

In brief, on the basis of the data presented in this 

thesis, the GVH reaction (at 1east in the parent into non-X-

irradiated Fl hybrid) can be divided into 3 phases: (1) The 

early act;ve phase (between days 1-16 after GVH induction) 

during whicb-both the host ('s measured by sp1enomegaly) as 

wel1 as donor <as measured by de"·elopment of tissue damage) 

cells are active. During this phase of the GVH reaction severe 

immunosuppression of the PFC response to SRSC and/or T-cell 

pro1iferative responses are a1so observed. (2) The "quiescent~ 

--; 
phase (between days 17-50 after GVH induction) during which the 

T-ce1l, B-ce1l, and NK cell functions are severe1y deficient 

and GVH-associated tissue lesions are c1early visible. (3) The 

late active phase (beyond day SO after GVH induction) during 

which regeneration of tissue architecture &nd immune function 

takes place. 
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The o~servations presentèd in this thesia demonstrate 

that the intensity of evants (related to donor NK cell 

function) during the early acti~e phase of the GVH reactton May 

determine both the duration of the quiesent phase as well as 

the time required fo~ the tissue architectural regeneration and 

immune funetion recovery during the lat,e active pnase of the 
i .. .é 

GVH reaetion. Thus, the significanee of the events during the 

early active phase of the GVH reaction is obvious. We have 

investigated v-arious GVH-as50eiated e'<rents during the ·early 

active phase of the GVH reaet10n by perform1ng ~orrelatlve 

studies. Such correlative studies of the various GVH-assoeiated, 

par a met ers dur 1 n g - the e a r l y a c t 1 v e p h a s e are ~)D p 0 r tan t 1 n 

determining t~ose parameters that ean predict later events 

during the course of a GVH reaetion. In the following section a 

brief discussion is presented on the relationship between the 

various immune functional, morphologieal, and histopatho~ogical 

changes observed during the early active phase of the GVH 
.1 

reaetion. 

The data presented in this thesis show a eleaI 

dissociation between the GVH-induced splenomegaly and the 

development of GVH-induced histopathological_lesions in 

lymphoid and non-lymphoid organs (chapter 6 and 7). The two 

main assay syste~s routinely employed to assess the induction 

and intensity of G"'lH rea'ctions are sp1enomega1y and 

morta11ty/weight 10ss assays. Splenomega1y measures the 

proliferat~ve phase, whereas morta1ity/weight 16ss measures the 
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effector phase of the GVH reactions (for details of the two -
ph •• es of the GVH reaction see ehapter 1). Splenomegaly is a 

consequence of donor T-cell activation whieh results in the 

re c rui tmen t 0 f hos t ce Ils, mainly mac rophages and macrophage-

like cells. In contrast, mortality and weight loss are L. 

consequence of GVH-induced tissue damage. Most workers have 

employed eithe~ splenomegaly or mortality and weight loss 
1 

assays to assess the induction and intensity of GVH reactions 

However, the few workers who have employed the two assays upder 

similar conditions havê observed'a lack of cor~elation between 

the two. \ 

1 

No studies are available on the relationship between 

~ splenomegaly and the deve~opment of histopathological lesions. 

Su~h studies are important since it has been suggested that 

~_~nd wéight loss may be due to tissue damage. lt is, 

ial that t~ssue damage would always lead to 

mortality. l t i s , therefore, possible that although 

sp.lenomegaly may not correlate with mortality, it may stdll 

correlate with the intensiçy of tissue damage (the possiblity, 

therefore exists~hat tissue ~a~age is more sensitive than 

mortality). The data presented in chapters 6 and 7 clearly 

demonstrate a lack of correla~ion between the degree of 

spI e nom e gal y_ and the i n t e n s i ~ Y 0 f G V H - a s soc i a t e d 

histopathologieal lesions. These data strongly suggest that the 

spienomegaly and CYH-associated tissue dam~ge are two distinct 

fe.ture. of the CVH reactlon and May be mediated by separate 

lIechanlama. 
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Previous data from thi. 1aboratory have demonstrated twC! 

distinct phases of CVH-induced immunosuppression, namaly, an 

e a r 1 y p h a s e and a 1 a tep h a s a e a,c h cau s e d b Y d i Lf e r e n t 

mechanisms (Lapp et ,aL, 1985). During the early phase, at 

laast two mechanisms were found· to be operative. First, aVH-
! 

reactions resu1ted in a quantitative increase in splenie 

macrophages (Elie and Lapp, 1976,1977) which produced eopious 

amounts of PGE (Lapp et al,1980) and suppressed T-helper cell 

futJction. Second, the early GVH induced immunoBuppresslon was 

aIs 0 fou n'd t 0 b e , a t l e a s t 1 n par t , as soc i a t e d w i th the 

depletion of thymie and/or T-cell derived factor(s).(Grushka 

and Lapp,1971, 1974; Lapp et al, 1974; Elié et aL, 1974). The 

results presented in chapter 6 showing that the bg/b8' PLC are 

_~_- _ ...... 1' .... to induee splenomegaly and early sev,re immunosupprassion 

of the PFC response but only partial suppression of T-cell 

mitogen responses suggest that the bg/hg PLC can activate 

meehanisms responsible for the recruitment of host cells 

(splenomegaly) as weIl -as early severe immunosuppression of the 

PFC response. Whether both the excess PGE production as weIl as 

the depletion of thymie and/or T-cell derived faetor(s) are 

.~ s s e nt i a 1 for the se ver e su pp r e \ s 1 on 0 f T - ce Il pro li fer a t 1 v e 

responses ls not elear at the moment. Oue re.ults show: (1) a 

dissociation between the severe suppression of the PFC response 

to SRBC and ~he severe suppr8'sslon of the T-call mitogen 

responses early after CVH induction; and, (11) a dissociation 
...,.. 

between the degree of ~plenomegaly _~nd the severe suppreslion 
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of T-cell mitoge,n responaes (chapter 6). 
\'~ 

l, 

The dissociation of the PFC response to SRBC and the T-

cell mitogen responses suggest that T-cell dependent B-cell 

re~ponses (PFC response) are more susceptible to the early 

suppresslve effects of the CVH reaction than the T-cell 

proliferative responses. The suppression of the PFC response. 

,1 but not the T-cell proliferative response. can be observed in 

the absence of visible thymic alterations (chapter 6' . see 

bg/bg-· ->+/bg GVH group). This dissociation between the 

suppression of the T-cell cooperative responses and the T-cell 

and B-cell proliferatlve responses early ,after CVH induction 

has also been obsetved in our more recent studies. In these 

studies (Ghayur. Seemayer. and Lapp. unpublished observations) 

at'tempts were made to deplete donor B6 (non-hg/bg mu{;ant) mice 

of their endogenous as well as recruitable NK cell precursors 

(the protocol for NK cell depletion in donor mice is discussed 

1n detail below). Lymphoid cells from these NK depleted donor 

mice were then used to induce CVH reactions in normal B6AFl 

mice. On day 22 afcer GVH induction the animals were assessed 

for ehe PFe response to SRBC and T-cell and B-cell 

, pro l i fer a t ive r e s p 0 n ,s es. The r e sul t s 0 b t a i n e d f rom the s e 

atudies showed that the CVH mice were sev«rely suppressed ~or 

the PFC response to SRBC (15-20% of the normal response), 
\ ./ 

however both the T-eell &nd B-cel1 pro1lferacive responses were 

\ 

normal/near-noymal (85-110% of normal response). Moreover, 

apl.nomegaly "as observed _ in these CVH mice but no 

histop.thologieal les ions developed in the thymus and non-
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lymphoid organs (Ghayur, Seemayer, and Lapp; unpublished 

ob s e r'Va t ion s ) . 

The precise reason fo~ the differences in susceptibl1ities 

to suppression of the PFC response and the mitogerr responses 

ear1y after GVH induction is not yet clear. However, sinee T-

cell proliferative functions were only partially suppressed but 

the PFC responses were severely suppressed, ,the data presented 

in chapter 6 (GVH group bg/bg-->+/bg) would suggest that T-cell 

functions that are required for cooperation with B-cells in the 

" PFC Assay may be more sensitive to thymic and/or T-cell derived 

factor(s) dep1etion than T-cell pro1iferative functions. On the 

other hand, it is a1so possible that T-helper cel1 functions 

that are in'Volved in helping B-ce11s 1n the PFC assay are more 

sensitive to the suppressive effects of PGE than T-cell 

functions invo1ved in the T-ce11 pro1iferative responses.' 

However, the extreme dependence of T-cel1 cooperative functions 

on the presence of' "functiona1" thymie epit~elia1 <:ells and 

Hassall's corpuse1es is strengthened by resu1ts showing chat 

during the 

response to 

immune functional recovery in GVH miee the PFC 

SRBC ls observed on1y after the thymie ~ithe1ial 
cel1 clusters and Hassa11's corpuse1es have regenerated 

(chapter 7). 

The ear1y severe suppression of both the T-B-cell 

cooperative responses (the PFC response to SRDC) and T-cell 

pro11feratlve responses was 
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groups of GVH miee in which moderate-severe thymic lesions 

developed (chapter 5, and 6). If the depletion of thymie and/or 

T-eell derived faetor(s) ia (are) critical for indueing severe 

suppression of T-eell function tthen our data would suggest that 

the depletion ôf thymie atld/oJ:, T-eell derived factor(s) might 

result earlier than the visible moderate-severe thymic les ions. 

The a7;'guement tpat the depletion of thymie and/or T-cell 

derived factor o~eurs earlier than the visible moderate-severe 

thymic lesions is based upon observations showing chat the T-

cel) proliferative responses were severely suppressed by day 8 

and the·visible thymie alterat~ons (mild thymie lesions, see 

chapter 5) also started to appear qn the same day. However, / 

moderate-severe thymi~ lesions were clearly ~bserved on d~y 16 
~ . 

after GVH induction (chapter 5). The group of GVH mice that 

displayed mild thymic lesions (chapter 5; FI mice injected 

with lOxl0 6 A PLC) also beeame severely suppressed by day 16 

after GVH ~induction. The mild thymic dysplasia in this GVH 

combination was eharaeterized by p~rtial depletion of cortical 

lymphocytes and disappearance of medullary epithelial cell 

clusters and Hassall's eorpuscles. However, "small" individual 

medullary epith~lial cells and cortico-medullary demarcation 
, 

were elearly visible. The disappearance of "large" individual 

e p i the li ale e Il s. .<'"m e du Il a r y e p i the li al c e Ile c lu ste r s and 

Ha.sall's corpuseles, but not the "small" individual epithe1!a1 / 
1 

eells, may represent thymie changes that are associated with 

thymie factor def'letion. lt is possible that the "small" 

individusl thymie medullary epithelial cells may not be able to 

elth.r produce enough thymie factor(s) or totally lack the 
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capaciey to produce 8uch factors. Fa~tor production may be a 
. 

property rif Wlarge W individual epitheliar cells, epitheli~l 
, 

cell clustera and Hassall's corpuaclea present in the medulla. 

In contrast to _the early immunosuppr·e~sïon, severe-

petsisten~ GVH-induced immunosuppression was found to be, at 

• 
least in part, "due to thymie medullary dysplasia whieh resulted 

in a T-helper cell maturational Arrest (Seddik et aL, 1979, 

1980). Our reeent studies have further shown that thymie 

dysplasia resulted in a depletion of IL-2 producing, but not. 

IL-2 responding, cells (Mendez et aL, 1985a,1». 1L-2 

production ls essential for T-cell~responses (both mitogenie 

and antigenic)., The data ,presented in chapter 6 show that the 

+/bg PLC whieh induced severe prolonged immunosuppresslon of T-

ce Il mitogenic responses also indueed moderate-severe thymIe 
/ 

dysplasia. In contrast, the bg/bg PLC which laeked the capaeity 

to induce severe prolonged immunosuppression wer~ also 

deficient in mechanism(s} that induee thY}Dic' dysplasia. 

Sim i l a r l y, wh e n 20 and 1 0 x 1 0 6 B 6 PL C w e r e in j e e t e~ i n t 0 B 6 A FI 

mice only early partial immundsuppression' was observed. These . . 
cell doses failed to induee both severe persistent 

immunosuppression as weIl as moderate-severe thy~ic dysplasia 
q;I) 

(chapters 4, 5, and 7). These results 8uggest a close 
, 

association between the severe persistent suppression of T-cell 
« 

prolife!ative responses and moderate-sev.r~ thymic le.iods. 

Mor.,over, ~_he détrresented'/ in chapter 7 clearly show that the 

duration of severe prolonged T-cell imlluno.uppre •• ion i .... 

353 

r~ 

.. 

, . 



, , 

o 
." 

o 

.-

• 

• 

determined by the initial .everity of thymi~ injury. T-Cèll 

fune t;ional reeovery (a. a •• e.sed by m itogen tespons i ven",ss '. IL-

2 production, and the PFe response) was.,.gradual and coincided 

wj.th ... the graduaI regeneration ~f th" thym~c architecture 

(chapter 7). Furthermore, T-cell functions: of immuno'suppressed 
. " 

Ù 
GVH mice could be restored!!! y.!.!:!:~ only at the time when the 

thym~c medullary reg.eneration WilS observed (c,hapter 8). These 

\ results strongly sugge~; an important role f(jr the GVH induced 

thymie medullary dysplasia in maintaining the GVH-induced 
~ ~ 

prolonged immunosuppression. The possible mechanisms involved , 

in maintaing the thymus in a dysplastic state have been 

discussed in chapter 7 (section 7.4). 

S 1 ne eth a 1 n t e n s i t Y 0 f the in i t i al t i s sou e dam age 

date~.ines the time required for the recovery of jissue les ions 
.. 

and immunosuppression (chapter 7) it is importane to determine 

}' the cell type responAble for inflicting tissue damage. The 

data presented irt this thesi~on the relationship between the 

various immune functions and the development of moderate-se..!ere /" 

• 
t 1 5 5 U e dam a g è de mon s t rat eth a t the" t i s sue 1 ~ s ion s s t li rte d t a 

appaar at the time when T-eell functions were severely 

.uppressed and NK cell activity was at Its peak or' highly 
=-'f 

augmented (chapters 4 and 5). Moreover. folloWlng GVH 

-
1nduction, the davelopment of tissue injury correlated with the 

~ , 
activation of donor NK cell &ctivity but not host NK cell 

act1v1ty (chapter 6). The role for NK cells in ~VH pathogenesis 

1. ,furthe1i .trengthened by recent findings. .showing thàt : (i) 

.pecifie donor-ant1-host C'fLs may not be in:v.olvèd in GVH 
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induced pathogenes~s (Hamilton,1984; Judas and Péck,1983; 

Mason, 1981); and, (ii) 'administration of anti-asialo GMI 

(A~GMl) antibodies (which é lim in4 te NK ce Ils), to hosts 2, days 
. 

betore or Just prior to GVH induction prevents GVH-associated , . 
mortal! ty and the deve lopme~t of modera te - sev~r~ skln les ions ..... 

(Charley et·al:, 1983; Yarki1a and Hurme, 1985b), However, the , 
origin of NK cells (host, ~onor, or both host and donor) that 

p1ays jan active ro1e in GVH-associ.ated tissue da91age is still 

controversial. 

• 
In the studies cited above in which AsGMl antibodiet were 

administered Zto the reclpients prior to CVH induction, it wa! 

suggested that NK cells of host origin were the effector cel1s ,. . 
f P- , 

infl ic ting GVH- as soc ia ~èd t issue damage (Gharley et al., 1983; 

v f r kil a and Hu r me, 1 9 8 5 b ). t ne' con cep t th a t N K c e Il.s 0 f h 0 s t 

origin induce tiss~e lesions and mortality was strengthened by 

data showing that traatment of donor cells o~ donor mice with 

AsGMl antibodies couIëf not prevent CVH-associated mortality. 
1 

(such trea tment e limina tes endogenous NK ce Ils), Howeve r, in· 
" \ . ~ 

assign!ng an active rol~ for host NK cells in GVH pathogenesis 

the- following possibility should be c01\Sidered: the endogenous 

NK oells may not be important, but r'.ather NK cells and/or NK-

like cells (as assessed by YAC killing) which are "activated" 
" 

and recruited f"Ollowing a1.10antigen!c stimulation may be the 
(' fi 

e!fectors respons!ble for the GVH- lnduced ttssue lesions. 

\. If the a~ove pos.ibt1.1ty i. true tben tbe adllinl.ltratioll/ 
...--' , 
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of AsGMl antibodies to the host 2 days before or just ~\ior to 
( 

the induction of a~VH reaction would eliminate alloantigen 

"actlvated" and recruited NK cells of donor origin as well as 

NK cells of host origin In contrast, in vivo administration of 

AsGMl antibodies to the donor mice or lE Yl!E~ treatment of 

donor cells with AsGMi antibodies would only eliminate 

endogenous NK cells but not\.the recruitable precursors of NK 

and/or NK-llke cells In support of the above argument we have 

recently observed that treatment of donor B6 mice with AsGMl 

antibodies could not prevent either the GVH-induced moderate-

severe tissue injury or the severe persistent immunosuppression 

of both T-and B-cell proliferat1ve responses and the PFC 

response to SRBC (Ghayur, Seemayer, and Lapp unpublished j, 
observations) However, when the donor B6 mice weje injected 

( 

with ISxl0 6 B6AFI lymphoid cells (spleen and lynph node) and 

AsGMI antibodies and 36-40 hours later SOxl0 6 B6 lymphoid 

cells from these treated donor mice were injected into B6AFI 

mice, neither GVH-associated histopathological les ions 
oJ' 

developed nor immunosuppress1on of T-cell proliferat1ve 

function was observed (Ghayur, Seemayer, and Lapp unpublished 

observations). This treatment of donor mice with Fl cells and 

AsGMI antibodies probably eliminated e~dogenous as well as 

"activated" and recruited NK cells in., the donor mice The 

results described above regarding the prevention of GVH 

pathogenesis and 1mmunosuppressiop by treating donor mice with 

FI cells and anti-AsGMI antibodies in fact may reflect the 

situation in whic,h B6 hg/bg PLC (deficient NK cell function) 

were injected into +/bgFI mice (normal NK celi functions) 
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(chapter 6) These results (chapter 6, and our unpublished 

observation) strongly suggest that activated NK cells of donor 

origin but not the activated NK cells of host origin may play 

an active role in GVH-associated tissue damage (chapter 6, 

compare GVH groups bg/bg- ->+/bg and +/bg- ->bg/bg) 

The fact that moderate-severe tissue damage was only 

observed in the presence of activated donor but not activated 

host NK ee1ls, suggests speeificity for donor NK ce11s towards 

hast tissue The possible mechanisms for the generatlon of 

donor-anti-host specific NK cells (or NK-1ike cells) during the 

GVH reaetions have been discussed in detail in ::hapter 6 

However, it is worth noting that NK ce Ils are classically 

defined on a functional basis (ability ta kill YAC targets) 

YAC killing can be i\nduced in ~.!.~!.~ during mixed lymphocyte 

reactions (MLR) (Nieminin and Seksela,1984, Morretta et al, 

1984) MLRs are .!.!! ~!~!.~ correlates of GVH reactions !!! ,~!~~ 

" Thus, NK cel1s can be induced following allogenelc stimulation 

Dokhelar et al (1982) in humans, and Clancy et al (1983) in 

rats have sug~ested that specifie alloantlgen reactive T-cells 

can exert NK and/or NK-like functions at sorne stage of their 

maturation/differentlation followlng GVH induction and that , 

these cells may serve as effectors of the GVH pathogenesis If 

allo-antigen activated T-cells at a certain stage of their 

maturatlon/differentiation can exert NK-llke activity and can 

either directly or indirectly induce tissue damage, It then 

becomes important to investigate t''he relationship between T-
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cells and NK cells early after the induction of the GVH 

reaction. 

The data presented in this thesis demonstrate an inverse 

rel a t ion shi P b e t w e e n T - cel l and N K c e Il fun c t ion e a ~ Ly a f ter 

GVH induction (chapter 4, and 5) These data suggest that the 

T-cells and NK cells may have different sensitivities ta 
:-

" s~sion and/or activation Several workers have suggested 
• 

that NK cells are pre-T-cells or prothymocytes (Herberman and 

Holden, 1978; Herberman et aL, 1979, Kaplan, 1985). Our data 

show that NK cell or NK-like cell activity can be induced in 

the normal thymoeyte population (chapter 5). Induction of NK 

" ~. 

activity in human thymocytes by supernatants derived from MLR 

çultures (Toribio et al,1983) also supports the notion that NK 

cells are either present as a resident population within the 

normal thymus or NK-like activity ean be induced in thymocytes 

During thymie ontogeny cells with NK properties "are the first 

to appear in the thymus (Habo et a1., 1980; Koo et aL, 1982) 

These cells with NK properties disappear in the feta1 thymus at 

the time of ap'pearance of a funetional thymic medul1a (Habo et 

a1., 1980; Koo et aL, 1982). The studies presented in this 

thasis show highly augmented NK cell activity in the thymus 

between days 60-120 after GVH induction (chapter 3). The 

studies prasented in chapter 7 of this thesis show that between 

days 60-120 after GVH induction complete regeneration of the 

thymie cortex, but not the medulla, ls observed. Col1ectively, 

these stud1.es suggest that NK cells may he present in the 

--thymus and may represent a stage in T-ce11 
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maturation/differentiation. 

Several workers have shown a decrease in NK cell cytolytic 

activity by thymie hormones (Bardos et al, 1982), which are 

produced by medu11ary epithe1ial cells and Hassall's corpuscles 

(Stutman,1977). These workers have suggested that the decrease 

i n N K cella c t i vit Y b Y t h Y mie h 0 r mon e s m a y b e due t 0 a s h i.i-t 

from NK cells (pre-T-cells) towards more mature T-cells (Bardos 

et al., 1982) In contrast, in thymectomized or nude mice 

(which lack a thymus) the augmtented NK cell activity, may be 

due to the accumulation of pre-T-cells (Shellam, 1977, 

Herberman et al., 1975a; Herberman et al., 1979) We have 

previously reported (and as discussed above) that early after 

the induction of GVH reactions, depletion of thymie and/or T-

cel1 derived factors are observed which resu1t in the 

depression of-T-cell -~unctions (Grushka and Lapp,197l,1974, 

Lapp et al , 1974, Elie et al., 1974). A dep1etion of thymie 

factor(s) could result in an inc~ease of NK cells of the pre-T-

cell lineage. Furthermore, early after GVH induction, IFN 

( Z a w a t s k y e t al., 197 9_; aIs 0 se e cha pte r 9) and P G s (L a pp e t 

al., 1980) are produced. Both of these lymphokines inhibi t T· 

/ 

cell functions (proliferation). In contrast, IFN is a potent 

in~er of NK cell activlty (Gidlund et ,,1 , 1978, Djeu et al, 

1979; Trinchieri and Santol!, 1978; Senik et al, 1979) 

Enhancement of NK cell activity by IFN ls due to (a) 

.... 
enhancement of the lytic potential of mature NK cells and, (b) 

recruitment and maturation of pre-NK cells (Seksela- et al , 

359 

( , 



• 
h 

1979; Heron et al., 1979; Minato et aL, 1980; Senik et aL, 

1980). IFN in combination with PCs enhance the recycling of NK 

e-ell lytic ability (Targan,1981). Thus, early after GVH 

induction, a combination of factors that would exert a negative 

effect on T-call. functions would exert a positive influence oh 

NK cell activity. 

If NK cells or a subpopulation of NK cells are pre-! cells 

it would then appear that under the conditions of intense 

immune reactions, eg., a CVH reaction, in which the classical 

s p e c i fic i m m une t:.e ,s p 0 n ses ( m pre e vol v e d r e s p 0 n ses) f ail 0 r 

cannot function, the more primitive effector mechanism(s), 

I.e., NK or NK-like cells would take over. Karre (1985) has 

• 
r~cently suggested that in mammals NK cells constitute a more 

primitive defense mechanism as compared ta the T-cell defence 

system. This concept of a functional shift from more evolved ta 

primitive levels by the immune system during a CVH reactioI1, las 
suggested above, may have implications in understanding the 

functional aspects of the immune system. A shift in the immune 

sysçem towards more primitive functions under adverse 

conditions.may also provide some insight into the effector 

mechanisms during GVH re,actions in animaIs and in human 

recipients who have been prepared for bone marrow 

transplantation with various regimens (eg., Cyclophosphamide, 

Cyclosporin A and x-irradiation). 

The results presented in this thesis and as discussed 

above demonstrate that dur!ng the eafly active phase of the CVH 
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reaction a complex series of evants are initiated which result 

in various immune functional, morpho~ogical, and 

histopathological'alterations associated with the GVH reaction 

These various GVH-associated Alterations may be mediated by 

different mechanisms (or a combina,tion of mechanisms) and can 

be dissociated from one abother on the basis of a lack of 

correlation. This lack of correlation between various GVH-

associated parameters employed to assess GVH reactions raises 

important questions. (1) Can the use of one parameter at a 

particular time early after GVH induction provide information 

about the GVH reaction as a whole or does it only provide 

information about one particular aspect of the GVH reaction at 

ace r t a i n t i œ e ? ( 2) C a n the r e sul t s 0 f 0 n e par a met e-r a t B 

certain time be used to extrapolate its effect on other GVH-

associated parameters? These questions are important 

especially when: (a) GVH reactions are induced after various 

forms of manipulations of the host and/or donor mice; (b) the 

host and/or donor mice are deficient in a particullf.r ,celi 

function; or (c) GVH reactions of various intensities are 

in duc e d in di f fer e nt g en e tic c Oro b in a t ion s The da ta pre s e Jt e d 

in this thesia ,certainly suggest that the use of one parameter 

a t a par tic u l a r p 0 i n t a f ter G V H i n duc t ion t,,e Ils lit t l e ab 0 u t 

the GVH reaetion as a whole, but rather provides informatron 

regarding that specifie parameter during a particular phase of 

the GVH reactien. 

A surprising aspect of the results ls that dysplastic 
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thymus8s regenerate a normal architecture and eventually normal 

function. The time required for the regeneration of the tissue 

architecture and immune functional recovery during the late . . 

active phase of the GVH reaction is determined by the severity 

of avants during the early active phase of the GVH ~eaction 

(chapter 7). In the fol-lowing section we shall discus§ the 

regeneration of the immune system (both structural and 
é_ 

functional) during the late active phase of the GVH reaction. 

The emphasis in the following section shall be on the possible 

role of the regenerating thymus and the BM in providing a 

milieu in which normal immune functions of an adult animal can 

develop. 

The thymie dysplasia (chapters 5,6, and 7), which results 

inothe destruction of medullary eplthelial cells and Hassall's 

cQrpuscles (Seemayar et al., 1977, 1978), results in a T-helper 

cell maturational defect (Seddik et al., 1979, 1980). This 

thymic destr'uction in GVH animaIs may serve as an equ-i.valant to 

!n Y!Y,2 "thymectomy". Similarly, GVH reactions induce 

histopathological lesions (Githen et aL, 1968; Ishihara and 

Shimanina, 

nucleated 

1980; Hirabayashi, 1981) and severe depletion of 

9 
cells in the BM (chapter 9, Figure 9.2). The 

depletion of BM has been shown to be associ'ated with the 

cessation of B-cell genesis (Xenatostas et aL, 1986). However, 

with tillA after GVH induction, complete regeneratlon of the 

thym i.e medullary arch! tec ture (chapte r 7) as we 11 as comp le te 

,repopulation 'of the BM (chapter 9) are observed. The thymic 

regeneration takes place in the following ortier: cortical 
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regeneration and appearance of cortico-medullary demarcation; 

regeneratio~ of individual medullary epithelial cells, and, 

finally, epithelial cell clusters and Hassall's eorpuselés 

( e tt a pte r 7). Mor e 0 ver, the reg e n e r BIt ion 0 f th Y mie are h i tee tu r e 

may oeeur eariier than thymie functional recovery (hormone 

production) (chapter 8). The regeneration of the thymus and 

the repopulation of the BM are associated with the reeovery of 

T-cell and B~ll immunocompetanee. 

recovery i5 ~so gradual and appear5 in 

The immune funetional 

the following order B-

cel l pro 1 i fer a t ive r e s p 0 n ses; Con Are s ~ 0 n s ive T· cel l s; ,/P H A 

r e s p 0 n s ive T - c e Il s; and, fin a H. y T - h ~l p e r e e Il de pen den t B - e e ~ l 

responses (chapter 7). Thu5, the gradual thymie medullary 

~egeneration, the graduaI SM repopulation, and the gradua] 

immune functional reeovery provide an .!D ~.!~~ model to study 

the role of thymie medullary components and the BM in the 

development of the immune system ln an adult animal. 

A comparison of the kinetics of BM repopulation and thymie 

regeneration (ln B6AFl miee injected with 30xl0 6 86 1>LC) shows 

that thymie cortical regeneration (cortical repopulation) 

(ehapter 7) and the appearance of cortico-medullary demarcation 

oecur approximately at the time of complete SM repopulation 

(about day 60 after GVH induction, chapter 9). In B6AFl mice 
• 

injeeted with 20xl0 6 A PLC thymie cortical regeneration was 

observed by day 75 after GVH induction (chapter 7; Figure 7.3). 

In this GVH combination complete BM repopulation was also 

observed by day.70-75 after GVH induction (Xenacostas, Ghayur, 

Osmond, and Lapp, unpublished, obervations). Whether the 
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Cortico-medullary demarcation appears éarlier than the cortical 

repopulation la not elear. Furthermore, at th~ time of cortical 

regeneration and. the appearance of cortieo-medullary 

demarcatlon, although the cortex ls densely packed with 

lymphocytes, the medulla 18 still dePl~d of lymphocytes 

( Fig. 7 . 4 a) . Th i s 0 b s e r vat ion ra 1 ses i n ter e 's tin g que s t ion s : ( a ) 

does the appearance of cortico-medullary demarcation "actively" 

exclude thymoeytes' from entry into the medulla and therefore 

allows the medullary cells (epithelial cells ) to regenerate 7, 

(h) do the medullary cells (epithelial cells) provide a signal 

(factor(s» which allows the cortical thymoeytes (seleeted, 

more mature thymocytes) to enter the medulla 1; or, (e) do the 

cortical thymocytes in some way provide a signal for the 

reg~neration of the medul~a? The later possibillty is 

intrlguing sinee during thymie ontogeny the first Wave of 

thymocytes entering the thymie anlage provides a stimulus for 

the âifferentiation and development of the thymie medulla 

~ 

(epithelial cells) (LeDouarin and Jetereau, 1975; Owen and 

Ritter,1969; Moore and Owen,1967). However, during ontogeny it-

takes 2-3 days for the development of the medulla, yet ln the 

adult CVH animal the medullary regeneration takes approximately 

60-75 days after cortical regeneration (chapter 7). Whether 

this differenee in the time of development of the medulla in 

the adult CVH animal and durlng ontogeny is eithe.r due to the 

.. 
different environmental conditions under whieh the thymus has 

to develop (as discussed in chapter 7) or the mechanism(s) of 

thymie development in an adult animal and that during ontogeny 
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o are totally different i9 not clear. 

It has'been suggested that the main function of the thymus 

is to generate clonal"diversity and delete self-reactive clones 

(Burnet, 1962; Jerne, 1971); impart H-2 restriction 

(Zinkernagal et al,1978a,b; Bevan,1977; Fink and Bevan,1978), 

and, final1y induce the capacity to initiate and amplify the T-

celi immune response (generation of 1L-2 producing T-helper 

ce11s) (Hunig, 1983; Scollay,1984) Studies from our 

laboratory have shown that the destruction of medullary 

epithe1ial cells resu1ts in the depletion of 1L-2 producing T-

helper cells (Mendez et aL, 1985a,b). Beardslay et al. (1983) 

have shown chat thymie medullary epithelial cells either 

o directly or through the elaboration of factors are responsible 

. -
for inducing lL-2 producing capacity in T-cells. T~e medullary-

derived lymphocytes are more mature 1L-2 producing T-he1per 

cells which are essential in the H-2 (class 11) restricted 

initiation of immune responses (Lonai and McDevitt, 1977; Vadas 

et al, 1976; Nagy et aL, 1978; Scollay, 1984; Zinkernagal et 

aL, 1978b) On the other hand, the cortical thymocytes, which 

represent an imma.ture population, 1ack ths--capacity to initiate 

T-ce11 immune responses by themselves, however, in the presense 

of IL-2 and antigen are capable of generating cytotoxic T-

lymphocytes (CTLs) which are H-2K/D restricted (Nagy et al , 

1976; Wagner et aL, 1980a,b; Scol1ay, 1984; Zinke~agal. 
1978b). It 18 therefore be1ieved that the cortical lymphocytes 

o contain precursors of CTLs. 

... 
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In light of the above mentioned studies, the data 

/' 

presented in chapter 7 of this thesis sho~ing that complete 

medullary regeneration taKes approximately 60-75 days after 

cortical regeneration raises the following question. Are the 

lymphocytes released 1nto the periphery by the regenerating 

thymus which is devoid of a functional medulla? The studies 

presented in this thesis and other available studies on GVH 

dysplastic thymuses have not directly shown that the cortical 

'-.. 
lymphocytes are exported into the periphery. However, the 

evid~nce does suggest that (a) the GVH BM does produce pre-T 

c e Il s (S e d d i k , e t al., l 9 8 4 b): ( b ) the G \fli - d y spI a s tic th Y mus e s 

(with severe medullary dysplasia) are capable of recruiting 

pre-T ce Ils (Seddik et al., 1984b): (c) ~he spleens of GVH mice 

with severe medullary dysplasia eontain IL-2 responsive eells 

(cortical cells?) (Mendez et al., 1985a,b): (d) splenocytes . 
taken from mice with thymie medullary dysplasia, but with 

cortical regeneration, conta in NK cells (whieh are believed to 

be immature T-cells) (Ghayur et aL, 1981; also see ehapter 

9): (e) splenoeytes 'taken from mice which show medullary 

reg~neration ean be induced to undergo T-cell mitogen dependent .. 
pro 1 i fer a t ive r e s p 0 n,a e s ( Cha pte r 8 ) , s u g g est i n g t h a t the s e 

sp;enocytes may have been exported from the regenerl1ting 

th y mus. Th us, the seo b s e r vat ion s, aIt hou g h i n d ire ct, s u g g e' s t 

that the thymus may be recruiting and exporting cells to the 

periphery throughout its different stages of regeneration . 

If the T-cells do leave the regenerating thymus whieh 

, 
366 

" / 

\ 



o 

o 

o 

• 
/ 

lacks a fun~tional medulla and if the th;mic la restriction 

eleménts which enable the T-helper cells to initiate class II 

restricted immune responses are present in the medulla, then 

what is the funetional status of the T-cells leaving a thymus 

without a we11 developed and a function~l medul1a? Is it 

possible that tbese T-cells would recognize self-la in the 

periphery as ;foreign" and reaet against it (sinee $ueh T-eells 

would not encounter self-la in the thymus)? In faet, evidence 
1 

is avai1able in the 1iterature showing that under cireumstances 

in which the thymie la+ medullary cells are selectively 

affected, self 1a+ reactive (auto-reaetive) ce1ls do arise. 

Ch~ney and Sprent (1985) have shown that ehronie administration 

> of Cyclosporiri A (CsA) to mice selectively resulted in both a 

striking decrease in overall thymic ~a expression and the 

development of syngeneic CVH disease. The development of 

syngeneic and autologous CVH disease following the w~thd;r~wl of 
,; 

CsA treatment has also been reported by Clazier et al. 

( 1 9 8 3 a , b) and H e s s "e t al. (1 9 ~ 5 ). He s set a 1. (1 9 8 5) r e p 0 rte d ft 

highly significant association of syngeneic CVH disease with 
./ 

the development of anti-la specifie cytotoxlc T-cells. These 

workers (Hess et aL, 1985) suggested th!1E the integrity of 

thymie tissue May be a critieal factor in the development of 

syngeneic CVH disease. The importance of the thymus in the 

induction of-syngeneic CVH disease i~ further supported by the 

results of Clazier et al. (l983a,b). Santos et al. (1985) have 

speculated that CsA may alter the intrathymic educational 

process or accentuate a maturational failure of T-lymphocytes. 

" The development of T-lymphocytes 1n a thymie environment with 
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reduced la expression would resQlt in altered T-c~ll maturation. 

with the subsequent induction of la-specifie cytotoxic T-cells 

(Glazier et aL, 1983a,b; Hess et aL, "1985; Santos et aL, 
1 

1985). The maturation of T-lymphocytes in a thymie environment 

lacking class II determinants would likely result in a failure 

to recognize these la antigens as self (Hess et al., 1,985; 

Santos et aL, 1985). If the GVH splenocytes contain 1L-2 

responsive cortical cells (peTL), cells with NK cytolytic 

potential, and' cells which presumably lack self ra+ 

restriction, then it is tempting to ask why these cells do not 

react against self la and initiate a second round (after the 

initial acute GVH reaction) of more genex:alized tissue injury 

(secondary disease)? What role does the regenerating BM and 

the thymus play in provid:1.ng a milieu for .the proper 

development of the regenerating immune system in an adult 

anima-l? . 

lt has."been reported that following allogeneic or semi-

allogeneic BM transplantation, non-specific suppressor cells 

appear (Beschorner et al.,. 1983; Lum et al., 1982; Tsoi, 1982; 

Tutschka et aL, 1982; Holda et aL, 1985). Such non-specifie 

suppressor ce1ls are BM derived and appear during the 

regeneration of the immune system. ~pearance of non-specific 

suppressOr cells in the spleens o.f non-x-irradiated GVH mice 

\, - . 
have also been observed (Mendez and Lapp, 1986). These non-

specifie auppressor eells in the non-X-irradiated GVH mice 

inhibited the proliferation of as well as lL-2 production, by 
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parent, and Fl sp leen cells (Kendf! Z and Lapp. 1986). ~\)'reO'l6'r, 

such suppressor cells were most active by day 60 aft~r GVH 

induction (Mendez and Lapp, 1986)". a time when SM repopulation 

was observed --fXenacostas et aL, 1986). Recent studies have 

shown that non-$pecific .suppressor cells in the spleens of GVH 

mice have an NK cel1-like morphol-ogy and following pareol -
density seperation appear in the same fraction as NK cells but 

are non-cytolytic (Ho1da et aL, 1985). These suppressor cells 

are termed as natura1 suppressor ce Ils (Holda et al., 1985). lt 

ha s b--e., ~ s, u g g est e d th a t na tu r a l s u pp r e s sor c e 11 s m a y pla yan 

important role in to1erance induction (Strober et aL, 1984; 

Rolda et aL, 1985). lt is possible that the non-cytolytic NK 

cells, as described in chapter 9 of this thesis ln which NK-

like actlvity (YAC kl11ing) could be Induced by !~ ~!~!2 PG and 

Poly I:C treatment, may represent such naturaLJLUppressor 

cells. 

Studies from other laboratorles have also demon8eT~ted the , 
appearance of antigen specifi.c suppressor T- cells (Ts) in X-

irradiated a110geneic BM reconstituted animaIs (Tutschka et 

aL, 1981, 1982a,b; Ildstad and Sachs, 1985). The appearance of 

the s e an t i g en s pee 1 fic T g--- ce 11 sis 0 b s e r v e d f 0 Il 0 win g th e 

"dec1ine" in non-specifie suppressor cells (Tutschka et al , 

1982a; "Santos et aL, 1985). Thus, it appears that during the 

.. 

development: of the immune system in an adult x-irradiated \ 
Il 

animal after allogeneic or semiallogeneic BK reconstitution, 

non-specifie suppressor cells appear first, followed by antigen 

specifie: Ts cells. Stable chimeras or toleran:.c: anillals result 

1 
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only when antigen-specif~c Ts-cells appear (Tutschka et al, 

1982a,b, 1981, Santos et al, 1985) (and in some cases both 

non-specifie and anti~en specifie tells have also been 

detee~ed) In cases when the àntigen-speeifie Ts-cell do not 

appear the animals fall ta regain normal weight and die, 

suggesting that' tolerance did not develop and the animals 

probably died of autoreaetivity (seeondary disease). Santos et 

al (1985) have reeently suggested that the thymus gland may 

play a crucial role in the development of stable ehimeras 

(tolerant miee) Lack of thymie functions (hypo-funetions) 

would prevent the generation of stable chimeras (prevent 

toleranee) (Santos et al., 1985) 
~ 

The above studies suggest the following (1) Dur~ng the 

regeneration of the immune system BM derived non-specifie 

suppressor eells appear first, followed by the appearance of 

antigen-specific Ts eells. Presence of both the non-specifie 

suppressor eells and the antigen specifie Ts cells are also 

r e p 0 rte d in an i mal Sun der go in g i m mu ne reg en e rat 1 0 n, su g g e.s tin g 

that the shift fam non-specifie to specifie cells may be 

graduaI. (2) The\ thymus gland plays a central role in the 

generation of antigen-specifie Ts cells (3) Stable chimeras.. 

and complete immunological recovery are observed only in cases 

when antigen-speeifie Ts-eells appear. On the basLs of the 

above m~ntioned studies one can speeulate that the non-spee~fic 

and specifie Ts-cells provide an inert mileau for the 

development of the regenerating immune system probably by 

\ 
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preventing the activation and/or proliferation of the "self-

reactive" cells which could initiate a secondary disease 

If the thymus gland plays a central role in providing the 

"switch" me~anism from non-specifie to specifie Ts-cells, as 
\. 

suggested by Santos et al (1985), than the data presented in 

this thesis on the graduaI regeneration of the thymus following 

BM repopulation may provide some information regarding (i) the 

presence of non-specifie and antigen specifie Ts-cells, and, 

(ii) the crucial role of the thymus in providing the "switeh" 

from non-specifie to specifie Ts-eells A hypothetieal model 

for the role of the regenerating thymus and repopulated BM in 

providlng a proper environment for the developrnent of the 

regenerating immune system in an adult animal is_shawn in 

flgure 10 land described briefly below 

The model presented in figure 10 l assumes that the 

repopulating BM would export pre-T-celis to the thymus whieh 

would repopulate the thymie cortex TR-celis with the 

-
patential ta reaet against self in the periphery) and non-

specifie suppressar cells (Tns-cells) into the periphery 

(spleen). At this stage (stage 1) the antigen specifie 

suppressor cells (Ts-cells) would not be present in thE' 

periphery. During thymie cortical regeneration but severe 

medul1ary dysplasia, the ratio of TR:Tns in the periphery would 

be i~ favor of the Tns-cells. With the graduaI regeneration of 

the thymie medu11a the release of TR from the thymus wou1d 

decrease and, under the influence of regenerating thymie 

371 



o 
" 

\ 

medulla, T-helper cel1s which require thymic factors to 

i nit i a t eth e p r on fer a t ive r e s p 0 n ses ( cha pte r _8) a s weIl a s ~ 

would increase As the Ts increase in the periphery the Tns 

would decrease, possibly again under the influence of the 

regenerating thymus. Thus, at the time when complete medullary 

regeneration (both structural and functional) is observed the 

ceUs present' 1n the periphery would constitute T-helper ~ells 

which could initiate an immune responses and Ts cells, but only 

minimal, if Any Tns cells Such a scheme of T-cell development 

WQuid explain (i) the first appearance of non-specific 

suppressor celis followed by the appearance of antigen-specific 

cells, (ii) the graduaI shift from non-specifie to antigen-

specifie suppressor cells, and, (iii) the crucial role of th€' 

thymus in the gener~tion of stable chimeras 

Most of the studies cited ab ove regarding the question of 

stable chimeras were conducted by injecting allogeneic or 

semial10geneic BM cells into X-irradiated.-recipients. In 

contrast, the studies presented in this thesis were conducted 

by injecting parental 1ymphoid cells in ta non- X-irradiated FI 

mice. However, it should be mentioned that in the X-irradiated 

recipients thymie dysplasia similar to that described in this 

thesis and as reported previously by our laboratory (Seemayer 
.'\ 

et aL, 1977,197-8), has been observed (Rappaport et aL, 1979, .. 
Besehorner et aL, 1982). Sinee the.studies presented in this 

thesis c1early show that the reeovery of T-cell immune function 

15 el~se1y assoeiated with the regeneration of the thymie 
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o architecture, it would appear that in X-irradiated allogeneic 

chimeras immun~ recovery would also be associated with the 

regener"ation of thymic architecture In fact, normal thymie 

architecture is observed in animaIs and in humans who 

eventually become stable chimeras If in allogeneic radiation 

c h 1 mer a s the" i m m une r e C 0 ver y i s d e pen den t u p 0 n t h Y mie 

regeneration, then aIl the animaIs should be able to recover 

completely from immunosuppression after the inltial GVH-induced 

tissue damage and survive 

lt is, however, readily observed that in the allogeneic 

situation not all the animals become stable chimeras and 

mortality 1s still observed 1n long term survivors, probably 

due ta secondary disease However, in the experiments reported 

o in this thesis, a very high frequency of the animals survived 

The difference in the mortality of long term survivors of 

allogeneic chimeras and our studies using the parent into non-

x-irradiated Fl mice may be. due to the following reason in 

allogeneic chimeras the recipients are x-irradiated and then 

reconstituted with allogeneic or semiallogeneic SM cells This 

procedure presumably totally abrogates the host stem cells and 

the regenerating immune system arises from the donor BM stem 

cells. In contrast, in our studies the stem cell pool of the 

recipient is persumabaly not completely abolished, since the SM 

mononucleated cellularity drops ta abou' 15\ of normal and 

within 10- 15 days after this depletion spontaneous SM 

repopulation begins (s e e figure 9.2) . Furthermore, in our 

0 system the recipients are injected w ith spleen and lymph no de 
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cells which possess much lower numbers of stem cells. Thus, in 

our s y 8 te m the ratio of don 0 r : ho s t C 8 ll~ dur in g the 

regeneration of the immune system may be much lower than 

compared with the donor:host ratio in allogeneic radiation 

chimeras. lt is possible that tbe ratio of donor:host cells in 

the regenerati..n.g immune system may be crucial in determining 

both the extent of immunologieal reconstitution and the long 
< 

term survival of the animals. 

~ 

An understanding of the development of the immune function 

in an adult animal may provide information which could help in -
understanding various normal and abnormal patterns of immune 

fun c t ion. ln the f 0 Il 0 win g sec t ion we wou l d 1 i k e t 0 dis, eus s , 

briefly, the issues which we-feel can be better under_stood by 

o st U d Y 1 fi g the reg e n e rat ion 0 f the p ri m a r y l Y m p ho i d or g ans 

(thymus and SM) and the immune functional recovery in an adult 

GVH-reactive animal. 

The studies presented in this thesis on the regeneration 

of the immune function demonstrate the pre~ence of highly 

cytolytic NK cells in the regenerating thymus lt has been 

suggested that NK cells may play an important role in 

homeostasis (Cudkowicz and Hochman, 1979). Moreover, it has 

been shown recently that NK cells lyse a subpopulation of 

thymocytes (Hans on et aL, 1980) and BM cells (Hansen et aL, 

1981). If NK cells play a role in homeostasis, these cells 
• 

should be present in the BM and thymus, the two organs actively 

o involved in the production of B ce Ils and T ce Ils respectively 

NK cells originate in the BM (Haller et aL, 1977; Haller and 
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W i g z e 11, 1 9 7 7) and 1 0 w lev e 1 g 0 f the ire y t 0 l Y tic a c t 1 vit Y c a\n 

be detected in the adu1t BM. lt is genera11y assumed that Nl 

cells are not present in the adult thymus (Klessling et al., 

1975a). However, NK cytotoxic activity can be induced in 

normal thymocyte"s (Toribio et al., 1983; a1so see chapter 5) 

We have previously suggested that NK cells may be present in 

the adult thymus as a resident population (Roy et al , 1982) 

Zo1ler et al. (1981) have, in fact, isolated highly active NK 

~ells from the adult murine thymus NK cells have been reported 

in the thymus during ontogeny (Habu et al., 1980; Koo et al , 

1982). Our results showing the presence of hlgh1y active NK 

cells in th-e- thymus and BM dur1ng the regenerat(on of immune 

fun ct ion al sos u g g est th a t N K ce 11 s dom 1 g rat e -t..o th eth Y mu s 

The pre sen ce 0 f N K ce 11 sor. N K - l i k e ce 11 sin the .r e g e n e rat 1 n g 
.. 

thymus of an adult an1mal raise sorne 1nterest1ng questions. (1) 

Are the NK cells that appear in the thymus d1fferent from the 

NK cells that appear in the BM in terms of their target 

specificity 1.' If 50, do these two NK populations regulate 

different cell populations (T-cells and other BM derived 

cells). (ii) Do the thymie NK cells possess d1fferent surface 

m a r k ers f rom the B M der ive d N K cel l s·? The s e que s t ion s m a y b e 

important in understanding the functional and, phenotypic 

heterogeneity observed within NK celIs, eg., the funetton of NK 

cells with and without T-cell surface markers. 

In contrast to the appearance of NK cell activity in the 

thymus and SM, NK cytolytic activity does not reappear in the 
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spleen and lymph nodes during immune functiona1 regeneration .. 
( u P t 0 d a y 15 0 a f ter G VH i n du c t ion) . Ho w e ver, N K c e 11 c y t 0 l Y tic 

activity can be 1nduced 1n GVH-splenocytes by i~ y!y~ 

administration of Po1y I:C as we1l as by in y!!~~ treatment of 

GVH-sp1enocytes with PGs and Poly I:C (chapter 9). This 

restoration of NK ce1l cyto1ytic activity suggests that NK 

cella are present in the spleens of GVH mice, but in astate 

where the y do not express lytic potential. Whetber the non-

c y t 0 1 Y t 1 c N K c e II sin the s p l e e n s r e p r,e sen t a pop u 1 a t i 0 ~ ( 0 r a 

c e r ta i n .s t age 0 f . d 1 f fer en t i a t ion) wh i chi s di f fer e n t f rom the 

hi g hl Y c Y t 01 Y tic N K ce 11 s pre sen tin the th Y mus a l\d B Mor 

whether the non-cytotoxic NK cells in the spl~en perform some 

other function (eg., function as suppressor cel1s) during the 

regeneratlon of the immune functlon remains to be determined 

However, the fact that cytolytic activity can be induced in 

s p 1 en i c Il 0 n - c y t 0 l Y tic N K c e 11 s b y !!! Y!!!.2 t r e atm e n t w i th P G 5 

a'fid Poly I:C May be ,of significance in understanding the 

functional heterogeneity of NK cells as well as the mechanism 

of NK cyto1ysis. 

An important aspect of the GVH reaction ls the increased 

s'usceptibi1ity to development of spontaneous tumors later 

'\ during the course of the GVH reaction (Armstrong et al., 

1967,1970; G1eichmann et a1., 1972,1975; Cornelius, 1972). The 

tumors that so often develop in these long term survivors of 

the GVH reactions are most1y of B-cell origin. An analysis of 

the data presented in this thesis on the regenera'tion of the 

immune function in an adult GVH animal c1early shows that the 
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B-cell proliferative function recovers earlier th an the T-cell 

proliferative function and the T-helper cell function that 

cooperate with B-cells (chapter 7). In fact, the data presented 

in Table ".25 show that in some mice which were severely 

suppressed for, the T-cell proliferative functions, the B-cells 

~were "hyperactive" to LPS These observations suggest that for 

a considerable period of·time, the B-cells may be the only 

"competent" cell type present in the spleens of GVH-reactive 
c 

mice. However, such B-cells in the spleens of GVH mice may not 

be under the regulatory influence of either the T-cells (sinee 

spleens were severely deficient in T-cell funetions) or NK 

cells [the data p~esented in chapter 3, as well as our 

previously published work (Roy et al, 1982), show severe 

d e pre s s ion i n 5 p 1 e n i c N K cel lac tJ vit Y 1 NK cells -+tave been 

reported to play an important role in regulating B-cell 

functions (Storkus and Dawson, 1986; Brieva et al., 1984, 

Abruzzo and Rowley, 1983; Nabel et al., 1982). It i9 possible 

that the differences in the rate of regeneratiQn of the 

functional B-cells and T-cells and the functional status oF' NK 

cells in the spleens and lympl} nodes may be one of the reasons 

-

r e s p 0 n s i ,b 1 e for the sus cep t i b i lit Y 0 f B - cel 1 s t 0 

transformation B-cells in the spleens of GVH mice without 

regulatory influence and he1p (protection) from other immune 
\ 

cells would be susceptible to transformation. 

o;? 
If N~lS serve as cytolytic effectors in anti-viral 

immune responses (Welsh, 1978; Djeu et al., 1982; Santoli and 
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Koprowski, 1979), ~n surveillance against neop1astic ce11s 

(Oje,1979; Talmadge et aL, 1980; Hanna and Burton, 1981), and 

in the regulati~n of a-c~rls then the lack of expression of 

lytic potentia1 by the splenic NK ce1ls of GVH mice may 
.... 

contribute to increased susceptibility to viral infections and 

in the development of spontaneous B-cell tumors during the 

later stages of the GVH reactions. Cornelius (1972) has 

reported that the spleens and lymph nodes are the primary site 

of tumor development in GVH mice. lt is interesting to note 

that tumors have not been detect~d in the thymuses and BM of 

GVH animais. Both these organs are sites of highly augmented NK 

cell activity during the 1ater stages of the GVH reaction 

Whether the a~gmented BM NK cell activity plays Any role in 

preventing the development of B-celi lymphomas in the BM is not 

known. However, it is possible that although increased NK ce Il 

activity is observed in the thymuses and BM o.f GVH mice 1ater 1 

during the course of the GVH reactio~s, these NK cells may not 

be effective in control1ing infections that localize in the 

spleen and lymph nodes, in règulating B-ce11s, and in 

eliminating neop1astic ce11s developing in the spleen and lymph 

nodes. 

The studies in this thesis showing different histological 

patterns of the thymuses during the induction of (chapter 5) 

and regeneration from (chapter 7) thymie injury may be 

important not only from the point of view- of the ro1e of thymus 

in the production of functiona1 T-ce11s but a180 from a 

clinical perspecti~ve. Borzy et al. (1979) have described seven 
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o different patterns of thymie histology 1n 1mmunodeficieney 

diseases. These different histologie changes of the thymus, 

provide evidenee for the heterogeneity in combined immuno-

deficiency diseases (CID). A comparison of these different 

thymic histologie patterns in CID patients, as described by 

Borzy et al. (1979), and those reported in this thesis 

(chapters 5 and 7) demonstrates several simi1arities Moreover, 

Barzy et al (1979) reported that \ôhe degree of abnormality of 

immune function does not predict the degree of dysplasia seen 

in the thymus For example, two patients who had low E-

rossette-forming celi numbers and ,,;ery low proliferative 

response, displayed partial eortico-medullary differentiation 

On the other hand, one patient who had T-cell defic1ency showed 

o a normal thymie architecture (however, it 1s possible that 

thymie abnormalities, aither structural or functional may give 

rise to peripheral suppressor mechanisms, as discussed above) 

Our results a1so show that the degree of thymie dysplasia and 

immune functional abnormalities do not correlate For exampIe, 

Fl mice whose thymuses showed only partial cortical and 

medullary changes (mild lesions) were immunosuppressed early 

after GVH induction. On the other hand, during the regeneration 

phase, although the thymus displayed normal architecture the 

animals were still severely deficient in T-ce1l function. Borzy 

et al. (1979) suggested that the differencès in the thymie 

histology and immune functions observed in the CID patients may 

represent different stages of ,the disease. This notion of Borzy 

o et al. (1979) is of interest since reeent studies have 
q{ 
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suggested that the presence of maternaI lyphocytes in CID 

"patients may incite GVH disease in fetuses and thereby induce~a 

varietyfof immune functional deficiencies 

Studies on the structural/functional development of the T-

cell system (as reported in chapters 7 and 8) may 8,1so provide 

information into the mechanism(s) of certain for;ms of 

immunodeficiency diseases and can he1p in devising means to 

restore immune competence in certain innumodeficiency states 

Incefy et al. (1981) have recently c1asslfied different paterns 

of severe combined immunodeficiency diseases (SCID) depending 

upon the presence or absence of cells whlch could be induced to 

proliferate in response to T-cell mitogens and/or express T-

ce II surface antigens following treatment with thymie hormones 

Willis-Carr et al. (1978) have reported that cells from sorne 

immunodeficient patients can be induced to express T-cell 

properties follow~ng treatment with thymic epithelial cell 

supernatants (TES) a10ne. However, cellg from other patients 

r e qui r e d th Y m i cep i the 1 i a l c e Il con tac tin a d dit ion t 0 TES .... 
" 

Furthermore, Gelfand et al. (1980) have shown that 

-transplantation of thymie epithelium into seID patients can 

restore immune function. The studies presented in this thesis 

also clearly show that T-cell proliferative functions of GVH-

immunosuppressed mice can be restoreo by PGEl and PGE2 

treatment only at the time when thy~ic medu11ary regeneration 

has taken place (chapter 8). Theae studies collectively suggest 

that the status of the thymus, particu1arly its epithe1ium, May 

pla y a c r 1 t 1 c • 1 roI e i n de ter min i n g the ,d e gr e e and e x t e n t 0 f T-
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cell immunodeficiency. Knowledge of thymie morp~ology in 

relation to T-cell funetion in immunodeficieney syndromes may 

be beneficial in planning therapJ for these patients. 

-" 

THE END 

./ 
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Figure 10.1 A hypothetical model illustrating the role of repopulated SM 
-=:r -- and the regenerating thymus in preventing secondary diease/ 

ehronie GVH reaetion and providing a milieu for the proper 
regeneration of the immune system in an adult animal during 
the immune recovery phase of the GVH reaction. 

\ 
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EC; epithelial cells 
He; Hassall's corpuscle 
TR; Self la reàctive cell 

TH; T -he 1 pe r ce 11 

TS; Antigen specifie T-suppressor cell 
Tns; Non-specifie bone marrow derived suppressor cell 
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SUMMARY 

W'hen GVH reactions vere induced in B6AFl mice inj ecting 

different doses (10, 20, or 30xl06 ) of either parental strain A 

or B6 lymphoid cells the folloving results vere obtai..ned: 

(1) On the basis of NK cell aetivity, the chronic GVH reaction 

ean be divided in ta three ... phases· 

(a) Early phase augmented NK cell activity is observect 

in spleen, lymph nodes, thymus, and BM 

(b) Intermediate phase the NK cell activity be(omp~ 

depressed in the spleen, lymph nodes, thymus. and BM 

(c) Late phase. N K ce Il a c t i vit Y r e a pp e ars in the th Y III \1 '. 

and BM, but remains depressed in the spleen and lymph nodes 

(2) The splenocytes and the lymph node and BM eells taken [r{JIn 

GVH mice during the early phase of the GVH reaction producl 

factor(s) wh~ch inducejaugment NK cell activity in lymph nodl' 

and BM cells of normal mice. 

(3) The overall augmented NK cell activity observed in the 

spleen, lymph node, thymus, and BM of GVH mice is dependent 

upon the dose of PLC injeeted. 

\/ 
(4) The degree of augmented $plenic NK cell activity of GVH -

reactive mice iB dependant upon the number and strain of PLC 
", 

inj ected. B6 PLC induce greater overh'll splenie NK cell 
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activity than A strain PLC. 

(5) The degree of augmented BM NK celi activity of GVH 

reactive mice is also dependent upon the number and strain of 

P .L C 1 n j e ete d . Wh e n B 6 P L Car e 1 n j e ete d 1 n t 0 B 6 A F 1 m i ce, the 

magnitude of augmented BM NK cell actlvlty ls dependent upon 

the number of PLC injected In contrast, A PLC do not induce a 

dose-depandent augmentation of SM NK cell activity. 

(6) The activation of splenic P-815 effector cells in GVH-

reactive FI mice is dependent upon the donor cell genotype A 

PLC, but not B6 PLC, are highly effective in activating splenic 

P-815 effector celis. 

(7) Depending upon the number and strain of PLC injected into 

Fl mice, two distinct patterns of peak splenic NK celi activity 

are observed; namely, an early peak (day 8) and a late peak 

(day 16). 

--~---

(8) The relationship between the two patterns of peak splenic 

NK cell activity and the severity of histopathological lesions 

that developed in the non-lymphoid organs of Fl mice after GVH 

induction showed that: 

(1) When peak aplenie NK cell activity is observed early 

moderate to severe lestons develop. 

(11) When peak splenie NK eell aetivity Is appears later ,. 
either mild leslons or no leslons are observed. 
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(9) The raLatlonshlp between the splenlc NI< cell activity and 

T and B-~ell functlon show that the peak and/or highly 

augmented splenic NI< cell activity ls observed at the time when 

both the T and B-cell functlon are severely suppressed 

) 

(10) Histopathological lesions appear at the time when NI< cell 

activity is at its peak and/or~hlghly augmented and both the T 

and B-cell functlan are severely suppressed 

(11) Low doses of B6 PLC (IOxl0 6 and 20xI0 6 ), although induced 

splenic NI< cell activity (a late peak), these cell doses 

~ 

nei~her induced severe immunosuppresslon nor histo~a~~ological , 
" , 

les ions', 

(12) 30xl0 6 B6 is the critical dose required to induce bath 

severe immunosuppression as weIl as moderate degree of 

histopathological les ions in B6AFl mice. 

(13) Augmented thymie NK eell aetivity ls observed lrrespectlve 

of the number and strain of PLC injeeted ta induce GVH 

reactians, Hawever. the time of appearanee of augmented thymie 

NI< cell actlvlty 18 dependent upon the number and strain of PLC 
/' 

ln je ete d, Two distinct patterns o~ the time of appearance of 

thymie NI< eell aetlvity are observed~ namely. an early 

appearance (day 4) and a late appearanee (day 8) 

(14) A comparlson of the two patterns of appearanee of thymIe 
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o NK ce 11 aetivity and the development of thymie 

histopathologieal changes shows that: 

(1) Yhen thymie NK eell aetivity appears early, mode.rate 

to severe thymie les ions develop. 

(il) Yhen thymie NK eell aetivity appears late, either 

mild thymie les ions develop or no thymie les ions are ohserved 

(15) Both the time of appearanee and the later severity of 

tissue injury in the thymus and non-lymphoid organs, in a given 

GVH eombination. are the same 

(16) Thymoeytes taken from GVH-reaetive animaIs (at the time of 

augmented thymie NK eell aetivity) produee faetor(s) that can 

induce NK aetivity in normal thymocytes. 

(17) The GVH-indueed thymie dysplasia i5 not an all or none 

event. Depending upon the numher and strain of PLe injected. 

different degrees of thymie dysplasia ean he characterized; for 

example, mild. moderate, and sev6re. 

(18) On day 16 after GVH induction, the different degrees of 

thymie lesions were characterized as follows: 

(A) Hild lesions: 

(i) Intact eortico-medullary demarcation . 

(i 1) Presence of "small" individual epithelial cells in the 

medulla . • (11 i) Total dissappearance of epithelial" cell clusters and 
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Hassall's corpuscles in the medulla. 

(B) Koderate leslons 

(i) Total 1055 of cortico-medullary demarcation 

( Il) Total disappearance of epithelial cell clusters and .. 
Hassall's corpuscles in the medulla. 

( IIi) Only rare, if sny, small individual epithelial cells 

were visible in the medulla 

(C) Severe lesions 

(i) Total 1055 of cortico-medullary demarcation 

( i i) Total loss of individual epithelial cells, epithelial 
\ 

cell 
\ 

clusters, and\Hassall's corpuscles in the medulla 

( i il) 

medulla 

Presence of intense lymphocytic infiltrates in the 

.,.; 

(19) an day 30 after GVH-lnduction, severe atrophy and 

hypocellularity were observed in thymuses of those groups of Fl 

mlce that displayed total 1055 of cortico-medullary demarcatlon 

o n d a y 1 6 (m 0 d a rat a - 5 a-var e l e' s ion s ) a f ter G V H i n duc t 1 0 n l n 

contrast, on day 30 normal thymie architectura was observed ln 

those groups of FI mice that displayed an intact cortlco-

medullary damarcation on day 16 (mild lesions) after GVH 

induction. 

(20) lUth time after GVH induction, the dysplastic thymuses 

started to recover and regalnad a completely normal 

architecture. 
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(21) The time required by the dysplastic thymuses to regain a 

normal architecture was dependent upon the severity of initial 

thymie dysp1asia on day 16 after GVH induction. 

(22) The regeneration of th,e thymie architecture was gradual. 

D~ring thymie regeneration 4 stages we~e characterized: 

(1) Stage 1: repopulation of the cortex, but not the medulla, 

and reappearance of cortico-medullary demarcation. 

", 
(2) Stage 2: reappearance of abundant "small" individual 

epithelial cells, and a few ~large" individual epithelial cells ,... 

and epithelial cell clusters. 

(3) Stage 'i: repopulation of abundant "large" epithelial 

cells and epithelial cell clusters. 

(4) Stage 4: reappearance of abundant epitheliai celi 

clusters and Hassal1's corpusc1es. 

(23) By day 16 after GVH induction, severe suppression of T-

ce Il and B-cell proliferative responses as well as the PFC 

response to SRSC were observed in GVH-reactive miee Chat 

d1splayed mild, moderate, or severe thymie lesions. However, 

w1th time after GVH induction, recovery of aIl immune functions 

15 observed. 
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(24) The immune functional recovery 1s gradual and takes place 
• 

in the following order: LPS responsive B-cells, Con A 

responsive T-cells; PHA responsive T-cells; and, finally, the 

PFC response to SRBC 

(25) During the 1mmune recovery phase IL-2 production by 

splenocytes following Con A stimulation i8 greater than 

follow1ng PHA stimulation 

(26) The recovery of the PFC response to SRBC 15 gradual, i e , 

various numbers of PFC to SRBC are observed in the spleens of 

the recovering mice 

(27) The recovery of the PFC response is observed only after 

the thymus has regained a normal architecture 

" 

(28) A "lag" period is observed in the recovery of the PFC 

response to SRBC after the thymus has regained a normaI 

architecture, suggesting that thymie architectutai reeovery 

preceded thymie functional recovery. 

(29) GVH reactions also resulted in depletion of nucleated 

celis in the spleen of FI mice by day 30 after GVH-induction 

The degree of splenie nueleated eell depletion was dependent 

upon the number and strain of PLC inj eeted to induee GVH 

reactions. 
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(30) With time after GVH-induction, repopulation of the spleen 

of GVH-reactiv~ mice vith nuc-Ieated cells-vas observed. The 

time required for complete aplenie repopulation vas determined 
1 

by the initial severity of the GVH reaction (on day 16 af'ter 

GVH induction). 

(31) When GVH reactions were induced in B6AFl mice by inject~ng 

30xl0 6 B6 PLe, the depletion and repopulation of BM with 

nu c 1 e a t e d c e 11 s . pre c e de d the de pIe t ion an d r e·p 0 p u 1 a t ion 0 f the 

spleen, suggesting that the changes observed in the splenie 

nucleated cell numbers reflect the changes in the BM 

(32) When splenocytes from GVH-reactive B6AFl mice displaying 

different degrees of thymie regeneration were pretreated with 

PGEl or pc; E 2 and then stimulated vith Con t and PHA the 

following results we~e obtained: 

(i) PGEI and PGE2 pretrea.tment of GVH immunosuppressed 

splenocytes failed to restore T-cell proliferative responses 

wh e n e i the r m 0 der a te - s ev e r eth Y mi c les ion s W,'e r e 0 b s e r v e d 0 r 

when thymie cortical regeneration vas observed. 

(ii) PGEI and PGE2 pretreatment of GVH immunosuppressed 
III 

splenocytes only partially restored T-cell proliferative 

responses wh en partial thymie medullary regeneration was 

observed . 

(iii) PCEl and PCE2 pretreatment of GVH\ immun~suppressed 
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splenocytes was most effective in restoring T-eell 

proliferative function when complete thymie medullary 

regeneration was observed. 

(33) The severe depression of splenie NK cell aetivity during 

the intermediate phase of the GVH reaetion could be aecounted 

for by, at least three meehanisms: 

(i) Depletion of nucleated cells in the spleen 

(ii) Inability of splenic cells to produce lymphokines which 

may be required for maintaining lytic functions of NK cells 

(iii) Lack of expression in the expression of NK cytotoxie 

potential. 

(34) The severely depressed splenie NK eell activity eould be 

boosted partially by !~ ~!~~ ad~inistration of Poly I.C 

(35) The severely depressed splenie NK cell aetivity could. also 

be partly restored by !~ ~!~!~ treatment of splenocytes with 

PGs and Poly I:C. The combination of PGs and Poly l C 

treatment was more effec~ive in restoring depres~ed splenie NK 

cell activity then either PG or Poly I:C treatment alone 

"' 
(36) GVH reactions also induced IFN production whieh eould be, 

detected in the serum of GVH-reactive mice. Serum IFN ~as 

detected as early as day 4, peaked by day 12, and 'then dec l1ned 
(, 

to undectable levels by day 30 after GVH induction. 
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(37) On days 30 and 35 after GVU induction, the GVH-reactive 

mice produce on1y 25-30% of IFN as compared to the IFN produce 

by normal mice in response to !!! !!!~ administration of Poly 

I:C. 

(38) The depression in IFN production by the GVH mice could be 

attributed to, at lesst in part, the depletion of nucleated 

cells in the spleen of GVU mice. 

(39) The restoration of depressed splenie NK cell activity !E! 

!.!E!~ was independent of the degree of thymie medullary 

dysplasia. 

o (40) The GVH reaction indueed splenomegaly and tissue damage 

are two distinct features of the GVU ,reaction mediated by 

seperate mechanisms . 

• 
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o By emplaying various parent-->Fl GVH cambinatiana of bg/bg and 

+/bg mice the following results vere obtained: 

(1) GVH reaetions augment splenie NK eell aetivity of both the 

host and donor origin. 

\ 

(2) The augmented splenie NK eell aetivity of donor origin .. 

but not the augmented splenie NK eell aetivity of host origin, 

eorrelate with the development of moderate-severe GVH-

assoeiated tissue damage. 

(3) The degree of augmented splenie NK cell activity does not 

eorrelate with the degree of splenomegaly. 

o 
(4) The bg/bg PLC, like the +/bg PLC, possess th~ ability to 

induee GVH-assoeiated splenomegaly, however, the bg/bg PLe, 

unlike the +/bg PLC, are defieient in their ability to induee 

GVH-assoeiated tissue damage. 

(5) The bg/bg PLC possess the ability to induce early severe 

suppression of the PFC response to SRBC in both the bgjbgFl and 

+';bgFl miee. However, the bg/bg PLC indueed only partial 

suppression of T-cell mitogen responses. 

(6) In t'he bg/bg and +/bg, p~rent into Fl hybrid GVH • 
1 

combinations severe suppression of the PFe response can be 

o observed in the absence of thymie dysplasia. However, severe 

/ 
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suppression of the T-cell mitogen respons~ 1s observed only in 

the presence of thymie dysplasia . 

. 
(7) The parental S6 bg/bg mice possessed the effector 

meehanisms responsible for allograft rejection but lacked the 

mechanisms that induce GVH-assoc1ated tissue damage. 

(8) The parental bg/bg animaIs possessed a greater T-cell 

proliferatit. and IL-2 producing capacity and a lower B-cell 

proliferative capacity than parental +jbg mice. 

** NOTE: The above summary outlines the original work 

contained in this thesis. 
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