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‘ ABSTRACT

The relationship between various immune functions, tissue
damage, and splenomegaly was investigated during the course»ofb
Graft-versus-host (GVH) reactions.

The GVH-assoclated tissue lesions appeared at the time
when both T- and B-cell function were severely suppressed and
NK cell activity was at i{ts peak and)or highl; augmented. The
develgément of tissue lesions correlated with donor NK cell

activity. On the other hand, splenomegaly developed

independently of both NK cell activity as well ax tissue

lesions.

\
Prolonged immunosuppression was associated with thymic

dysplasia, but not splenomegaly. The immune functions recovered
graddilly, following severe suppression, and coincided w{th the
gradual recovery of the thymgg. The immune functional recovery
was observed vin the following order: LPS responsive B-cell
function; Con A responsive T-cell function; PHA responsive T-
cell function; and finally, T-cell dependent B-cell response
T-cell function of im;unodeficient GVH mice could be restored
only when thymic medullary regeneration had occured. .In
contrast, the restoration of NK cell activity of NK-depressed
mice was independent of thymic dysplasia.

These studies provide information regarding the possible

mechanisms involved in inducing Tmmunosuppression, tissue

damage, and splenomegaly following GVH induction.
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| . RESUME

Afin de mieux définir les mécanismes physiopathologiques impliqués
dans la pathogéndse de la réaction du greffon contre le porte-greffe,

" nous avons établi dans un modelé murin une corrélation temporelle entre
__1'apparition des 1ésions tissulaires, la splénomégalie, et les diverégs

épreuves fonctionnelles immunologiques. L'apparition des lésions tissu-
laires‘coincide, d'une part, avec une forte augmentation de 1'activité
cytotoxique des cellulles Kfnature1les provenant du greffon, ainsi que,
d'autre part, avec 1'installation d'un état d'immunosuppressio“ A la
fois humoral et cellulaire. Par contre, la splénomégalie se développe
ihdépendammentdeslésions tissulaires et de 1'augmentation de 1'activité
& cellulles K naturelles.

Nous avons observé une concordance étroite entre la sévérité de
1'atteinte thymique, qui’caractérise la réaction du greffon contre
le porte-greffe, et la persistance de l'immunosuppreséion. L'amélio-
ration de la dysplasie thymique s'accompagne d'un retour progressif
vers la normale des diverses épreuves fonctionnelles immunologiques.
Du plus précoce au p]usztardif, on assiste & une regénération séquenti-
elle et progressive des réponses suivantes: effet mitogénique du LPS
pour les lymphocytes B, épreuves de transformation blastique des lympho-
cytes T par les lectines (ponA et PHA), pénduction d'anticorps confre
les antigénes thymo-dépendant. La récupération, naturelle ou induite,
de [@ plupart «des fonctions des lymphocytes T ne survient qu'au terme
d‘u;:procéssus de regénératiqp au niveau de la région médullaire du
thymus. Par contre, 1a récupération, naturelle ou induite de la fonction

des cellules-K naturelles est indépendante de la dysplasie fhymique.
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PREFACE

-~ _Graft-vgrsus-host (GVH) disease has become a clinical

).
<

reality since the advent of bone marrow transplantation as a
treatment for a variety hematopoletic and immune functional
disorders. The various experimental m&dels of GVH disease have
provided 1information to understand and alleviate Fhe
complications obserjed in the clinical seécing.

In the murine model, the classical features of the GVH
reaction induction are: immunosuppression, tissue damage, lnd
splenomegaly. Immunqsdppression and tissue damage are also
observed in clinical situations and both are the 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 all the GVH-assoclated features or that different

mechanisms are involved in affecting the different features is
not yet fully understood. *

To understand the relationship between and the mechanisms
,{esponsible for inducing immunosuppression of various immune
functipns, tissue damage, and splenomegaly we have performed
comparative studies of these parameters in two exéerimental
models: (i) GVH reactions in B6AF1l hybrids were induced by
injecting different doses of either A or B6 PLC. Such a

pr%tocol induces GVH reactions of various intensities. ¢it)



§
Parent into Fl hybrid GVH combinations of beige/beige

(deficient NK but’;ormal T-cell function) and +/beige (normal
NK and T-cell function) mice were employed. Such a protocol
enabled us to investigate the role of T-cells and NK cells in
inducing various GVH-assoclated parameters.

By these experimental manipulations of the GVH reaction,
we show that splenomegaly and tissue damage are two distinct
features of the GVH reaction mediated by separate mechanisms
and that tissue damage determines the duration of immuno
suppression. We also show a dissociation between the
suppression of various {immune functions and between the
suppression of various immune functions and splenomegaly early
after GVH jinduction.

Qur results demonstrate the importance of performing
comparative studies between various GVH-associated parameters
in providing a better understanding of the mechanisms

LN

responsible for affecting each parameter. Such studies may be

of help in our understanding of clinical GVH disease.

- %



CHAPTER ONE
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THE GRAFT-VERSUS-HOST REﬁé;ION:
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A REVIEW
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1.1 HISTORY OF GVH REACTIONS

The concept of a graft-versus-host (GVH) reaction
originated as an error id the interpretation of the origin of
cells involved in r®hal allograft rejection. While studying
renal allograft rejection, Simonsen (1953) and Dempster (1953)
suggested that, after several days residence in a foreign host,
the cells which infiltrated the renal cortex were wf local
graft origin. It was suggested (Simonsen, 1953; Dempster, 1953)
that these cells of renal graft origin were involved in an
immunological reaction ;gainst the infiltrating host cells,
i.e. A GVH reaction.

The validity of the GVH concept was later demonstrated
independently by Simonsen (1957) and Billingham and Brent
(1957). Simonsen {1957) showed that the grafting ofJ
immunologically competent cells ( eg. spleen cells) 1into
immature animals (chicks and mice) which were unable fg defend
themselves resulted in a disease which could only be explained
on the basis of a GVH reaction. On the other hand, Billingham
and Brent (1957) observed a devastating disease while trying to
induce immunological tolerance in new-born mice by 1injecting
immunologically competent adult spleen cells. They also
concluded that a GVH reaction was the most stralght forward
interpretation of this disefse.

Although the concept of GVH reactions became an
experimental reality 1in the 1950's, the actual phenomenon of a
GVH reaction was first observed, but not conceptualized, by~
Murphy in 1916. He ob?erved that the grafting of chicken

embryos with fragments of certain tissues (notably spleen and
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bone marrow) from adult chicken donors resulted in a marked
enlargement of the embryonic spleens (splenomegaly). Danchakoff

in 1918 confirmed Murphy's observations. She further showed

‘that the capacity to induce splenomegaly of the embryo was

confined to cells of only certain organs (namely, spleen,
liver, and bone marrow) belonging to a donor of the same
species Splenomegaly has become one of the most co;honly used
parameters to measure the induction of a GVH reaction.
Simonsen (1962) defined three criteria which should be
fulfilled in order to qualify a disease/syndrome as GVH. These
criteria are: (1) the graft must contain immunologically
competent cells. (2) The host' must possess transplantation
antigens that are lacking in the graft donor, so that the host
appears foreign to 1t and is, therefore, capable of stimulating
it antigenically. (3) The host itself must be incapable of

mounting an effective immunological reaction against the graft

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

1.2 FORMS OF GVH REACTIONS: | —

Several situations have been described which qualify
as GVH reactions and, depending upon the situation, different
names have been ascribed to each, of these syndromes (GVH
reaction): For example, Runt disease, Secondary disease,
Parabiosis intoxication, and F1 hybrid disease.

In an attempt to induce tolerancel Billingham and Brent
(1957), inoculated newborn mice with allogeneic adult splenic

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




* o mice a syndrom@e characterized by diarrhea, severe wasting, and
high mortality, was observed %hich they termed "runt disease".
This syndrome occured as a consequence of the iﬂﬁuction 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 developed 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
o when the donor cells were presensitized to the host antigens,
Trentin (1956) postulated that the wasting syndrome was the
result of a GVH reaction. This disease was called "secondary
disease".
The concept that GVH reactions are induced byﬁiymphocytes
was strengthened by experiments involving chronic cross-

circulation (of peripheral blood) between parent and Fl

hybrids. When Fl hybrids and one of the parents were

Jparablotically united, a lethal wasting syndrome developed in
the Fl1 hybrids (Hilgard et al,1964; Cornelius and
Martinez,1965; and Cauchi1,1966). This syndrome was termed
"parabiosis intoxication”.

Finally, the injection of parental lymphoid cells into

o adult non-X-irradiated Fl1 hybrids induced a syndrome termed Fl
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hybrid disease (Billinghanm, 1968% Elking, 1971). It was
suggested Tthat Fl hybrid disease was also due to a GVH
reaction. It was postulated that parental lymphoid—cells would
recognize the H-2 antigens of the other parent on Fl cells as
foreign and react against them. However, the Fl1 hybrid lymphoid
cells would perceive the parental H-2 antigens on the grafted
cells as self and would not react against the graft.

The different experimental procedures resulting in GVH
reactions (as described above) provide insight into various
clinical situations and an understanding of immune regulatory
mechanisms. GVH reactions induced in either new- born oi
sensitized pregnant animals by adult, immunocompetent.
lymphocytes may provide insight into the role of maternal
lymphocytes which may gain access to the fetus across placental
barriers. It has been suggested that in humans—transfer of
maternal lymphocytes into the fetus may incite a GVH‘ieaction
and result In immunodeficiency diseases (Seemayer, 1979;
Pollack et al, 1982). GVH reactions induced in X-1irradiated
adult animals provide a relevant model of clinical GVH disease
in man, which may arise after therapeutic bone marrow
engraftment of a patient who received a lethal dose of X-
irradiation (Grebe and Streilein, 1976; Bortin and Rimm, 1977;
Graze and Gale, 1979). The Fl‘hybrid disease Iin which the host
(F1 hybrid) is believed to be specifically deficient in
rejecting the parentai grafts, inspite of a normal immune
system, provides a tool to invegFigate the mechanism(s) of
immune regulation and the effects of GVH reaction per se (Grebe

and Streilein, 1976). In this situation, the effects of X-
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irradiation and other therapeutic agents are avoided. Fl hybrid |
disease model can also be used- to study histopathologicaly
alterations of the lymphoid and non-lymphoid organs and severe,
prolonged immunosuppression. These symptoms are. commonly
observed ln human recipients of bone marrow transplants who
develop GVH disease (Bortin and Rimm, 1977% Graze and Gale,
1979). Both histopathological alterations and immunosuppression
are consistently observed in the F1l- hybrid GVH model (Seemayer,

—

1977, 1978; Lapp et al, 1985).
1.3 FACTORS DETERMING THE INTENSITY OF A GVH REACTION:

Several factors determine the intensity of a GVH

‘reaction:(i) the degree of histoincompatibility between the

donor graft and the host; (11i) th; ndmbe; of donor cells
injected; (i1ii) the age of thé'host; (iv) presensitization of
the donor cells; and, (v) th?‘phenom;hon of hybrid resistance.
Since the degree of histoincompatibility (genetic disparity)
between donor and host” plays a central role in determining the
intensity of GVH reactions, the effects of various degrees of
génetic disparaties in in&ucing and determining the intensity

of GVH reactions shall be presented in the following section.

1.3.1 HISTOJINCOMPATIBILITY AND THE INTENSITY OF GVH
REACTIONS:

1n3.1?1 H-2 ANTIGENS AND GVH INTENSITY

-

Genetic differences between host and the donor

are major factors leading to the inductien of a GVH reaction

¢ ~
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(Bach, 1973). Of the different regions of the H-2 complex, it
wag originally thought that the K-end was more effective than,
the D-end Iin inducing GVH reactions (Demant, 1970). However,
using congenic sc¥ains of mice which share the K and the D ends
of the H-2, 1t was later discovered that it was not the H-2K
locus by itself which was responsible for the stronger
intensity of GVH reactions, but rather, the closely-linked
cluster of immune response (Ir) genes are present within the
I-regton of the H-2 (Klein, 1973, Klein and Park, 1973; Livnat
et al, 1973, and Widmar etal, 1973) In these studies
splenomegaly was employed to assess the intensity of GVH
induction. It was further demonstrated that an H-2K region
differences without an H-2I region differences does not elicit
any stronger GVH reaction than H-2D differences alone (Livnat
et al, 1973; Klein and Park, 1973). It was suggested that
perhaps a combination of various H-2 regionms ( I and K/D region
of the H-2) would result in greater GVH intensity Klein and
Park (1973) &8lso demonstrated that H-2S plus H-2D region
disparity had no additional effects on the intensity of GVH
reactions as compared to that observed with an H-2D disparity
a}one. These workers suggested that the effects of the H-2S
region on GVH reactivity is minimal and in many cases non-
existent (Klein and Park, 1973). GVH reactions (as assesseg by
mortllity) induced across T-region incompatibilities have also
been reported (Elkins,1981; Eastcott et al 1981).

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

disparities across the entire I-region result in wvigorous

splenomegaly. The entire I-region splenomegaly was due to a

2



combined effect of 1-A and I-C sub-region disparities However,
Clarke and Hildeman (1977) showed that H-2I region differences
alone required 40X more cells to produce comparable
spleruﬂnegaly than that observed in combinations with
disparities at multiple loci within the H-2 complex

Studies carried-out to determine the role of wvarious sub-
regions of the H-21 reglion 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 combinations
pre-immunization of donoy cells with host antigens resultei in
508 mortality of the hosts (Clark and Hildeman, 1977a). These
workers (Clark and Hideman, 1977a) also demonstrated that the
severity of GVH reactions varied as a function of interallelic
strain combination and were particulary 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 reactions
as assessed by splenomegaly (Clark and Hildeman, 1977a,b,
Klein and Chiang, 1977). » .

Thus, these studies collectively demonstrate that I-A
differences induce stronger GVH reactions, whereas 1-C
disparities can induce GVH reactions, but either higher donor
cell dose or prior sensitization of donor cells with host
antigens is required. In contrast, I-B and I-J sub-regions do
not evoke detectable GVH reactions.

Wplters et al. (1981) studied the effects of different
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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 Iinjected into an irradiated—%;s; (primary host).
Spleen and lymph node cells from tbis primary éllogeneic host
were removed and transferred i;;fvinto a normal secondary
ré51;I:;;l These secondary -reciplents were then challenged in
the hind foot with spleen cells syngeneic with the primary
irradiated recipient., The DTH reactivity in sucha.syst;m was
shown to be directed exclusively to the I-region of the H-2
complex, whereas the H-2K/D regions did not induce anti-host
DTH effector cells (Wolters et al. 1981). These workers
(Wolters et al. 1981) confirmed the importance of the I-regian
in GVH induction Q& using an assay system different from the
splenomegaly assay (Klein and Park, 1973; Livnat et al, 1973)
It should be noted that both the DZH and splenomegaly assays
measure the proliferative Phase of the GVH reaction
(proliferative phase; for details, see section 1l.4.1).

In contrast, when GVH-induced welght loss and mortalicy
were used as the assay system 1t 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 and Chiang, 1976). It was concluded that
there was a lack of correlation between the froliferative
(splenomegaly) and effector (mortality/weight loss) 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-2I regfion of the H-2 complex alone is more effective in



inducing splenomegaly and DTH response than H-2K/D region
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incompatibilities. However, using mortality as a measure of GVH

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

equally effective.

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

Several stuéies have reported the induction of
GVH reactioqs across minor or non-H-2 loci disparities when the
donor cells were preimmunized with host antigens and/or
injected in higher numbers (Cantrell and Hildeman, 1972, 1973,
Cosgravephnd Davis, 1971).

Thegnqn’H-2 loci have been selected for strong, moderate
and weak 1Incompatibilities on the basis of mortality and
splenomegaly by the use of congenic strain combinations of
donor and host (Cantrell and Hildeman, 1972, 1973). It was
demonstrated that, with decreasing immunogenetic
incompatibility, increasing numbers of donor cells had to be
injected to induce GVH reactions. However, with non-H-2 genetic
disparaties, preimmunization of the donor cells with host
antigens enhanced the GVH inducing potential; the weaker the
histoincompatibility barrier, the greater was the potential
efficacy of preimmunization in evoking GVH reactions (Cantrell
and Hildeman, 1972). However, in certain strain combinations
which differed only at multiple non-H-2 loci, severe GVH
reactions (as assessed by donor cell proliferation and

mortality) have been reported without prior sensitization of



donor cells (Korngold and Sprent, 1978; Eastcotf et al.,
1981). Wolters et al. (1980b), employing the DTH assay systenm
{as described above), have also demonstrated GVH reactions in
H-2 compatible donor-host ;ombinations.

It has further been reported that non-H-2 and H-2
differences may interact with each other to 1increase the
intensity of the GVH‘reaction (Abuaf et al., 1977; Motta et
al., 1981; Pritchard and Halle-Pannenko, 1981). Pritchard and
Halle-Pannenko (1981), however, concluded that the detection
of the synergistic effect of H-2 and non-H-2 disparities
depended upon the choice of an/appropriaCe assay systéé, ie,
it was suggested that splenomegaly results cannot b? used to
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 interact 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-gifferent non-H-2 genes may exert
cummulative, synergistic, or suppressive effects on the
intensity of GVH reactions (Motta et al, 1981).

It has’alio been demonstrated that in certaim 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

injecting lymphoid cells which have been previously sensitized

"(females sengsitized to males). Thus, in this situation, GVH

reactions can be induced across an H-Y disparity. Synergistic

interactions between H-2 and H-Y disparities have been reported
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to play a role in determining the GVH reaction intensity
(Elkins and Silvers, 1982; Abuaf et al, 1977).

Thus, the studies cited above suggest that non-H-2
genetic disparities are able to 1induce GVH reactions by
themself. These non-H-2 differences can also increase or
decrease the intensity of GVH reactions by interacting ampongst
themselves and by interacting with H-2 differences. -

The intensity of GVH reactions can also be determined by
the degree of histopathological alterations observed in
%ymphoid and non-lymphoid organs (Billingﬂam; 1968, Grebe and
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 assoclated LA ssue damage In the
liver following GVH induction. They suggested that the
intensity of liver infiltrates was related to the dose og 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 non-H-2 locti.
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 across 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

~3

intensity (Santos et al, 1985). However, not much data are

11
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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 lesions and the DTH response
during the course of a GVH reaction.

In most of the studies cited above GVH reactions were
studied by examihing only one of the parameters/symptoms
assocliated with GVH reaction. When two or more parameters were
used to assess GVH induction under similar conditions, it was
clearly evident that the ‘intensity of the proliferative phase

*
(splenomegaly and DTH assay) did not correlate with the

intensity of the effector phase (weight loss or mortality). In

L o
the following section a brief review of the two phases of GVH

reaction Thall be presented.

—

1.4 THE TWO PHASES OF THE GVH REACTION AND THEIR

ASSESSMENT

The intensity of the GVH reaction is determined by

different assay systems. However, it :hb“lf be remembered that

~

the introduction of imxnunoco:qpetex1t\\lelg\_into an
—_— TN

) -~
&immunoincompeCent host triggers a complex series of events e

leading to various morphological, histopathological, and immune
functional changes. Each of these changes may be caused by
different mechanisms acting either 1ndep;ndent1y of, or in

combination with each other.

GVH reactions are broadly divided into two main phases:

(1) An early proliferative phase which leads to morphological

12
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changes, i.e., splenomegaly, lymph node enlargement or swelling
of the foot pad as in the DTH assay ,and (2) A later effector
phase responsible for histopathological changes in the lymphoid
and non-lymphopid organs which lead to weight loss and
mortality. However, the immune functional changes observed
during GVH reactions may be due to a combination of both
proliferative and effector phases of the GVH reaction.

The various assay systems employed to investigate the
induction and intensity of GVH reactions provide information
regarding a parkicular phase of a GVH reaction rather than the
GVH reaction as a whole. For example, in the studies in which
the proliferative phase (splencmegaly) and the effector phase
(welght loss/mortality) of 'the GVH reaction were studied under
similar conditions, a lack of correlation between the two
phases was observed (Cantor et al., 1970a; Klein and Chiang,
1976; Livnat etl;l., 1973; P{itchard and Halle-Pannenko, 1981).
Adso, the potency of lymphoid cells from different lymphoid
organs in inducing the symptoms of the two phases was found to

ybe different (Gleichmann et al., 1976; Cantor and Asofsky,
1970; Cantor et al., 1970b; Cantor and Asofsky, 1972; Tigelar
and Asofsky, 1972). Thig suggests that different effector cells
may be involved duriﬂé different phases of the GVH reaction

In the following section, a brief review of the assays
employed to determine the induction/intensity of GVH reaction,
the possible cell types, the mechanisms involved in affecting

the proliferative phase, effector phase, and immune func?ional

changes during GVH reactions shall be presented.
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1.4.1 THE PROLIFERATIVE PHASE OF THE GVH REACTION
Following the iInductien of GVH reactions, the
proliferation of different lymphoid cell types and the
contribution of the donor and host cells hgve been assessed by
various assays. For example: (1) Incorpora&ion of DNA specific
radio-1sotopes 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, 19%7).(3) Chromosomal markers (Fox, 1962) (&;_Allo-
antisera (Rolstad, 1976) (5) DTH response (Wolters et al ,
1979a,b,;1980,1981). (6) Reconstitution of GVH mice with
different sub-populations of either parental or Fl hybrid
lymphoid cells (Romano et al., 1976; Ford et al., 1981). (7)
Induction of GVH reactions with different lymphoid cell
populations (Cantor and Askofsky, 1970; Canto; et al., 1970a,b;
Cantor and Askofsky, 1972; Tigelar and Askofsky, 1972;
Zollinger and Potworowski, 1979, Yamashita et al, 1982).

The proliferation of 1ydphoid cells early after the
induction of GVH reactions results in characteristic
morphological changes in the host such as splenomegaly
(Sfmonsbn, 1957; B£111ngham, 1968,), lymphnode enlargement
(Levine, 1968; Haskova and Gansova, 1970; Ford°et al., 1970)
and swelling of the foot pads in the DTH assay (Wolters et al ,
1979a,b;1980a,b;1981). During theqﬂfoliferative phase of the
GVH reaction, both donor as well as host cells proliferate.
However, detectable morphological changes result as a

consequence of donor cells' induced recruitment and
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proliferation of the host cells. A brief summary of the donor
cell type(s) involved in the initiatien of the proliferative
phase and the contribution of both the donor and host cells in
affecting the morphological changes assocfiated with the

proliferative phase are presented.

1.4.1.1 DONOR CELL TYPE INVOLVED IN THE INITIATION OF
THE PROLIFERATIVE PHASE:

The demonstration that peripheral blood lymphocytes
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
circulating population of lymphoid tissue were fully capable of
immunological reactivity. Further studies with lymphoid cells
that were classified on morphologlcal basis as "large" and
"small" lymphocytes, demonstrated that the GVH-inducing
capacity 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 induce morphological changes associated
with the GVH reaction. Cantor et al. (1970a,b) and Cantor and
Asofsky (1970) confirmed the earlier studies of éowans (1962)
and Gowans et al. (1962) and showed that indeed, the
circulating 1lymphocytes are important %h initiating GVH

reactions. They showed that the splenomegaly'producing capacity
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of lymphocytes from different lymphoid organs was as follows:
peripheral blood and thoracic duct lymphocytes, lymphnode
cells, spleen cells, and, finally, bone marrow cells (BM)
having the least capacity, 1f any at all. The synergistic
interactions between the two lymphHhocyte populations were
digscovered when Cantor et al (1970a,b) and Cantor and Asofsky
(1970) showed that the GVH-inducing capacity of splenocytes
from aged NZB mice could be restored by adding a small number
of splenocytes 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 cell population necessary for
inciting GVH reactions. Cantor and Asofsky (1970) also showed
that lymphoid cells derived from certain lymphoild organs
(thymus or spleen) of thymectomized (normal Balb/c) animals
were not able to induce splenomegaly by themselves. However,
when the cells from thymectomized mice were mixed with cells
from spleen or lynph nodes of non-thymectomized mice they were
able to initiate significant.-splenomegaly. These workers
(Cantor and Asofsky, 1970) suggested that at least two cell
types are required :; mediate GVH reactions. The ratio_ between
these two sub-populations in different lymphoid tissues
determines the degree of reactivity of that tissue.

A characterization of the two synergistically acting cell
populations showed that both were thymus dependent (Cantor -and
Asofsky, 1972). One cell population was extremely sensitive to
anti-thymocyte serum (ATS). It belonged to the rapidly
recirculating T-lymphocyte pool i.e. present in the peripheral

blood, thoracic duct, and lymph-nodes. This cell population was
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termed a59T2 (Cantor and Asofsky, 1972). The other T-cell
population, sensitive to thymectomy but relatively resistant to
ATS, was present in greatest.concencracion {in the thymus and
spleen. It r;cirCulated slowly, 1f at all, and served as a
precursor of the cell which inflicts splenomegaly This T-cell
population was termed Tl (Cantor and Askofsky, 1972). The T1
cell, or the precursor cell activity, was amplified by the T2
or the amplifier cell (Cantor and Asofsky3 1972) Thus, 1t
appears that the first cell to be activated following the
induction of the GVH reaction 1s the T2 cell Cantor and
Asofsky (1972) proposed two hypotheses regarding the
relationship between f2 and Tl cell: (i) Both the T-cell
populations (Tl and T2) belong to a single differentiated line
but differ in their degree of maturation  and (1{i) there are at
least two separate differentiated lines of T-cells in the
peripheral _tissues and thymus (Cantor and Askofsky, 1972).
Zollinger and Potworowski (1979) investigated the effects
of two thymic stromal fractions: the insoluble thymic fr%fsion
(ITF) and the soluble thymic fraction (STF) for theilr capacity
to induce distinct T-cell subsets. They found that ITF elicited

a splenic cortisone-sensitive T-cell subset endowed with

-enhanced GVH-inducing capacity (splenomegaly). The STF

incre;sed the number of cortisone-resistant T-cells in the
lymph nodes, but these cells were less active than ITF treated
cells in inducing GVH reactivity. Treatment of ITF treated
donor cells with STF resulted in cgrtisone-resistance and a

decreased capacity to induce splenomegaly. Zollinger and

\\
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Potworowski (1979) suggested that ‘the cortisone-sensitive and
resistant subsets corresponded to the Tl and T2 populations,
respectively, both of which cooperate in the induction of the
GVH reaction. Zollinger and Potworowski (1979) suggested that
the two synergistically acting T-cell populations represented
two consecutive differentiation stages. Further studies 1in
rats, using the }ymph 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 im@igrated-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
Wolters and Benner (1979a,b,1980a,1981). These workers employed
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 K/D
determinants. These H-2 recognition r:;uirements are analogous
to T-helper and T-cytotoxic/suppressor cell requirements
(Zinkernagal et al, 1978a,b; Benacerraff and Germain, 1978;
Feldman et al, 1977; Doherty et al, 1976). Wolters and Benner
(1980) and Wolters et al. (1981) further demonstrated that T2
and Tl cells act synergistically only during the induction
phase of the anti-host proliferative response, i.e., when T2
and Tl cells were separately activated by H-2 antige;s, then
combined and simultaneously eransferred into a secondary

recipient, no synergiétic activity was observed. However, when

T2 and Tl cells were activated by H-2 antigens together,
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greatly enhanced anti-host(proliferative responses were
observed. These workers (Wolters and Benner, 1980a) suggested
that the consequence of the differential specificity of
receptors of T2 ( I-A determinants) and Tl ( K/D determinant%
cells 1s that both sub-populations Pelong to different, yét
parallel lines of T-cell differentiation. The role for T-helpe;

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 (Brideau et al,

1980) . e
Miyazaki et al. (1982) showed that depending upon the

duration of sensitization of donor cells with host cells in

[
complete Freund's adjuvant, the capacity of donor cells to

induce splenomegaly can either be increased or decreased and
the capacity to induc; cytotoxicity varied ihversely to that of
splenomegaly. These workers (Miyazakl et al., 1982f postulag;d
that the/dgf;erentiation of T-helper cells (T2 cell population)
may have a common precursor in a certain time pgeriod after
antigenic stimulation. After such a period of transitional
diffe;entiation the T-helper cells may differentiate
irreversibly either into effector cells of DTH or effector
cells of cytotoxicity. These workers (Miyazaki et al., 1982)
suggested that a coh@on precursor may exist for T-helper and T-
cytotoxic/suppressor cells after antigenic stimulation. ~

The studies cited above colleg}ively suggest that the
proliferative phase of the GVH reaction'ii initiated by =a
mature, ATS sensitive, cortisone resistant, rap}dly

o
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recirculating, I-A recpgnizing cell, termed as T2 or T-helper
cell (lyct 1+, L3T4+ cells). The response of the T2 cell 1is
amplified by an immature, cortisone sensitive, sessile, K/D
recognizing cell, termed as Tl or T-suppressor/cytotoxic cell
(lyt 2+) Howe;er, it 1is not yet clear whether the T2 and T1

cells belong to the same or different lines of differentiation.

1.4.1.2 CONTRIBUTION OF DONOR AND HOST CELLS IN AFFECTING
THE MORPHOLOGICAL CHANGES ASSOCIATED WITH THE
PROLIFERATIVE PHASE:

Both the donor and the host cells proliferate\afid
contribute to the morpholoéical changes observed during the
proliferative phase of GVH reactions However, the kinetics of
the proliferative resp es of Ehe donor and the host cells
vary and their actual cont ibutigns to morphological changes
differ.5 O\

Gowans (1962), by employing autoradiographic techniques,
showed that 3H-thymidine labelled donor cells were observed in
the lymph nodes, Peyer's patches and splenic white pulp three
hours after their injection. After 24 hours small lymphgcytes
transformed into large cells in the spleen (Gowans,1962). Fox
(1962) studied donor cell proliferation by examining
chromosomally marked (CBA T6) spleen cells after their
injection into (CBAxC57BL/6)Fl mice. Fox (1962) noted that a
burst of donor cell proliferation was observed g}~d&& 2-3 after
GVH induction. At this time donor cells constituted up to 60%

of the dividing éells in the host spleens, however no

splenomegaly was observed. By day 4, donor cell contribution to
. , .
i
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the dividing splenic cell was less than 108 whereas host cells
(which were not chromosomally marked) contributed about 90% of
the dividing cells. Furthermore, at the time when maximum
splenomegaly was observed (between days 10-20), donor cell
proliferation constituted approximately 1-2% of the dividing
cells (Fox,1962). These results suggested that splenomegaly was
almost entirely of host origin and that the majority of donor
cell proliferation precedes morphological 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 node enlargement assay, Rolstad and
Fossum,(1977), employing the autoradiography technique, also
observed significant proliferation of donor cells by day 3,
before lymph node enlarg;;enq was apparent. They (Rolstad and
Fossum, 1977) showed that donor cell proliferation occurs
before host cell proliferation commences and host cell
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
(Rolstad, 1976). The advantage of the anti-gera technique in
determining the host and donor component is that 1t measures
both the dividing as well as non-dividing cells (Rolstad

.

1976). The importance of host cell proliferation in affecting
[}

morphological changes was further strenghtened by the

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

al., 1981) or treatment of F1 cells with mitomycin (Romano et

al., 1976) depreésed or abolished the morphological changes.
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Furthermore, injections of normal F1l cells (but not parental
cells) 1into X-irradiated mice restored the appearance of
morphological changes (Ford et al., 1981).

The early proliferative burst of the donor cells that was
observed after their injection into a semi-allogeneic or
allogeneic host 1s stimulated by the histocompatibility
antigens of the host. Ford and Atkins (1971) removed thoraclic
duct lymphocytes from the Fl hybrids 12-36 hours after they
were injected with parental lymphoid cel}s. These thoracic duct
lymphocytes were then injected into either F1 mice that were
syngeneic with the primary recipient or Fl mice that were semi-
allogenelic with the parental mice, 1 e., bearing different
alloantigens from the primary recipient. The results from such
experiments indicated that the recovered thoracic duct
lymphocytes ('filtereé' lymphocytes) were unable to cause lymph
node enlargement in reciplents syngeneic with the primary host,
however, significant lymph node enlargement 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 .recognize and react specifically to the
foreign antigens (Ford et al, 1974?—Bennett, 1971; Sprent and
Miller 1972a,b).

Specific activation (but not necessarily proliferation) of
donor cells after recognition of host histocompatibility
antigens ;s essential for the induction of maximum splenic
enlargement associated with the proliferative phase of the GVH

reaction. When parental cells were treated with mitomycin

proliferation of F1l cells was 35-51% of—p%rentﬁg cells not

. N
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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 exert mitogenic effect on the Fl cells
(Romano et al., 1976; Ford et al., 1981) Since the maximunm
morphological changes are observed at the time when the donor
cell proliferation is minimum, it suggests that the recruitment
and proliferation of Fl cells may be mediated by lymphokines
released by T-cells following specific antigenic stimulation
(for review of possible lymphokines involved, see Grebe and
Streilien, 1976). '
The recruited Fl cells which constitlte the majority of
cells in the .enlarged spleens belong to cells of either
macrophage and/or erythrocyte lineage (Howard, 1961; Elie and
Lapp, 1976,1977; for review see, Billingham, 1968; Grebe .and
Streilein, 1976, Simonsen, 1962) 1In contrast, the enlargement
of the lymph nodes was mediated by the recruicgent of both T
and B-cells of the host origin. However, the B-cells are the
major cell type responsible for the enlargement of lymph nodes
(Rolstad, 1976; Rolstad and Fossum, 1977; Ford et al., 1981)
Thus, the studies relating to the proliferative phase
(morphological changes) of the GVH reaction show that : (1) The
cell which Iinitiates the GVH reaction is a T-cell, (2) Two T-
;eli populations, T-helper and T-cytotoxic/suppressor (T2 and
Tl), respectively interact to induce GVH reactions. (3) The
activation of donor cells is specific and their proliferation
is observed only early after GVH induction. (4) The donor cell

that initiates the GVH reaction in H-2 diparate combinations 1is
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a T-helper cell which is activated by I-A~determinants of the
host and 1ts activity 1s amplified by T-cytotoxic/guppressor
cells activated by H-2K/D determinants. (5) The morphological
changes associated with the proliferative phase (splenomegaly,
lymph node enlargement, and the DTH response) are éue 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, sugh as
histopathological lesions in the lymphoid and non-lymphoid
organs; welght loss and runting; and, finally, mortality
Mortality, after the induction of GVH reaction, is the most
commonly used assay for the effect;; phase. Thus far the cells
responsible for the effector phase have not been characterized
and there are no parameters that can be used to accurately
predict the intensity of the effector phase (Elkins, 1978).

It i{s believed that the weight loss, runting, and

mortality of GVH mice results as a consequence of

histopathological lesions in the intestines and gut-associated
non-lymphoid organs. This tissue injury results in diarrhea,
malabsorption, malnutrition, weight loss, and finally death
(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). Thus, it appears th:: the

initial or the earliest features of the effector phase may be

the GVH- associated histopathological alterations in the
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lymphoid and non-lymphoid organs.

The primary target of GVH reactions are lymphoid organs
and cells (Lafferty et al, 1972 ; McBride, 1966, Billingham,
1968). Furthermore, the specificity and the reproducib}lity
with which the epithelial cells are damaged in the lymphoid and
non-lymphoid organs during the GVH reactions strongly suggest
that epithelial cells are also primary targets of GVH reactions
(Lapp et al., 1985). Lafferty et al , (1972) and Snover (1984)
have suggested that organs and tissues (either lymphoid or non
lymphoid) which possess a stem cell pool 1 e., rapidly
proliferating cells\with a capacity for self remewal (for
example, the primary lyméhoid organs and the epithelial cells
lining the GI tract) are the primary targets of GVH reactions

The histopathologi;alolesions resulting in significant
injury to the epithelial thymus have profound implications on
the immune system. The destruction of epithelial cells ligzng
the GI tract are believed to be responsible for welight loss ,
diarrhea, and mortality. Two basic mechanisms have been
proposed to account for the tissue damage observed during the .
effector phase of a GVUH reaction. The first suggests that the
eplithelial cell damage is non-specific, mediated by the release
of lymphokines from activated lymphocytes, 1i.e., the "innocent
bystander" phenomenon. The second suggests that epithelial cell
damage 1s mediated by donor lymphocytes which are apecificaﬁ?y
actiﬁated-following their stimulation by the host alloantigens,
i.e., specific cell-mediated mechanism. A brief review of the
mechanisms and the cell 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 PHENOMENON

The "innocent bystander” phenomenon states that the
epithelial cell damage observed during the course of a GVH
reaction results from the release of lymphokines or other
cytotoxic agents during an interaction between host ané donor
lymphoid cells, leading to damage to the nearby epithelial
cells.

The major support for this mechanism of tissue damage
comes from experimental data showing that: (i) In Fl1 mice that
r%ceived a parental intestinal graft followed by an injection
of parental lymphoid cells, intestinal epithelial cell damage
is observed both in the Fl intestines as well as transplanted
parental intestinal tissues syngeneic with the parental donor
cells (Eléon et al., 1977; van Bekkum and Knnan, 1977; Mowat
and Furgusson, 1981). (ii) In Fl rats tissue damage to
transplanted parental kidney graft (in local GVH reactions) 1is
obser;;d wgen parental lymphoid cells are injected under the
kidney capsule of the transplanted parental kidney (Elkins,
1966; Elkins and Guttmann, 1969). Damage to the parental kidney
graft is observed only when the kidney is transplanted in a
qon-x-irradiated F1l, so that Fl rats have a normal lymphoid
element (Elkins, 1966). (1ii) In Fl syrian hamsters, parental
skin grafts are destroyed when parental lymphoid cells are
injected subcutaneously (B?llingham and Streilein, 1968). Thus,

the main argument for the role of innocent bystander phenomenon
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in tissue damage is that epithelial cell damage i{s observed in
both the Fl organs as well as the parental grafts which are
syngeneic to the parental lymphoid cells The host lymphoid
cells play a major role in this phenomenon of tissue damage
since irradiation of the host either blocks or decreases the
intensity of tissue damage (Elkins, 1966).

However, several experimental observations cannot be
either incorporated into the hypothses of "innocent bystander"
phenomenon or contradict the non-specific mechanism for
epithelial cell damage. It has been reported that Flﬁcells may
enter the transplanted parental intestinal grafts (Ferguson and
Parrott, 1972a,b). Thi%sobservation is important as it has been
reported that graft versus host reactions and host-versus-graft
reactlions occur side by side (McBride, 1966). Although {t is
believed that the Fl hybrid does not react immunologically
towards the parental lymphoid cells, recent studies have
demonstrated that the Fl hybrid can recognize and react against
determinants on the parental lymphoid cells. Specific Fl-anti-
parent CTL responses have been observed (Shearer et al, 1976,
Shearer, 1981; Shearer and Pollison, 1980; Warner and
Cudkowicz, 19%9; Ishikawa and Dutton, 1980; Nakano et al ,
1981). Moreover, Shearer £1981) has demonstrated that the
intensity of the Fl-anti-parent CTL response 1is proportional to
the parent-anti-Fl CTL response. Recent reports have also
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 cells of both host and donor origin
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are activated 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
specific CTLSs following allogeneic stimulation and that the
early appearance of NK cells is essential for the generation of
a specific CTL response. Mowat and Fergusson_(1981), in support
of the involvement of the "innocent bystander” phenomenon, have
suggested that "the Ia+ Fl cells which infiltrate the
transplanted parental intestinal grafts are activated to
provide the signal for proliferation and recruitment by
releasing lymphokines”. The explanation sugggsts that the Ia+
Fl cells which infiltrate éransplanted 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 Fl host may be attacked by
Fl1 lymphoid cells (cytotoxic/effector cells ) and Fl grafts may
be damaged by parental lymphoid cells. Thus, the possibility
that tissue damage ma§ be cell- mediated must be considered.

There 1s a second set of experimental observations which
do not support a role for the "innocent bystander” phenomenon
in tissue damage. These observations are’:he presense of
lymphocytes in close contact with the damaged cells, a feature
more in keeping with cell-mediated tissue damage (Seemayer et
al., 1977, 1978; Slavin and Woodruff, 1974; Gallucci and sale,

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

GVH refctions 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 GVH mice can kill a va¥tety of tumor targetcgllsnon-
specifically. It has also been reported that the macrophage
bactericidal capacity 1s 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 iInduction of GVH reactions there is massive
production of H202 radicals by splenic and peritoneal exudate
macrophages. It is possible that the macrophage cytotox;c
activity as well 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, mainly of host macrophages.
EliL and Lapp (1977) and Treiber and Lapp (1976) have proposed
that early after GVH reaction induction the immune regulatory
system may be working at supra-zbtimal 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 involvement in immunosuppression as
proposed by Elie and Lapp (1977) and Treiber and Lapp (1976)]

On the other hand experimental observations are reported

which might argue against, but not exclude, the role of
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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; ﬁapp et al., 1985).
Secondly, histologicgl studies show that it is the lymphocytes
(large granular lymphocytes) that are attached to the
epithelial cells, whereas macrophages are filled with debris
(;eemayer et al, 1977, 1978). Finally, the tissue damage
precedes the accumulation of macrophages at the iInjured 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.
Bowever, several studies in which sterile intestinal
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), It was
proposed that bacteria and their products intensify the
inflaﬁmacory response resulting in more severe lesions (van
Bekkum et al., 1974; van Bekkum and Knnan, 1977; Mowat and
Furgusson, 1981). It is known that bacterial products,
especially lipopolysacharide (LPS), Iin the presense of
macrophage activating factor (MAF) or interferon (IFN) can
induce cytotoxic activity in macrophages. A siénificant amount

from GVH mice (Zwatsky et al., 1979). IFN activates macrophages
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to kill tumors (Murray et al., 1985; Krammer et al., 1985;
Celada et al., 1984; Keller; 1973) and 1ncreases H202
production and release from}macrophages (Nakagawara et al.,
1982) .

The observations cited above collectively suggest that,
although thd’inicial tissue damage may be mediated by a
lymphocytes, the presense of activated macrophages in the
vicinity 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 appearance and progression of
histopathological lesions is available, it 1is difficult to
assign a definitive role to MO in GVH-associated tissue damage.
Moreover, the question of the host and donor (specific or non-
specific) nature of MO in GVH-associated tissue damage 1is

difficult to answer, since depletion of MOs and/or thelir

precursore 1s technically difficule.

1.4.2.3 ROLE OF T-CELLS IN TISSUE DAMAGE.

It is generally believed that the GVH-assoclated
tissue damage 1s caused by donor anti-host cytotoxic T-
lymphocytes (CTL) which are activated by the histocompatibilicy
antigens of the host (for reveiw see, Grebe and Streilien,
1976; McBride, 1965; Elkins, 1971,1978). The as;umpCion that
anti-recipient CTLs of donor origin‘are the effector cells in
the GVH reaction is based upon earlier findings\showing that

L4
parental strain mice tolerant to Fl1 hybrid antigens by neonatal

A L)
inoculation with Fl1 hybrid bone marrow are incapable of
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producing histologic alterations or clinical disease in F1l

hybrids (Gowans and McGregor, 1965; Gowans et al., 1962). It

was suggested that the antiiZhs dglgh 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 al., 1962). It

has been extensively reported that X-irradiated bone marrow

s? o

reconstituted animals do become lymphoid chimeras (Gengozian et
al., 1960, 1961; Doria et al., 1962; Rayfield and Brent, 1983).
In addition, the intensity of local GVH reactions 1in gﬁinea
plgs correlated with the rapidity with which the donors
rejecped skin grafts (Brent and Medawar, 1963). However,
several studies have reported a lack of correlation between
skin graft rejection and GVH induction (Livnat et al., 1973;
Kadish and Basch, 1876; Lapp et al., 1985; Gkiyur et al.,

1986).

’

The assumption that CTLs play a role in tissue damage was

further strenghtened by the finding that lymphoid cells from

immunized animals or -lymphoid cells challenged in vitro were

(Moller, 1965a,b; Rosenau and Moon, 1961l; Cerrotini et al.,
1971; Cerrotini and Brunner, 1974), Specific cytotoxicity of

shown to be mediated by T-cells and was dependent upon cell

a

contatcet (Perlmann and Holm, 1969; Wilson and Billingham,
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1967). The T-cell nature ;f cells capable of killing allogenqic
target cells was confirmed by Golstein et al. (1972) and Wagner
(1972).

Thus, the role for" CTLs in GVH associated tissue damage is
primarily based upon in vitro studies. However, Elkins (1971)
has suggested that it is probable that the progeny of activated
donor cells ﬁossess similar cytocidal properties for
n{ighbouring‘cells in vivo during the course of a GVH reaction,

but that the artificial nature of the target monolayers in

vitro should be taken into consideration. Elkins (1971), funther

be shielded from this type of direct attack by connective
3
tissue barriers and basement membranes.

The strongest evidence for the role of CTLs comes from

experimental data showing that sgecific CTL's are generated

<

<

tumor allografts (Canty and Wunderlich, 1971;’Rouse and Wagner,
1972; Cerrottini an Brunner, 1974). However, these
assoclations are not universal, since data are also available
which demonstrate a lack of correlation between skin graft
rejeccio; and GVH induction (Kadish and Bacsh, 1976; Livnat et
- al:, 1973; Lapp et al,, 1985; Ghayur et al., 1986) and between
tﬂe generation of CTLs in MLC and the intensity of GVH
reactions (van Elven et al., 1981). '

Recent studies, in which the generation of specific CTLs
and the development of effector phase of GVH reactions wére:
studied, showed =& lack of correlation between tﬁese two

parameters. Thes& studies 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 CTLs are generated in vivo (van
Elven et al , 1981; Hamilton, 1984). In addition, injection of
IL-2, a T-cell lymphokine that augments the CTL activity of
normal mice, 1increases the incidence of mortality without
fncreasing CTL activity of GVH mice (Judas and Peck, 1983),
Finally, spfenic CTL induction (Shearer and Pollison, 1980,
Ishikawa et a1 , 1982)) as well as T-cell proliferative
function and T-hell;er cell function (Ghayur et al., 1984,
19854a) became severely supressed as early as day 4 -after GVH
induction, whereas the GVH effector phase (as assessed by the
development of histopathological lesions) appeared by day 15{16
after GVQ induction.

The studies cited above do not negate the role of CTLs in
the effector phase of GVH reactions since it is possible that
éTLs may have simply migrated out of the lymphoid organs. It
could also-be that, due to the accumulation of host cells in
the spleens of GVH mice, the donor anti-host CTLs are diluted
out*and, therefore, cannot be detected. If gpecific donor anti-
host histocompatibility antigen-reactive CTLs are involved in
the effector phase of the GVH reaction, then histopathological
alterations should be observed in all organs and tissues due to
the presense of foreign histocompatibility antigens. However,
tissue damage during the GVH reaction is observed in speqif}c
tissues, i.e., those tissues with a rapidly proliferating (self
réanewing) stem cell populﬁtion, eg,. lymphoid organs (Lafferty

et al., 1972) and epithelial cells (Snover, 1984 ). Futhermore,



the type of lesions and the organs and tissues affected during

the GVH reactions across the major or minor H-2 barriers cannot
14

-

be distinguished (Seemayer et al., 1977, 1978, Rappaport et
al , 1979; Lapp et al , 1985).

The fact that GVH associated mortality can be prevented hy
treating the donor inoculum with anti-thy antiserum or ant -
thymocyte globulin ( Muller-RuchLo.ltz et al , 1978, Kolb et
al., 1979, Vallera et al , 1982; Korngold and Sprent, 1978,
1982; Hamilton et al., 1981l) does not pfovide direct evidence
for a role of TTLs in the effector phase It merely suggests
that T-cells may be essential for the 1initiation of GVH
relactions. Once the GVH reaction is initiated some other cell
population may be activated which may be the effector during
the effector phase of the GVH reaction. Synergy between two T-
cell populations during the GVH reaction has been demonstrated
( see section 1.4.1.1.). Recruitment of other cell
population(s) following the initiaﬂ%on of GVH r;actions by T-
cells has also been suggested (Mowat and and Fergusson» 1981,
Mowat et al., 1985). Several workers have, therefore, recently
suggested that CTLs may not‘be essential Iin affecting the
effector phase of the GVH reaction (van Elvan et al., 198f,
Mason et al., 1981; Judas and Peck, 1983; Hamilton, 1984).

-+ Recent studies employing lymphoid cells of nude mice,
which lack mature T-cells, have shown that these cells are
capable of inducing features of the effector phase of the GVH
reaction, as assessed by weight loss/mortality and runting

(Okunewick et al., 1981l 1985). These workers have suggested:

that some immatur? T-cell, probably the precursor of CTL (p-
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CTL), 1is 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
differentiatien/maturation following allogeneic antigen induced
activation may be the cell that inflicts tissue damage duriqg
the effector phase of the GVH reaction (Dokhelar et al., 1981;
Clancy et al., 1983; Herberman et al., 1982).
i

A recently described cell type, mnatural killer (NK)
cell,is believed to belong to the pre-T-cell (immature T-cell)
(Herberman and Holden, 1978; Herberman et al., 1979; Kaplan,
1985) or the p-CTL pool (Nieminin and Seksela, 19843, The
possible role of NK cells in the effector phase of the GVH

reaction 1s presented in the following section.

1.4.2.4 NK CELLS AND TISSUE DAMAGE
Only recently has attention been directed towards
the possible role of NK cells during the course of GVH

reaction. Thus far, only a limited number of studies are

¢ &

available. Moreover, as is commonly the drawback with other
studies in GVH research, detailed correlative studies on NK
cell activity and the development of clinical features of the
effector phase of tﬁe GVH react%on are not available.
Therefore, in this section NK cell activity during both the
prolifgrative and the effector phases of GVH reaction will be
presented. A part of this thesis (chapters 3-6) shall deal with
the kinetics of NK cell activity and the development of various

features of GVH reactions.

Kiessling et al. (1977) reported that splenic NK cell

4
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activity becomes severely depressed 30 days afser 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 b;ne marrow early after GVH induction and then declines to
undetectable levels (Ghayur et al., 1980; Roy et al , 1982,
Clancy et dl1l., 1983). The degree of early augmenta;ion of NK
cell activity was dependent upon the number and genotype ot
parental lymphoid cells Iinjected (Pattengale et al , 1983,
Varkila and Hurme 1985a; Ghayur et al , 1984) /

Borland et al (1983) presented studies showing a
correlation between the early augmentaéion of NK cell activity
and the development of splenomegaly. These workers indu;ed GVH—
reactions by 1injecting parental lymphoid cells
intraperitoneally. However, in studies in which GVH reactions
were 1induced by 1injecting parental lymphoid cells by the
intravenous route, a lack of correlation was observed between
NK cell activity and splenomegaly (Ghayur et al., 1984, 19é5a;
Varkila and Hurme 198Sa,°1app et al., 1985). Pattengale et al.
(1983) demonstrated that both the degree and duration of early
augmented splenic NK cell activity depended upon the number and
strain of parental lymphoid cells injected to induce GVH
reactions. This dose and strain dependance of augmented NK cell
activity was later confirmed (Varkila and ﬁurme 1985a; Ghayur
et al., 1984, 1985a; Lapp et al., 1985).

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

augmented NK cell activity in the intra-epithelial lymphocytes

o t
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wvas pbserved at the time when gut-associated changes are
obsi;ved during GVH reactions (Mowat and Fergusson, 1981),
Pattengale et al. (1983) reported that GVH-associated severe
lesions (splenic dysplasia) were only observed in GQH mice in
which early suppression of NK cell activity waQNBbserved.
Furthermore, augmented NK cell activity after GVH reaction
induction did not always correlate with the development of
severelGVH reactions. Studies from our {Fporatory have shown
that the GVH-associated lesions in the lymphoid and non-
lymphoid organs appeared at the time when NK cell activity was
'

at 1ts peak. In addition, the severeity of the
histopathological lesions correlated with the earlier
appearance of peak NK cell activity, rather than with the
overall augmented NK cell activity. (Lapp et al., 1985; Ghayur
et al., 1984, 1985a). These studies constitute a part of this
thesls and are presented in chapters 4 and 5.

The 1nv01;emqmt of NK cells in the effector phase of the
GVH reactions 1is sugported by data showing that in vivo

-,

administration of anti-asialo-GM1l (AsGM1) antib:dies directed
againﬁk NK cells prevented GVH-agssoclated morgality (Charley et
al., 1984) and severe histopathological alterations in the
skin. These authors (Charley et al., 1984) addressed the
question of the origin (either host or donor) of NK cell
activity during GVH reactions and its role in the effector
phase of GVH reactions. They suggested that host NK cells may
be involved in the effector phase of the GVH reaction™ (Charley

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

GVH-associated tissue damage was based upon the findings that
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administration of AsGM1l antibodies to the hosts prior to or at
the time of GVH induction prevented GVH-induced mortality
Elimination of endogenous NK cells from the donor inoculum had
no effect (Charley et al., 1984). Varkila and Hurme (1985b)
demonstrated that in vivo administration of AsGM1 antibodies to
recipients prior to GVH induction abolished both the early
augmentation of NK cell activity as well as GVH-assoclated
mortality. Adminstration of the same antibodies to the donors
prior to 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
ﬁu;;e, 1985b). However, it is possible that alloantigen
acti;ated donor NK cells, rather than the endogenous donor NK
cells, may also be ;mportant during the effector phase of the
GVH reaction along with host NK cells. If this possiblit} is
true then the administration of AsGM1l antibodies to lhe host
(at the time or prior to GVH in&uction) would eliminate NK
cells of both the host as well as alloantigen activated NK
cells of donor origin. Thus, the possibility that donor NK
cells may also be important during the effector phase of the
GVH reaction connot be completely ruled out.

We 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
this thesgs.

# .
In Hﬁffns' Livmﬁf et al. ( 1980) reported that patients

¢
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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 cell activity remained elevated up to day 100
post- bone marrow transplantation. However, no correlation was
observed between the augmented NK cell activity :gainst K562
tumor targets and 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-1) 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 the early
augmented NK cell activity against K-562 frumor 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 di;ease was of donor origin.

In humans, the data available for the origin of NK cell
activity and the development of GVH disease are still
controversial. The controversy exists due to the fact that
different workers have employed different targets to determine
NK cell activity. Recent studies in mice have, in fact, shown
that NK cells that lyse YAC-1 targets and NK cells that lyse
HSV-1 infected cells belong to distinct subpopulations of NK
cells (Tang et al., 1985).

Thus, the studies cited above for the role of different

mechanisms that are believed to play an impertant role during
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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 i{s mainly based upon in vitro data The

in vivo data show a lack of correlation between specific CTL
generation and the severity of the GVH effector phase. More
recent evidence ;uggests that NK cells may play an imporctant
role in {nflicting tissue damage, however their origin (either
host of donor) is not clear. And finally no systematic kinetic
study 1s available to show the kinetics of wvarious immune

functions and the Initiation and progression of tissue damage

1.5 IMMUNOSUPPRESSION

4
A consistent feature of the GVH reaction 1is

generalized immunosuppression. 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. It appears

that, at least, three different mechanisms come into-play

<

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

t

persistence of immune-suppression of the host at different

<

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
section®a brief review will be presented of the various events
and‘ﬁechanisms 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 IMMUNOSUPPRESSION -

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 rxeactions alter the environment within the host, resulting
in the prolongation of skin-graft survival time. Sjoberg (1971,
1972) suggested three posibilities for the GVH-induced
immunosuppression. The§e were : (i) antigenic competition
between two crossf;;t:ting antigens competing for the same

antigen-reactive cell; (i1i) lack of some essential factor in

the host, and (1i1ii) induction of some inhibitory factor,

Grushka and Lapp (1971, 1974) showed that when a normal
thymus was transplanted into an immunosuppressed Fl hybrid
undergoing a GVH reaction, GVH intensity increased as assessed
by weight loss and mortality. These workers suggested that the
GVH reaction has a generalized immunosuppressive effect which
suppresses not only the immune response to other antigens, but
also the GVH reaction itself. They proposed that 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 concept of thymic factor depletion as a
cause of immunosuppression were presented by Lapp et al
(1974). They demonstrated that the PFC response to SRBC of
immunosuppress;d mice could be partially restored by injecting

"
either syngeneic thymocytes or thymic extracts. Similarly, in

be restored by T-celf derived factors (Elie et al , 1974)
These results strongly suggest that the GVH-assoclated
immunosuppression could be at least partially due to
depletion/lack of thymic and/or T-cell derived factors

resulting in depressed T-helper cell function.

Besides the depletion of thymic 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
early GVH-induced immunosuppression. Studies by Sjoberg (1971,
1972) and Moller (1971) séggested a role for suppressor factors
in GVH 1induced 1mmunosupp£kfsion. Sjoberg (1972) demontgated
that a cell with macrophage-fﬂke properties was responsible for
initiating early immunosup?ression. Other workers also

indicated that the macrophage coul&\be the cell producing such

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

Elie and Lapp (1976, 1977) showed that during the early
phase of GVH reactions there was a massive increase in the
number of macrophages in the spleen (30% above normal), which

Y

suppressed T-helper cell function. It was further demonstrated
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that these macrophages could perform normal functions, {.e.,
provide help in antibody production, if their numbers were
reduced to normal levels (3-5% of the splenic cellularity).
These results suggested that the suppressive effect of@
macrophages was quantitative rather than qualitative (Elie and
Lapp, 1976,1977) and raised the possibility that the early
macrophage-mediated suppression represented an amplified normal
immune regulatory function (Elie and Lapp, 1977). Recent
studies (Lapp et al., 198Q) have shown that the accumulated
macrophages in the spleens of GVH mice release massive amounts
of prostaglandin (PG) E which suppress T-helper cell function.
Removal of PGE-producing macrophages delayed the onset of
severe immunosuppression. Furthermore, in vivo administration
of Indomethacin (a PG synthetase inhibitor) partly reversed
early immunosuppression (Lapp et al., 1980). A regulatory role
for macrophages and their products has also been suggested by
several other workers (Treiber and Lapp, 1976; Boffman and

Dutton, 1971; Waldman and Gottlieb, 1973; Calderon et al.,

1975; Optiz et al., 1976).
N

Following the activation of T-cells by mitogens or
antigens, interluekin-2 (IL-2), a T-cell lymphokine, 1is
released by T-cells (Smith, 1980; Gillis, 1983). IL-2 is an
essential requirement in the proliferation and maturatién of
cells involved in T-cell mediated immune responses and perhaps
in T-helper cell dependent B-cell responses. The proliferative
responses of GVH cells to mitogens (Ghayur et al., 1984, 1985a,

1986a;) and CTL generation (Shearer et al., 1980) become
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severely suppressed as -parly as day 4 after GVH induction. IL-2
production by (Niven and Lapp, 1984; Nestel et ale, 1986;
Joseph et al., 1985), and the ;xﬁression of IL-2 receptors on
(Joseph et al., 1985) GVH spleen cells become severely
suppressed by day 8-15 after GVH induction. It is not clear at
the moment whether excess production of PGE by macrophagsgs
present in the GVH spleen may play a role in the suppressionof
IL-2 production and thereby cell proliferation. However,
Prud'homme et al. (1984), using spontaneously diabetic racts,
have shown that PGE production by "activated” macrophages
suppresses both IL-2 production as well as cell proliferation
Furthermora, IL-2 production and proliferative responses.could
be partially restored by Indomethacin (Prud'homme et al.,
1984). Chouaib et al. (1984) have reported that PGE2 activates
T-suppressor cells which inhibit IL-2 production. Another
suppressor cell type 1in the‘spleens of GVH mice which
suppresses mitogen responses of normal Fi splenocytes has
recently been described (Holda et al., 1985a,b; Maier et al.,
1985). This suppressor cell does not express thy-1, asialo GMI1,
surface Ig and is non-adherent. The cell is termed a natural

suppressor cell and its activity can 'be demonstrated 7-{9 days
after GVH induction. A suppressor cell with neither T-cell nor
macrophage properties has also been reported by Parthenais and
Lapp (1978). However, the suppressive potential of this cell

was only‘apparenc whan parentq& T-cells were eliminated from

GVH spleens (Parchenais|and Lapp, 19f8L

'
Several workers have also demonstrated suppressor cells

!
45



t

2
A
?

It

that express T -cell surf;ce markers in the spleen of GVH mice.
The two assay systems extensively employed to study the
suppressive effects of suppressor T-cells on/normal cells are
the PFC assay that m::§nres’the T-helper ceyl dependent B-cell
responses (Shand, 1976,1977; Pickel and Hoffman, 1977a,b; van
Elven et al., 1981; Rolink et al., 1983); and the in vitro
generation of CTLs (Pollison and Shearer,1980; Shearer and
Pollison, 1980; Ishikawa et al., 1982; Shearer and Levy, 1983;
Hurtenbach and Shearer, 1983; Hurtenbach et al., 1984; Argyris,
1984)., Suppressor T-cells may be either H-2 specific, i.e ,
directed specifically against H-2 antigens of the other parent
on Fl cells (Pickel and Hoffman, 1977) or non-specific
(Argyris, 1984; Shearer and Lev}, 1983). Different groups of
workers have reported various surf;ce markers on T-suppressor
cells, suggesting that perhaps different subpopulations of
suppressor T-cells are activated at different times after GVH
induction. The various surface markers reported on tpe‘
suppressor T-cells are : Thy 1; lyé 1+2-; 1yt 142+; yt 1-2;;.
lyt 1+42+3+ (Argyris, 1984; Ishikava 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 T-cells early after
induction of the GVH reaétion. These workers showed that
between 5-7 days post-GVH fnduction the GVH suppreséor_ﬁctivity
could be abrogated by anti-lyt 1, anti-lyt 2, and anti-thy 1

-

antibody and complement treatment. The suppressor activity

t
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became insensitive to anti-lyt 1, but not anti-lyt 2 and anci-
thy 1 antibodies, by day 8 post GVH induction. From day 14
after GVH-induction, these workers reported that, for a brief
period of time, the supp?essor acgivity was in;;;sitive to any
of the antibodies directed against T-cell surface markers

However, sensitivity to anti-thy 1, but not to anti-1lyt 1 and

lyt 2 antibodies, reappeared again (Hurtenbach and Shearer,
1983; Hurtenbach et al., 1984). Hurtenbach and Shearer (1983)

and Hurtenbach et al. (1984) demontrated that the T-suppressor

-

1
cells were of donor origin.

In the studies cited above the suppressor cell activity was
A :

—— ot o ——

cells. It has been riﬁgréed that although thy-1 positive cells
, .
in the GVH spleen inhfbited the reponse of normal Fl cells,

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

genotype as those used to induce the GVH reaction (Parthenadis
and Lapp, 1978). It was, therefore, suggested that the
increased suppressor activity by thy-1+ cells in the GVH

spleens may simply reflect an increase in cytotoxic or

-~

cytostatic cells of donor origin (Parthenais and Lapp, 1978).
Pollison and Shearer (1980) also suggested that suppressive
activity of GVH spleen cells tould be accounted for, at least

in part, by parent anti-Fl cytotoxic cells.

g
¢

The direct suppressive effects of GVH spleen cells on

N\

normal B-cell function have not been studied as extensively as

those of T-cells. However, suppression of B-cell proliferative
. \
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responses to' LPS by factors (PGE) (Lapp et al., 1980) and
suppressor cells (Maier et al., 1985; Holda et al., 1985a,b)
during GVH reactions have been reported. Furthermore, Abbuzro
and 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 res;onses by NK cells has
recently been reported by ?everal workers (Abruzzo and

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

Nabel et al., 1982).

>~

\
The studies cited in this sectian suggest that several

mechanisms may be involved in inducing immunosuppression early
after theisinduction of GVH reactions. These mechanisms are

(1) depletion/lack of thymic and/or T-cell derived factors;
(11) A quantitative ch;nge in the splenic macrophage
population; (111) PGE production; and*® (iv)

activation/generation of different types of suppressor cells.

Active suppressor cells disappear and the presence
can not be detected between 20-30 aays after GVH induction,
animals remain suppressed (Parthenais et al., 1974; Par

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

.that immune suppression persists after the disappearance of

»

active suppressor mechanisms suggests that prolonged
suppression may be ?ua to the depletion of a"cell or factor
that 1{is e§ser.1t‘ial %or initiating the induction and/or effector
function of the immune response. In the next section a brief

revigav of the mechanisms 1involved in persistant

imaunocguppression are presented,
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1.5.2 PERSISTANT IMMUNOSUPPRESSION
-

As mentioned in the preceding section, one of the
mechanism of GVH associated immunosuppression is the
depletion/lack of thymic and/or T-cell derived factor(s) The
GVH reaction induces a functional thymic deficiency which can
be corrected by the transplant of a n@gmal thymus (Grushka and
Lapp, 1971, 1974). Atrophy or involution of the thymus has been
described as a characteristic feature 1in murine GVH reactions
(Simonsen, 1962; Heim et al., 1967). Heim et al (1967),
described GVH-associated thymic changes as a morphological
di%organization of the thymus accompanied by~destruction and
depletion of thymocytes. The specific effects.of GVH reaction
on the thymic medulla were not described in these earliar
studies (Heim et al., 1967). It was proposed that the thymic
involution/atrophy observed after the induction of GVH
reactions was a hormone-mediated éhenomenon dependent upon an
intact pituitary-adrenal axils (stress relatedj and not an

immunological phenomenon (Heim et al., 1967).

Studies from this laboratory have extensively investigated
the thymic architecture in mice undergoing either chronic or
acute GVH reactions (Seemayer et al., 1977, 1978; Seddik et
gl., 1980; Lapp et al., 1985). Seemayer et al. (1977, 1978)
showed that induction of both chronic (across multiple-minor
loci) and acute (across H-2 differences) GVH reactions in F1

hybrids resulted in marked thymic atrophy as early as day 6

] ” 49 ) \
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after GVH {nduction. The thymic {nvolution was largely due to
depletion o% thymdocytes in the thymic cortex. In addition to
thymic atrophy, light and electron microscopic studies revealed
profound thymic dysplasia as characterized by an effacement of
the cortico-medullary demarcation, injury of medulﬁary'
epithelial cells and loss of Hassall's corpuscles. These
medullary changes startgd to appear b; 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
specific thymic alterations adrenalectomized mice were used as
recipients. When GVH reactions were induced in adrenalectomized
mic;, thymic atrophy, i.e., cortical thymocyte depletion, was
not observed. However, pathological changes were observed in
the thymic medulla including cortico-meduflary demarcation
effacement, broadening and disorganization of the medulla,
emperipoleéis of eplithelial eells by lymphocytes,
dissappearance of Hassall corpuscles, epithelial cell fnjury
and the progressive accumulation of macrophages laden with
debris (Seemayer ;t al., 1978, Seddik et(al., 1980). It was
therefore suggésted that the GVH associated thymic cortical
ch;nges were hormone mediated (stress-related), whereas the GVH
associgted thymic medullary changes were related to the GVH
reaction per LYY and tgis due to an immunological phenomenon
(Seemayer et al., 1978; Seddik et al., 1980, Lapp et al.,
1985). Utilizing floresence labelled antibody specific for a

soluble thymic factor (Potworowski et al., 1977), it was

further demonstrated that thymic medullary epithelial cells,
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wﬁich are normally positiye for soluble thymic factor (STF),
could not be detected in the GVH-induced dysplastic thymus
(Potwofowski et al., 1979). Studies have also demonstrated that
the intensity of thymic histopathological lesions depended upon
both the donor-host genetic combinations (Rappaport et al.,
1979; Seemayer et al., 1977, 1978) and the number of parental
lymphoid cells injected to induce GVH reactions (Ghayur'ét al,,

1984, 1985a). The studies on the effect of donor cell dose and

genotype on the intensity of thymic dysplasia are presented in

chapters 5 and 6 of this thesis.

Y

Seddik et al. (1979, 1980) examined the relationship
between the thymic dysplasia and T-cell immunodeficiency. GVH
reactive mice were sacrificéd at different days after GVH
induction and their thymocytes were used to recontitue T-cell
function in adult thymectomized, X-irradiated, bone marrow

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

ATxBM mice were then tested for their ability to reject thirdg

party H-2 incompatible skin grafts, T-helper cell function, and-

mitogen responsiveness (Seddik et al., 1979, 1980). The results
from these studies demonstrated a close association between
the progression of thymic medullary injury and the decline in
T-cell functions (Seddik et al., 1979, 1980, 1984a, 1984b). It
was suggested that the injury to the thymic epithelium resulted

in a T-helper cell maturational defect.

i

Mendes et al. (1985a, 1985b) inveétigated the nature of

the T-cell functional defect associated with the thymic
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dysplasia. Using interleukin-1 (IL-1) and IL-2 as probes to
study the nature of the T-cell functional defect and 1its
assoclation with thymic medullary injury, these workers (Mendes

et al., 1985a, 1985b) demonstrated that GVH thymocytes

(obtained from dysplastic thymuses) failed to respond to IL-1.

When GVH thymocytes were stimulated with IL-2 plus mitogen

(PHA) up to 60% of the normal response was observed (Menfes et

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

the GVH T-cells may noti%e in the IL-2 responsive cell

population, but rather in the T-helper cell population

responsible for IL-2 production. Stddies on IL-2 production by

» GVH spleen cells demonstrated that, indeed, these cells were

severely defi€ient in IL-2 production (Mendes et al., 1985a,

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

role of GVH-associated thymic dysplasia in determining the

-

duration of T-cell immunodeficiency.

Thug, the experimental data cited above concerning the
_association‘beCWeen T-cell immunoddeficiency and thymic injury
in GVH mice, suggest that tﬂymic epithelial cell damage results
in a maturational defect in the T-helper, IL-2 producing cell
populaotion. This defehct: may play an important role in GVH-
assoclated Prolonged T-cell immunodeficiecy (Lapp et al.,
1985). .

L]

1.5.3 B-CELL IMMUNODEFICIENCY

ﬂ Earlier studies on B-cell function dfxring the GVH

-
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reaction suggested that B-cell function and/or production may
be directly affected by the GVH reaction. Moller (1971) and
Treiber and Lapp (1978) demonstrated that the PFC response to
the thymic independent antigen ,LPS, was depressed following
GVH induction. T-cell 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 adhlt thymectomized, X-irradiated mice it was
shown that by day 7-10 after GVH induction GVH bone marrow was
ineffective in reconstituting B-cell function (Seddik et al.,
1985b). These results collectiwely 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 immunofluorescent labelling of
cytoplasmic and surface u chains, which identify pre-B and Bj
cells respectively (Osmond,u}@GO), have demonstrated
alterations in the number of pre-B and B-cells in the bone
marrow and spleen at different days after the induction of GVH
reactions (Xenocostas et al., 1986). By this approach it was
demonstrated th:t\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-cells numbers declined to 1-10% of
normal levels and preceded the marked reduction in the spleen
(Xenocosgfas et al., 1986). These results suggest that B-cell
suppression is due to a defect in B-cell genesis in the bone

marrow, the primary site of B-cell production (Osmond, 1980).

Although, _histopathological changes iq the bone marrow of GVH
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mice have been described (Githens et al.,, 1968; Hirabayashi,
¥}

1981; Ishihara and Shimanina, 1980) no correlativé study on the

influence/effects of ‘these structural changes on B-cell

function 1is available,.

1.6 CONCLUDING REMARKS

uﬂd?

The literature survey of the GVH field presented in this
chapter shows that the GVH reaction results in morphological,
histopathologicat, and immune functional changes. The
morphological changes associated with the GVH reaction are
affect«{ by the donor cell induced host cell recruitment. The
histopathological changes appear to be cell-mediated, however
the cell type responsible for initiiting these pathological
changes is still controversial. Moreover, the origin (either
host or donor) of the effector cell which friitiates the
histopathological changes 1s also not clear. However, the
progression of histopathological lesions may be due to the
inflammatory response at the site of tissue damage. Both the
morphological as Wwell as the histopatholegical changes may be
involved 1; bringing aboht‘the'immune funcéional changes

9
associated with the GVH reaction.

The literature sﬁfvey also reveals that most of the workers
have employed one parameter or another that measures either

proliferxative (morphological changes) or effector (histopatho-
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logical changes) phases of the GVUH 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 time after GVH induction only provides
information on the GVH reaction at that time and 1is not
necessarily useful for predicting later events. The avalilable
data suggest that following the induction of a GVH reaction a
"series of events /mechanisms are triggered and that during each
phase of the GVH reaction a particular mechanism or combipation
of mechanisms may be involved. The GVH reaction, thus appears

e “
to be a dynamic ongoing process.

No systematic kinetic studies are available on the
relationship between the morphological, histopathological, and
immune functional :;;nges. Lack of such studies raises certain
crucial questions that may be essential to our understanding of

the rather complex GVH reaction, Thevquestions to be addressed

in this thesis are the following:

(1) What is the relationship between the various immune
functions, i.e., T-cell, B-cell, and NK cell activity,

following GVH induction?.
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(2) Vhat is the relationship between the various immune
functions, splenomegaly, and histopathological alterations

after GVH induction?.

(3) Whichlimmnue-cell function correlates best|i with the

development of the histopathologiacl lesions?.

. (4) What i1s the origin of the cell type that correlates
with the development of histopathological lesions ,i.e., host

oY donor?

(5) What is the relationship between the degree of

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 animals that survive the initial GVH reaction
recover from thymic dysplasia and immunosuppression?. If so,
what are the kinetics of the regeneration of the thymus and the

immune function?.

i

%*‘_ And finally, (8) Can the immune functions (T-cell and NK cell)
6‘ of GVH immunosuppressed mice be restored?. '
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These questions are intriging not only as an experimental

curiosity, but are also important for understanding clinical
GVH disease.
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CHAPTER TWO

MATERIALS AND METHODS



0

2.1 ANIMALS -

Mice of inbred st;ains A (H-2a), C57BL/6 (H-2b) and their
Fl hybrids (AxC57BL/6)F1 (B6AFl) were used 1in most of the
studies ﬁresented in this thesis. Foxr the studies presented in
chapter six, mice of inbred strains C57BL/6 beige/beige J
(B6 bg/bg) (H-2b) and littermates B6 +/bg; 63H/Hej bg/bg 217
(C3H bg/ﬁgl/(ﬁ-Zk) 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 estdblished to produce B6ié3Hbg/bgFl (bg/bgFl) and +/bgFl
mice which served as recipients. B6bg/bg and B6+/bg mice

produced ln the same litter by appropriate breeding served as

donors.

All mice ufed in this thesis were between the ag;s of 12-
20 weeks ?t the start of the experiments. The mice were bred
;nd maintained in our animal coloﬁy at the McIntyre Medical
Sciences Building, McGill University, Mo;treal. Canada.
Syngeneiiy between animals of a given strain was assured by

strict brother-sister mating and the animals chosen as

breeders were never more than 4 generations removed from a

"common brother-sister mating.

2.2 GRAFT-versus-HOST (GVH) REACTION INPUCTION

Animals of parental strains A and B6 were sacrificed
under ether euthanasia. Their spleens, brachial, axillary,
inguinal, and cervical lymph nodes were removed, Spleen and

lymph nodes of parental strains A and B6 were pooled
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seperatel&. A single lymphoid cell suspension was prepared by
gently pressing the pooled spleens and lymph ‘nodes through a
#50 mesh stainless 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
that passed through the screen were b¥oken up by gently
pipetting with a pasteur pipette. The cells thus obtained were
washed three times by centrifugation at 1,000 rpm (500g) for
6-8 minutes in HBSS. After the last wash xfhe cells were passed

through a cotton gauze to remove any clumps.

Cell counts were done by the trypan blue dye exclusion

# .
method. Fl recipients were warmed under an infra-red lamp in

order to dilate the Eail veins, Different doses ; 10x10ﬁ

2Ox106, or 30x10% of lymphoid cells of either parental strain
A or B6, in a volume of 0.3ml, were injected intravenously
(1.v) into Fl recipients via the tail veins using a tuberculin

syringe and a 26 gauge needle.

For the studies presented in chapter 6, single cell
suspensions of pooled spleens and lymph nodes from B6bg/bgJ
and B6+/bgJ- littermates were preparéd separa%ely aﬁd 50x106
lymphoid cells, in a volume of 0.3ml., of either Bébg/bg or
B6+/bg origin ﬁererinjected i.v into either ﬁg/bgFl or +/ngf

mice, thereby producing four experimental groups of GVH-

.ragctive mice:

(i) B6 bg/bg parental cells injeé;e# into bg/bgFl mice.
(11) B6 bg/bg parental cell injected into +/bgFl mice.

(ii1) B6 +/bg parentdl cells injected into bg/bgFl mice.

L, s
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(iv) B6 +/%g parental cells injected into +/bgFl mice
+ T -

¥

2.3 SKIN GRAFTING

Full thickness skin grafts were applied according to
the*technique described by Bliss (1965). Donor C3H/HeJ +/bg
mice were sacrfficed. Pinch grafts were taken from their mid-
dq;sal area, using fine curved scissors, after the skin was
shaved and washeé with a 70% ethanol solution. The grafts were
then placed in a petri dish containing a sterile filter paper
soaked with physiological saline. The graft; were placed with
the‘epidermal side down. The fat and connective tissue were

removed using curved Metzenbaum scissors.

Recipient mice of either B6 bg/bg or B6 +/bg genotype
were anesthesized and then placed on a clean surgical cork
board. A small piece of cotton soaked with ether was pldced in
front of the animal's nose to ensure a proper level of
anesthesia, The lateral chest wall of the recipients was
shaved and cleaned with 70% ethanol. Graft beds of the same
size ds the dono; grafts were prepared by removing recipieﬁc
skin, taking carYe not to injure the chest wall or the mammary
;nd thoracic blood vessels. Donor grafts were then applied on

thilgraft beds on the lateral chest wall, dusted with

sul padiazine powder and secured in place by "scotch” tape.

L

o

Graft dressings were removed on the 10th post-operative

.dayjand grafts were visually ‘inspected daily. The grafts were

scored from O t5'100 based on the fmopnt”of healthy ’

¢ 3 P
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epithelium. Grafts with 108 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 oxr B6 +/bg effect®r" cells responsible for allograft
rejecpion were directed against the C3H H-2k haplotype It
should be noted that the same H-2k haplotype of C3H strain
served as the stimulus/target for the donor B6 lymphol{d cells
that were Iinjected into B6C3H bg/ygFl or B6C3H +/bgFl mice to

induce a GVH reaction (see chapter 6)

2.4 PREPARATION OF LYMPHOID CELL SUSPENSIONS FOR NATURAL
THE KILLER (NK) GELL 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 posiEion and the thoracic cavity was opened
by a longitudinal, mid-ventral incision from the xiphisternum
to the neck. Using fine curved forceps, each thymic lobe was \
removed and any contaminating lymph nodes were removed. A
single cell suspension of thymocytes vas prepared by gently
pressing the thymic lobes through a #50 mesh stainless screen
into a petri dish containing HBSS. Thymus cells obtained from

normal and each group of GVH-reactive mice were pooled

seperately.
2.4.2 BONE MARROW (BM) CELL SUSPERSIORN
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Normal and GVH-reactive mice were sacrificed as

described above. The mice were placed in a supine position,

and an incision was made in the skin over the femurs and

tibiae. The skin was peeled Iin order to expose the muscle. The
muscles were removed and the femurs and tibiae exposed. The
head of each bone was cut-off and the marrow was aspirated
with a #26 gauge needle in a2 1ml. syringe c;ntaining a small

»
amdunt/of HBSS. BM cells obtained from animals in the same

experimental group were pooled.

2.4.3 LYMPH NODE CELL SUSPENSION
Normal and GVH-reactive animals were sacrificed
under ether euthanasia. The lymph nodes, namgly, brachial,
axillary, inguinal, and cervical were removed and placed in
HBSS. Single cell suspensions of l1ymph nodes were prepared.
Lymph node cells obtained from normal and different groups of
GVH mice were po%led sepifaCely.
/
2.4.4 SPLEEN CELL SUSPENSION
Spleens were removed 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‘og mice were

pooled seperately. A

THYMOCYTES, LYMPH NODE CELLS, AND BM CELLS.

1
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Single cell suspensions from normal and GVH
reactive spleens, thymuses, lymph nohes, and BM were prepared
separately in HBSS, &s 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% CO2
This procedure, at 1least partially, removed macrophages

(MO)/monocytes, since such cells are plastic adherent

After the perfiod of incubation, the non-adherent cells

were removed with a pasteur pipette, layered onto ficol

hypaque (density 1.09), and ‘spun at 1,000 rpm (500g) for 15-20°

minutes. Ficol hypaque was prepared by adding 112 ml. of
hypagque M 60% (Winthrop laboratories, Aurora, Ontario, Canada)
to 400 ml. of 9% Ficol 400 (Pha¥macia Chemicals, Uppsala,
Sweden) solution. This mixture of ficol and hypaque gave a
density of 1.09. Layering of non-adherent cells onto ficol
hypaque 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
Island Biological Co., Grand Island, N.Y.) supplemented with

58 FCS, counted 'and adjusted to a desired concentration to



achieve different effector:target (E:Ti cell ratios.

The cells thus obtained (partially purified cells) after
plastic adherence and ficol layéring, were used as effectors
in the NK cell assay , as described 1in section 2.7. These

cells will be referred to as partially purified NK cells or NK

cells in the text.

2.6 TREATMENT OF NK CELLS WITH ANTI-THY-1 SERUM PLUS

COMPLEMENT (C')

Anti-Thy-1.2 serum was raised in the 13;;ratory
according to the methods of Reif and Allen (1966) and Raff
(1969). The anti-serum was employed at a dilution that
achieved maximum (> 90%) cytotoxlicity 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 we¥e
then incubated with anti-Thy-1.2 antiserum for 30 minutes at
370C, followed by 45 minutes fncubation with absorbed guinea
plg C' (GIBCO, Burlington, Ontario,” Canada). Splenocytes
treated with medium (HBSS) and C' gserved 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 assays, as described in section 2.7.
Cytotoxlcity of anti-Thy-1.2 serum was determined by trypan
blue dye exclusion.

2.7 NK CELL ASSAY
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Single cell supensions of spleen, lymph nodes,
thymus and BM were obtained as" described in section 2.4. The
cells from these lymphoid organs were then partially purified
by plastic adherence and ficol hypaque layering -as described
in section 2.5. These partially purified cells were

resuspended In RPMI-1640 supplemented in 5% FCS, adjust;d to a

.
v

concentration of lbxlO6 cells/ ml, and served as NK effector
cells in the NK cell cytotoxicity assay. In some experiments,
§er}al dilutions of effector cells were performed to achieve

different E:T. cell ratios.

YAC-I, a Maloney virus-induced lymphoma of strain A/Sn
(H-2a); P-815 , a Efchylcholentherene induced mastcytoma of
strain DBA/2 (H-2d), and Ebz a lypphoma of strain DBA/2 (H-2d)
origin, were used as targets 1in the NK cell cytotoxicity
agssay. The tumor target cells were labelled with 51Cr. For
51Cr labelling, approximately 3%10% tumor cells were suspended
inl ml. of RPMI-1640 supplemented with 5% FCS an& incubated
with 0.1 ml of Na2Cr04 ;Spedlfic ac¥iyity 1UCi/ml) (NEN,
Chicago) for 1 hour at 370C. Following this {incubation, tumor
target cells were washed three times, and resuspended in RPMI-.
1640 supplemented with 5% FCS at a final concentration™of

1x10° cells/ ml,

¢

Different effector cell numbers in a volume of 50ul/well
were plated in quadruplicate or sextuplicate cultures in V
bottom microtiter plates (Dynatech Laboratories Inc.). 51Cr
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, Tﬁe plates containing ﬁK effector cells and 51Cr
labelled target cells were incubated for 4 hours at 370C in a
humidified atmosphﬁra containing 5% C02. The plates were then
centrifuged a:hl,oqo rpm (500g) for 5 minutes and 100ul
aliquots of supernatant was asseyed for 51Cr release in a
Nuclear Chicago gamma counter. Percent cytoxicity was

calculated by the formula:

ssrmgaper et A

Experimental tpm - spontaneous cﬁm

$§ Cytotoxicity =
Maximum ¢pm - spontaneous cpm

ggpérimental cpm we;e derived from aliquots (100wl) of
'
supernatants taken from wells in which 51Cr labelled‘targets
were incubateg for 4 hours with effector cells. Spontaneous
cpm were derived from aliquots (100ul) of supernatants taken
from wells in which 51Cr labelled targets were incubated for ‘4
hours in medium aloﬂe. Maximum cpm were obtained by co;nting
aliquots (100ul) of 51Cr labelled targets incubated for &

hours in medium alone. The sponCQheous release was always less

than 10% of the maximum 51Cr release.

The &% cytotoxicity data is presented as the mean of
quadruplicate or sextuplicate cultﬁres. The variability (mean
+ S.E.) of 51 Cr release in individual wells at a given E:T
cell ragio of individual Qpleen as well as spleens .pooled from

three animals was also determined in some experiments (chapter

3.

. . v .
2.8 COLLECTING SUPERNATANTS FROM CELLS OF NORMAL AND GVH ~

~“REACTIVE LYMPHOID ORGANS
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B6AFl mice that were injected wirh 30x10%Bé

parental lymphoid célls (PLC) and age-and-sex matched normal
B6AF]1 mice were sac;ificad undgr ether guthanasia. Thelir
thymus, 3p1§en. lymph nodes, and BM cells were removed and
pooled separately. Single cell suspensions of pooled thymuses,

spleens, lymph nodes, and BM of normal and GVH-reactive mice

were prepared in HBSS, ?s described in_section 2.4.

The thymic, splenifc, lymph node, and BM cell
concentration was adjusteq@ to 30x10% cells / ml, and kept at
room temperétures for 2 hours. The cells were then centrifuged
at 1,000 rpm (500g) for 10 minutes and supernatants collected
The supernatants were then spun at 1,500 rpm f;r 15 minutes ;

4

approximately 0.5 ml.-of the supernatants at the top of the

-

tubes were discarded and supernatants were collected with the

help of a pasteur pipette, leaving approkimatelx 1 ml at the

bottom of the centrifuged tube. The supernatantsaweré stofqd

at 40C till further use (never more than 2A‘hoursy

2.9 TREATMENT OF NORMAL B6AF1 THYMOCYTES, LYMPH NODE, AND
BM NK CELLS WITH SUPkRNAfANIS.DERIVED FﬁOH NORMAL OR

GVH-REACTIVE LYMPHOID CELLS

Five to six normal B6AF]1 mice between the ages of 10-
12 weeks were sacrificed under ether euthanasia. Their
thymuses, lymph nodes, and BM cells were removadd, and single

cell suspensions were made separately in HBSS + 2% FCS as

described in section 2.4,
]
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Partially purified NK’T%llsbfrom each of the above

mentioned lymphdid orflans were qbtained; as described in
section 2.5. The partially purified\NK cells were aliquoted,
15-20x10°8 cells/ml. Aliquots from each of the lymphoid organs
were washed twice and reguspended\in a voluizon~1 ml in

either : (i) medium alene (HBSS+2% FCS), (ii) supernatants

derived from cells of different lyphoid organs of normal B6AF1

mice, phd (i}i) supernatants derived from cells of lymphoid

kd

organs of GVH-reactive B6AF]l mice. The cells were incubated
for a period of 60-90 minutes at 370C in humidified atmosphere

——— -

containing 5% CO2.

Followihg this incubation the cells were washed twice and
resuspended in RPMI-1640 + 5% FCS, 10x10® cells/ml., and
tested for their spontanéous cytotoxicity against 51Cr

labelled YAC-1' tumor targets in the NK cell cytotoxicity assay

which 1is described in section 2.7.

2.10 PREPARATION OF PROSTAGLANDINS (PG) El, E2, AND F2
" PG El (Lot number .447HY), PG E2 (Lot number 522KA),
and PG F2 (Lot number 143JT), were a generous gift from Dr.

J, Pike, Upjohn, Kalamazoo. Stock solutions of PGs El1, E2, and

F2 were prepared in 95% ethanol and stored at -300C till

further use. Desired concentrations of PGs were obtained by
diluting them in RPMI-1640+5% FCS. Fresh dilutions of each PG

were made each time just prior to thleir use.

"
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2.11 PREPARATION OT POLYISINIC-POLYCYTIDIiib ACID (POLY
I:C) .
PolyﬁI:Co(Sigma Chemicals: St.Louils, MO.) was weighed
on an Mettler balance and dissolved in HBSS. The concentration

-

of Poly 1:C in HBSS was adjusted either to 100ug/0.3ml when
normal and GVH-reactive splenocytes. A fresh solution of Poly
I:C was prepared each time just prior to its use.

"
2.12 ADMINIﬁTRATION OF POLY I:C IN VIVO

Poly I:C was dissqlved in HBSS. 100ug of Poly I:C in
a . volume of\0.3m1 wvas administration intra-peritoneally to
normal and GVH-reactive mice 18-24 hours prior to the
collection of their sera for interferon (IFN) assay and

.

removal of their spleens for NK cell cytotoxicity.

!

2.13 IN VITRO TREATMENT OF SPLENIC NK CELLS- WITH PGs AND
POLY I:C ' ‘.

Single cell  suspensions of pooled spleens from 4-6
normal B6AFl mice and from 4-6 B6AFl injected with 30x10°B6
parental lymphoid cells were preparéd separately in. HBSS.
éplenocytes were partially purified to obtain NK cells as
described in section 2.5. NK cells from normal and GVH-
reactive mice were aliquoted, 20x10° cells/ml. Aliquots were
washed twice and resuspended in a volume of 1 m1 , {n either :
(1) medium alonmne (RPMf#iédO?St FCS), (11i) various

concentrations of different PGs alone, (ii{ii) Poly I:C

.{100ug/m1) alone, and (iv) various concentrations of different

-
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PGs in combination with Poiy 1:C. These aliquots were
lnchbaced‘for a period of 60-90 minutes at 370C in .a
humidified ;tmbsphere containing 5% C02. Fellowing these
treatments cells were washed twice, resuspended in RPMI-
1666+5% FCS at a concentration of 10x10€ cells/ml, and tested
for their spontaneous cytotoxicity agalnst 51Cr labelled YAC

tumor targets in Nk cell cytotoxicity assay as described in

section 2.7.

2.14 SERUM COLLECTION FOR INTERFERON (IFN) ASSAY

Normal and GVH reactive B6AFl mjce were anesthesized
with ether and their llood was collected aseptically in
separate tubes by cardiac puncture. The animalg were‘plqced in
a supineA;;sition. the thoracic cavity was opened.and the
heart exposed. Using #26 gauge needle and a 1 ml, tuberculin
syringe, blood was collected by cardiac puncture under sterile
con&itions. The blood was allowed to clot for 60 minutes at
room temperature, and then centrifuged for 10 minutes.at 1,500

;pm (500g). The serum was removed with a sterile pasteur

pipette and was stored at -300C until assayed for IFN titers.

.Serum from the following groups of animals was collected:

(1) Normal B6A$1 mice

(2) .Normal B6AFl mice injected with Poly I:C

(3) GVH-reactive B6AF]l mice

(4) GVH-reactive B6AFl mice injected with Poly I:C

In each group, serum from 4 animals/group/day was pooled.

\
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2.15 TFN ASSAY -

The IFN assay was performed in Dr.Jean-Marie Dupus'

laboratory, Institut Armand-Frappier, Laval. A brief

description of the assay follows:

[

The test serum samples were obtained from normal mice,
hormal mice injected with Poly I:C,‘GVH mice, and GVH mice
i;jected with Poly I:é as described in section 2.14. T£e IFN
. standard was obtained from The® National Institutes of Health,
Bethesda, Maryland (4000 units of IFN/ml). Both the IFN
standard and the test samples were serially diluted in MEM.E
1x without FCS, and each dilution was plated in triplicate
wells in a volume of Z50ul/well. The highest dilution of the
test sample (serum"containing IFﬁ) and the standard was also
added to extra wells (3 wells/sample) to test the cytotoxicity
of the sqmple.‘Tﬁe plates were then exposed to ultraviolet
light for 15 minutes to inactivate possible vifgs which might

exist in the samples.

L2 cells (fibroblasts) which were grown as monolayers
were trypsanized to inactivate IFN tEht may have been prodgged
by the L2 cells and were then washed 1x, counted, and adjusted
to a conc;ntration qf 25x];05 L2 cells/ml in MEM.E 1lx with 10%
_ FCS. These L2 cells were then plated in a volume of 0.2ml/well
(5x106 L2 cells/well) concaining different dilutions of the
standard IFN and various test samples. The cells ﬁ@fe
incubated for 24 hours at 370C in 5% C02. After 24 hours of
incubation, the plates were examined microscopically to

confirm the formation of monoiayers,\then the IFN containing

Y
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samples were removed by reversing the plates onto sterile

gauze. The virds (Sindbis) was then added .to the L2 cell

»

monolayers. g
: #¥
“

After addition of the virus to L2 cells, the plates wike
further i;cubaCed f81 a period of 72 hours at 370C in 5% CO2.
Folléwing this igqubation the plates were read under the
microscope and the L2 cBlls in each well were graded on a
scale of 0 to 4+ (the wells in which all the L2 cells were
destroyed by the virus were graded as 4+). In the absence of
IFN the Y;rus would destroy allﬂﬁhe L2 cells, whereas the

presence of IFN would protect the L2 cells from viral
<

destruction. . N

2.16 ERYTHROCYTE ANTIGEN

[

Sheep red blood cells (SRBC) were obtained from a
solution containing a 1:1 ratio of sheep blood and Alserser's
solution (Institut arhana Fraggier, Laval, Canada). The sheep
blood was diluted 1 in 10.with isotonic saline, centrifhg§d at
1,500 rpm for 10 minuges and the supernatant was discarded.
For in vivo immunization, the SRBC were resuspended in
isotonic saline at Qginphgjgfqud cell volume (PVC). Aliquots

of 0.3ml, containing approximately 5%x108 SRBC, were injecéed

-

£v. via the tail vein of the animal. 7
2.17 THE IN VIVO DIRECT PLAQUE FORMING CELL (PFC) ASSAY

Spleen cells were assayed for the total number of

direct PFC's to SREC using the technique of Cunninigham and-
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Szenberg (19%8) as modifjed in this laboratory (Elie and Lapp;
1977; Treiber and Lapp, 1978; Parthenais and Lapp, 1978). The

animals were injected with 5 x_108 SRBC, sacrificed four days

later 'and their spleens were pgepared for the PFC assay.

Splenic single cell suspensions were made in a final volume of)

15 mls of HBSS., 0.05 ml of spleen cells was mixed wf%h 0. 07 ml
of a 10% SRBC solution, and 0.5 ml of guinea pig C' diluted

- ﬁ -
1:20 in HBSS. The mixture was distributed into 4-5 chambers

made from two precleaned microscope slides (Fisher Scientific

'2.18 'MITOGEN ASSAY .

Co., N.J.) helé together by double sided "scotch" brand .tape.:

A blank solution, containg SRBC and C'onrﬁ, was used to £ill

the last slide when necessaryﬁlThe chambers were sealed with
warm paraffin wax and ‘incubated at 370C for one hour. The

plaques were counted by macroscopic examination and confirmed,

4f necessary, microscopically. g™ i

4

o

Splenic mitogen responses were tested

gcgording to the technique described by Kirchner et al.
(197%). Mice were sacrificed by ether euthanaﬁia and their
spleens removed‘aseptically. Splenic single ceh@ suspensions
waere made as described in section 2.4. For the mitogen assay,

*

: 1)
spleen cells resuspended in RPMI-1640 supplemented with 1%

.Gentamycin, 2mM L glutamine (Grand Island Biological Co.,

Y ) ' 2
Grand Island, N.Y.) and 5% FCS (f}ow Laboratories,

Mississauga, Ontario, Canada). Concanavalin A (ConA)

—_ I

(Pharmacia Fine Chemica!s,,~Uppsa1a, Sweden),
. e

e
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Phytohemagglutinin (PHA) (Wellcome Research Reagents Ltd.,
Beckman, England), and E.Coli Lippopolysaccharide (LPS) (Sigma
Chemicag Co., St. Louils, Mo,) were weighed, resuspended in
HBSS, and then diluted into various concentrations (100ul/ml;
50ul/ml; 25ul/ml; 12.5ul/ml; and 6.25ul/ml) ConA, PHA, and
LPS, in a volume of 0.1ml was added to different tubes each
containing 3x106 splenocytes in a volume of 0 9ml. A volume
of 200ul (6x105 cells/well) was plated in triplicate into flat
bottom microtiter plates (Flog Laboratories Inc , Mississauga,
Ontario, Canada) and incubated at 370C In an atmosphere of 5%
CO02 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.; specific activity
6.7 CL/mmole); at a final concentration of luCi/well, for a
period of 12-16 hours. The cultures were harvested, after a
total incubation of 60-64 hours, using a multiple automated
sample harvester onto glass fiber filters (Mandel Scientific,
Rockwood, Ontario, Canada). The filters were air dried and
placed {In scintillation vials, each containing 6ml
scintillation fluid (Scintiverse, Fisher Ssientific Co ,
N.J.), and counted in a beta counter (LKB éackbeta). The
results are presented as either o

(1) mean counts per minute (cpm) + S.E. of triplicate
cultures.

(2) Net cpm, calculated as follows:

mean cpm in the presence of mitogen - mean cpm without

<

mitogen . -

3) %t of nomal resonse, calculated as fgllows:

-
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Net cpm of experimental group
X 100

Net cpm of normal splenocytes

2.19 TREATMENT OF SPLENOCYTES WITH PGs PRIOR TO MITOGEN

ASSAY

‘o

'

Singles cell suspensions of normal and GVH-reactive
spleens were made, washed twice, aliquoted, and resuspended in
RPMI-1640+5% FCS. Tubes containing 25-30x10° splenocytes were
treated with either medium alone or with different
concentrations of either PG El or PG E2, for a peroid of 60
minutes at 370C in a humidified atmosphere containing 5% CO2
Following these treatments , the cells washed twice an&—then
resuspended in RPMI-1640+5% FCS and 1% Gentamycin at a
concentration of 3.3x106 cells/ml, and tested for thelir
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 GVH mice, under sterile conditions,
and single cell suspensions made. The splenocytes were washed
twice and resuspended Iin RPMI-1640+5% FCS at a final
concentration of 3.3x10° splenocytes/ml, in a volume of 1 6
ml, in 15 ml conical tubes (Starstedt, Canada). The desired

concentrations of T-cell mitogens (ConmA and PHA) were then

added to the-cells. In some experiments, LFES a B-cell mitogen
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which does not induce IL-2 production, was used as control.
Splenocytes in the presence of mitogens, were incubated for 18
hours at 370C 1in 5% C02. Following this incubation, 6x10°
splenocytes/well were plated in triplicate for the mitogen
assay (section 2.18) and the remaining-cells were spun at
1,000 rpm (500g) for 10 minutes and supernatants containing
IL-2 were collected. This protocol allowed us to assess
mitogen responsiveness as well as mitogen production by the

\
same cell population.

2.21, IE-Z ASSAY !

Supernatants containing IL-2 were tested for théir
ability to support the growth of IL-2 dependent cytotoxic-T-
lymphocyte line\(CTLL), as assessed by 3H-thymidine

incorporation.

The concentration of CTLL cells was adjusted to 20x10%
/ml in Dulbecco's modified eagles medium supplemented with 5%
FCS. Two x 10% cTLL cells, in a volume of 100ul/well, were
plated in round bottom 96‘;e11 plates. 100ul of supernatant,
which was collected from normal and GVH-reactive splenocytes

following stimulation with either ConA or PHA (and in some

a—

experiment with LPS) was added to triplicate wells containing
CTLL cells. These CTLL cells were then incubated at 370C in 5%
C02 for 40 hours. AfCeE_gh}s incubation period, the plates
were pulsed with Thymidine methyl 3H at a final concentration

of 1luCi/well, for a peroid of 8-12 hours. Following this

incubation period, the cells were harvested onto glass fibﬁr
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filters. The filters were alr dried, placed in scintillation
vials containing 6éml of scintillation fluid. The results are

expressed as mean net-cpm + S.E. of triplicate cultures or as

$ of normal response.
aq

2.22 DETERMINATION OF SPLEEN INDEX (SPLENOMEGALY)

Animals were randomly selected from a pool of GVH-
reactive mice and from a pool of age-and-sex matched normal
B6AF1 mice on different days after GVH induction Each animal
was welghed, numbered, and then sacrificed Spleens from each
of the animals were removed asceptically and placed in a petri
dish that had been previously numbered and weighed The pectri
dish containing the spleen was then weighed. The weight of
spleen of an individual animal was determined as follows

- welght of petri dish+spleen - welight of petri dish
alone
Spleen Index (which determines splenomegaly) was determined by
the method of Simonsen (1962);

Spleen weight of GVH-reactive animal
Total weight of GVH-reactive animal

Spleen welght of normal animal
Total welight 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 5% formalin. Parrafin sections of each of

these'organs were stained with hematoxylin and eosin and

-
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examined. The histopathological lesions were graded as normal,
mild-slight, and moderate-severe. The photomicrographs and the
descriptions of various degrees of histopathological lesions

are presented in the result section of chapters 4-7.
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CHAPTER THREE

STUDIES ON THE STATUS OF NK CELL ACTIVITY IN DIFFERENT
LYMPHOID ORGANS DURING THE COURSE OF GVH REACTIONS.

Paig
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3.1 INTRODUCTION

It 18 well-established that the GVH reaction results
in severe prolonged immunosuppression of both the T-and B-cell
function. However, the status of NK cell activity‘in different
lymphoid-organs after GVH induction is.still poorly defined.
Experiments were ,therefore, designed to "investigate; (1) The
effect of PLC genotype on the status of splenic NK cell
activity following GVH induction in Fl mice; (2) The effe;t of
PLC dose on the status of NK cell activity iIin different
lymphoid organs of Fl mice; (3) The status of NK cell activity

in different lymphoid organs of F1 mice undergoing a chronic

GVH reaction.

3.2 EXPERIMENTAL DESIGN

The experimental design is shown in figure 2.1 a, b,

In the first series of experiments studies w;re undertaken
to confirm the presence of the "classical"” NK cell activity in
the pargially purified cellg that we have used as NK cells
(section 2.6). The following aspects of NK cell activity were
assessed in the normal ' mice: (1) NK cell activity in the
partially purified splenocytes, thymocytes and BM cells against
YAC targets which are NK sensitive (i.e., organ distribution of
NK. cell activyity); (i1i) P-815 target cell (NK insensitive
target) killing by splenocytes; and (iii) effect of anti-thy

1.2 serum plus C' treatment of normal splenocytes on YAC

killing. -~ -
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In the second series of experiments, studies were _designed
to investigate the effects of GVH reactions on splenfé NK cell
activity. In these studies GVH reacti;ns were induced in B6AF}
mice by injecting 30x10° lymphoid cells of.either parental

2

strain A or B6. Eight diys later, each group of GVH-reactive
animals and normal Fl mice was randomly divid;:-into two
groups. One group of animals were injected with SRBC on day 8
post-GVH induction, to confirm suppression of PFC response to
SRBC, which’is a hallmark of GV& reaction induction. The
animals 1in the other group were used to determine NK cell
acti;ity on day 8 post-GVH induction. In these studies NK cell
activity of individual spleens and pooled splenocytes (3
animals/group) within a group was also determined at different
E:T cell rqtios. Percent NK cell mediated killing of YAC-1
targets was also calculated for an individual well at a given

E:T cell ratio to determine the variability {n cytotoxicity

within the wells.

In the third series of experiments kinetics of splenic NK
cellwectivity during the course of GVH reactions was studied
GVH reactions were induced in B6AFl mice by injecting either
30x106 A or 30x10% B6 PLC. On different days post-GVH induction
3 -4 animals/group were sacrificed. Spleens from these animals
within a group were pooled, and NK cell activity for each group

of pooled splenocytes. was determined.

In the fourth series of experiments, we studied : (1) the

kinetics of NK cell activity in different lymphoid organ and
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(11) \the effects of parental lymphoid cell dosé on the kinetics
and the degree of augmented NK cell activity. In these studies
B6AFl- mice were injected with different doses, 30x106, 20x106,
or 10x106, of B6 PLC. On different days post-PLC injection
animals were randomly selected from different groups-;} Fl mice
and thelr spleens, thymuses, lymph nodes, and BM cells were
pooled seperately. Slﬁgle cell suspensions were made of each
organ seperately and tested for their NK cell dctivity.
Furthermore, on day 8 post-PLC injections animals in each
group were also tested for their 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 cell activity
in different lymphoid organs (spleen, thymus, lymph nodes, and
BM), of the group of B6AF1l mice in which suppression of PFC

response was observed (B6AFl mice injected with 30x10% B6 PLC),

was then followed for 3-4 months post-GVH induction.

Next, studies were designed to Investigate whether
supernatants derived from cells ;; various lymphoid Angans
(lymph nodes, spleen, and BM) of GVH-reactive animals were able .
to induce/augment NK cell activity (spontaneous killing of YAC-
1 tumor targets) in cells of different lymphoid organs (lymph
node, BM) of normal B6AF]l mice. GVH reactions were induced in
B6AFl mice by injecting 30x10% Bé PLC, since this cell dose

induced GVH _reactions as assessed by suppression of PFC

response to SRBC.

—

Spledh. lymph nodes, and BM cells were removed from 4-6
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GVH-reactive animals on day 8 post-GVH reaction induction and
single cell suspensions were made. Supernatants from cells of
these lymphoid organs were collected (see section 2.9),.
Partially purified NK cells were ob;ained from lymph nodes and
BM of normal B6AF]1 mice. These NK cells from BM and lymph nodes
of normal mice were tested for their NK cell activity after
they had been treated with supernatants derived from cells of
different lymphoid organs of GVH-reactive mice (see section

2.10).

3.3 RESULTS

3.3.1 ENDOGENOUS NXR CELL ACTIVITY IN DIFFERENT LYMPHOID

ORGANS OF PARENTAL AND F1 MICE - =

The endogenous splenic, thymic, and BM NK cell
activity of parental strains A and B6 and theif{r B6AF1 hybrids
is shown in table 3.1. At all E:T cell ratios tested, splenic
NK cells from parental strain A possessed lower cytolytic
activiCy.géainst YAC-l'targeEs, than compared with the
endogenous splenic NK cell activity of parental strain B6 and
B6AF]l mice. Futhermore, as can be seen Iin table 3.}, the
splenic NK cell activity of B6AFl mice 1s similar to that of
parencél strain B6 rather than of parental strain A. These
results are consistent with data previously reported (Petranyi
‘et al, 1975 ;inessling et al, 1975a)., Furthermore, NK cell
activity against YAC targets was low in the BM (as compared t&

‘spleen) and non-existent in the thymus (Table 3.1). These

results are in accordance with the organ distribution pattern
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of classical NK cells as reported earlier by Kiessling et al.

(1975) and Herberman et al. (1975).

3.3.2 P-815 TARGET CELL KILLING BY PARENTAL AND B6AF1l

SPLENOCYTES

)

Table 3.2 shows the killing of P-815 tumour target

cells by splenocytes taken from parental'strains A or B6, as
—wWell as their B6AFlL hybrids. As can be séen, the splenécytes
from either the parental strain mice or the Fl hybrids did not
lysis P-815 tumour targets effectively. It has previously been

reported that P-81l5 tumours cells are resistant to NK cell

mediated lysis (Keissling et al, 1975; Herberman et al, 1975).

3.3.3 EFFECT OF ANTI-THY-1.2 SERUM PLUS C' TREATMENT ON

\
ENDOGENOUS SPLENIC NK ACTIVITY OF B6AF1 HYBRIDS

Figure 3.2 demonstrates the effect of anti-thy
i.2 serum plus C' treatment on splenic NK cell activity of
B6AF1 mice. Such treatment did not reduce NK cell activity
against YAC targets at any E:T cell ratio; rather slight
enhancement of NK cell activity was'observéd in this study.
Similar results showing no effect of anti-thy 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).

dollectively, these data (Table 3.1, Table 3.2, and
Fig.3.2) show that the partially purified splenic cells we have

used as NK effectors do contain cells which mediate the

-
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"classical"” NK cell type of killing, as assessed by their organ
distribution, non-adherence to plastic, insensitiyify to anti-
thy 1.2 serum plus C' treatment, inability to kill P-815 (NK
insensitive) tumour targets, and their ability to kill YAC-1
(NK sensitive) tumour targets.

]

3.3.4 NK CELL ACTIVITY FOLLOWING GVH REACTION INDUCTION

»

GVH reactions were induced in B6AFl mice by injecting

Y
either 30x10® A or 30x106 B6 parental cells. In the first
series of experiments, splenic NK cell accivify was studied on

day 8 after GVH-induction.

Table 3.3 demonstrates spleniec NK cell activity of
individual animals within a group and splenic NK-cell activity
of pooled splenocyteé 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-
reactive mice (A-->B6AF1l & 36-->B6AF}) when compared with
normal B6AFl splenocytes. However, NK’cell activity observed in
the splenocytes of B6AFl mice that were injected with 30x10%B6
PLC was higher than 'the NK cell activity observed in the
splenocytes of B6AFl mice that received 30x10°a parental

v

lymphoid cells (table 3.3; 40% killing versus 29% killing at

50:1 E:T cell ratio, with the pooled splenocytes).

' Table 3.3 also shows the meap + of NK cell mediated

killing of YAC-1 targets at different effector:target cell

!
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ratios (uusually 4 well/E:T cell ratio were tested). As can be

seen, the variability (+ S.E of the mean ) between the wells at

v

a given E:T cell ratio was always very small (< 10% of the mean
. killing observed at a given EIT cell ratio). Thus, these data

4
show that augmented NK cell activity during GVH reactions is
\

observed in individual animals as well as in pooleh

- splenocytes.

' Table 3.3 also s&ows that GVH reactions augment the

totoxic activity of effector cells that can lyse P-815 tarhet

“ cells. The effect of rﬁe donor genotype in augmenting P-81S
effector cell cytotoxicity is ;;ident. Strain A PLC induce much
greater P-815 effector o¢ell cytotoxicity than B6 PLC. This

o augmentation of the P-815 effector cell activity by the GVH

reaction shall be discussed Iin detail in chapters 4 and 6.

~
—

3.3.5 KINETICS OF SPLENIC NK CELL ACTIVITY FOLLOWING GVH

INDUCTION

Figure 3.3 shows the kinetics of splenic NK cell
activity of BSAFi mice injected with either 30x10% A or 30x10§
B6 PLC. As can be seen, augmented splenic NK cell activity was
observed as early as day 4 post-GVH-induction, and by day 8
post-GVH-induction, NK cell activity reached its peak in both
GVH-reactive groups (A-->B6AFl and B6-->B6AFl). After dayMB
post-GVH-induction, NK cell activity started\ to decline,

eventually falling to below control levels. Thus, the splenic

' E —NK cell activity in the two GVH-reactive groups follows a




0

similar kinetics, namely, an augmentation followed by later

depression. However, the peak .splenic NK cell activity observed

L0 the group of B6AFL hybrids injected with 30x10% B6 PLC was

hig@er than that observed in B6AFl mice iInjected with 30x105a
PLC (33% kill vs 24s% kill). Moreover, th? decline of NK cell
activity in B6AF1 mice injected with 30x10%B6 PLC was slower
than that observed.iﬁ BgAFl mice injected with 30x10%a pLC

(Figure 3.3). The return to near-normal levels of splenic NK

cell activity of B6AFl mice injected with 30x105B6 PLC was

observed by day 17 postEGVH-induction, whereas, below normal

6

splenic NK cell activity in B6AF1l mice injected'with 30x10°A

PLC was observed by -day 14 post-GVH-induction (Figure 3.3).

3.3.6 ASSESSMENRT OF GVH REACTION INDUCTION: SUPPRESSION
L -

OF PFC RESPONSE TO SRBC

Tabl'e 3.4 demonstrates the PFC response of B6AF1
injected with either 30x10° A qr—30x166 B6 PLC. Table 3.4 shows
that t%e B6AFl mice which were injected with 30x10% A PLC.
became toéally immuno-suppressed. However, severe but
incomplete suppression of the PFC response to SRBEC was observad
in B6AFl mice injected with 30x10% B6 PLC by day 8 post-PLC

injection (9% of the normal response). -

3.3.7 KINRETICS OF NK CELL ACTIVITY IN DIFFERENT LYkPHOID\
ORGANS OF B6AFl MICE FOLLOWING PLC INJECTIO”:

) EFFECT OF PLC DOSE

Different doses 30x10%, 20x10%, or 10x10% of parental
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strain B6 lymphold cells were injected into groups of B6AF1

mice and the kinetics of NK cell activity in different lymphoid

organs was followed.

3.3.7.1 KINETICS OF SPLENIC NK CELL ACTIVITY:

Figure 3.4 1llustrates the splenic NK cell
kinetics of B6AFl mice dnjected with either 30, 20, or 10x10°
B6 PLC. NK cell activity started to increase by day 3 post-PLC
injection in the groups of B6AFl mice that were injected with
30x10% B6 PLC and reached a peak by day 8 after GVH induction
(three experiments). Augmented NK cell activity in the groups
of B6AF1 mice injected with 10x106 and 20x106 B6 PLC reached a
peak by day 12 post-PLC injection in two experiments and on day
15 in one experiment. The highest NK cell activity was observed
in B6AFl mice that were injected with 30x10® Bé PLC (32%
killing on day 8), followed by B6AFl mice with 20x10°% B6 (263
killing on day 12), and 10x10° B6 PLC (21% on day 12),
;espectively. Although, the peak NK cell activitj in F1 mice
injected with 20x106 and 10x106 B6 PLC fluctuated between
days.12-15 after GVH induction, it was never obs%rved on or

earliar than day 8 post-GVH induction. However, the peak NK

cel® activity in F1 mice that received 30x10% B6 PLC was

,consistently observed on day 8 after GVH induction.

-

In all groups of B6AF]l mice that recieved different doses
of B6 PLC, NK cell activity after reaching a peak started to

decline, and returned to control levels by day 17 post-PLC

(
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injection and then became suppressed by day 20 post-PLC

injection.

Figure 3.4 further shows the splenic NK cell activity of
B6AFl mice gsdergoing chronic GVH -reactions. The ind;ction'of
GVH reactions was determined by the severe supéression of the
PFC résponse to SRBC (Table 3.5). As can be seen, the splenic
NK cell activity of B6AF1l mice undergoing a chronic GVH
reaction (Fl mice injected with 3Ox106 B6 PLC), was severely

suppressed up to day 150 post-GVH induction

3.3.7.2 KINETICS OF LYMPH-NODE NK CELL ACTIVITY

Figure 3 5 illustrates the NK cell kinetics of
lymph node cells of B6AF]l mice injected with different doses of
;6 PLC. Slightly augmented NK cell activity was exhibited on
day 3 post-GVH induction by lymph node cells of B6AF]l mice
injected with 30x10% Bé6 PLC Slightly augmented NK cell
activity by lymph node cells of B6AFl mice injected with 20x10°
B6 PLC was observed on day 6 post-GVH induction, whereas no
augmentation of NK cell activity of lymph node cells of B6AF!
mice injected with lelOf B6 PLC was observedup today 8 post-
GVH induction The peak NK cell activity in the lymph-node
cells of B6AFLl mice injected with 30x10% B6 and 20x10% B6 PLC
was observed on day 8 post-GVH induction, whereas peak NK
activity in lymph node cells of B6AFl mice 1injected with
1E)x106 B6 PLC was observed on day 10 post-GVH induction. The

highest peak of NK cell activity was gbserved in B6AFl mice

{njected with 30x10® B6 PLC ( 26% killing), whereas the peak NK
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cell activity observed in the lymph node cells of B6AF1l mice
injected with 20x10% and 10x10% B6 PLC was approximately the
same, namely 14% and 13% respectively. In all groups of GVH-
reactive B6AF]1 mice, the NK cell activity returned to control

levels by day 15-17 post-PLC injection.

2

Figure 3.5 further shows that the lymph node NK cell
activity of B6AFl mice undergoing a chronic GVH reaction (
B6AFl mice injected with 3(_)x106 B6 PLC) remained severely

suppressed up to day 150 post-GVH induction.

3.3.7.3 KINETICS OF THYMIC NK CELL ACTIVITY

Figure 3.6 1illustrates the thymic NK cell
activity of B6AF]l mice injected with different dose of B6 PLC.
The initial appearance of NK cell activity in the thymuéa;f
GVH- reactive B6AFl mice was dependent upon the number of B6
PLC injected. Thymic NK cell activity was first observea on day
3 post-PLC injection in B6AFLl mice injected with 30x10® B6 pLC,
on day 6 in B6AFl mice injected with 20x106 Bf PLC and on day 8
{n B6AFl mice injected with 10x10% B6 PLC. In all groups of GVH
reactive B6AFl mice the thymic 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, thymic NK cell activity
of GVH-reactive B6AFl mice (i.e., Fl mice injected with 30x106
B6 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 &ramatic increase in thymic NK cell activity was observed

beyond day 60 after GVH-induction.

3.3.7.4 KINETICS OF BM NK CELL ACTIVITY

Figure 37 {illustrates the BM NK cell kinetics of
B6AFl mice injected with either 30x10% , 20x10% , or 10x10% Bs
PLC. Augmented BM NK cell activity was observed on day 3 post-
PLC injection in B6AFl mice which were injected with 30x10°% B6
and 20x10% B6 PLC. On the other hand, in B6AFl mice Iinjected
with 10x10% B6 PLC augmenée&\;;\;ZTI\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 30x10% Be PLC (22% killing on day 8 post-PLC
injection). The BM NK cell acc;vity 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 levels.

Figure 3.7 further shows that the BM 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
spleen and lymph nodes, dramatically augmented NK cell‘activity

was observed in the BM beyond days 60 after GVH induction.

3.3.8 PFC RESPORSE TO SRBC OF B6AF1 MICE 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 F1 mice that
G received 30):106 B6 PLC became severely immunosuppressed (l1% of
the normal response) by day 8 po;t-PLC injection. Whereas, only
partial suppression of PFC response to SRBC was observed in Fl
mice injected with 20x10® B6 PLC (75% of the normal PFC
response) and no suppression of PFC response was observed in
the group of Fl1 mice injected with 10x'106 B6 PLC (100% of the
normal response) on day 8 fosc-PLC injection. The studies

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

NORMAL BM AND LYMPH NODE NK CELLS

‘}' GVH reactions were induced in B6AFl mice b&
injecting 30x10% B6 PLC. This PLC dose resulted in a chronic
GVH reaction, as assessed by suppression of PFC response to
SRBC (Table 3.4 & 3.5). Supernat;nts were derived from spleen
ceils, lymph node celIs 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 BM NK CELLS

Figure 3.8 demonstrates the effect of
supernatants derived from GVH-reactive spleen and BM cells on
normal BM NK cell activity, As can be seen, the supernatants

a derived 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 cell ratios tested. However, the supernatants derived froL
day 8 GVH-reactive spleen cells were more effective in
inducing/augmenting normal BM NK éell activity than
supernatants derived from day 8 GVH-reactive BM cells.
Supernatants derived from normal B6AFl spleen and BM celi; also
induced/augmented NK cell activity of pormal BM cells. However,
the supernatants from normal cells were much less effective in
inducing/augmenting NK cell activity in normal cells than the
supernatants derived from GVH cells.

3.3.9.2 EFFECT OF SUPERNATANTS FROM GVH-REACTIVE CELLS ON

NORMAL LYMPH NODE CELLS

Figure 3.9 demo™strates the effect of
supernatants derived from GVH-reactive spleen and lymph node
cells on NK cell activity of normal lymph node cells. As can be
seen, the treatment of normal partially purified lymph node NK
cells with supefnatants derived from GVH-reactive spleen cells
or lymph node cells éramaticafly'f&duced/augmented NK cell
activity in normal lymph node cell; at all E:T cell ratios
tested. THe supernatants derived from day 8 GVH-reactive spleen
cells induced /augmented normal lymph node NK cell activity to
a greater degree at all E:T cell ratios than supernatants
derived from day 8 GVH reactive lymph node cells. In contrast,
supernatants derived from normal B6AFl spleen cells, but not
lymph node cells, only slightly augmented NK cell activity of

normal lymph node cells. -
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3.4 DISCUSSION ——
\

In this study we have demonstrated that GVH reactions
induce/augment NK cell in different lymphoid organs of Fl mice
early after GVH reaction induction. Furthermore, regardless of
the dose of B6 PLC injected into B6AFl mice, an increase in NK
cell activity is observed in splenocytes, lymph node célls,
thymocytes, and BM cells between days 1-12 post -PLC injection.
However, the initial appearance of NK cell activity in the
thymus and the magnicud; of peak of NK cell cytotoxic activity
in the spleen are dependent upon the number of PLC injected.
After reaching a peak, NK cell activity in all organs and in
all groups of B6AFl mice that were injected with different

doses of PLC declined to normal and/or below normal levels.

We have also shown that a dose of 30x10°% B6 PLC resuited
in a GVH reaction as assessed by immunosuppression of the PFC
response po‘SRBC. The long-term effects of a chronic GVH
reaction on NK cell activity in different lymphoid organs were
also studied. The data showed that although NK cell activity in
spleens and lymph nodes remained suppressed beyo;d day 50-60
post GVH induction, it intensified in the thymus and BM of GVH-
reactive mice. Finally, the data presented in this chapter show
that supernatants derived from GVH-reactive splenocytes, lymph
noée cells, }nd BM cells are much more effective in
inducing/augmenting NK cell activity in n9;ma1 lymp£ node and

BM cells than supernatants derived from dpleen, lymph nodes,

*
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and BM cells of normal mice.

e

On the basis of the NK cell kinecic studies presented in
this chapter, it 1s proposed that the GVH reaction can be
divided into three separate phases: (1) Early phase: This phase
is characterized by an increase in NK cell activity 1in the
spleen, lymph nodes, thymus, and BM followed by a return to
cantrol levels; (2) Intermediate phase:—This phase 1is
characterized by suppressed NK cell activity in spleen, lymph
nodes, thymus, and BM; (3) Late phase: This phase 1is
characterized by continued suppression of NK cell activity in
the spleen and lymph nodes and dramatic reappearance 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 1Is assessed and the organ selected to determine NK
s

cell activity are critical factors to be considered in the

determination of NK cell status following GVH induction..

The initial report on NK cell status during GVH reactions
demonstrated depressed splenic NK cell activity (Keissling 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 activicy
in several different parent into F1 hybrid GVH combinations.
Furthermore, Clancy et al. (1983) has recently dégfribed an
early augmentation (upto day(10-12) and a later decline (by day

20) of NK cell activity in the spleen, lymph nodes, thymus, and
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BM of GVH rats. Thus, the studies in rats confirm our earlier
studies (Roy et al., 198f; Ghayur et al., 1980) and those
presented in this chapter. In humans, Dokhelar et al. (1981)
have also reported early augmentation followed by severe
depression in peripheral blood NK cell activity in bone marrow
transplant patients who developed GVH disease. Thus, the first

two phases of NK cell activity during the course of GVH

‘reactions/GVH disease have been documented.

The mechanism of augmentation of NK cell activity early

after GVH induction 1s not clear. However, this augmentation of

NK cell activity could be due to the reiease of lymphokines
from ,GVH-reactive cells. The data presented in this chapter
(Figures 3.8 and 3.9) showing that the supernatants from GVH-
reactive cells of different lymphoid organs can effectively
induce/augment NK cell activity of cells derived from different
lymphoid organs of normal mice support the above proposal.
Moreover, we have previously reported production of interferon

(IFN) (Zawatsky et al., 1979) and PGE (Lapp et al., 1980) by

—— - — G

one of the most potent potentiators of NK cell 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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Saksefla et al., 1979; Hergerman et al., 1979, Minato et al |,
1980; Senik et al., 1980). Although, PGE by itself inhibtt NK
cell cytotoxic activity (Roder and Klein, 1979; Brunda et al ,
1980; Bankhurst, 1982) , a combination of IFN and PGE can at
least in vitro, enhance the lytic ability of NK cells (Targen,
1981). Furthermore, it is also 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 iIn
the BM Collectively, it would appear that the early augmented
NK cell activity could be possibly due to a combination of
different factors, namely :(l) Increased lytic efficiency of
mature NK cells of both host and donor origin (donor NK cells
present in the inoculum) and recruitment an&-;aturation of pre-
NK cells by lymphokines such as IFN released after the
induction of GVH reactions. (2) Increased numbers of NK cells
produced and probably released into the periﬁhery by the BM 1in

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 prodJ::ion
by GVH- reactive cells, since NK cell activity during this

- o — ——

with PGs and poly I:C, an IFN inducer (Ghayur et al., 1981),
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(2) depletion of nucleated cells in the spleen and bone marrow
of GVH mice (Xenacostas et al., 1986) and (3) maturational
defect in the splenic NK cells during this phase . These three

possibilites for depressed NK cell activity are discussed in

detail in chapter 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 increase in NK cell
activity in the thymus and BM, has not been reported thus far.
This recovery of thymic and BM NK cell activity 1is of interest.
In humans, it has been reported that following allogeneic bone
marrow transplantation, NK cell activity in the peripheral
blood recovers earliar than other immune functions (Livnac et
al., 1980; Noel et al., 1978; Ringden et al., 1979). NK cells
originate in the BM and are then exported to the periphéery.
Furthermore, NK cells are present in the fidrmal thymus as a
resident population (Zoller et al., 19%81l), and are believed to
be of T-cell lineage (Herberman and Holden, 1978; Herbermay et
al, 1979). Thus, it is possible that the augmented BM NK cell
acgivity may represent the regeneration of BM of GVH reactive
mice following its depletion by the GVH reaction (Xenacostas et
al., 1986; Ghayur et al., 1986a,b; also see chapter 9). The
augmented thymic NK cell activity may be &ue to the exportation
of pre-T-cells (possibly NK cells) to the thymus by the
regenerating BM. It has been reported that cells with surface
markers of Ni cell (asialo GM1l) as well as NK cells with

cytotoxic activity are the earliest to appear in the thymus

”
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during its ontogeny (Habu et al., 1980; Koo et al., 1982). a

o
second possibility for the augmented NK cell activity ma;be s

related to the regeneration of the thymic microenvironment of

the regerating thymus (Ghayur et al., 1985, 1986) following

-

GVH- induced thymic injury. The studies regatfding the

regeneration of thymic architecture are described in chapter 7

of this thesis.

An analysis 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 the PF%\response to SRBC is observed, NK cel]
activity is highly augmented. This nggests a complete
dissocliation between T-cell dependent B-cell responses and NK

cell activity early after GVH reaction induction.

Thus 1in this chapter, we have demonstrated that GVH
reactions induce highly augmented NK cell activity in the
spleen, lymph nodes, thymus, and BM e;;ly after GVH reaction
induction. However, later during the course of GVH reactions NK
cell activity ;emains depressed in the spleen‘}nd lymph nodes,
but reappears in the thymus and BM. The eariy augmented NK cell
activity appears to be due , at least in part, to substances
released by cells in the‘different lymphoid organ; of GVH-
reactive mice. Finally, the peak NK cell activity after GVH

induction appears at a time when the PFC response to SRBC is

completely and/or severely suppressed.

In the following two chapters the relationship between NK

)
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cell cytotoxicity, T and B-cell functions, and the development

of GVH-associated tissue injury to the non-lymphoid and
>

lymphoid organs, respectively, are presented. <

——
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§
parental strains

Table 3 1 + Endogenous splenic, thymic, and bone marrow NK cell activity oﬂ
) A and B6 and B6AF1 hybrids against YAC targets
EXPT 1 EXPT.2 EXPT.3
Organ Animal EFFECTOR : TARGET CELL RATIO
Assayed @  Genotype 50: 25:1 12:1 6:1 50:1 25:1 12:1 6:1 50:1 25:1 12:1 6:1
* SPLEEN A 3. .5 2.0 2.2 5 3 2.5 1.0 08 3.8 ) 2.0 2.00 1.5
86 12. .0 4.5 3.7 21.0 10. 4 6.6 2.5 11.0 7.1 5.00 . *b
B6AF] 14. 10. 4 5.3 3.1 20.2 12.3 71.25 3.0 13.3 10. 5 5.00 -
THYMUS A 1. 0.5 -1.2 -0.8 0.5 -1.2 -0.8 -1.9 -2.4 -0.8 -1.2 -
B6 -1. 08 0.7 -1.2 8 -2.1 -1.0 0.8 1.5 -1.2 0.5 -
B6AF1 -0. -2.4 -0.1 -1.3 0 0.8 -0.6 0.2 0.2 -0.7 -¢.8 -1.2
BONE A 2. 1.5 0.6 1.8 12 - - 1.3 - -
MARROW B6 3 2.5 . .0 5 - - 9 5 - -
B6AF1 1.6 1.1 .6 .0 - - 2 .1 - -

a Spleen cells, thymus cells and bone marrow cells from 3 animals/strain/experiment were pooled.
* Not done.
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Table 3.2 : P-815 target cell killing by splenocytes from parental strains A and B6
and BB6AF1 hybrids

[

102

T{
EXPT.1 EXPT.2
EFFECTOR : TARGET CELL RATIO
Animal
Genotypea 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
B6AF1 1.9 0.4 2.4 b
a Spleen cells from 3 anima]s/strain/experim;nt were pooled .
+D  Not done N
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Table 3.3 : NK cell activity and P815 target cell killing of splenocytes obtained from .normal Fl

and GVH reactive mice.

Donor strain
and number of

{
Non-specific cytotoxicity against YAC and P815 at different E:T ratios

104

cells injected Splenocytes from individual animals Pooled splenocytes
to induce GYH y
reactions YAC PB1S YAC P815
50:1 25:1 50:1 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 - . ]
B6 30x106 34.0 +0.9 22.2 +0.7 13.1 +1.3 10.0 +0.2
B6 30x106 32.7 +0.8  20.9 +1.4 14.6 + 2.5 9.1 +0.7 40.5 + 1.7 11.5 + 1.6
B6 30x106 36.1 +1.4 22,5 +0.9 - -
A 30x106 27.6 + 1.8 21.§ +1.1 57.1 +2.4 55.2 +2.8
A 30x106 22.2 +1.3 15.4 + 1.6 58.6 + 3.7 55.9 + 2.6  29.8 + 1.6 46.1 + 2.1
A 30x106 24.1 + 1.5 11.9 + 1.2 - -

a % cytotoxicity of individual wells (4 wells) at a given E:T ratio was calculated. The data is presented
as the Mean + S E.

b Splenocytes were taken from B6AF] mice B day$ after GVYH induction.
Cq4 The experiment was repeated two times with similar results. Results of one experiment are shown.

*~ Not done.
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Figure 3.3 Kinetics of splenic NK cell actjvity against YACatargets of B6AF1
mice injected with either 30x106A or 30x100B6 PLC. The experiment

was performed two times. Each experiment gave similar results.
Results of one experiment are shown, 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 B6AF1 mice.
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Table 3.4 : PFC/spleen response to SRBC of B6AF1 mice injected with either 30x106 B6 or 30x106 A PLC.

a
Number and strain of | |
parental lymphoid
cells injected to Number of animals % of normal PFC spleen
induce GVH Reactions? / group Mean PFC/spleen + S.E. x 10-3 response to SRBC
- 9 . 112.5 £ 11.5 100
30x10% B6 9 9.8 +2.1" 8.6
30x106 A 9 0.2 £0.2 0.1,

4 .

a B6AFl mice were injected with SRBC on day B after PLC injection.
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Figure 3.4. Kinetics of splenic NK cell activity of B6AF1 mice injected with different doses of B6
PLC against YAC targets. The experiment was repeated three times. Each experiment showed

similar kinetics. Results of one experiment are shown. The horizontal line is the mean($S.E)
splenic NK cell activity of normal B6AF1l mice. The effector:target cell ratio used was 50:1.
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similar kinetics. Results of one experiment are shown. The horizontal line is the mean(S.E)
1ymph node NK cell activity of normal B6AF1 mice. The effector:target cell ratio used was 50:1.
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Figure 3.6. Kinetics of thymic NK cell activity of B6AFl mice injected with different doses of B6 PLC
against YAC targets. The experiment was repeated three times. Each experiment showed

similar kinetics. Results of one experiment are shown. The effector:Target cell ratio used

was 50:1. The horizontal line is the mean thymic NK cell activity of normal B6AF1 mice.
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Figure 3.7. Kinetics of bone marrow NK cell activity of B6AF1 mice injected with different doses of B6
PLC against YAC targets. The experiment was repeated three times. Each experiment showed
similar kinetics. Results of one experiment are shown. The horizontal line is the mean(1S.E)
bone marrow NK cell activity of normal B6AFl1 mice. The effector:target cell ratio used was 50:1.
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.Table 3.5

PFC/spleen response to SRBC of B6AF} mice injected with different doses of B6 PLC

Humber and strain

of parental cells injected

to induce GYH reactions (3)

No. of mice

Mean no. of PrC/spleen

% of normal

111

/group 4+ S.E. x 10-3 PEC to SRBC
- 9 97.5 + 4.5 100

30 x 106 (B6) 12 11.5 + 1.6 11.7

20 x 106 (B6) 12 73.2 +2.6 75.0

10 x 105 (B6) 12 97.6 + 5.8 100.1

{a):

B6AF] mice were

injected with SRBC on day 8 after PLC injection.
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e Normal bone marrow cells supernatant

O Normal spleen cells supernatant
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Figure 3.8. Effect of supernatants derived from normal and GVH
reactive spleen and bone marrow cells on normal B6AF1
bone marrow NK cell activity against YAC targets. The
supernatants were obtained from spleen and bone marrow
cells of GVH-react1ve B6AF1 mice 8 days after the injec-
tion of 30x10686 .PLC. The experiments were performed two
times. Each experiment gave similar results. Results of

dne experiment are shown.
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o Untreated
e Normdl 1ymph node cells supernatant .

o Normal spleen cells supernatant
A GVH spleen cells supernatant

o A GVH lymph node cells supernatant
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Figure 3.9. Effect of supernatants derived from normal and GVH-reactive
spleen and lymph node cells on normal lymph node NK cell

0 activity against YAC targets. The supernatants were obtained
from spleen and 1ymph node cells of B6AF1 mice 8 days after

the injection of 30x106B6 PLC. The experiments were performed

two times. Each experiment gave similar results. Results of

one experiment are shown.
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CHAPTER FOUR

THE RELATIONSHIP BETWEEN SPLENIC NK CELL ACTIVITY; T- AND B-CELL
FUNCTIONS; AND THE DEVELOPMENT OF "HISTOPATHOLOGICAL LESIONS IN
0 THE NON-LYMPHOID ORGANS AFTER THE INDUCTION OF GVH REACTIONS.
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4.1 INTRODUCTION

The studies presented Iin chapter 3 demonstrated
that the magnitude of augmented splenic NK cell activity was
dependent upon the number of PLC injected into B6AF1 hybrids
However, GVH-assoclated suppression of the PFC response to SRBC
was observed only in those Fl mice 1in which peak NK cell
activity appeared earlier (Fl mice injected with 30x108 Bs
PLC) In this, chapter we have further investigated: (1) the
relationship betweén the GVH induced augmented splepic NK cell
activity and the GVH-1induced suppressign of splenic T-and B-
cell function; (2) the relationship between the GVH-induced
augmented splenic NK cell activity and the development and
severity of GVH-induced histopathological 1lesions in non-
lymphoid organs (liver, pancreas, and _,salivary glands).

-

4.2 EXPERIMENTAL DESIGN

The experimental protocol is outlined in figure 4.1
GVH reactions of different intensities were induced in B6AF1
hybrids by injecting different doses, 30, 20, , or 10x106, of
elither parental strain A or B6 lymphoid cells. The relationship
between splenic NK cell activity (YAC killing) and other "non-
specific" cytotoxic activities, i.e , P-815 and Eb tumor target
cell killing, splenic T- and B-cell function, and the
development of histopathological alteration in the liwver,
pancreas, and sal&vary glands of these GVH-reactive mice was

investigated. The rationale for studying the relationship
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between splenic NK cell activity and the development of
histopathological changes in the liver, pancreas, and salivary
glands was three fold: (i) liver (Bain and Diener, 1972),
pancreas (Seemayer et al., 1983), aﬂz_salivary glands (Clancy
et al., 1981) are characteristic non-lymphoid target orgaﬁs for
GVH reactions; (11) the histopathological alterations in the
liver, pancreas, and salivary glands appear concomitently with
histopathological changes in lymphoid organs (Seemayer et al ,
1977, 1978); (ii1l1) recent studies have shown that generalized
augmented NK cell activity cérrelates 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, animals were
randomly picked from a pool of B6AFl mice that were injected
with different doses of PLCs and from a pool of normal B6AF1
mice. These animals were sacrificed, their spleens and bone
marrow (BM) cells were removed, and single cell suspensions
were prepared. Splenocytes of individual spleen were divided
into two aliquots. Cells in one aliquot were tested for the PFC
response to SRBC and for mitogen response to Con A, PHA, and
LPS. The cells in the other 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 animals on day 16 post-PLC injection were
further divided into two aliquots. Cells in one aliqu;c were
treated with anti-thy 1.2 serum plus C', whereas the cells in

the other aliquot were treated with C' and medium (RPMI-1640)
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and served as controls. NK cells in both these aliquots were
then tested for thelir abilit& to kill NK sensitive YAC-1 tumor
targets and also NK insensitive P815 tumor targets Like the
splenocytes, BM cells from each group were also pooled,
partially purified, and tested for their ability to kill YAC
targets Iin a 4 hour 51Cr release assay (section 2 7) The
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 1la and 4.1b demonstrate the results of the
PFC/spleen and PFC/lO6 spleen cell responses to SRBC,
respectively, of B6AFl mice injected with different doses of
either strain A ot B6 PLC. On day & after PLC injection, 30x10°
and 20x106 strain A PLC induced much greater suppression than
the eqvivalent cell dose of B6 strain donor cells On day 12
after PLC injections, the groups of B6AF1 micg that received
either 30, 20, or 10x10® A strain PLC, became totally
suppresséd. In contrast, total suppression of the PFC response
to SRBC was observed only in the group of B6AFl mice that
r?ceived 30x10% B6 PLC. The groups of B6AF]l mice that received
20x106 B6 or 10x106 B6 PLC demonstrated partial recovery and
even enhancement, respectively, of the PFC response to SRBC on
day 12 after PLC injection. These data are summarized in

figures 4.2a and 4.2b. '
4.3.2 CON A, PHA, AND LPS MITOGEN RESPONSIVENESS
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Tables 4.2a and 4.2b demonstrate the Con A, PHA
and LPS responses of B6AFl mice injected with different doses
of efither 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 4.1b. 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
B6AFl mice that received different doses of either strain A or
B6 PLC. The degree of suppression of mitogen responses within a
GVH combination was, however, dependent upon the number of PLC
injected into B6AFl mice.JWhen equal numbers of strain A or B6
PLC were Iinjected into B6AFl mice, strain A lymphoid cells
inddced a greater degree of suppression of mitogen responses
than did B6 parental strain lymphoid cells (Table 4.2a). Table
4.2b shows that on day 16 after PLC injection, B6AFl mice that
received either 30, 20, or 10x106 A strain PLC were severely
suppressed for Con A, PHA, and LPS responses. In contrast
severe suppression of these mitogen responses was observed on
day 16 in B6AF1 mice that received 30x106 B6 PLC, while partial
recovery of Con A, PHA, and LPS responses were observed iwm
B6AF1l mice that received either 20x10% B6 or 10x10® B6 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 4.3 shows the splenic mononuclear cell

numbers of B6AFl mice injected with different doses of either
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B6 or A PLC. On day 8 after PLC 1njectionsl no significant
differences were observed between the splenic mononuclear cell
numbers of B6AFl mice that received different doses of either
B6 or A PLC 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 B6AFl mice that
received 30x106 B6 PLC, but not in B6AFl mice that received
either 20x10° B6 or 10x10% B6 PLC. On the other hand, on day
16 after PLC Iinjection, reduction in splenic cellularity was
observed in the spleens of B6AFl mice injected with 20x108 A
and 30x10% A PLC, but not in the spleens of B6AF1l mice that

received 1Ox106 A PLC. These results are summarized in figure

4 4,

3.4 KINETICS OF SPLENIC NON-SPECIFIC CYTOTOXICITY DURING
GVH REACTIONS: EFFECT OF DONOR CELL GENOTYPE

4.3.4.1 KINETICS OF SPLENIC RK CELL ACTIVITY

The kinetics of splenic NK cell activity in GVH
reactive B6AF]Ll mice agalnst YAC-1 (H-2a), a NK cell sensitive
target, are shown in fi1g.4.5. Two distinct patterns of splenic
NK céll activity are observed in B6AFl mice injected with
different doses of either strain A or B6 PLC. In animals that
received either 30x10% or 20x10% A strain or 30x10% B6 strain
PLC, splenié NK cell activity peaked early, {.e., on day 8
after GVH induction, and then declined rapidly to normal levels

by day 20-24 after GVH induction. In contrast, in mice that
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received 10x106 A and either 10x106 or 20x106 B6 strain PLC,
peak splenic NK cell activity was delayed, 1.e., peak NK
activity was observed on day 16 after GVH induction, and then
returned to normal levels by days 20-24 after GVH induction.
Figure 4.5 also shows that in all groups of B6AFl mice that
received different doses of either A or B6 PLC the maximum
increase in NK cell activity was dependent upon the number of
cells injected. For example, 42%,31%, and 26% killing of YAC
was observed in Fl mice injected with either 30, 20, or 10x106
B6 PLC respectively. Similarly, 35% ,29%, and 22% killing of
YAC targets was ob;erved in F1 mice injected with either 30,
20, or 10x106 A PLC, respectively. The return of splenic NK
cell activity to normal and/or below normal levels was more
rapid in B6AFl mice that received different doses of A PLC.
Moreover, B6 PLC induced greater overall splenic NK cell
activity at each cell dose than the equivalent dose of A PLC
(Figure 4.5). Inspite of the differences in NK cell activity
observed between different groups of GVH-reactive mice, the
kinetics of splenic NK cell activity in all experimental groups
followed a similar pattern, namely., an augmentation followed

&

by a decline to normal and/or near normal levels,

4.3.4.25 KINETICS OF BM RK CELL ACTIVITY

Figure 4.6 demonstrates the NK cell activity of BM
cells of B6AFl mice that were injected with different doses of
elither B6 or A PLC. As can be seen, in the groups of Fl mice

that received different doses of B6 PLC , the bone marrow NK
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cell activity reached a peak by day 8 after PLC injectionst and
then declined to nea; 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
BM was dependent upon the dose of PLC 1injected. NK cell
activity in the BM of Fl 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 B6AF1 %ice that received different
doses of A PLC all groups showed the same degree of
augmentation of NK cell activity (i.e., no clear dose dependent
effect was observed as waggseen with B6 PLC). NK cell activicy
in these groups also declined to near normal levels by day 16
after PLC injections.

4.3.5 P-815 AND Eb TUMOR TARGET CELL KILLING BY GVH

SPLENOCYTES

The splenic non-specific cytotoxicity data for P-
815 (H-2d), an NK insensitive target, are presented in Figure
4.7, The influence of the genotype 1in activating effector
mechanism(s) responsible for P-815 killing is evident. Marked
P-815 cytolysis was observed in mice injected with different
doses of A strain lymphoid cells, whereas negligible effects

were observed in B6AFl mice that received different numbers of

B6 cells. Since YAC-1 is a lymphoma cell line of H-2a genotype
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which expresses both H-2d ahd_H-Zk, and P-815 is a mastocytoma
cell line of H-2d genotype (bBA/Z origin), we posited whether
the differences observed might be related to target genotype
To resolve this 1ssue, Eb, "a second H-2d genotype (DBA/2
origin) lymphoma cell line target, was employed under the same

conditions. Figure 4.8 demonstrates the killing of Eb targets

by day 8 GVH-reactive splenocytes at differept E:T cell ratios.
the killing of

As can be seen, on day 8 after GVH inductio
Eb targets by Fl mice treated with 30x10% [B6 PLC was greater
than that of Fl mice injected with 30x106 Al strain'PLC, at all
E:T cell ratios tested. These results are\similar to those
presented in fig.4.5 for YAC-1 killing. Thdédsé& ,data suggest
that, depending upon the donor cell genotype, either different
cytotoxic mechanism(s) or different sub-populations of the same

family of effector cells are activated during the course of GVH

reactions.

4.3.6 EFFECT OF ANTI-THY 1.2 SERUM PLUS C'TREATMENT ON YAC

_ ARD P-815 TARGET CELL KILLING BY GVH SPLENOCYTES
=

To determine whether the cytolysis aof YAC and P-815
targets could be attributable to cytotoxic T-lymphocytes (CTL),
partially purified splenic cells from different 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 cells with anti-thy 1.2 serum plus C' failed to

abrogate both YAC-1 and P-815 cytolysis respectively. These
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data suggest .,that YAC (Table 4.4) and P-815 (Table 4.5) killing
observed during the course of GVH reactions 1is not mediated by

T-cells.

4.3.7 . HISTOLOGY OF NON-LYMPHOID ORGANS DURING THE COURSE

OF GVH REACTIONS

GVH-associated histopathological changes were
studied in B6AFl mice injected with differeht doses of either
B6 or A PLC. Histopathological changes were graded as normal,
mild or moderate-severe according to the degree of
lymphocytic infiltrates and ductular pathalogical changes in
the liver, pancreas, and salivary glands on days 8 and 16
after PLC injection. The degree of GVH-associated 1lesions, were
characterized as mild when the cellular infiltrates wer;
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 B6AF]1 mice ;:ceiving different
doses of B6 PLC £nd 10x10°% a PLC ( Table 4.6). However, in mice
that received 20, or 30x10° A PLC varying degrees of ductular
injury associated with mononuclear cell infiltrates were
present in the majority of mice at day 8 post-PLC injections

(Table 4.6).

No lesions were noted on day 16 in animals receiving 10 or

20x106 B6 PLC, whereas moderate-severe changes were appreciated

[
i
H
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in those B6AF]1l mice given 30x106 B6 PLC. In contrast,
moderate-severe ductular alterations associated with intense
cellular infiltrates were manifest on day 16 iIin animals
injected with either 20x10% or 30x10% A strain PLC. Only mild
ductular injury associated with slight cellular infiltrates
were noted in B6AFl mice inject;d with 10x10% A PLC (Table

4.6). Photomicrographs showing normal, mild, and moderate-

severe lesions In liver, pancreas, and salivary gland are shown

in Figures 4.9-4.17.

4.4 DISCUSSION

The data presented in this chapter demonstrate that
GVH reactions induced in B6AFl hybrids by three different doses
(10, 20, and 30x10% ) of A strain PLC, stimulate both NK cell
cytotoxic activity and P-815 target cell killing, 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 F1l hybrids
by similar numbers of B6 strain PLC resulted only in @8 marked
increas; in NK cell activity. However, slighgly augmented P-815
target cell killing, histopathological changes, and
immunosuppression of T- and B-cell function were observed only
in Fl mice that received 30x106 B6 PLC, whereas, 10 and 20x106
B6 PLC were ineffective. The GVH-1induced tissue lesions were

apparent (day 8 afterGVH inductioh) when both T- and B-cell

function were severely\suppresgsed and NK cell activity and P-

815 target cell killing were at thelir pe;k 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 augmentad P-815 target cell

killing, but not with the overall NK cell activity .

Depending upon the donor lymphoilid cell genotype employed,
different non-sp!;ific cytotoxic effector‘cell populations were
activated to different degrees. The lysis of YAGC-1 (H-2a)
(Ftg.4.5) and Eb (H-2d) (Fig 4.8) cell lines by splenocytes
from mice Injected with 30x10°8 parent?l A or B6 straln
lymphoid cells was similar, the greatest effect being observed
in recipients of B6 PLC. In contrast, highly augmented P-815
(H-2d) cytolysis (Fig 4.7) was observed in mice which received
30x10% A strain PLC. The effector cells mediating the lysis of
YAC, P-815, 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 differeng'fpecificities for
target cell recognition or sub-populations (eg., NK1, NK2,
etc.) of the same effector cell population. The activation of
different non-specific effector cells (eg., NK cells and MO)
during GVH reactions and differential susceptibilities of
targets to lysis by cells derived from GVH animals have been
previously described (Ptak et al., 1975; Fuﬁg and Sabbadini,
1976, Hansen et al., 1982). Similarly, heferogeneity within the
NK cell population has also been reported (Tal et ;1.. 1980;

5

Lust et al., 1981).
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‘) The NK effector cells involved in the lysis of YAC
targets, like the effector cells mediating the lysis of P-815
targets, were not eliminated by anti-thy 1.2 .serum plus C'
treatment (Tables 4.4 ;nd 4.5), suggesting that khese effector
cells are not T-cells. Two recent reports showing NK cell

cytotoxicity during the course of GVH reactions have produced

conflicting data on P-815 killing. Pattengale et al. (1983)

reported P-815 target cell killing in a GVH system (B6--->
B6xDBA/2Fl) in which severe GVH disease was induced. In their
study, (Pattengale et al.,d;983) cells affeéziné ggg §-815
target cell lysis expressed Thy-1 antigens. However, Borland et
al, (19832 reported no spontaneous P-815 killing in a different
GVH combination, that is, CBA into CBAxBalb/c. The basis for
G these discrepencies, in relation to our study, is not entirely
clear. Conceilvably the strains of animals employeg contribute
to these divergent findings. This interpretation appears
}lauslble since, in our study, the activation of effectors for
P-815 targets was observed only 1in recipients of A strain
lymphoid cells. In one of the GVH combinations in which P-815
e - ’effector cells bore thy 1 antigens (B6-->B6xDBA/2) (Pattengale
et al., 1983), the donor anti-host cytotoxic-T-lEmphocyte
response could have been directed against the H-éd haplotype
(DBA/2 and PL815 are of identical H-2 haplo;yﬁes). In our GVH
combination (A-->B6AFl) in which P-815 target cell lysis
occured, the pifenc anti-Fl GTL response wpuid have been

directed against the B6 (H-2b) haplotype. ‘However, the killing

‘ e of Eb, which is ¢f the same haplotype as P-815, was similar to
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YAC killing rather than the P-815 killing in the two GVH
combinations employed in the present study. Therefore, wve
propose that cytotoxiec T-lymphoctes are not principally

involved in this process.

~

The origin of effector cells for P-815 targets was not
established Iin the present study.. However, it is knowm that
MO/monocytes are activated during the course of GVH reactions
(Ptak et al., 1§75; Fung and Sabbadini, 1976; Hansen et al.,
1982). Although techniques were employed to remove adherent
zells, MO/monocyte contamination of the effector population
remains a possibility, especialiy since P-815 targets are

sensitive to activated MO/monocyte (Roder et al., 1979).

»
£

Analysis of data relating to non-specific cytotoxic cell
activity and the initial development and subsequent severity of
tissue injury during the course of GVH reactions yields several
interesting associations. Firstly, when 30x10%:a and 20xi0® A
strain PLC were employed to induce GVH reactions, NK cell
activity and P-815 target cell killing peaked or were highly
augmented by_day 8 post-GVH induction and histopathological
alterations first appeared at the same time. These F1 hybrids
subsequently developed severe GVH-associated pathological
alterations. Secondly, when 10x10% A strain PLC were employed
to induce GVH reactions, the appearance of peak NK cell
activity and P-815 target cell killiag was delayed (day 16
after GVH {induction); ;he initial appearance of

histopathological lesions was also delayed and the tissue

alterations were minimal (graded as mild). Thirdly, in Fl

126 >



()

3
recepéents of 30x10 B6® PLC , peak NK cell activity and

slightly augmented P-815 target cell kii{ing (8-10%) were
observed 8 days after GVH induction, yet tissue alterafions
that developed later during the course of GVH reactions (day 16
post-GVH 1induction) were of moderate-severe intensity.
Fourthly, in Fl recipients of 20x10% B6 and 10x10°% Bs PLC, a
significant increase in NK cell activity was observed which
peaked at day 16 after GVH induction; nevertheless, P-815
target cell lysis was not observed, nor did GVH-induced

histopathological le3ions develop.

The results described above show that moderate to severe

lesions developed in mice that displayed an early peak in NK
4

cell activity and an augmented P-815 target cell killing. In

contrasgt, in those groups of Fl mice in which NK cell activity

‘and/or P-815 killer cell activity peaked later, tissue

alterations were either mild or not detectable. The findings
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 activ?2ty peaks, but not with the
overall ngmented NK cell activity, and, as well, may be
related to an increase in activity of cytotoxic cells capable
of killing P-815 target cells. The data presented in this
chapter do not address the question of whethex interactions
between NK cells and P-815 target cell effectors are
responsible for the mdre severe tissue lesions observed in some
GVH combinations. The question regarding the role of NK cells

and P-815 effector cells in GVH-associated tissue damage 1is
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addressed in detail {In chapter 6. However, a correlation
between the éarly appearance of WK cell activity and the
development of acute GVH disease ip recipients of allogenelic
bone marrow transplants has been described (Dokﬁelar et al.,
1981). The data presented in this study support ¢this
observation and also suggest’thac the rate of augmentation of
NK cell activity may predict the magnitude of tissue injury

-

assoclated with GVH reactions. |

The effect of donor genotype on tHe BM NK cell activity
following GVH .reaction induction has not been reported thus
far The data presented in figure 4 6 demonstrate the effects
of. donor genotype on the kinetics of BM NK cell activity As
can be seen, B6 PLC at all doses induce BM NK cell activity
which peaks on day 8 after PLC Iinjection. However, the
magnitude of peak BM NK cell activity 1s dependent upon the
number of PLC injected. Furthermore, the kinetics of BM NK cell
activitcy is,similar to that observed in the spleen, namely an
augmentation followed by a decline in NK cell mediated killing
of -YAC targets. In contrast, in the A-->B6AFl GVH combination,
no PLC dose-dependent effect was observed that influenced the
magnitude of BM peak NK cell activity, as was witnessed when
different doses of B6 PLC were- -injected fnto B6AFl mice.
Moreover, nc' sharp peak was noted. Once NK cell activity in the
BM was augmented (day 4) it remained slightly augmented and
then started go decline slowly with time. In this chapter we

{

also demonstrate that the magnitude as well as overall:
*“
augmented splenic NK cell activity followinmg GVH reaction

) :

128



)

tex
oo

induction are dependent upon the strain and number of donor
cells’injected. A similar dependence of splenic NK cell
activity on donor cel]l genotype and dose of donor cells
injected has previously been reported (Pattengale et al., 1983;
Ghayur et al., 198L; Varkila and Hurme, 1985a). It is of
interest to note that NK cells originate in the BM and are then
transporteds to the periphery (spleen) (Haller and wigzell,
1977, Haller et al., 1977). Thus, 1in light of the data
presented on BM NK cell activity, it is plausible that the
differences observed in the kinetics and overall auémentation
;f splenic NK cell activity, between animals 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 is the case then our data would suggest
that the greater degree of overall NK cell activity observed in
the spleens of B6AF]l mice injected with 30x10% B6 and 20x106 Bé
PLC, as compared to 30 and 20x10°% a PLC, may reflect a

substantial contribution from the host bone marrow.
N .

‘A comparison of non-specific effector cell activity
(Figures.4.5 and 4.7) and T and B-cell f&nction (Table 4.1la,b
and 4.2a,b) in B6AFl hybrids which develop moderate-severe
histopathological lesions shows that the NK cell and P-815
effector cell activity reach gheir peak and remain augmented
for several daysﬂafter T and B-celi activity have been severely
fuppressed;‘The data in this report also sho; that in groups of

B6AFl mice that display an early rapid augmented NK cell

activity (and severe lesions) severe suppression of T and B-
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cell function i{s observed early after GVH reaction induction
Thus, a clear dissociation between NK cell activity and T, 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 capacity to induce severe GVH reactions
The data presented in this report support ' the work of vanElvan
et al (1981) and furthermore demonstrate that an early rapid
augmentation of NK cell activity correlates with the severity
of GVH reactions as assessed by development of
histopathological lesions 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 that the
specific¢ and non-specific immune responses have different
mechanism(s) for suppression and/or activation. It is possible
that early after GVH reaction induction the specific and non-

specific immune responses play different roles at different

stages of the GVH reaction.

a

It is generally assumed that the, GVH-assoclated tissue
damage 1is mediated by cytotoxic T-lymphocytes. Our results
showing that the initial appearance and iater severity of GVH-
induced lesions correlates with the peak NK cell activity and
with the time whe; peak NK cell activity is reached after GVH
induction, respectively,(but not with the T and B-c%ll
function), would suggesé that NK cells may play some role in

the induction of GVH-associated tissue damage. An active role

for NK cells in GVH induced tissue damage is a likely

7
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possibility since recent studies have reported that: cytotoxic
T-lymphocyte (CEFB responses are severely suppressed as early
as day 4 after GVH induction (Shearer and Polisson, 1980); CTLs
may not be essential in GVH 1induced pathogenesis (Hamilton,
1984; Judas and Peck, 1983; Majon, 198l); and that antibodies
against NK cells prevent GVH induced mortality (Charley et al.,
1983; Varkila and Hurme, 1985). Thus, in light of the studies
cited above, the results presented in chapter 3 regarding
production by GVH-reactive lymphoid cells of factor(s) which
induced NK cell like activity in normal lymphoid ‘cells, and the
data presented in this chapter, we propose that specific T-cell
immune responses may be involved in the activation and/or
recruitment of non-specific (NK-like) effector cells which may
then elther &ireccly or indirectly be involved in the GVH-
induced tissue damage. Whether the host and/or donor NK cells
are activated and/or recruited following GVH induction is not

clear from the data presented in this chapter.

Pl

The fact that 10 and/20x1064B6 PLC were not as efficient
as a similar numb%; of A PLC in inducing tissue damage and/or

£
immunosuppression may be due to the rather rapid elimination of

B6 cells from B6AFl mice by the phenomenon of hyb;id
resistance. We h;ve observed an early rapid elimination
(within 36-48 hours) of fluorescein labelled B6 PLC , but not A
PLC, from B6AFl hybrids (Peres et al, 1983; Peres et al,
J.Immunol. in press). Moreover, Shearer and Pollison (1980,
1981, and 1983) have previously reported that greater numbers

¥

of Bl0 (H-2b) PLC ,as compared to Bl0.A (H-2a) PLC, are
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required to overcome the hybrid resistance mechanism(s) in
B10xB10.A (H-2bxH-2a)Fl mice. These workers have demonstrated
that 20x10% B10 PLC (similar to the genotype of the B6 PLC used
in the present study) were unable to 1induce complete
suppression of CTL generation'when injected into B10xB10.A Fl
mice. In contrast 2Qx106 B10.A PLC (the same H-2 genotype of A
PLC used in the present study) induced severe suppression of
CTL generation 1in B1l10xBl0.A Fl mice. Shearer and Pollison
(1980,1981) further showed that AOxlO6 B1l0 PLC were sufficient
to overcome the hybrid resistance mechanism of B10.B10 A Fl and
induce complete suppression of CTL generation. The data
presented 1in this chapter suggest that although the dnjection
of 20x10% and lelO6 B6 PLC cause a significant, but delayed,
increase in NK cell activity, these cell doses are unable to
induce severe immunosuppression and moderate-severe lesions
However, 30x106 B6 PLC,ra dose which Is sufficient to overcome
the Fl hybrid resistance, cause an early rapid increase in NK
cell activity as -well as severe immunosuppression and moderate-
severe Cissue lesions. Collectively, these data would suggest
that when 10x108 and 20x10% B6 PLC are injected into B6AF]l mice
the required critical number of donor cells may not-acquire
sufficient t;nure to promote the development of complete

immunosuppression and histopathological lesions.

It would, therefore, appear that although non-specific
cytotoxic mechanism(s) of host and/or donor origin may be
activated following GVH-induction, the development of

histopathological lesions may be deaendenc upon a major donor
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cell contribution, If donor and host non-specific cytotoxic
cells are activated during GVH reactions, but the donor non-
specific and not the hogt non-specific cytotoxic cells (NK
cells) may be responsible for the tissue injury, an interesting
question of specificity of the effector cells for Fl target
cells 1is raised. To investigate this question of specificity
for GVH-induced tissue damage different parent Iinto Fl1 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 iIn non-iymphoid organs
after GVH induction. However, th;s corrdlation was based upon
studying NK cell activity in of)e organ (spleen) and the
development of lesions 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

A
organ (thymus):

133




Groups of B6AF] hybrids were injected

A ’///,//’w1th different doses of A or B6 PLC ’

B6AF; hybrid

Un different days pegt GVH induction, - EE
the following pariﬂeters were investigated
|
Histology Immune functions ,
LY
[ | B | I )
Liver Pancreas Salivary Splenic PFC responses Splenic mitogen Splenic NK cell Bone marrow NK cell
glands cellularity /spleen responses and P815 activity
- effector activity
- ' | ‘
Con A PHA LPS
With Without
Anti-Thy 1.2
/ +

C' treatment

Figure 4.1 Experimental design used to investigate the relationship between splenic NK cell activity, T-and B-cell
functions, and the development of histopathological alterations in the non-1ymphoid organs.
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Table 4.la. PFC/spleen response to SRBC of B6AF] mice injected with different doses of efither A or B6 PLC.

Number and Strain ' Experiment PFC £ 5.E/Spleen x 10-3 (X of normal ‘response)
of PLC injected® Number Days post GVH fnduction
q . 12
1 114.3 + 4.5 98.0 + 5.5 ‘_"«3
2 183.6 £ 27.0 1860.2 £ 7.9 -
30x10% A 1 5.3+ 1.2 (4.6) 0
2 0.3 + 2.3 (21.9) 0
20x106 A 1 22.3%+ 5.9 (19.5) 0
2 49.0 + 12.6 (26.7)
10x105 A 1 61.7 £+ 18.6 (53.9) 1.4 £ 1.4 sl.s -
86.1 + 10.9 (46.9) 2.2+ 1.9 1.2
30x106 B6 1 54.0 £+ 4.9 (47.2) 0 .
2 90.2 £ 25.0 (49.1) 0
20x105 86 ] §4.7+ 3.8 (56.6) 73.0 &+ 5.2 (82.0)
v 2 104.9 + 14.0 (57.1) -b
10x10% 86 1 64.1 £ 24.8 (56.0) 134.5 & 16.6 (151.1)
2 124.2 + 16.1 (67.6) 297.3 + 26.6 (164.9)

a  -lhree animals/group in experiment no.1 and four animals/group In experiment no.2 were randomly selected

from 8 pool of mice. 1Ihe data is presented as mean £ S.E.
-b = not done




Table 4.1b. PFC/105 spleen cell response to SRBC of B6AF1 mice injected with different doses of elther A or 86 PLC.

i
Humber and Strain Experiment PFC + S.E/lﬂsspleetl cells(% of normal response)
of PLC injected? Humber Days post GVl Induction
4 12
1 845.3 + 52.7 ) 743.3 + 91.9
2 1429.5 + 19.6 1678.3 + 107.4
L 4
30x106 A 1 0.6 + 10.2 (4.8) 0
2 260.0 + 23.0 (16.7) 0
20x106 A 1 191.0 + 69.4 (22.6) 0
2 333.9 + 83.7 (23.3) 0
10x106 A N 1 583.4 + 278.2 (69.0) . 12.9 + 12.9 (1.7)
2 612.0 + 120.0 (42.8) 14.9 + 12.6 (0.8)
30x106 B6 1 383.2 + 14.5 (45.3) . 0
2 655.5 + 170.8 (45.8) 0
20x106 B6 1 516.3 + 7.6 (61.0) 525.4 + 84.) {70.6)
2 880.5 + 159.0 (61.6) -b
10x106 86 1 566.8 + 294.4 (65.8) 975.3 + 48.1 (131.2)
2 1149.4 +218.3 (80.4) 2015.1 + 319.0 (120.0)
{

a Three animals/group in experiment no.l and four animalségroup in experiment no.2 were randomly selected
from a pool of mice. The data is presented as mean *

-b = not done
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Figure 4.2a Summary of the PFC/spleen response to SRBC of B6AF1 mice injected with different

doses of either A or B6 PLC. The % of normal response shown is the mean of two
experiments (see table 4.la)
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Figure 4.2b Summary of the PFC/106 spleen cell response to SRBC of B6AF1 mice injected with

different doses of either A or B6 PLC. The % of normal response shown is the mean
of two experiments (see table 4.1b).
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Table 4.2a Splenic ConA, PHA, and LPS mitogen responses of ‘B6AF1 mice on day 8 aftér the injection of different doses
of either A or B6 PLC.

e

Humber (x10-6) and Strain Mitogen Responses mean net cpm + S.E. x 103 (% of normal response)
of parental lymphold- ’
cells injec Expt. # ConA PHA LPS
- 1 220.0 £ 19.0 133.7 ¢ 0.7 4921 + 0.74
2 284.3 t 13.2 235,1 ¢ 22.1 N.D.
3 , 1 5.2t 2.6 ( 2.39) 3.4t 2.0 ( 2.5) 0.8 + 0.2 (1.7).
0 A '
2 5.3+ 1.2 ( 1.89) 3.9+ 0.9 ( 1.5) N.D.
1 11.1 + 3.6 { 5.06) 9.4 + 3.5 ( 7.0) 1.9 ¢ 1.2 (M.8)
20 A
2 21.4 + 3.6 ( 7.54) 20.8 + 5.3 ( 8.7) N.D.
: 1 36.4 + 4.9 (16.57) 20.0 + 5.0 (14.7) : 19.5 + 1.3 (39.8) ///\
10 A
2 49.4 + 2.0 (17.50) 55.4 + 11.7 (23.5) N.D.
[y
1 9.2 ¢+ 2.8 ( 4.26) 109 & 2.8 ( 8.2) 1.2 £ 0.5 ( 2.4)
30 B6 :
.2 18.2 + 4.8 ( 6.50) 35.5 ¢+ 12.9 (15.1) \ N.D.
{
1 27.9 + 10.6 (12.69) . 26.6 £ 1.0 (19.9) 8.2 + 1.7 (16.8)
20 B6
2 75.5 + 8.7 (26.75) ° 81.3 + 4.6 (34.5) N.D.
1 61.8 + 4.5 (28.11) . 73.0 ¢ 12.1 (54.7) ) 10.7 £-2.03 (21.8)
10 B6 .
2 117.3 £+ 5.1 (41.50) 95.8 ¢ 11.8 (40.7) N.D.

A1hree animals/group in Experiment no. 1 and four animals/group in Experiment no. 2 were randonly selected from a pool of mice
The data is presented as mean netcpm + S.E. x 10- . .

O o Q@ | - @
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Table 4.2b. -Splenic ConA, PHA, and LPS mitogen responses of B6AF1 mice on day 16 after the injection of different
doses of either A or B6 PLC.

\ "~

A

Humber (x 10} and Strain
of parental lymphold

’Mltogen Responses mean net cpm 3 S.E.

x 10-7 (1 of ngrmal response)

cells injected? Expt. 12 ConA PHA LPS
- 1 236.0 ¢ 14.4 143.3 ¢+ 4.5 45.1 ¢+ 4.1
- ( 2 252.4 ¢ 19.8 212.2 + 3.0 N.D.
1 1.9+ 1.7 ( a.8) 0.6 + 0.7b( 0.6) 0.8 ¢+ 0.6 {1.9)
30 A
2 0.4 + 0.8%( 0.1) 1.2 ¢+ 0.8 ( 0.6) N.D.
1 2.51 2.0 { 1.0) 2.1+ 1.8( 1.4) 1.4 + 0.7%(3.1)
20 A
2 1.3+ 0.8 { 0.5) 1.7 ¢+ 0.8 ( 0.8) N.D.
1 24.4 £ 17.7 (10.3) 13.7 ¢ l4.5b( 9.5) 0.5 t 4.Sb(l.3)
10 A )
2 6.6+ 1.7 ( 246) 11.7 ¢+ 2.8 ( 5.5) N.D.
1 13.0 ¢+ 3.6 ( 5.5) 10.0 ¢t 1.9 { 7.0) 0.6 + 0.7°( 1.4)
30 86
2 4.5t 1.4 ( 1.7) 4.1t 1.0( 1.9) H.D.
- 1 101.5 ¢ 33.5 (43.0) 78.8 t 18.8 (54.9) 26.4 + 3.5 (58.5)
20 86 : :
2 167.8 + 8.5 (66.4) 149.8 + 4.6 (70.5) N.D.
1 131.3 £ 9.3 {55.6) 109.9 ¢+ B.9:(76.6) 26.4 + 2.8 (54.6)
10 86 .
2 N.D. N.D. N.D.

160 —

3 Three animals/group in Experiment no. 1 and four anlmals/group in Experiment no. 2 were randomly selected from a pool of mi
The data is presented as mean net cpm ¢ S.E. x 10-3

b Some individual mice in these groups gave a negative net cpm value.
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Figure 4.3a Summary of the splenic ConA responses of B6AF1 mice on days 8 and 16 after the .
injection of different doses of either A or B6 PLC. The %X of normal responses
presented is the mean of two experiments on each day (see tables 4.2a and 4.2b).
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Figure 4.3b Summary of the splenic PHA responses of B6AFl mice on days B8 and 16 after the

injection of different doses of ei1ther A or B6 PLC. The % of normal responses
shown is the mean of two experiments on each day (see tables 4.2a and 4.2b).
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Figure 4.3c Summary of splenic LPS responses of B6AF1 mice on days 8 and 16 after the
injection of different doses of either A or B6 PLC. The % of normal responses
shown were calculated from the data shown i1n tables 4.2a and 4.2b.




Table 4.3 Splenic nucleated cell numbers of B6AF1 mice injected Wfith different doses of either A or B6 PLC.

Number and strain Experiment Cellularity + S.E x 106 .-
of PLC 1njected number Days post GVH induction
8 ’ 16
1 138.0 + 19.8 ' ; 139.5 ¢ 3.1
2 128.0 + 17.1 111.0 + 8.8
30x106 A 1 130.8+ 5.8 (102.0) 49.0+ 9.9 ( 37.9)
2 172.0 & 13.5 (132.4) 49.8+ 6.7 ( 49.8)
20x106 A 1 96.6 + 34.1 ( 74.8) 55.3+ 5.6 ( 42.8)
2 137.5% 20.9 (106.4) 67.8+ 2.4 ( 52.5)
10x106 A 1 87.0+ 5.6 ( 67.4) 136.0 £+ 15.6 (105.3)
2 146.2+ 13.6 (113.2) 139.8+ 8.2 (108.3)
30x106- B6 1 140.5+ 9.5 (108.8) © 44.0% 4.7 ( 34.0)
2 135.6 6.6 (104.5) 35.5+ 1.7 ( 27.4)
20x106 B6 1 125.3+ 8.8 ( 97.0) 144.5+ 17.6 (111.9)
2 123.0x 9.2 ( 95.2) -b
10x106 B6 1 133.0+° 5.8 (103.0) 137.0t 10.4 (106.0)
2 111.7+ 10.7 ( 86.5) 154.8+ 13.8 (119.9)
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Figure 4.4. Summary of the splenic nucleated cell numbers of B6AF1l mice on
days 8 and 16 after the injection of different doses of either

A or B6 PLC. The % of normal splenic nucleated cell numbers
4Shown are the mean of two experiments (see table 4.3).
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Figure 4.5
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Kinetics ©of splenic NK cell activity against YAC targets of
B6AF1 mice after the injection of different doses of efther

A or B6 PLC. Spleens from 3 animals/group/day were pooled.

The experiment s performed three times. Each experiment
showed similar‘ﬁgnetics. Results from one experiment are shown.
The horizontal line is the mean (£S.E) NK cell acti¥ity of
normal B6AF1 mice (3 animals/day). The effector:target cell

ratio used was 50:1.
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Figure 4.6. Kinetics of BM NK cell activity against YAC targets of B6AFl mice
after the injection of different doses of either A or B6 PLC.
BM cells from 3 animals/group/day were pooled. The experiment
was performed three times. Each experiment showed similar kinetics.
. v The horizontal line is the mean (+ S.E) Nk cell activity of
normal B6AF1 mice (3 animals/day). The effector:target cell

ratio used was 50:1.
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p-815 target cell killing by splenocytes of BEAFl mice

injected with different doses of either A or B6 PLC. Spleen

cells from three animals/group/day were pooled. The experi-

N ment was performed three times. Each experiment gave similar
results. Results of one experiment are shown. The effector:

target cell ratio used was 50:1. .

The dasha§‘1ine is the mean P-815 target cell killing by
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Figure 4.7

normdl BEAF1 splenocytes.
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Figure 4.8 Eb target cell killing by splenocytes of B6AF1 mice injecteduwith
either 30x100 B6 or 30x105A PLC. Splenocytes from 3 animals/group

were pooled on day 8 after PLC injection. The effector:target cell
ratio used was 50:1. -
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Table 4.4 Percent cytotox1city of B6AF, GVH splenocytes on day 16 post GVH

1nd?c§1on against YAC-1 targets after treatment with anti Thy-l +

NUMBER (x10€) AND TREATMENT OF % CYTOTOXICITY
STRAIN OF DONOR EFFECTOR CELLS E:T RATIO USED
CELLS INJECTED WITH ANT}bTh{-l.z
+ ¢t 19 - 50:1 25:1
- - 104 74
+ 11 74
- 41 22
30 86
+ 36 21
- 36 28
20 86
+ 32 25
- 16 11
10 B6
+ 13 7
- 12 7
30 A
+ 6 4
- 17 11
20 A
+ 14 9.
- N.D.G N.D.®
10 A , : \
+ N.D.® N.D.E

(a)
(b)
(c)

(d)
(e)

i

GVH reactions were induced in B6AF, hybrids by injecting different doses;
30x10%, 20x106, 10x10€ of either parenta] strain A or 86 lymphaid cells.
Effector cells were used untreated (-) or treated with anti Thy-l and
C'(+). Protocol for treatment {s described in detail in Materials and
Methods.
Splenocytes from 3 mice/group were pooled.
Normal B6AF,.mice age and sex matched were used as normal controls.
N.D. not done.

{
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Table 4.5 Percent cytotoxicity of B6AF, GVH splenocytes against P-815 targets

after treatment with anti Thy-1 + ¢'.2

DONOR STRAIN USED  NUMBER OF TREATMENT OF % CYTOTOXICITY
T0 INDUCE GYY DONOR CELLS EFFECTOR CELLS TARGET CELL & E:T
REACTION INJECTED WITH ANTI Thy-1.2 RATI0 USED (€)
x 10
+ ctlc,d) P15
50:1 25:1 ‘
- 9 5
B6 30
+ 11 9
- 4 4
B6 20
+ -1 1
- 3 3
86 10
+ 1 0
- 56 55
A 30
+ 59 56
- 57 57
A 20 ,
+ 49 47
- 34 26
A 10
. + 27 22

(a)

— ——
o Q. O o
T gt g S

GVH reactions were induced in B6AF, hybrids by injecting different doses;
30 x 106, 20 x 105, 10 x 106 of either parental strain A or B6 lymphoid
cells. .

Normal B6AF, mice age and sex matched were used as normal controls.
%f{ector ce11s were used untreated (-) or treated with anti Thy-1 amd C'
+). ;

Splenocytes from 3 mice/group were pooled.

Animals were sacrificed on day 16 after GVH induction.
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Table 4.6: Intensity of histopathological lesions in the liver, pancreas and salivary gland (S.G.)
of B6AF} mice on days 8 and 16 after the injection of different doses of either B6 or A PLC2

Intensity of Lesions (Frequency/total) on days 8 and 16 after:GVH induction

Donor cell Number of cells Organ examined Normal Mild Moderate - Severe
injected injected x 10-6 for lesions 8 ' 16 8 16 8 . 16
B6 30 Liver 477 0/7 377 1/7 0/7 6/7
Pancreas 5/7 177 2/7 1/7 0s7 5/7

S.G. 477 0/7 377 2/7 0/7 5/7

B6 20 Liver 5/7 6/7 - : 2/7 177 077 . 077
-~ Pancreas 171 7/1 0/7 0/7 077 0/7

S.G. 5/7 5/7 2/ 2/7 0(7 0/7

B6 .10 Liver 6/7 6/7 V2 177 0/7 0/7
Pancreas 7/7 1/7 0/7 0/7 0/7 077

: S.G. 2 1/7 2/7 077 5/7 0/7 0/7

A 30 Liver 0/7 0/7 /7 0/77 0/7 1/7
Pancreas 177 0/7 6/7 07 . 0/7 177

—_— . W ¢ P——— IV S 0/7 B 5/7 1/7 077 6/7

A 20 , Liver 1/7 0/7 4/7 0/7 v 2/7 ~- 171
Pancreas 3/7 0/7 477 177 0/7 6/7

S.G. 2/7 0/7 4/7 0/7 177 /7

A 10 Liver 5/7 2/7 2/7 4/7 0/7 177
Pancreas 6/7 2/1 177 4/7 0/7 177

S.G. 5/7 2/7 2/7 4/7 0/7 177

A [l

3 The different degrees of histopathological lesions are defined in section 4.3.6 and are shown in figures 4.9-4.17.

o . . ‘e e
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Figure 4.9.
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Photomicrograph of liver with normal architecture;
(HPS x200) Note the absence of 1ymphocytic iﬁTTT{
trates in the vicinity of the duct and vessel and
the uniform liver parenchyma.

The Tiver was taken from B6Arl mouse at day 16 after
the injection of 20x10686 PLC. ;
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Figure 4.10 Photomicrograph of liver showing mild lymphocytic
infiltrates {mild liver damage) (HPS x200). Note the
presence of lymphocytes around the ducts (localized ]
infiltrates) Also note the absence of lymphocytes in
the liver parenchyma.

The liver was taken from B6AF1 mouse at day 16 after -
the injection of 10x106A PLC.
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Figure 4 11 Photom1crdgraph of liver showing severe lymphocytic
infiltrates (severe liver damage) (HPS x200) Note the
presence of lymphocytic fnfiltrates around the ducts
and 1n the liver parenchyma
The liver was taken from B6AF1 mouse at day 16 after

the 1njection of 30x106A PLC.



Figure 4 12 Photomicrograph of paﬁéreas with normal architecture

(HPS x200) Nogk the presence of an 1slet of langerhans.
Also note the/absence of lymphocytic infiltrates around

the ducts and in the parenchyma.
The pancreas was taken from B6AF1 mouse at day 16 after

the injection of 20x100B6 PLC.



Figure 4.13 Photomicrograph of pancreas showing mild 1ymphocytic
infiltrates (m11d lesions) (HPS x200). Note the presence
of 1ymphocytic infiltratres around the duct (localized
infiltrates). Also note that most of the acinar cells
surrounding—the 1nfiltrates are healthy.

The pancreas was taken from B6AF1 mouse at day 16 after
the 1njection of 10x100A PLC.
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Figure

4.14

Photomicrograph of pancreas showing severe lymphocytic
infiltrates (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 B6AF1 mouse at day 16 after
the injection of 30x106A PLC.



Figure

4.15 Photomicrograph of salivary gland with normal architec-
ture (HPS x200). Note the absence of lymphocytic infil-
trates around the ducts. Also note the uniform parenchyma
of the salivary gland.

The salivary gland was taken from B6AF1 mouse at day 16
after the injection of 20x10086 PLC.
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Figure 4.16 Phot}micrograph of salivary gland showing mild 1ympho-
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 10x106A PLC.
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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 B6AFl mouse at day 16
after the injection of 30x106A PLC.
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CHAPTER FIVE

THE RELATIONSHIP BETWEEN THYMIC NK CELL ACTIVITY AND THE DEVELOPMENT
OF THYMIC HISTOPATHOLOGICAL LESIONS AFTER THE INDUCTION OF GVH

0 REACTIONS.
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5.1 INTRODUCTION

In chapter three it was shown that the initial
appeérance of thymic NK cell activity was dependent upon the
number of PLC injected into B6AFl mice. However, it {s not
known whether there 1is any reiacionqhip between the thymic NK
cell activity and the development of thymic histopathological
lesions. In the previous chapte; it was demonst;aced that GVH-
induced moderate-severe histopathological lesions in the non-
lymphoid organs appeared in those groups of B6AFl mice in which

A

a greater and early peak of splenic NK cell activity was
observed. In—contrasc, only mild or no histopathological
lésions were observed in the groups of B6AFl mice in which the
peak of splenic NK cell activity was delayed. In this chapter
we have investiga;ed the relationship between the thymic NK
cell activity and the degree of GVH-1induced thymic

histopathological alterations in B6AFl mice 1hjected with

different doses of either B6 or A PLC.

5.2 EXPERIMENTAL DESIGN

The experimental design 1s presented in Figure 5.1.
GVH reactions were induced in B6AFl mice by injecting different
doses , 30 , 20 , or 10x106 , of efther parental strain B6 or A
lymphoid cells. On different days post-PLC injecti;ns, 3-4
animals/group were sacrificed and their thymuses were removed

to determine NK cell mediated killing of YAC tumor targets.

Similary, 3-4 animal/groug)were also randomly selected at
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different days post-PLC injec%ions and their complete thymuses
wvere fixed in 5% formalin for histologyj

Gn day 8 post-PLC injections splenocytes from’the animalﬁ -
i{n eacﬁ'group of B6AF]l mice whose thymocytes were tested for NK ~
.cell activity were tested for the suppression of Con A, PHA,
and LPS responses to assess the induction<®of GVH reac€ion.

In the second series of experiments, GVH reactions were
induced in B6AFl mice by injecting 30x10% B6 PLC ( this PLC

-

dose resulted in immunosuppression, which is a hallmark of GVH

reaction induction). On different days post-GVH induction 3-4
GVH- reactive mice and 3-4 normal B6AFl mice were sacrificed
and their éhymuses wer; removed. Single cell suspensions of
GVH-reactive and.normal thymuses were made separately and
0 supernatants from these thymocyte populations were collected,
as described previously (section® 2.8). These sgp?rnatants were

then tested for their ability to induce/augment NK cell

. activity (YAC killing) in normal B6AFl thymocytes.

5.3. RESULTS

- 5.3.1 ASSESSMENT OF GVH INDUCTION : MITOGEN RESPONSES OF °

B6AF1 MICE INJECTED WITH DIFFERENT DOSES OF EITHER A

OR B6 PLC

Table 5.1 sgows the é;lenid Con A and PHA responses
of B6AF]1 mice injected with different doses of either A or Bé6
PLC. As can be seen severe suppression of T-cell mitogen .

o resposnses was observed in all groups of B6AFl mice tHat

received different doses of A PLC. The degree of suppression
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was dependent upon gﬂe dose of PLC injected. In contrast,
severe suppression of ConA and PHA respiq;es was only observed
in.Flmgch thatréceived30x106 BGPLC,wﬁe;easBBAF;mice that
r;céivgd either 20x108 or 10x106 B6 PLC exhibited partial
suppression only. These data confirm the results presented in-

chapter four (Tables 4.2a,b).

5.3.2 KINéTICS OF APPEARANCE OF‘TBYHIC HISTOPATHOLOGICAL

LESIONS AFTER GVH INDUCTION .

Table SJ‘shows the frequency of animals with mild
and moderate-severe thymic lesions as well as the time of
initial appearance and lgter severity of the histopathological
changes that devel&} in the thymuses of B6Afi mice following
injections of different doses of either ;train A or B6 PLC. In'
the groups of Fl mice inj;cted with 30x10% A and 20x106 A -
strain PLC fhymic'histopathological changes started to appear(
by day 8 and were as graded miid; however, on day 16 aftex GVH
reaction induction severe thymic alterations were obsearved in
all a;imals in these two groups. However, the injection of
10%x10% A PLC resulted in only mild thymic lesions or no lesiops
at all o; day 8 and 16 after GVH teacti?n induction. In
contrast to the A-->B6AFl GVH combfnations, thymic lesions of
moderate intensity developed only in B6AFl mice that received
30x10% B6 PLC on day 16 after GVH reaction induction. The
majority of animals in the groups of Fl mice injected wiﬁﬁ
20x106_B6 and 10x10% B6 PLC did not show any signs of

-

detectable thymic histopathi;}gical changes. The data in tablse
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5.2°"demonstrate that the degree of thymic alterations observed
¢

by day 16 post-GVH reaction {nduction dépended upon the number

and genotype of PLC injected to induce GVH r;;ctions.

-~
noa
4 ,

»

5.3.2.1 DESCRIPTION OF THYMIC HISTOPATHOLOGICAL CBANGES‘yf
. oy

bl
-~

Various degrees of thymic histopathologiacl
alterationg were recognized on dffferent days post PLC
injections in B6AFl mice which received 30 , 20 , or 10x10% pLC

of either B6 or A origin. Thymic changes were graded as normal,

mild, moderate, or severe. A brief description of various

»

degrees of thymic lesions follows:- R

‘(a) NORMAL: A normal B6AFl thymus was characterized by a

lobular configuration, sharp cortico-medullary delineation, and ,

broad corc;x packed with thymocytes. The me;ulla. in contrast,
contained fe&er'thymoc;;es and was distinctive s}nce it
displayeh clusters of pale epithelial cells agg;egéted to form‘
Hassall's corpusc}eé, as well as "large" pale iAdividfal
epithelial cells. Individualgspithelial‘cells could be
differentiated from thymocytes by their lgrger size, vesicular
nuclei, abundant pale cyEdpf&sﬁ,\polygonal shape, and
occasionally, cytoplasmic processes. Photomicrographs of a
normal thimus are shown in figures 5.2a and 5.2b.

) HILD-LESIONS: The mild thymic histopathological 1asion;
vere characterized by only partial changes‘in the cortex and/b¢
medulla, but the cortico-medullary demarcation wa;—clear}y~

visible. Th some such hildl;.dysplastic thymuses partial

dapletion of lymphocyfes was observed in .the cortex, In the
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medulla distinct "small" dark individual epithelial cells we f
! - ) .

visible, however, "large" pale individual epithelial cellf:\v_.q
epithelial cell clusters dr Hassall's corpuscles could not be
recognized. A representative tﬁxmus is shown in figures 5.3a
and 5.3b. )

: R

(c) MODERATE LESIONS: The moderate thymic histog@thological
alterations were characterized by a considerable deﬁlecion of

cortical lymphocytes, involution (size) of ghe gland, complete
loss. of cortico-medullary demhré;gion, and total disappearance
of "large"” pale individual eplithelial cells and epithelial
cel1 clusters (Hassal's corpuscles) in the medulla. Howemqt,
rare "small® dark {individual ebitheligl cgl}f fou1d be noted
in the medulla. Such a moderately dysplastic thymus is shown in
figures 5.4a and 5.4b,

(d) SEVERE LESTIONS : The severe thymic histopathological
lesions were characterized by a dramatic 1né§iutibn (size) of

the gléﬁd, complete loss of cogtico-medulléry demarcation, and -
complete digappearance of Hassall's corpuscles and both éhe
"small"” and ”large; individual epiFhelial cellg in the medulla.
Intense lymphocytic infiltrates were also visible in the
medulla: The medulla of such thymuses was identifi?ble only by
the presence of large vessels. A severely dysplasti? thzsus is
shown in figures 5.5a and 5.5b. ’ -’

A summary of vatious degrees of:thymic histopathological

changes {s presented in table 5.3.

. .
g . € o .
. A
o
0 o

5.3.3 + KINETIC OF THYMIC. NK CELL ACTIVIIY - C .

1]
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The data presented Iin figure 5 7 show the kinetic
of NK cell cytotoxicity against YAC targets by thymocytes of
B6AFl mice injected with different doses of either strain A or
B6 PLC. Two distinct patterns of thymic NK cell activity are
observed In the groups of B6AFl mjice Iinjected with 30x10° A,
20x10° A, and 30x10% Bé PLC, thymic 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 26—
after GVH-induction On the other hand, in the groups of F1
mice that received either 10x10% A, 20x10% B6, or 10x10 B6°
PLC, the appearance of thymic NK cell activity was delayed It
was first observed on day 8 post-GVH induction NK cell
activity Iin these GVH-reactive groups reachedga peak value by
day 12 and then declined to undetectable 1evel§'by day 20 after
GVH reaction induction. These data suggest that on the basis of
the time of appearance of thymic NK cell activity following PLC
1nj§ctions, the GVH-reactive Fl hybrid mice can be divided into
two groups. The first includes those animals in which thymic
NK cell activity was observed on day 4 while the other includes
those animals in which thymic NK cell activity is first
detected on day 8 after GVH induction These results show that
All doses of cells from both B6 and A strains induced thymic NK
cell activity f~however, the initial appearance ;nd magnitude
of peak thymic NK cytotoxic activity attained following GVH

induction are dependent upon thé number of PLC injected within

a given GVH combination.
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5.3.4 EFFECT OF SUPEﬁNATANTS FROM GVH THYMOCYTES ON

NORMAL THYMOCYTE NK ACTIVITY

The data presented in figure 5 7 show that when
normal B6AFl thymocytes were treated with superéatants derived
from GVH-reactive thymocytes, NK cell cytoxicity against YAC
tumor targets was augmented and/or induced rapidly in normAT
B6AFl thymocytes On the other hand, supernatants derived from
normal B6AFl thymocytes had no effect in augmenting and/o:
inducing YAC tumor cell killing in normal B6AFl thymocytes
The'se results suggest that NK cells or NK-like cells (which
mediate killing of YAC targets) are present in the normal
thymus and that the GVH thymocytes, but not normal thymocyrtes,

produce factor(s) that can augment/induce YAC killing 1in normal

thymocytes.

5.4 DISCUSSION

) The data presented in this report demonstrate two distinct
patterns of appearance of thymic NK cell activity following GVH
reaction induction, namely an early appearance (day & post-GVH
induction) and a late appearance (day 8 post-GVH induction)
SimilarTy, different GVH-reactive groups can be divided into
two catagories depending up on the severity of‘thymicllesions

r

that develop following GVH reactions induction, namely
»
moderate-severe or no lesions-mild lesions A comparison

between the two patterns of appearance of thymic NK cell

activity and the two patterns of thymic lesions shows that when
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thymic NK cell activity appears early after GVH induction,
moderate to severe thymic lesions (moderate lesions in Pl mice
injected with 30x10°8 B6, and severe lesions Iin Fl mice injected
with 30x10% A and 20x10°% a parental lymphoid cells) were
observed On the other hand, when the appearance of thymic NK
cell activity was delayed, mild thymic lesions or no thymic
lesions were observed (mild lesi;ﬁs, in F1 mice injected with
10x106 A cells, amd no lesions in Fl mice injected with either
20x106% B6 or 10x10%® B6 parental lymphoid cells) Moreover,
thymi{ic lesions appeared at the time when thymic NK cell
activity was at its peak and/or highly augmented These data
suggest that i} NK cells are involved in GVH-induced thymic
alterations, then the augmented thymic NK cell activity per se
may not be important, but rather the time at which thymic NK

cell activity appears may play the decisive role either

directly or indirectly in GVH-associated thymic alterations.

>
The early appearance and rapid increase in thymic NK cell

activity in Fl1 mice which show thymic lesions may be due to at
least two possibilities, eaph of which may not be mutually
exclucive. Firstly, this early dﬁpeafance and rapid increase in
thymic NK cell activity may be due to the entry of donor cells
into the host thymus following GVH reaction induction. We have
previously shown that there is a significant entry of both
parental and Fl cells into the thymus of GVH mice, as measured
by fluorescein isothiocyanate labelling (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 previously
proposed that NK cells may be present in the thymus of normal
animals as a resident population (Roy et al., 1982) Recently,
Zoller et al (1981) have demonstrated the presense of NK cells
in the normal thymus. Furthermore, the data presented in figure
5.7 also suggest that NK.and/or NK-like cells are present in
the normal thymocyte population Thus, it 1is possible that the
cells entering the thymus following GVH- induction may be
either T-cells Iin different stages of maturation/
differentiation or even NK and/or NK-1like cells present {n the
inoculum which enter the host thymus preferentially It has
been proposed that NK effector cells may belong to the T-cell
lineage (Herberman an& Holden, 1978; Herberman et al , 1979,
Kaplan , 1984) Dokhelar et al (1981) and Clancy et gl (1983)
have suggested that NK or NK-like effector cell observed during
GVH reactions may represent a T-cell at a certain stage Of“iCS
maturation/differentiation following alloantigen-induced
activation. Neminin and Seksela (1984) have shown that NK
effector function may reside in & precursor CTL population and
Morretta et al. (1984) have shown that alloantigen activated
CTL clones cam—exert NK-like killing Since the number of.
cells entrying the thymus is dependent upon the dose of cells
injected {.v. and since spleen cells in the mouse contain
progenator-T-cells (Kadish and Basch, 1976), the data showing
an association between higher dose of paréntal cells injected,
early appearance of thymic NK cell activity, and development of
moderate-severe thymic alterations would suggest that early

thymic NK cell activity may be due, at least in parct, to thé\
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entry of donor cells into the host thymus.

The second possibility for the early appearance and rapid
increase in thymic NK cell activiéy may be the depletion of
thymic and/or T-cell derived factor(s), as reported previously
(Grushka and Lapp, 1971, 1974; Lapp et al., 1%974). Thymic
factor depletion may render the éhymic environment condutive
for the expression of NK and/or NK-like activity of donor as
well as host cells. It has been reported that the resident
thymic NK cell population {is und;r 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). It 1is
plausible that the rate of thymic 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, thHe reasons for the lack of thymic
alteration in GVH-reactive Fl mice that received either 1Ox106
or 20x106 B6 PLC are not clear. However, at least, two reasons
may exist each o% which may not be mutually exclusive. The
first may be the rapid elimination of B6 donor cells by the
B6AF1 hybrids,‘hue to the hybrid resistance ﬁhenomenon, as
discussed in the previous chapter (section 4.4). This rapid
elimination of B6 donor cells by the B6AFl hybrid would reduce
the size of the inoculum (and possibly the size of the effector
cell population), thereby decreasing the effectiveness of the

)

donor cells to induce GVH reactions, as assessed by immuno-
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suppression (Table 5.1) and thymic injury (Table 5 2). The
induction of immunosuppression and thymic injury in Fl hybrids
injected with 30x10% Bs lymphoid cells would suggest that this
cell dose can override the B6AFl hydrid resistance mechanism(s)
and enough donor cells sBsurvive to induce thymic lesions. The
second reason for delayed thymic NK cell activity. and the 1acﬁ
of development of thymic lesions could be due to the activation
of only host thymic NK cells 1in response to circulating
lymphokines eg , interferon (Zawatsky et al , 1979), reieased
following PLC injections It is’possible that donor NK cell
activity, but not host thymic NK cell activation, may play an
important role in inflict{gg/iniciatiﬂg thymic injury

The mechanism(s) responsible for the GVH-induced histo-
pathological alterations of the thymus is not yet clear
However, 1if a certain cell type is to be assigned the mediator
of GVH-associated tissue damage 1t is important to show that
the effector cell is present in host organs at the time when
tissue damage is observed. Recently Borland et al. (1983) have
demonstratza NK cell gctivity by lymphocytes present in the
intestinal epithelial cells of GVH-reactive mice. Intestinal
eplithelial cells are one primary target of GVH reactions
(Ferguson and Parrott, 1972). The data presented in this report
show anvaugmented NK cell activity in the thymus, an organ
which also serves as a target for the GVH reaction (Seemayer et
al., 1977, 1978; Lapp et al., 1985S), at the time when thymic

lesions are developing. These results suggest that even {f

thymic NK cells are not directly involved in GVH reaction
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induced thymic damage, the kinetics of their aﬁpearance
following GVH teaction 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 splenic NK cell activity following
GVH induction correlated with moderate-severe alterations in
the non-lymphoid organs. A comparison of data presented in this
chapter (chapter 5) and data presented in the previous cﬁapter
(chépcar 4) shows a close parallel between the initial
appearance and the later severity of histopathological lesions
in the 1lymphoid and non-lymphoid organs. Thus, the data
presented in this chapter and 1in chapter 4, collectively
suggest that the kinetics of splenic NK effector cells that
mediate the killing of YAC targets in vitro , may be able to
predict the severeity of GVH-associated tissue damage that
would develop in different organs ( both the lymphoid and non-
lymphoid) foliowing GVg-induccion.

Although the data presented in this chapter and in the
previous chapter suggest that NK cells may either directly or
indirectly play an important role inh the development of histo-
pathological lesions-(or NK cell activity can at least predict
the development of lesions), the findings raise three important
questions
(1) Do tissue lesions occur in the absence of NK cell activity?
(2)xWhat is the origin of NK cell activity, i.e., host origin,
donor origin, or both host and donor origin 2 _ '

(3) Is it the host, donor or both host and donor NK cell
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activity that correlates with the development of lesions 7

These~questions are addressed in the following chapter.

o
r
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Injected with different doses

,////////”Of either A or B6 PLC

On different days post GVH induction,
the following studies were performed

175

- B6AF] hybrid

| | |

Thymic histology Thymic NK Effect of thymocyte supernatants Splenic
activity on normal thymocyte NK acitivty T-cell mitogen
. responses

Figure 5.1 Experimental design used to investigate the re]ationéhip between thymic NK cell activity and the
development of thymic histopathological alterations. -
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Table 5.1 Splenic Con A and PiIA responses of B6AF] mice injected with different doses of either A or B6 PLC.

176

Number and strain Mltoqen’resnonSes cpm + S.Ex10-3 (% of normal response)
of PLC injected? Blank ConA PHA
2.1+0.4 191.2 + 5.8 162.9 £ 0.1
30x10° A 0.4 % 0.1 N 2.8 +0.2 (1.2) 7.3+ 0.1 (4.3)
20x106 A 0.3+0.1 21.4 £ 3.1 (11.2) 30.1+ 1.8 (18.5)
|

10x106 A 17.9 + 0.5 48.8 + 1.8 (16.3) 59.2 + 1.9 (25.6)
30x100 B6 4.2 4+ 0.5 6.3 +0.8 (1.1) 7.2+ 0.3 (1.8)

20x106 86 1254+ 1.1 . 1335%l4 (6e.0) 82.0+ 0.6  (43.2)
10x106 B6 5.7 + 1.2 108.2 + 6.6 (54.2) 92.7 + 12.4 (54.1)

a Spleens from three animals/group were pooled. Splenocytes were tested for mitogen responses 8 days after
PLC injection.
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Table 5. 2: Intensity of histopathological lesions in the thymus of B6AF]1 mice on days 8 and 16 after the injection
of different doses of either B6 or A PLC. ’

177

- - F
N
s

. Intensity of lesions (frequency/total) on days 8 and 16 after GVH induction

Donor cells Number bf cells - - - /
injected tnjected x 106 Normal Mild Moderate-severe
8 16 8 16 8 16
i
86 30 377 0/7 4/7 /7 0/7 7/7
B6 20 5/7 5/7 277 2/7 0/7 0/7
B6 10 6/7 177 177 077 _0/7 0/7
A 30 2/7 0/7 5/7 gs7 0/7 y 1/7
A 20 177 0/7 5/7 0/7 0/7 177
A 10 3/7 077 4/7 6/7 0/7 177




Figure 5.2a

Photomicrograph of a thymus showing normal architec-
ture (HPS x200). Note the densély packed cortex and

a distinct cortico-medullary demarcation.

The thymus was taken from B6AFl mouse at day 16 after
the injection of 20x10686 PLC.
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Figure 5.2b Photomicrograph of a thymus showing a normal architec-
- ture (HPS x400). Note the presence of pale epithelial
' cell clusters and "large" pale healthy individual epi-
thelial cells (arrows) _.in the medulla. Hassall's cor-
puscles were also observed-in the section-(not shown
) in the photomicrograph).
The ,thymus was taken from B6AFl mouse at day 16 after
the” injection of 20x10686 PLC.




Figure 5.3a Photomicrograph of a thymus showing mild thymic
dysplasia ?HPS x200) . Note the presence of a distinct

cortico-medullary demarcation.
The thymus was taken from B6AF1 mouse at day 16 after

the injection of 10x106A PLC.
- 7
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Figure

5.3b

Photomicrograph of a thymus showing mild thymic
dysplasia (HPS x400). Note the absence of epithelial
cell clusters and "large" pale i1ndividual epithelial
cells. Also note the presence of "small" dark indivi-
dual epithelral cells (arrows) i1n the medulla. Such
mildly dysplastic thymuses were also devoild of Hassall's
corpuscles.

The thymus was taken from B6AFl mouse at day 16 after
the injection of 10x106A PLC.



Figure

5.4a

Photomicrograph of a thymus showing moderate thymic
dysplasia (HPS x200). Note the complete loss of
cortico-medullary demarcation.

The thymus was taken from BBAF1 mouse at day 16 after
the injection of 30x106B6 PLC.
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Figure

5.4b Photomicrograph of a thymus showing moderate thymic
dysplasia ?HPS x400). The thymic section is devoid
of "large" palé individual epithelial cells, epithelial
cell clusters, and Hassall's corpuscles. However. a few
“small" dark individual epithelial cells (arrows) can
be recognized.
The thymus was taken from B6AF1 mouse at day 16 after
the injection of 30x10686 PLC.



Figure 5.5a

Photomicrograph of a thymus showing severe dysplasia
(HPS x200). Note the complete loss of cortico-
medullary demarcation and intense 1ymphocytic inf1l-
trates around the vessels in the medulla.

The thymus was taken from B6AF1 mouse at day 16 after
the injection of 30x100A PLC.
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Figure 5.5b Photomicrograph of a thymus showing severe dysplasia
(HPS x400). Note the complete loss of individual epi-
thelial cells, epithelial cell clusters, and Hassall's
corpuscles. The medulla is recognized only due to the
presence of large vessels.

The thymus was taken from B6AF1 mouse at day 16 after
the injection of 30x106A PLC.
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labte 5.3 Sunmary of characteristics of various degrees of thymic esions observed in B6AFl mice undergoing

GYH reactions of different intensities v
Degree of Thymic CHANGES IM_THE CORTEX Cortico - CHANGES IN__THE HEDULLA
Thymic Size Partial Uepletion Severe Depletion Medullary Epithelial Cells Hassall's Degree of Lymohocytic
Lestons Demarcation Clusters Individual Corpuscles Infiltrates

L

Hormal 4t - - + + + + -
Hild - + - + - + - -
MHoderate + - + - - + - -
Severe + - ' + - - ' - - *
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Figure 5.6 Kinetics of thymic NK cell activity against YAC targets of
B6AF1 mice injected with different doses of either A or B6
PLC. The experiments were repeated three times. Each exper:-
ment gave similar results. Results of one experiment are shown.
The effector:target cell ration used was 50:1.
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o Normal thymocytes
e Normal thymocytes treated with normal thymocyte supernatant

A GVH thymocytes .
A Normal thymocytes treated with GVH thymocyte supernatant
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Figure 5.7 Effect of supernatants derived from normal and GVH reactive thymocytes on normal thymocyte

NK cell activity against YAC targets Left panel- The supernatants were obtained from thymocytes
of B6AF1 mice 5 days after the injection of 30x100B6 PLC; day 5 GVH thymocytes were also tested for
NK cell activity. Right panel: The supernatants were derived from thymocytes of B6AF1 mice 8 days
after the injection of 30x106B6 PLC; day 8 GVH thymocytes were also tested for NK cell activity.
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CHAPTER SIX

THE RELAT}ONSHIP BETWEEN NK CELL ACTIVITY OF HOST AND DONOR ORIGIN
AND THE DEVELOPMENT OF HISTOPATHOLOGICAL LESIONS.




“&

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
elucidate whether NK cell 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 1In this chapter we
have investigated these issues by employing different parent
into F1 hybrid GVH combinations carrying the beige/beige
mutation (beige mice are defi;ient in NK cytolytic function,
whereas +/beige mice possess normal NK cell cytolytic

function).

6.2 EXPERIMENTAL PROTOCOL

The experimental protocol {s presented in figure 6.1
Recent studies have shown that the beige (bg/bg) mutant mice
may also be deficient in cytotoxic T-cell function against some
targets (Halle-Pannenko, 1985; Seksena et al , 1982), but not
against other targets (McKinnon et al., 1981), in addition to
their defect in NK cell cytotoxic acEivity (Roder, 1979; Roder
et al., 1979a,b). Since functional T-cells are required ( not
necessarily CTL) for the initiation/induction of GVH reactions

(Korngold and Sprent, 1978, 1982), we investigated T-cell
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function of the B6 bg/bg and B6 +/bg donor mice prior to the
induction of GVH reactions by evaluating skin graft rejection,
Con A and PHA mitogen responsiveness, interleukin-2 (IL-2)
production in response to Con A and PHA, and the PFC response
to SRBC antigens The skin grafts were'd;rived from C3R/Hej
+/bg (H-Zk) donor animals and the H-2k haplotype of B6C3HF1
recipients provided the stimulus for the initiation/induction

of GVH reaction for the B6(H-2b) donor (parental) cells.

Prior to GVH induction, NK cell activity was also assessed
in the B6 bg/bg and B6 +/bg donor mice and in B6C3HF1l bg/bg and

B6C3HF1 +/bg reciplent mice employed in this study.

GVH reactions were induced in B6C3HFl bg/bg (bg/bgFl) and
B6C3HF1l +/bg (+/bgFl) mice by injecting either 50x10 B6 bg/bg
or 50x10 Bé +/bg PLC. Thus, four different GVH combinations
were studied: (i) bg/bg PLC injected into bg/bgFl mice. (i1i)
bg/bg PLC injected into +/bgFl mice. (iii) +/bglPLC injected

into +/bgFl mice, and (iv) +/bg PLEC injécted 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 changés {n the thymus,

liver, and pancreas were evaluated.

6.3 RESULTS

6.3.1 IMMUNE FUNCTION OF PARENTAL B6 bg/bg AND B6 +/bg DONOR
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6.3.1.1 SPLENIg NK CELL ACTIVITY OF B6 bg/bg AND +/bg

PARENTAL AND bg/bgFl AND +/bgFl MICE

The results presented in Table 6.1 demonstrate
that splenic NK cell activity was markedly deficient in B6
bg/bg animals when compared with B6 +/bg litermate controls
Table 6.1 further shows that bg/bgFl 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 functional defect in the
NK cell activity and the 1ightness.<)f coat colour ( as
determined by yisual examination)

)

6.3.1.2 T-CELL FUNCTIONS IN THE B6 bg/bg AND B6 +/bg DONOR

MICE

Table 6.2 demomnstrates that no significant
differences were observed in the survival time of C3H/Hej +/bg
skin grafts between B6 +/bg and Bé bg/bg mice; Mice of both
geéotypes rejected their skin grafts by day 11. Similarly,
there was no difference in the in vivo gFC response to SRBC
between the B6 bg/bg and B6 +/bg mice. These resultscsuggest
that the effector cell function for allograft rejection and T-

helper cell function of B6 bg/bg mice were similar to B6 +/bg
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mice in giggT Table 6.2 further shows the proliferacive
responses to T and B-cell mitogens. As shown in Table 6.2, B6
bg/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 clear. Moreover,
table 6.2a shows that IL-2 production in response to Con A and

PHA by B6 bg/bg splenocytes was also greater than. IL-2

production by B6 +/bg mice. These reésults suggest that B6 bg/bg

splenocytes produce at least as much, 1if not more, IL-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 clearly deficient in their NK cell function
cell functions of B6 bg/bg donor mice were normal as assessed
by skin éraft rejection, the PFE response to SRBC, T-cell
mitoéen responses, and IL-2 production in response to T-cell

mitogens.

6.3.2 MORPHOLOGICAL, FUNCTIONAL, AND HISTOLOGICAL STUDIES

OF GVH REACTIVE bg/bg AND +/bg MICE:

GVH reactions induce marked sﬂienomegaly, severe
;uppression of T and B-cell function, histopathological
alterations of lymphoid «and non-lymphoid organs, and
generalized augmentation of NK cell activity early after GVH

induction (for details, see Chapter 1). §cudies were performed

——
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to compare the efficacy of +/bg and bg/bg PLC in inducing these

e

\—~GVH-associated changes in either +/bgFl or bg/bgFl recipients.

6.3.2.1 SPLENOMEGALY

The results presented in table 6.3 demonstrate that
when GVH reactions were induced in bg/bgFl or +/bgFl mice by
injecting either B6 bg/bg or B6 +/bg PLC, splenomegaly was
observed as early as day 4 and pe;sisted up to day 12 post-GVH
induction. Since functional T-cells are required for the
initiation/induction of GVH reactions and since splenomepgaly is
a classical feature of GVH reaction induction, the results
presented in Table 6.3, further suggest that the B6 bg/bg mice
that we have employed to induce GVH reactions possessed

functional P-cells.
6.3.2.2 THE PFC RESPONSE TO SRBC

Table 6.4 shows- the data obtained for the in vivo
PFC response to SRBC in different GVH combinations. As can be
seen, 6%?day 8 after GVH induction both the bg/bgFl and +/bgFl
mice injected with either B6 bg/bg and B6 +/bg PLC were
sevérely immunosuppressed for the PFC response to SRBC.
However, complete supp;ession of the PFC re;ponse to SRBC was
observed ogly in bg/bgFl and +/bgFl mice that received B6 ;/bg
PLC. Although the PFC respofise in both bg/bgFl and +/bgFl mice

injected with B6 bg/bg cells was severely suppressed, none of
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the animals in either group was totally suppressed On day 26
after GVH induction bg/bgFl mice that received bg/bg donor
oells showed partial recovery fror the early suppression of the
PFC response, (Table 6.4) hoJ;ver, +/bgFl mice that received
bg/bg PLC showed continued severe persistent suppression of the
PFC response to SRBC (Table 6 &) In contrast, neither the
+/b7Fl mice nor the bg/bgFl mice\inoculated with B6 +/bg donor

cells responded t¢o 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
mitogen responsiveness of splenocytes taken from bg/bgFl and
+/bgFl mice injected with either B6 bg/bg or B6 +/bg donor
cells The mitogen data were obtained from the same animal &
used for the PFC a;says in table 6 4 Table 6 5 demonstrates
that when B6 bg/bg donor cells are injected into bg/bgFl or
+/bgFl mice only partial suppression of Con A and PHA responses
was observed on both days 12 and 30 post-GVH induction. In
contrast, bg/bgFl and +/bgFl mice that received B6 +/bg donor
cells showed persistent severe suppression of both 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
disassociation between the suppression of the PFC response to
SRBC and the suppression of mitogen responses. The data also
suggest chat—both host and donor cells may be involved in

M

inducing GVH-associated early immunosuppression,
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6.3.2.2 HISTOPATHOLOGICAL CHANGES

Table 6 6 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 all mice displayed either
mild lesions or no lesions at all (78%) 1In contrast, moderate -
severe lesions 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 BE6 bg/bg
PLC, but not +/bg PLC, lack an effective mechanism to induce
moderate-severe GVH-assoclated lesions in lymphoid and non-

lymphoid organs

6.3.2.5 SPLENIC NK CELL ACTIVITY

The data presented in figure 6 2 and table 6 7 show
that when bg/bg PLC were injected into bg/bgFl mice, only
slightly augmented splenic NK activity was.observed ( about
10%) on day 4 after GVH induction. However, when bg/bg PLC were
injected into +/bgFl mice markedly augmented splenic yk 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, splenic NK cell activity was also

observed by day 4 after GVH induction when +/bg parental
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lymphoid eells 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
that received +/bg PLC. TheSf data indicate that NK cells of

both host and donor origin are activated during the course of

GVH reactions.
6.3.2.6 SPLENIC P-Q&ﬁ EFFECTOR CELL ACTIVITY

Table 6 8 demonstrates the P-815 effector cell
activity Iin the spleens of bg/bgF and +/bgFl mice that received
elither B6 bg/bg or B6 +/bg_PLC As can be seen, the P-815
effectgx cell activity was augmented to approximately the same
degree/ (10%) in all GVH groups on day four after GVH induction
Thes¢ data suggest that the bg/bg or +/bg genotype of either
the fhost or the donor had no effect on the degree of augmented
P-81l5 effector cell activity.

‘e

6.4 DISCUSSION

In this study we have investigated the role of hast
and donor NK cells in Iinducing 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: (1) GVH-induced splenomegaly and tissue
damage are separate events mediated by distinct mechanisms;
(1i) The PFC response to SRBC (T-cell and B-cell cooperative

response) is more susceptible to GVH-induced immunosuppression
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than T-cell mitogen responses (proliferative response) (it i)
GVH reactions activate NK cells of“both host and donor origin,
(iv) activated (and perhgps recruited) NK cells of donor origin
may play an important role in inducing GVH-associated moderacte-

severe tissue damage

The data presented in this study show that PLC with (+/bg)
or without (bg/bg) NK cytolytic potential are able to induce
splenomegaly as well as early partial §uppression of the PFC
response to SRBC However, NK deficient PLC, unlike PLC with
normal NK function, clearly lack the capacity to induce GVH- -
associated moderate-severe tissue damage as well as severe
persistent immunosuppression of T-cell mitogen responses
Previous data from t&is laboratory have demonstrated two
distinct phases of i;mhnosuppression during GVH reaction,
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 splgnomegaly) (Elie and Lapp,
1976,1977), which produced coplous amounts of PGE and
suppressed T-helper cell function (Lapp et al , 1980) Since
splenomegaly results as a consequence of dongr T-cell 1indaced
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 can

activate mechanisms responsible for the recruitment of host

cells as well as early partial immunosuppression.
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In contrast to the early phase of immunosuppression, the
late phase of GVH-induced immunosuppression (severe-persistent)
was found to be due , at least in part, to a T-helper cell
maturational arrest resulting from GVH-induced thymic dysplasia
(Seddik et al, 1979,1980) Our recent studies showed that
thymic dysplasia resulted in a depletion of IL-2 producing, but
not IL-2 responding, cells (Mendez et al., 1985a,b). IL-2
production is essential for T-cell 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 mopderate-severe thymic dysplasia. In contrast, NK defi-
cient bg/bg PLC falled to cause severe prolonged immuno-
suppression and thymic dysplasia. Collectively, these results
strongly suggest that splenomegaly and early immunosuppression
are mediated by mechanisms distinct from those respons££1e for

inducing tissue damage (thymic 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
susceptibilities 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 discinct 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
function can Iinduce early severe Iimmunosuppression of the PFC
response to SRBC regardless of the NK activity of the
reciepient However, immunosuppression of T-cell mitogen
responses 1s dependent upon the presence of functional NK

cells ut

The present study also damonstrates 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 micé that
;ere injected with +/bg PLC 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 PLC showed only partial suppression of T¢
cell mitogen responses and the majority of these Fl mice did
not develop moderate-severe lesions. These results suggest that

the donor component which induces severe early and persistent
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suppression of mitogen responses may also play a central role

.in GVH associated tissue damage. However, the possibility that

the suppression of mitogen responses 1s secondary to thymic

injury cannot be ruled out.

The data presented in this chapter also demonstrate that
there 1is no co;relation between the P-815 effector cell
activity (Table~.8) and the severity of GVH-associated lesions
(Table 6.6) which develop after GVH induction. However, data
presented in chapter 4 showed that, in groups of GVH mice in
which moderate 1esi;ns appeared, only slightly augmented P-815
target cell killi;g and highly augmented NK activity was
observed. In contrifté in GVH mice which demonstrated severe
lesions highly augmented P-815 target cell killing as well as
highly augmented NK cell activity was observed. These results
of chapter 4 suggested that P-815 effector cells may be playing
a role in the induction of moderate-severe lesions. The results
presented in this chapter, however, show that in bg/bgFI‘and
+/bgFl mice that received either bg/bg or +/bg PLC, the degree
of P-815 effector cell killing was approximately the same
(about 108 on days 4 and 12, see Table 6.8), whereas marked
differences in the degree of gistopathological lesions (Table
6.6) were observed. The severity of GVH associated lesions
correlated with ;K cell activity of donor origin. Thus, the
data presented in this chapter strongly suggest that P-815
effector cell activity after GVH reaction inductﬁon cannot

(74

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 well as in the non-
lymphoid organs is (are) not f;t clear (Elkins, 1978). In the
present study 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 pivotal role in the pathogenesis of acute GVH disease

In contrast, the role of activated host NK cells in this
process may only be minimal, if any The data presented in this
report demonstrate that when bg/bg PLC were used to induce GVH
reactions Iin bg/bgFl mice, only slight augmentation of NK cell
activity (Figure 6 2) and eiEher none or slight histopatho-
logical alterations were observed (Table 6 6) However, when B6
bg/bg PLC were injected into +/bgFl mice highly augmenteh NK
cell activity was observed, but either none or only mild histo-
pathological lesions were observed. These results suggest that
in this GVH combination (bg/bg-->+/bgFl) the augmented NK cell
activity is of host origin and that the tht 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/bgFl mice, highly augmented NK cgll activity as well as
moderate-severe GVH associated histopathological changes were
observed. Thus, the data suggest that in this GVH combination
(+/bg-->bg/bgFl) 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 presented Iin 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 gugmenta-
tion of NK cell activity observed in bg/bgFl mice that received
bg/bgPLC. This slight augmentation of NK cell activity, to a
level similar 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-->F1 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 Iinduce 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 report, however, show that in the bg/bg PLC--
>bg/bgFl GVH combination the level of activated host anJ donor
NK cell activity is much lower than that observed in +/bgFl
mice that received +/bg PLC (9% vs 64%) (figure 6.2). It 1s of
interest to note that moderate-severe %athological lesions were
rarely seen in those mice (bg/bgFl or +/bgFl) that received
bg/bg PLC. It would appear that the near absence of moderate-

severe lesions 1is due to the deficiency in the cytotoxic

capacity of the bg/bg donor NK cells.

The fact that the histopathological lesions appeared in
GVH combinations in which NK cell activity was of donor origin

(+/bg-->bg/bgFl), as opposed to host origin (bg/bg-->+/bgFl)
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suégests 8 degree of specificity for donor NK cells in the
development of GVH-induced histopathological lesions One can
but speculate at this timeg on the relevance for donor as
opposed to host NK cytotoxlic activity in the development of
GVH-induced histopathological lesions. One possibility 1is that
the NK cell sub-population responsible for the GVH-induced
histopathological lesions may be of T-cell lineage (Herberman
and Holden, 1978, Herberman et al , 1979, Kaplan, 1985) 1t has
been documented that some allospecific T-cell clones could be
induced to undergo a change to NK-like non-specific cytotoxi-
city in vitro (Seelay et al , 1979, Pawlec et al , 1982, Brook,
1983, Morretta et al., 1984) It has also been suggested that
the MLC-induced NK-like cells and MLC-induéed allospecific
cytotoxic effector cells have a common precursor and may
probably represent different stages of differentiation
(Neiminin and Seksela, 1984). More recent studies by Morretta
et ali (1984) have shown that alloantigen activated T-cell
clones can exhibit antigen specific killing as well as killing
of NK-sensitive targets. Thus, it is possible that the donor NK
cell activity responsible for both YAC killing and GVH effector
function may be derived from either (i) the same sub-population
of T-cells that contain CTL precursors (1i) alloantigen
activated T-cells with specificity for dual recognition
(specific and NK sensitive target structures) as shown by
Morretta et al. (1984), or (11i1) donor T-cells with

"incomplete” maturation and/or differentiation following their

activation after GVH reaction induction.
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Since T-cell maturation and differentiation are dependent
upon adequate amounts of th;mic 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), it seems plausible that the GVH reaction may be
conducive to the production ef specific NK cells. Dokhelar et
al. (1981) and Clancy et al. (1983) have also suggested thatf
cells (T-cells) involved in GVH disease mechanisms mpay exert Ni

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
mortality Iin x-irradiated (C57BL/6xDBA/2)F1 hybrids as compared
to lymphoid cells of C57BL/6 parental mice. These workers also
showed that the bg/bg donor mice employed to induce GVH
reactions were totally 1incapable of generating specific
cytotoxic T-cell responses against P-8l5 tumor targets in
vitro. Similarly, Sexsena et ;1. (1982) have reported
deficient cytotoxic T-cell responses against P-81l5 targets in
the B6 bg/bg mice. On the other hand, normal cytotoxic T-cell
responses have be;n reported against vesicular stomatitis virus
in B6 bg/bg animals (McKinnon et al., 198l1). Sexsena et al.
(1982) have suggested that the development of cytotoxié T-cell
responses in B6 bg/bg animals might depend upon the antigen

employed (and also probably on the route of sensitization and

the strength of antigen employed). However, in the present
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study B6 bg/bg animals that we have employed as donors, were
normal in T-cell functidn as assessed by skin graft rejection,
and PHA, and IL-2 production. It 18 also important to note that
the skin grafts were derived from C3H (H-2k) mice, and the same
H-?k haplotype served as the stimulator/initiator for the GVH
reaction induction. Furthermore, the results show that B6 bg/bg
donor cells possess the capacity to induce splenomegaly (Table
6.3) and early immunosuppression of at least PFC responses to
SRBC (Table 6.4), suggesting that the mechanism(s) responsible
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, B6 bg/bg donor cells when injected
’
into +/bgFl mice were also able to activate NK cells 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-associlated severe prolonged T-cell immuno deficiency

(Table 6.4). Our data suggest that the bg/bg mutation may be a

useful model to study the complex interactions involved in the

early and the late phases of GVH reaction induced {mmuno-

suppression, at least in the parent into Fl hybrid GVH model

The results presented in this chapter showed that : (i) NK
cells of donor origin may play an active role in GVH induced
pathological lesions; (ii) splenomegaly and tissue damage are
two distinct features of the GVH reaction; (111) the PFC
response to SRBC is more sensitive to the immunosuppressive

effects of the GVH reaction than the T-:cell pt&liferative

\
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responses; and, (iv) severe persistent immunosuppression of T-
cell proliferative functions 1is observed only in those groups
in which thymic medullary injury occurs, whereas the
suppression of theAPFC response ;;n be observed in the absence
of thymic dysplasia. In the following chapter the relationship

betweeh splenomegaly, thymic injury, and the duration of T-cell

immunodeficiency 1is further investigated in the non-beige mice.’
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PART A lmmune functions of donor mice PART B. The efficacy of B6 bg/bg and 86 +/bg donor cells
4 fn inducing GVYH reactions
I "

injected with efther

B6 bg/bg or B& +/bg PLC
> ‘o .“l i ". .
B6 bg/bg B6 +/bg - B6C3H bg/bg F 5
A B6C3H +/bg Fy ~
The following immine functions were tested The following parameters were assessed
v
Splenic Con A, PHA & LPS [L-2 production Skin graft PFC response Splenomegaly PFC response T-celd mitogen
NK mitogen after Con A & PHA rejection to SRBC
activity responses stimulation
\

Splenic Histology
responses NK cell

of )
activity (1) thymus
A\ (11) Viver
(111) pancreas
t v/ ‘
Figure 6.1 Experimental design used to investigate the role of host and donor NK cells in inducing GYH-associated
histopathological alterations.



Table 6.1. Splenic NK cell cytotoxicity of parental B6 +/bg and by/bg and reclplent B6C3H F, +/bg and bg/bg mjce.

Genotype Number of anfmals? % Cytotoxicity against yacb»¢
B6 +/bg 6 10.26 + 0.50 gg
N
B6 bg/bg 6 1.68 + 0.37 [\
) . i N Y
Fy +/bg 7 9.16 ¢ 0.77 \
F, bg/bg ' 5 0.85 + 0.32
P’
The animals used were between the ages of 12-16 weeks. }

Animals were randomly selected from a pool of wice and NK cytotoxicity performed on individual animals. The mean & SE Is
presented for each group.

The effector to target cell ratio was 50:1




Table 6.2. Inmune function of B6 +/bg and B6 by/bg mice used as donors to induce GYH reactions.

209

Inenune Function (Number of Animals)
Genotype Skin graft PFC to SRBC Mitogen Response net cpm + S.E. x 103
survival time? X + S.E. x 10-3/per spleen Ton A PHA [P3
U6 +/bg 11 (8) 96.8 + 15.4 (6) 32.8 + 9.9 (7) 26.5 + 6.1 (7) 50.4 + 12,3 (7)
86 bg/bg 11 (7) 92.8 + 18.2 (s) 86.0 ¢ 20.9 (7]} 89.9 + 20.4 (7) 28.5 + 13.7 (7)

a. Animals were grafted with C3H skin. Graft dressings were removed on day 10 and all grafts were rejected by day
11 in both groups. ‘
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Table 6.2a. Lymph 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.

Proliferation of CTLL cells to IL-2 containing supernatants obtained

from mitogen stimulated splenocytes
GENOTYPER CELLULARITY + S.E.x106

H3 - Thymidine incorporation (cpm + S.E. x10-3) for different mitogens.

Lymph nodes Spleen - 0 Con A PHA LPSb
B6 +/bg  32.0 + 0.7  106.6 + 11.1 0.6 + 0.1 60.8 + 9.1 30.1 + 10.8 0.6+ 0.1
|
B6bg/bg  28.6 + 1.4 127.3 + 25.7 0.5 + 0.1 96.1 + 10.8 75.0 + 16.1 ®6 + 0.1

a - 7 animals of each genotype were used. For each parameter tested, the data is presented as Mean + S.E.

b - LPS was used as control. )

o /
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Table 6.3. Spleen indices of B6C3H F, +/bg and bg/bg mice injected with either B6 bg/bg or +/bg parental lymphoid cells.

\

Vonor Genotype Recipient Genotype Spleen Index at 4 and 12 days after GVH induction?
4 12
+/bg +/bg . 1.44 £+ 0.03 1.95 1\0.14
+/bg bg/bg 2.36 + 0.37 1.99 + 0.17
bg/bg bg/bg 1.88 + 0.29 1.68 ¢ 0.35
bg/bg +/bg 1.45 + 0.07 1.70 ¢ 0.06
~

a. A minimun of 3 animals/group/day were used.
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Table 6.4.

PFC response to SRBC of B6C3Ht F, +/bg and bg/bg mice injected with either B6 +/bg or bg/bg PLC

GYH Combination

PFC/spleen + S.E. x 103

FFC/106 spleen cells + S.E.

Donor Recipfent F, Days after GYN? (% of normal response) Days after GYH? (% of normal response) o~
Genotype Genotype X ~
8 26 8 26
bg/bg 64.5 + 5.6 74.0 £ 9.1 372.2 + 44.6 517.5 + 64.1
+/bg 719.4 + 8.2 86.6 + 4.7 580.9 * 151.9 635.5 + 111.6
+/bg +/bg 1.1+ 1.1 (1.3) 0.1 &+ 0.1 (0.1) 8.5+ 5.7 (1.4 0.9 + 0.9 (0.1)
+/bg bg/bg 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0)
bg/bg bg/bg 10.1 ¢+ 2.0 (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) B2.7 + 56.3 (14.2) 52.0 + 28.7 ( 8.98)

a. A wminimun of 3 animals/group/day were randomly selected

from a pool of animals. The data presented is the mean & S.E.




Table 6.5. Splenic Con A and PHA mitogen responses of B6C3H +/bg and bg/bg F, mice injected with either 86 +/bg or Hgf PLC.

’
-

-
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<X
_GYN Combination Con A response? on different PHA response? on different 4 wﬁ‘
Uonor RecTplent F, Days after GYN (% of normal) Days after GYH (3 of normal) Ly
Genotype Genotype TN
Days After GVH Days After GVH ‘
12 ' 30 12 30 i
- +/bg 93.8 + 5.1 115.6 + 0.9 137.3 ¢+ 1.9 84.8 + 3.6
- bg/bg 105.6 £ 1.3 122.5 ¢+ 7.9 154.1 + 4.4 140.4 &+ 2.1 -
+/bg bg/bg 9.2 + 8.8 {(9.8) 10.7 + 5.7 (9.2) 23.8 &£ 22.7 (17.3) 13.1 &+ 5.9 {15.5).
+/bg +/bg 9.3 + 4.0 (8.8) 19.1 + 18.1 (15.5) 6.7 ¢+ 1.5 (4.3) 20.0 + 19,7 (14.2)
)
bg/bg bg/bg 72.2 ¢+ 11.7 (68.3) 102.1 + 8.2 (83.3) 62.9 + 2.5 {40.8) 89.3 + 9.1 (63.6)
bg/bg +/bg 55.3 + 29.6 (58.9) 62.9 + 14.1 (40.4) 55.9 + 27.3 (40.6) 51.2 + 4.6 (60.4)

a. A minimun of 3 animals/group/day were randomly selected from a pool of animals. The data is pres
cpm ¢+ S.E. x 103

ented as the mean net
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Table 6.6 Frequency of bg/bgFl and +/bgFl mice showing different intensities of histopathological lesions in the thymus,
liver, and pancreas after the injection of B6 bg/bg or B6 +/bg PLC.

214

Organs Examlngd Intens{ty of Lesions (Fregquency/Total)
GYH Combinations? for Lesions
Moderate-
Donor Reciplent Normal Mild Severe
Thymus 5/12 6/12 1/12
, bg/bg bg/bg F, Liver 9/12 3/12 0/12
i
Pancreas 10/12 &/12 0/12
Thymus : 5/6 0/6 1/6
bg,bg +/bg F; Liver 6/6 “ 0/6 0/6
' Pancreas 6/6 0/6 0/6
Thymus 0/9 0/9 9/9
+/byg bg/bg F,
Liver 0/9 2/9 1/9
Pancreas 1/9 2/9 6/9
Thyaus 0/13 2/13 11/13
+/bg +/bg F, Liver 2/13 4/13 7/13
Pancreas. 3/13 ) 4/13 6/13
\
a  GVH reactions were induced by injecting 50 x 106 B6 bg/bg or B6 +/bg PLC. © e

i b Organs were removed on days 12 and 30 after GYH induction.




GYH Combinations

donor recipient
R m  +/bg +/bg
60 o-----—-@ +/b‘g bg/bg
] ® bg/bg bg/bg
50
e———e bg/bg +/bg
>-
= 40-
Y
>
O
’—
0 30-
—
>-
)
= 20
101

25: 1 50: 1
EFFECTOR : TARGET RATIO

Figure 6.2. Splenic NK cell activity of bg/bgFl and +/bgF1l mice injected with either B6 bg/bg
or B6 +/bg PLC against YAC targets. Splenocytes were taken from F1 mice 4 days after
the injection of PLCs. The effector:target cell ratio used was 50:1.
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Table 6.7. Spltenic NK cell activity observed against YAC targets in bg/bg Fé and +/bg F, mice on
9

different days after the injection of either B6 bg/bg or B6 +/bg PLC.

GVH Combinations® % Cytotoxicity
Donor Recipient 3 Days Post-GYH Induction
Genotype Genotype

4 12 30
+/bg +/bg 61.26 10.67 5.67
’ +/bg bg/bg 31.48 12.33 6.92
bg/bg bg/bg 8.75 3.33 1.08
bg/bg +/bg 35.20 9.33 4.33

Spleens from 4 animals/group/day were pooled. On each day, splenocytes from all the GVYH
groups and normal bg/bg F, & +/bg F, splenocytes were tested in the same cytotoxicity
assay. The mean t S.E. o} the NK activitity of normal bg/bg F, and +/bg F} splenocytes

on different days was 0.85 ¢ 0.32% and 9.07 + 0.73%, respectively. The effector:target
cell ratio used was 50:1.

E»
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Table 6.8 : Splenic P815 effector cell activity in bg/bg F; and +/bg F; mice on different
days after the injection of either B6 bg/bg or B6 +/bg PLC.

GVH Combinationsd % Cytotoxicity
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 8.00

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 normal bg/bg F| and +/bg Fy splenocytes were tested in the same cytotoxicity
assay. The mean + S.E. of P815 effector cell activity of normal bg/bg Fy and +/bg F)

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.




7.1 INTRODUCTION

The data presented in chapter 6 demonstrated that
splenomegaly and thymic dysplasia observed duging the course of
GVH reactions may be unrelated events mediated by separate
mechanisms. In addition, thymic injury, but not splenomegaly,
may be important in inducing severe prolonged T-cell immuno -

deficiency.

In chapter 3 we demonstrated that, depending upon the
number and genotype of PLC injected to induce GVH reactions,
varying degrees of thymic dysplasia could be induced In this
chapter we have further investigated the contribution of
splenomegaly and thymic histopathological alterations in deter-
mining the duration of GVH-induced severe prolonged immuno-
suppression. We also describe the kinetics of regeneration of
T- and B-cell immune function following GVH-1induced severe

immunosuppression.
7.2 EXPERIMENTAL DESIGN

The experimental design Is outlined in Figure 7.1
GVH reactions were 1induced in B6AF1l hybrids by injecting
different doses,30, 20, or 10x106, 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 B6AFl mice in

different groups.

In the next series of experiments the relationship betwéen

L}
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early splenomegaly (days 8 and 16) and the severity of thymic
injury was studied. Moreover, the association between early
splenomegaly and éhe degree of thymic lesions was also
investigated in relation tokthe duration of immunosuppression.
During the studies on the mechanism(s) responsible for the
duration of immunsuppression it was ohserved that animals that
survived the initial moderate-severe thymic injury and severe
immunosuppression started to recover from both the thymic
damage and immunosuppression. However, during the immune
recovery phase different numbers of PFC/spleen to SRBC were
noted Iin these GVH mice. Since the PFC assay measures T-cell
dependent B-cell responses, the gradual recovery of the PFC
response to SRBC provided a model to study the kinetics of
recovery of T-and B-cell function. We have, thetefore, further
investigated the relationship between the PFC response to SRBC,
T-cell proliferative function, mitogen induced IL-2 production

by T-cells, and B-cell proliferative function on individual

mice during the immune recovery phase of the GVH reactions.

7.3 RESULTS

7.3.1. MORTALITY IN B6AF1 MICE INJECTED WITH DIFFERENT DOSES
OF EITHER A OR B6 PLC
Table 7.1 shows the percent of B6AFl mice surviving
b
up to day 35 after the injection of different doses of either A

or B6 PLC. As can be seen, at a given cell dose A strain PLC

induced greater mortality than B6 PLC. By day 35 after PLC
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injection, 20% of mice that received 30x10%A PLC and 80% of the

mice that received 20x106

A PLC survived. However, no mortality
was observed in the group of B6AFl mice that were treated with
10x106A PLC. On the other hand, 88% of the B6AFl that were
injected with 30x10%B6 PLC surY}ved, whereas no mortality was

observed in the groups that received either 20 or 10x10%B6 PLC.

7.3.2. DEGREE OF SPLENOMEGALY AND THYMIC LESIONS OBSERVED IN
B6AF1 MICE INJECTED WITH DIFFERENT DOSES OF EITHER

&3

A OR B6 PLC:

Tables 7.2-7.4 and 7.5-7.7 demonstrate the degree of, ~
splenomegaly and thymic lesions observed in individual B6AF1
hybrids injected with different doses of either parental strain

o A or B6 lymphoid cells, respectively. A summary of the degree
of splenomegaly and thymic lesi;ns observed in different GVH

combinatjions 1is presented in figure 7.2,

7.3.2.1 THE DEGREE OF SPLENOMEGALY OBSERVED IN QIFFERENT GVH'

COMBINATIONS

As can be seen, on day 8 after PLC injection, the
degree of splendmegaly 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, 1is !
observed in the groups injected with either 30x10% A or 30x10°
B6 PLC (Figure 7.2). When equal numbers of either A or B6 PLC
are injected in B6AFl mice, A PLC induce a greater degree of

‘, splenomegaly than B6 PLC. However, on day 16 post-PLC
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injection, the degree of splenomegaly in the groups of B6AF1

6

hybrids inject%d with efther 20x10% A or 10x10%A PLC increased

(as compared to the splenomegaly observed on day 8 post-PLC
injections), and attained levels observed in the group of B6AF1
mice injected with 30x106 A PLC (Figure 7.2) 1In contrast, in
B6AF1 mice that received 30x10® B6 PLC the degree of
splenomegaly declined by day 16 post-PLC injection ( as
compared to that observed on day 8 post PLC injection), and
reached the level observed Iin groups injected with 20x10% or

lelO6 B6 PLC, which was close to normal (Figure 7 2).

7.3.2.2 THE DEGREE’OF THYMIC LESIONS OBSERVED IN DIFFERENT

GVH COMBINATIONS

Tables 7.2-7.4 and 7 5-7 7 also demonstrate the
degree of thymic lesions observed Iin individual B6AF1l hybrids
injected with different doses, 30x10® : 20x10% ; and 10x106 |
of either parental strain A or B6 lymphoid cells, «wespectively
The data ARE summsrized Iin figure 7.2. As can be seen (Figure
7.2), the initial appearance of thymic lesions was dependent
upon the dose and strain of PLC employed Thymic
his}opathological lesions in B6AFl hybrids injected with either
30x10®  or 20x10% A PLC started to appear by day 8 post-PLC
injection and were graded as mild. In contrast, the thymuses
of F1 hybrids injected with 10x10% A PLC appeared to be normal
(Figure 7.2). No thymic alterations were observed on day 8
post-PLC Iinjection in the majority of B6AFl hybrids that

received either 30 , 20 , or 10x10® Bé PLC (Figure 7.2 and

Tables 7.5-7.7). .
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However, on day 16 post-PLC injection, severe lesions were
observed in Fl hybrids injected with efither 30x10% or 20x10°% A
strain lymphoid cells. Only mild thymic lesions were observed
in F1 mice injected with 10x10® A PLC (Figure 7 2) 1In
contrast, moderate to severe thymic¢ lesions were observed in Fl
mice that received 30x10® B6 PLC. The groups of FlL hybrids that
received either 20x10% or 10x10° B6 lymphoid cells showed no
thymic changes (Figure 7.2)

L]
On day 30 after GVH induction severe thymic lesions

persisted in Fl1 mice that received 20x10°% and 30x10% A PLC,
whereas F1 mice that received 10x10°% A PLC displayed a
complete1§ normal thymic architecture (mice in this group
displayed mild thymic lesions on day 16 post-PLC injection)
(Figure 7.2). On day 30 after PLC injection, moderate thymic
lesions were observed only in the group of Fl mice that
received 30x10% B6 PLC, whereas completely normal thymuses were
observed in Fl mice that received either 10 or 20x10% B6 PLC
(Figure 7.2). The characteristics of the different degrees of
thymic lesions are described in detail in chapter 5 (Section

5.3 3.1).

Collectively, the data presented in tables 7 2-7.7\and

egree of egkly

splenomegaly may be able to predict/the severity of ic

summarized in figure 7.2, show that Alth?ugh the

lesions, this relatiohship may be trnue only in a given GVH
combination, i.e., the degree of eArly splenomegaly in one GVH

combination may not be able to predict tfte severity of thymic

¢
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leslions in a different GVH combination. Furthermore the data
also suggest that the maximum degree of splenomegaly cannot
predict the severity of thymic lesions. It would therefore

appear that splenomegaly and thymic lesions may be mediated by

separate mechanisms

7.3.3. THE KINETICS OF REGENERATION OF THYMIC ARCHITECTURE

FOLLOWING GVH-INDUCED MODERATE-SEVERE LESIONS

Figure 7.3 demonstrates the kinetics of thymic
regeneration following GVH induced thymic dysplasia Figure 7.3
shows that the GVH dysplastic thymuses recovered and regalined a
complecef} normal architecture, with time post-PLC injections.
The time required for the thymuses to recover was dependent
upon the initial severity of the thymic lesions { compare
thymic recovery of Fl mice injected with 10x10% A (Figure 7t2L
30x10% B6, and 20x10% A PLC (Figure 7.3)]. The groups of Fl
hybrids injected with 106%10® A PLC showed only mild initial
thymic lesions (day~16) and their thymuses recovered structure
by day 30 post-PLC injections (Figure 7.2). The group of Fl
hybrids that received 30x10% B6 PLC showed moderately severe
lesions initially (days 16 and 30) and their thymuses recovered
by day 130 post-PLC injection (Figure 7.3).Fipa11y, the group

of Fl mice that received 20x106 A straln PLC showed severe

thymic lesions on days 16 and 30 post-PLC injection and these

—

—

thymuses took the longest period of time to recover, almost 160

days post-PLC injection (Figure 7.3).
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7.3.3.1 DESCRIPTION OF THYMIC HISTOPATHOLOGICAL CHANGES

OBSERVED DURING THYMIC REGENERATION: b

In chapter 5 we described moderate and severe
thymic dysplasia 1In both moderate and severe thymic 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 after GVH {nduction, 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 thymic

regeneration were observed (Figure 7 3) The different stages

of thymic regeneration were characterized as follows

(1) FIRST STAGE: These thymuses demonstrated an increase in
size following drastic prior involution. This increase in slze
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 thym;ses (stage 1) was still
hypocellular (depleted) and no individual epithelial cells,
eplthelial cell clusters, or Hassall's corpuscles %ere
observed. Thus, the stage 1 of the regeneration process was
characterized by a complete regeneration of the thymic cortex,
whereas the medulla displayed characteristic GVH-associated

dysplasia. A representative thymus showing stage 1 of

regeneration i{s shown in figure 7.5a.
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(1i) SECOND STAGE: These thymuses were characterized by the
following changes: incregsed size, densely-packed cortex with
lymphocytes, and distinct cortico-medullary delineation. In
localized areas of the medulla of such thymuses, although
"large" pale Iindividual epithelial cells, and epithelial cell
clusters were rarely 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 epighelial cells that were observed
in the medulla of mildly dysplastic thymuses as shown in
chapter 5, (Figure 5.4b) The medulla of the thymuses in stage
2 of regeneration was hypocellular. The above described changes
suggested that the process of medullary epithelial cell
regeneration had started. Thus, in stage 2 of the regeneration
process, partial regeneration of the thymic medulla, be;ides
complete regeneration of the cortex was observed. A

representative medulla of such a thymus {s shown 1in figure

7.5b.

(11ii) THIRD éTAbE: The GVH thymuses in this stage of
recovery possessed, besides a normal cortex and a distinct
cortico-medullary junction, abundant "large" pale individual
epithelial cells and epithelial cell clusters in the medulla.
However, only asfew 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 showing stage three of

regeneration 1is shown in figures 7.6a and 7.6b.

(iv) FOURTH STAGE: This stage was characterized by complete
regeneration of both the cortex and the medulla. In such
thymuses, abundant "large"” pale epithelial cells, epitheliaf
cell clusters, and Hassall corpuscles were distributed
throughout the thymic medulla Thus, the architecture of such
thymuses was Iindistinguishable from that of a normal (non-GVH)
thymus. A representative thymus showing stage four of

regeneration {s shown Iin figure 7 7.

The characteristics of various stages of thymic

regeneration are summarized in table 7.8

-
7.3.4. THE KINETICS OF SUPPRESSION AND SPONTANEOUS RECOVERY
OF PFC RESPONSE TO SRBC IN B6AF1 MICE INJECTED WITH

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 early suppression and the later spontaneous recovery
of the PFC response to SRBC of B6AFl mice that received
different doses (30x106, 20x106 , Or 10x106) of efther A or B6
PLC. The data are summarized in figure 7.8. As can be seen, by
day 4 post-PLC injection, the suppression of PFC response to
SRBC in Fl hybrids is dependent upon the number and strain of

PLC injected. However, the degree of suppression of the PFC

.‘N

7
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response to SRBC in the Fl1 hybrids injected with different
doses of A strain lymphoid cells was greater than the degree of
suppressign in F1 hybrids injected with the same dose of B6
lymphoid cells (Figure 7.8). Furthermore, by day 12 post-PLC
injection, complete suppression of the PFC responses to SRBC
was observed Iin all groups of Fl mice Iinjected with A strain
lymphoid cells On the other hand, total suppression of the PFC
response to SRBC was observed only Iin the group injected with

30x10% B6 PLC (Figure 7.8).

The data presented in figure 7.8 further show that Fl1
hybrids Iin different GVH-reactive groups which had become
totally suppressed earlier after GVH induction for the PFC
response to SRBC, started to resgfpd to SRBC at various times
post-PLC injection. The group of Fl hybrids inje%ted with
10x10® A PLC recovered from total immunosuppression and‘started
to respond to ‘SRBC:by day 60 post-PLC Iinjection. F1 hybrids
that received 30x10% B6 PLC started to show recovery of the
PFC response to SRBC by day 120-130, and on day 150 post-PLC
injection all mice in this group responded to SRBC. Similarly,
the group of Fl mice injected with 20x10% A PLC started to
recover from total suppression by day 150-160, and on day 180
after PLC injection all animals in this group responded to SRBC

-

in the PFC assay.

7.3.5. SPLENIC CELLULARITY OF B6AFl1 MICE INJECTED WITH

DIFFERENT DOSES OF EITHER A OR B6 PLC:

Table 7.16 shows the splenic cellularity of B6AF1
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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 cellularity of B6AF1
mice following the injectionof various doses of either A or Bé6
PLC, respectively. The data are summarized in figure 7 9 As
can be seen, the splenic cellularity of B6AFl mice cthat
received 30x10® A and 20x10% A PLC started to decline by day 12
post-PLC injection and reached approximately 30% of the normal
splenic cellularity by day 34 post PLC injection (Figure 7 9)
On the other hand, splenic mononuclear cellularity of B6AF1
miee that received 10x10% A PLC increased slightly on day 16,
but then declined to approximately 60% of the normal splenic
cellularity by day 34 post-PLC injection (Figure 7.9) 1In the
groups of B6AF]l mice that received different doses of B6 PLC,
depletion of splenic cellularity was observed only in the group
that received 30x10% 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 B6AF]l mice that received 10x10° A,
20x106 A, or 30x106 B6 PLC, to achieve normal/near-normal
splenic repopulation varied. B6AFl mice that reciived 10x10% A
showed normal splenic cellularity by day 64; B6AFl mice that
received 3Ox106 B6 PLC displayed normal/near-normal splenic
cellularity by day 124-154; and B6AFl mice that received 20x10°

A PLC required 184 days post-PLC injection to achieve normal

splenic mononuclear cellularity (Figure 7.9).
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Since the recovery of the PFC response to SRBC and splenic
cellularity was gradual, {.e., variations in the number of PFC
response to SRBC and sglenic cellularty were observed 1in
individu;I 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 proliferativ: responses to Con/A and PHA,
IL-2 production by T-cells following stimulation with Con A and
PHA, and B-cell proliferative responses to LPS in GVH-reactive

B6AFl mice (that received 30x10% 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 splenic mononuclear cellularity
and PFC/spleen and PFC/lO6 spleen cell response to SRBC of
normal é6AF1 mice used as controls for different experiments.
Nine separate experiments were performed. The splenic
cellularity and the PFC dﬁta for 1individual experiments
presented in table 7.23 were used to calculate the % of normal
cellularity and PFC response of GVH mice-for a given
experiment. This protocol was employed to standardize the

variations observed in normal mice from experiment to

experiment.

7.3.7 SPLENIC CON A, PHA, AND LPS RESPONSES OF NORMAL BG6AFl

¢
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MICE.

Table 7.24 shows the splenic Con A, PHA, and LPS
responses of normal B6AFl mice that were used as controls. The
mitogen data presented are from the same mice for which the
splenic cellularity and the PFC data are presented in Table
7.23. Splenocytes from 3-4 normal mice were pooled The data
represent the mean + S E of triplicate cultures @Xhese mitogen
responses for a given experiment were used to calculate the §%
of normal Con A, PHA, and LPS responses of GVH splenocytes 1In

that experiment

7.3.8 RELATIONSHIP BETWEEN SPLENIC CELLULARITY, PFC
RESPONSE TO SBRBC, AND CON A, PHA, AND LPS

RESPONSES OF GVH MICE DURING IMMUNE RECOVERY

The GVH mice were divided into four groups since
variations in the numbers of PFC/spleen response to SRBC were
observed during the immune recovery phase of the GVH reaction.
In one group all the mice in different experiments that did not
respond to SRBC were pooled. In the other group the mice, Iin
different experiments, that responded to SRBC to normal/near-
normal levels (30.30-\113:«(10'3 PFC/spleen) were pooled. All
remalning mice that possessed 0.3-30.30)(10'3 PFC/spleen

(intermediate range) were divided into two separate groups.

The data obtained for splenic cellularity, PFC response to

SRBC, and the Con A, PHA, and LPS responses from GVH mice with

different numbers of PFC/spleen are presented in Tables 7.25-

A\l
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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 parameter.

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‘tgat 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 parameter 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 parameter are summarized in figure 7.10.

Table 7.26 demonstrates the relationship between spleni7
cellularity, PFC/lO6 spleen cell response to SRBC, and Con A,
PHA, and LPS responses of GVH mice that possessed 0.3-15.00 x
103 PFC/spleen. The data pres’ented in table 7.26 show a lack
of correlation between the splenic cellularity and the PFC/lO6
spleen cell response to SRBC in individual mice. Moreover, no
correlation between the PFC/lO6 spleen cell response to éRBC
and Con A, PHA, and LPS responses was observed. When the
percent of normal response of different parameters for
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individual mice in this group (0.3-15.0)(10'3 PFC/spleen) was
pooled and expressed as the mean response, the following
pattern was observed: splenic ce}}ularif§ 110%, PFCflO6 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/lO6 spleen cell response to SRBC, and Con A,
PHA, and LPS responses of GVH mice that possessed 15 30-
30.00x10 "3 PFC/spleen. A comparason of data (% of normal
response) of different parameters of an individual animal in
this group again shows a lack of correlation between splenic
cellularity and PFC/lO6 spleen cell responses and between
PFC/lO6 spleeﬁ cell responyes and Con A, PHA, and LPS
responses. The mean results for various parameters {n this
group show the following: splenic cellularity 123%, PFC/lO6
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 between splenic
cellularity, PFC/10%® spleen cells, Con A, PHA, and LPS
responses of GVH mice that possessed 30.30 and sbove x 10°3
PFC/spleen to SRBC. In this group a lack of correlation between
splenic cellularity and PFC?IO6 spleen cell response to SRBC
and between the PFC/lO6 spleen cell response to SRBC and Con A,
PHA, and LPS responses in individual animals was aldé observed.

“»

The mean data for various parameters in this group (30.30 and
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up x ].0'3 PFC/spleen) show the following: splenic*cellularity
133%, P-FC/lO6 spleen cell response to SRBC 93%, Con A response

90%, PHA response 86%, and LPS response 102% of normal.

Figure 7.0 ;7 Wwhich summarizes the data presented 11'1)J
tables 7.25-7.28, shows the mean response of each parameter aé
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, finally, PFC response to SRBC.

7.3.9 IL-2 PRODUCTION BY NORMAL B6AF1 SPLENOCYTES FOLLOWING

CON A AND PHA STIMULATION ,

Table 7.29 shows the 3H-thymidine incorporation by
IL-2 dependent CTL-L cell in the presence of IL-2 containing
supernatants derived from normal splenocytes following their
stimulation with either Con A or PHA. Supernatants derived
from LPS stimulated normal splenocytes were also tested for
their ability to support growth of CTL-L cells in some
experiments and sereved as negative controls. The data
presented in Table 7.29 were used to determine the % of normal
response (3H-thymidine incorporation) of supewnatants derived
from GVH splenocytes after Con A or PHA Stiﬂﬁiffipgf 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 RELATIONSHIP BETWEEN SPLENIC GCELLULARITY, PFC
RESPONSE TO SRBC, ANRD IL-2 PRODUCTION BY GVH

SPLENOCYTES FOLLOWING CON A ANDP PHA STIMULATION

Splenocyte IL-2 production was assessed in the same
animals for which the cellularity, PFC response to SRBEC, Con A,
PHA, and LPS responses were studied (Tables 7.25-7.28). The
data obtained for the proliferation (3H-thymidine
ifmo%poration) of CTL-L cells 1in the presenée of IL-2
containing supernatants derived from GVH splenocytes following
st*mulation with Con A or PHA are présenteﬁlin tables 7.30-

7.32. The data are expressed as/ % of nd?EETiresponse

N

Table 7.30 shows the IL-2|:>}d@ction after Con A and PHA
\
stimulation by GVH splenocytes of mgee that expressed no PFC

to SRBC. The data show that the % E normal amount of IL-2

produced after Con A stimulation was é}gii;: than that produced

after PHA stimulation of splenocytes of e same animal (43%
. \\,~/

versus 17%, respectively). The pooled data are expressed in

figure 7.11.

r/

Tables 7.31 and 7.32 demonstrate IL-2 production
following stimulation with Con A or PHA by GVH mice that
possessed 0.3-15.00, 15.50 and more x 10°3 PFC/spleen,
respectively, . The data show that in each of these group the
Con A stimulated splenocytes produced gréater amounts of IL-2
Ehan PHA %Fimulated splenocyCes.T?e pooled data are 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 Iimmunosuppression is closely
associated with the severity of GVH-induced initial thymic
histopathological changes, rather than with the degree of GVH
induced splenomegaly. The GVH induced dysplastic thymuses
gradually redover from the thymic injury with time after GVH
induction. The thymic architectufal recovery precedes the
recovery of immune responses (PFC). The recovery of the
immune response, like the thymic architectural recovery, is
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, the T-ceil populBtion that 1s responsive to
Con A recovers more rapidly than the PHA responsive T-cells
The PFC responses reappear only after the Con A and PHA
responses have recovered partially(80% and 45% of the normal,
respectively). Thus, the kinetics of recovery of immune
function following their severe suppression appear to be in the
ﬁollowinh order: LPS responsive B-cell proliferative function,
Con A responsive T-cells proliferative function, PHA responsive

T-cells proliferative function, and finally PFC response to

SRBC. .

'The results presented in this chapter provide interesting

information regarding the 'relationship between the degree of

T\/

L

splenomegaly (Figure 7.2), thymic injury (Figure 7.2), and

duration of GVH induced prolonged immunosuppression (Figure

Y
~
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7.8) (also see figure 7.12). The groups of Fl hybrids injected
with either 10x10% A or 20%x108 A PLC show thét on day 8 posct-
GVH 1induction the dégree of splenomegaly_(Figufe 72) 1is
dependent upon the numbegof PLC injected However, by day 16
after GVH induction the two groups of gVH<reactive B6AFl mice
exhibited approximately the same degree of splenomegaly but
marked differences in both the degree of thymic injury (Figure
7.2) and duration of immunosuppression (Figures 7:8 and 7.12)
Similarly, the maximum degree of splenomegaly ,dn the groups of
B6AF1l mice injected with 30x10% B6 PLC was observed on day 8
,whereas, by day 16 post-GVH induction, the deg}pe of
splenomegaly had declined. In contrast, mild splenomegaiy was
observed on day 8, but increased dramatically by day 16 post-
GVH induction in the groups of B6AFl mice injected with 1Dx10°
A PLC. Inspite of these differences In the kinetics of

I3

splenomegaly (Figure 7.2), the groups of B6AFl mice that
received 30x10° Bé lymphoid cells exhibited moderately severe
thymic lesions (Figure 7 2) by day 16 post-GVH induction and
xemained severely immuﬁosuppressed for up to 150 days after
GJ; induction (Figures 7 8 and 7.12). In contrast, the groups
of F1 mice that received 10x108 a parental lymphoid cells
showed only mild thymic histopatheogical lesions on day 16
post-GVH induction and no thymic lesions were detected by day
30 post-GVH induction. Moreover, these GVH reactive an{mals
recovered from immunosuppression by day 60 post-GVH indultion.

These results suggest that in the GVH combinations used ip the

present study (A- ->B6AFl and B6-->B6AFl) the maximum degree

t
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of splenomegaly may not be able to predict either the degree of
thymic 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 thymic injury
(Figure 7.12). However, the rapidity with which splenomegaly 1is
induced following GVH induction may be a more useful indicator
to predict the degree of thymic injury and, thus, the duration
of immunosuppression within a GVH genetic combination.
Fu;xhermore, these data suggest that the mechanism(s)
responsible for-inducing splenomegaly and thymic injury may be
tqtakly independent. Continued splenomegaly may not influence
the degree of GVH- induced thymic injury. These results support
data presented in chapter 6 which also showed that the degree

of splénomegaly could neither predict the degree of th&mic

lesioens nor the 1induction of severe ©prolonged

immunosuppression

b)

The results presented in this chapter also show that the
GVH induced thymic injury isﬁot an all or none phenomenon, but
the severity of GVH induced thymic lesions is dependent upon
both the number and strain of PLC ihjected to induce GVH
reactions (Figure 7.2; also ;ee chapter 5). More important, the
data presented in this chapter show that the GVH dysplastic
thymuses recover structure gradually and regain a normal thymic
architecture (cortico-medullary demarcation, reappearance of

v
medullary epithelial cells and Hassall's corpuscles ) with time

k'post~GVH induction ‘(Figure 7.3 and Figures 7.4-7.7). The time

.required for the dysplastic thymuses to regain notmal

13
1
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%
architecture is determined by the 1nitial severity of thymic

injury [compare thymic recovery in B6AFl mice injected with
10x10° A, 30x108 B6, and 20x10° A PLC, Filgures 7.2 and 7 3 |

In GVH reactive groups in which complete destruction of thymic
architecture was obse;ved (complete depletion of the thymic
cortex, obliteration of cortico-medullary demarcation, and
complete loss of medullary epithelial cells and Hassall's
co;puscles) i.e., the groups of B6AFl mice that received 30%105
B6 and 20x10% A PLC, the time required for both cortical as
well as medullary regeneration was determined by the fnictial
severity of the thymic lesion (Figure 7.3). In B6AFlL mice that
received 30x10%® B¢ éLC the initial severity of thymic lesions
was graded as moderate on day 30 post-GVH 1induction. The
thymuses in this group displayed cortical regeneration (stage
1) by day 55 post-GVH induction (Figure 7.3).0These thymuses
required approximately 25 days for cortical regeneration. In
addition, this combination (30x106 B6-->B6AFl) showed complete
m;dullary regeneration by day 120-130 bosc -GVH induction
Therefore, these thymuses required another 65-75 days for
medullary regeneration after the coftex had regeanated (Figure
7.3)? On the other hand, in B6AFl mice that rec:}Ved 20x10% A
PLC the initial intensity of thymic lesions was graded as
severe on day 30 post~GVH induction. These thymuses required
approximately 45 days for cortical regeneration (stage 1) and
an;them 85 days for complete medullary regeneration (Figure
7.3). In both the GVH combinations employed in this study it 1is

evident that a longer time interval is needed for complete

medullary regenerfation after the cortical recovery than the

238 .
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time interval needed for cortical regeneration after moderate-

severe thymic dysplasia (Figure 7.3).

The kinetics of thymic regeneration as described in this
chapter show that the process of thymiec recovery occurs in the
following sequence: cortical regeneration followed by
medullary regeneration. This sequence of events that occurs
during thymic Pegeneration is similar to events observed during
thymic ontogeny during embryonic development in birds (LeDourin
and Jotereau, 1975), mice (Moore and Owens, 1%?7; Owens and
Ritter, 1969), sheep (Mackey et al., 1986), and man (Haynes,
1984). However, the time taken by the thymus to regenerate
following GVH induced injury 1is sign%ficantly prolonged, as
compared to that observed during ontogeny. These time
disparities in the thymic development during the GVH reaction
amd fetal life may reflect the environmental differences under
which the thymus develops. The explanation for the length of
time required for complete thymiwc architectural recovery
following GVH induced injury depends upon the initial severity
of the thymic injury 1Is not ciear. However, it 1Is possible that
the initial intensity of the GVH reaction might determine the
generation and intensity with which mechanisméﬂ responsible
for inducing as well as maintaining the thymic lesions are
induced during the early period after GVH induction. Our recent
studies suggest that a radi;-qensitive mechanism(s) 1is

involved in maintaining thymic lesions following GVH reaction

induction (Seddik et al., 1984b). The data present?d in this
/ .

' report would suggest that when GVH reactions are induced by

{
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injecting smaller doses of PLC and {if these GVH-reactive
animals survive for long periods of time, the mechanism(s) that
maintains thymic lesions may subside gradually with time after

GVH 1nduction.

The observation that thymic medullary regeneration takes a
longer time than cortical regeneration during the recovery
phase is of particular interest in regards to the duration of
GVH induced prolonged immunosuppression. Previous data reported
from this laboratory stroggly suggested that the GVH-induced
prolonggd T-cell immunodeficiency was, at least in part,
associated with the GVH-induced thymic medullary injury that
prevented T-helper cell maturation (Seddik et al , 1979,1980,
1984b). The results presented Iin this report show that the
recovery of GVH induced thymic 'lesions precedes the recovery of
the PFC response to SRBC, which is a T-cell dependent B-cell
response (Figure 7.12). The observation would sugggest that
perhaps complete thymic medullary recovery may be ﬁﬁb.limiting
factor in the recovery of the PFC response to SRBC and that a
normal thymic architecture may be essential for the T-cell

dependent B-cell responses.
~

hN

However, a comparison of the kinetics of thymiec recovery

3

from injury and recovery of the PFC response to SRBC from GVH-
induced immunosuppression shows a "lag period"” between the
thymic architectural recovery and recovery of the PFC response

to ﬁRBC (Figure 7.12). We have observed that although the

thymusesfm;;-&ppear architecturally normal, the animals may or
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may not respond;‘% SRBC. The F1 mice that were injected with
either 20x106 A PLC (Table 7.11; days 150-160, after GVH
indugtion) or 30x10%® B6 PLC (T@ble 7.13; days 120-130 after GVH
induction) displayed a normal thymic afchitecture, however,
only 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, since the PFC response to SRBC 1is
a T-cell dependent B-cell response, (1{1) that although the
thiymuses recover structurally from the GVH induced thymic
njury, probably chey“do not resume their hormonal function,
o0

(i.e., functional recovery of the thymus may be @gradual) which

may take a longer time to recover.
L)

To understand the reasons for the delay in the recovery of
the PFC response as well as the variations observed in the PFC
responses, we have also investigated the kinetics of recovery
of B-cell and T-cell function and their relationship to the PFC

response to SRBC during the immune recovery phase of the GVH

reactions. *

A“comparison of B-and T-cell proliferati#e responses
during the immune recovery phase of the GVH reaction
demonstrates that the B cell proliferative responses recover
earlier than\the T-cell prolfferative xesponses (Figure 7.10),

2 -
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following their earlier severe suppression. We have previously
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 least
in part, due to the GVH induced thymic dysplasia (Seddik et
al., 1979,1980). The thymic dysplasia results in a maturational
arrest of IL-2 producing T-helper cells (Mendez et al., 1985a,
1985b). Collectively, these studies suggest that the GVH
associated immunosuppression of both the B- and T-cell function
1s due to the GVH-associated alterations in the primary
lymphoid organs thch are responsible for the production and
maturation of B- and T-cells. It would therefore appear that,
for the B-and T-cells to resume function following severe
ilmmunosuppression, the primary event/process must be éhe
regeneration of architecture and resumption of function of the

primary lymphoid organs responsible for the production and

maturation of these cells.

Recent studies from this laboratory have shown that by Qay
60-80 after GVH induction a spontaneous, but gradualw increase
in the number ;f pre-B and B-cells is observed in the bone
marrow, suggesting the recovery of B-cell genesis following its
cessation. The gradual recovery in bone marrow pre-B and B-cell
numbers coincide with the recovery of B-célls in the spleen
(Xenocostas et al., 1986). These "new”" splenic B-cells were

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 well 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 pro;uction and maturation of T-cells 1is
dependent upon a normal thymus (Stutman, 1975,1977, 1978), the
data presented in this chapter showing a gradual recovery of T-
cell proliferatf%e function (Figure 7.10) would suggest that
after the'recovery/regeneration of thymic architecture the
resumption of 1its function may alsa be gradual. The data
presented in this chapter show that the rate of regeneration of
Con A responsive T-cells 1s faster than the rate of
regeneration of 'PHA responsive T-cells (Figure 7.10),
suggesting that these two T-cell sub-populations may have
different degrees of requirements/dependence upon the thymus.
It 1s believed that Con A responsive T-cells are less mature
than the PHA responsive T-cells (Schlesinger et al., 1975; Irle
et al., 1978; Cantor and Weissman, 1976; Stobo and Paul, 1973).
Scollay (1?82,1984) and Scollay et al (1984) have shown that
the T-cells that leave the thymic medulla and populate the
peripheral_lymphoid organs exhibit propert%es of mature T-
cells. Moreover, several workers (Kaislerlian et al., 1981;
Takiguchi et al., 1971; Folch and Waksman, 1972; Anderson et
al., 1974) reported that PHA responsive T-cells are more
sensitive to thymectomy than Con A responsive T-cells.
Collectively, these studies suggest that the PHA responsive T-

.
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cells may be more dependent upon an intact thymus or thymic
medulla. Whether these PHA responsive cells require both thymic
medullary epithelial cell contact as well as thymic hormones or
+thymic 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
than 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 (thymic

medulla?).

A comparison of the recovery of the T-céll and B-cell
proliferative function and the recovery of the PFC response to
SRBC also shows that the PFC response to SRBC remains severely
suppressed even though the T-and B-cell proliferative funcction
have regenerated to normal/near-normal levels (Figure 7.10)
Moreo;;r, the data presented in Table 7.25 show that in some
mice which had 0 PFC, the Con A and PHA responses were still
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, it was observed that although Con A and PHA proliferative
responses were approximately 90% and 708 of normal, the PFC/lO6
spleen cell résponse was still severely suppressed (about 20%
of the normal) (Figure 7.10). However, after the initial

recovery of T-cell responses (about 90% for Con A and 70% for
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PHA of the normal resposnes) theée further increase (recovery) in
T-cell responses was less dramatic but the increase (fecovery)
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
is also po;sible that :(1) the T-cells cells that respond to
Con A and PHA and the B-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.

Ho;ever, in light of the observation thé&t the graduél
thymic architectural recovery precedes the recovery of the PFC
response (Figure 7.12) and the data showing that the T-and B-
cell ppvoliferative function recover earlier than T-B
cooperative function (7.10), it would appear that perhaps the
limiting factor in the recovery of the PFC response to SRBC may
be the functional maturation of T-ce{ls that can cooperate

and/or provide help to B-cells. The functional maturation of T-

-
Y

cells that can cooperate with the B-cells would depend upon the
the gradual functional recovery 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 induced
thymic injury and splenomegaly are probably mediated by
separate mechanisms. The GVH-induced thymic injury is not an
"all or none” phenomenon. Since thymic recovery prec;edes
recovery of the PFC response to SRBC, the data also suggests
that the GVH-induced thymic injury may, at least in part,

-determine the duration of GVH-induced T-cell immunosuppression.
The studies presented in this chapter also suggest that the
kinetics of immune functiomal recovery in an adult animal may
be as follows : LPS responses, Con A responses, PHA responses,

and finally T-cell dependent B-cell responses.

The data presented in this chapter showing'a gradual
regeneration of thymic architecture and immune function suggest
that the thymic abnormalities, either structural or functional
or both, may be 1involved in GVH-induced prolorged T-cell
immunosuppression (and possibly other'immunodeficiency states)
The‘gradual histological recovery of the thymus followed by
immune functional recovery provides an in vivo model to study
thymic ontogeny in an adult animal as well as its role in the

production of immunocompetent T-cells.
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In the following chapter we have investigated whether the
immunocompetent T-cells that respond to Con A and PHA require
only the physical presense of thymic medullary epithelial cells
or that the functional maturation of the mitogen responsive T-

cells requires both the presense of medullary epithelial cells

as well as some factor(s).
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Figure 7.1 Experimental design used to investigate the role of splenomegaly and thymic dysplasia in determining

PFC response Con A, PHA, LPS IL-2 production
to SRBC mitogen responses following Con A & PHA
. stimulation

the duration of ,T-cell immunodeficiency during’'the course of GVH reactions.
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Table 7.1 . Survival times of B6AF} mice 1njected with different doses of parental Strains

A or B6 lymphoid cells ‘f///,;

3

. No. of Bb6AF) mice surviving
No. of donor No. of B6AF) mice up to 35 days post
Donor Strain cells 1njected per group GVH 1nduction % Survival
A (H-22) 30 x 106 25 5 20
A 20 x 106 25 20 80
A 10 x 106 25 25 100
B6 (H-2D) 30 x 106 \ 25 22 88
B6 20 x 106 25 25 100
B6 10 x 106 25 25 100

S



Table 7.2 The degree of splenomegaly and thymic lesions observed 1n B6AF} mice on different days

the 1njection of 30x 106 A PLC

Degree of Splenomegaly and thymic lesions 1n individual animals after GVH induction

s

bay 8 Day 16 bay 30

Splenomegaly Thymic Lesions Splenomegaly Thymic Lesions Thymic Lesfons

3.59 Mild 312 Severe Severe
32 Mild 2 85 Severe Severe
3. 12 Mild 3. 41 Severe Severe:,
372 Mild Severe

LY

\\\~
J 84 Mild

4 30 Normal

4.11 Normal
Mean 370 313
+SE + 016 + 016

after
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Table 7 3 The degree of splenomegaly and thymic lesions observed in B6AF} mice on different da&s aften
the 1njection of. 20 x 106" A PLC

Degree of Splenomeqaly and thymic lesions 1a individual animals after GVH 1nduction

Day 8 Day 16 Day 30

Splenomegaly Thymic Lesions Splenomegaly Thymic Lesions Thymic Lesions

] 2 52 Mild 2 82 Severe Severe

2 32 Normal 2 85 Severe Severe
2 07 Mild 3 02 Severe Severe
2 84 Mild 3 81 Severe Severe
372 Mi1d N 3 86 Severe -
3 41 Normal 3 35 Severe
36l Mild 3 26 Mild

Mean 2 93 J 28

+SE + 025 +0 {
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Table 7.4: The degree of splenomegaly and thymic lesions observed in B6AF} mice on different days after
the inJection of 10 x 106 A PLC.

Degree of Splenomegaly and thymic lesions 1n individual animals after GYH induction

Day 8 Day 16 Day 30
Splenomegaly Thymic Lesions Splehomegaly Thymic Lesions Thymic Lesions
N 1.97 Normal - 2.66 - Mild Normal
&8 . .
1.23 Normal 3.36 Mild Normal
1.47 ' Normal 3.71 Moderate Norma
' 2.11 Normal 2.86 Mild Normal
, 2.19 Normal 2.96 Mild
’ 1.99 Normal 3.57 Mild
! 2.26 Mild 2.15 Mild
Mean '1.89 312
N + S.E. +0.15 + 0.16
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Table 7.5: The degree of splenomegaly and thymic lesions observed n B6AF} mice on different days after
the injection of 30 x 106 B6 PLC.

Degree of Splenomegaly and thymic lesions in individual animals after GYH induction

Day 8 Day 186 Day 30

i Splenomegaly  Thymic Lesions Splenomegaly  Thymic Lesions Thymic Lesions

2.41 Normal l 1.23 Moderate Moderate
' 2.40 " Normal 1.52 Moderate Moderate
1]
2 57 Normal 1.25 Moderate Severe
> }

2.55 Mild 2 26 Moderate Moderate
2 81 Mild 2.26 Moderate
2.76 Normal 2.41 Severe .
2.88 Normal 2.67 Moderate

Mean 2 63 1.94

+ S.E, ‘ +0.07 +0 22
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The degree of splenomegaly and thymic lesions observed in B6AFy mice on different days after
the injection of 20 x 106 86 PLC.

y . l

Table 7.6:

Degree of Splenomegaly and thymic lesions in inaividual animals after GYH induction

Day 8 ' Day 16 Day 30

Splenomegaly Thymic Leslons Splenomegaly Thymic Lesions Thymic Lesions

1.60 Normal 1.49 Normatl Normal
1.717 Y Normal 1.18 Normal Normal
v 1.66 Normal 1.37 Normal Normal
2.30 Normal 2.11 Normal Normal
i 2.07 Normal 1.81 Mild
1.86 Normal 1.71 Mild
) |
' 2.07 Normal 1.73 Severe
‘g .
Mean 1.90 1.63
+S.E +0.10 $0.12
N

.-
-
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Table 7.7: The degree of splenomegaly and &hymlc lestons observed 1n B6AF] mice on different days after
the injection of 10 x 106 B6 PL

Degree of Splenomegaly and thymic lesions 1n individual animals after GVH induction

Day 8 Day 16 \ Day 30 ..

Splenomegaly  Thymic Lesions Splenomegaly  Thymic Lesions Thymic Lesions

255
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1.21 Normal 1.33 Normal Normal w4
1.25 - { ‘Normal 1.43 Normal Normal
1.56 Normal 1.32 Normal \ Normal
2.19 Normal 1.81 . Normal Norma)
1.82 Normal 1.85 - Normal
\
1.17 Normal 1.54 Normal
1.25 Normal 1.26 Normal
Mean 1.49 1.51
+S.E +0.15 ‘ +0.09
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Figure 7.2 Summary of the degree of splenomegaly and thymic lesions-observed in B6AF1 mice
on different days after the injection of different doses of efther A or B6 PLC.
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Figure 7.4a

Photomicrograph of a thymus showing severe dysplasia (HPS x200)
Note the complete absence of cortico-medullary demarcation

and severe hypocellularity of the organ.

The thymus was taken from B6AF1 mouse at day 30 after the

" injection of 20x100A PLC.
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Figure 7.4b Photomicrograph of a thymus showing severe dysplasia
(HPS x400). Note the complete absence of individual epithe-
1ial cells, epithelial cell clusters, and Hassall's corpus-
- cles in the medulla. Also note that the medulla is severely
hypocellular. ) .
The thymus was taken from-B6AFl mouse at day 30 afteF the
injection of 20x106A PLC.
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Figure 7.5a

S——— .. ‘ B

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 is still
hypocellular.

The thymus was taken from B6AF1 mouse at day 75 after the
injection of 20x100A PLC.
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Figure’?.Sb

b d

Photomicrograph of a thymus showing partial stage 2 of
regeneration (HPS x400). Note the presence of severeal
“small” dark irregular shaped individual epithelial cells
(arrow,a), a few "large" pale jndividual epithelial cells-
(arrow,b), and -two epithelial cell clusters (arrow,c). No
Hassall's corpuscles were visible. The individual epithelial
cells and the epithelial cell clusters were observed only in
this particular area of the medulla. |\

The thymus was takgn from B6AF1 mouse at, day 75 after the
injection of 20x10°A PLC. o \
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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
1ymphocytes.

The thymus was taken from B6AF1 mouse at day 120 after the
injection of 20x106A PLC.
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Figure 7.6b

Photomicrograph of a thymus showing stage 3 of regeneration
(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 “small" 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
clusters were observed throughout the medulla.

The thymus was taken from B6AF1 mouse at day 120 after the
injection of 20x106A PLC.

.
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M Figure 7.7 Photomicrograph of a thymus showing stage 4 of regeneration
~ (a normal thymic medullary architecture? (HPS x400). Note

the presence of 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 dispersed throughout the medulla.
The thymus was taken from B6AFl mouse at day 160 after the
injection of 20x106A PLC.



Table 7.8 Summary of the Characteristics of Various Stages of Thymic Regeneratfon

Stages of Thymic Characteristics of each stage of thymic regeneration
Regeneration
Ist stage - Increase in thymic size

- Repopulation of cortex with lymphocytes
- Reappearance of corticomedullary demarcation
- Depleted medulla

- No visible individual medullary epithelial cells
or epithelial cell clusters

- No visible Hassall's bodies

2nd stage - Depleted medulla

- Localized reappearance of several "small" dark
irregular shaped individual epithelial cells

- Rare epithelial cell clusters and "large" pale
individual epithelial cells could be seen 1n
localized areas of the medulla

- No visible Hassall's bodies

3rd stage - Repopulation of medulla

- Abundant healthy "large" pale individual epithelial
cells and epithelial cell clusters observed
throughout the medulla

- A few "small" dark irregular shaped tndividual
epithelial cells were seen in the medulla

- No visible Hassall's bodies

4th stage - Normal medulla with abundant "large” pale fndividual
epithelial cells, epithelial cell clusters and
Hassall's bodies

' 265



Table 7.9

PFC response to SRBC of normal BESF' mice that were used as controls on different days after GVH
“induction
a
Days post GVH PFC response to SRBC
induction No of mice
PFC/spleen x 10 3 PFC/106 spleen cells
4 3 639, 951, 621 364 |I; 880 6, 475 ¢
X+SE= 73.7¢ 10.7 Yt+SE= 573.5¢+ 157.1
8 3 123 9, 1158; 1050 1.197 7, 1,308 5, 1,272 7
. . TtS.E= 114.3 ¢ 4.6 X4S.E=1,259.61¢ 2.7
: .
12 3 107 7, 123 0; 1122 735 4; 891 3, 831 1
X+S.E= 1143t 4.6 ‘Y +S.E- 819.3 ¢ 45.5
30 3 830, 990; 771 748 7, 471 4, 535 4
Y1S.E= 8641t 6.5 Nts.E= 585.2¢ 839
60 8 31 5; 1200; 191 4; 970 488 4; 1,818 2; 2,058 1; 1,630 0
2958, 171 6; 2328; 3408 1,972 0; 1,069 2; 1,437 0; 2,581.8
Xt+S.E= 1850+ 36.4 - {+sS.E~1,631.7¢ 227.2
90 7 831; 990; 771; 330 748 7, 814 8, 535 4, 602 2
117 0; 102 0 247 2; 1.130 4; 715 8
Xt S.E= B55 ¢ 10.1 Yt+S.E» 656.4¢ 124.3
120-130 6 1329, 864, 1209, 119 4 1,230 6; 1,028 6; 1,439 3; 1,396 5
106 2; 111 3 1,123 8; 1,016 4
XtS.E= 1129¢% 6.5 Xt S.E=1,2059 % 74.3
150-160 6 120 0, 120 3, 1005, 106 2 650 4; 662 8; 563 0; 687 9
738; 951 502 1, 689 1
X¢S.E=- 102.7¢ 7.1 f¢+s.E= 625.81¢ 31.1
180 5 109.8, 831; 90; 879 903 7; 791 4; 1,600 0, 915 6
92 % 724 7
XtS.E= 93.8%t 4.5 YtSE= 987.1t 157.0

|

a The mean + S.E PFC response to SRBC of all the normal mice is:

976.9177.1.
q

PFC/spleen= 113.948.6 &nd PFC/106spieen cellss
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Table 7.10: PFC response to SRBC of B6AF1 mice on different days after the injection of 30x10% A PLC.

Days post GVH . PFC response to SRBC
- induction No. of mice
PFC/spleen x 10-3 PFC/106 spleen cells
4 i 6 3.9; 6.0; 2.1; 6.6 36.1; 64.4; 17.9; 60.4
2.7; 9.9 2L 84.3
X+S.E= 52+ 1.2 X+SE-= 47.4 + 10.8
8 3 0.0 0.0; 0.0 . 0.0; 0.0; 0.0
- X+S.E= 0.0 X+S.E= 0.0
12 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
XtS.E= 0.0 X+S.E= 0.0
}0 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 X+S.E= 0.0
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Table 7.11:

PFC response to SRBC of BG6AF1 mice on-different days after the injection of 20x105 A PLC

Bays post GVH

PFC response to SRBC

268

. induction No. of mice
PFC/spleen x 10 3 PFC/106 spleen cells
4 6 2465 237, 29.7: .6 235.1:  344.2; 349 2, 205 0
31.2; 16.5 221 3 148.1
XYtSE= 2512 2 X1S.E~= 253.5 ¢+ 32.6
rd
8 k) 0.0; 0.0; 0.0 .03 0.0; 0.0
YesE= 0.0 . X2SE- 0.0
TR 6 0.0; 0.0: 0.0; 00 0.0; 00; 0.0; 00
0.0; 0.0 0.0; 0.0
Yt+SE=~ 0.0 KtsS.E~ 0.0
30 5 0.0; ©0.0; 00; 00 0.0; 0.0; 0.0; 0.0
0.0 00
X+SE« 0.0 X tS.E~ 0.0
60 5 0 0; 0.0; 0.0; 00 0.0; 0.0; 0.0; 00
0.0
- X+S.E« 0.0 X+SE- 0.0
90 6 00; 0.0; 06: 00 0.0; 0.0; € 6, 00
0.3; 00 4.4; 00
X+SE= 0.2+ 0.1 X¢S.E~ 1.8 ¢ 1.2
120 19 1.2, ©00; 00; 06O 111; 00, oo, 00
0.0; 0.0; 0.0; 0o 00; 0.0; 00; 00
0.0 0.0
X+#SE= 0.1%+ 0.1 X3SE= 1.3 ¢+ 1.3
150-160 11 12; 3.9 00; 12 11.7; 40 6 00; 267
0.6; 03 00; 00 16.7; 91, 0.0; go
0.0; 0.0; o 0.0; 0.0; 0.0
X+SE= 07+ 0.3 X ¢S.E= 20.9 ¢ 5.8
180 6 37.5; 0.6; 255; 63 342 S; 38; 2007, 85.7
342; 3.9 N 285 0; 482.4
X+SE= 235+ 6.6 X +S.E-= 233.3 » 7.2
. —~
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Table 7.12:

PFC response to SRBC of

1

. {
B6AF1 mice on different days after the injection of 10x106 A PLC.

t
Days post GVH

PFC response to SRBC
{

induction No. of mice

PFC/spleen x 10°3 PFC/106 spleen cells
4 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
X+SE= 537+ 7.9 X +S.E= 618.0 + 122.7
8 8.4; 2.1; 5.9 71.b; 22,9, 82.5
X+SE= 55+ 1.8 X +S.E-= 58.9 +  18.3
12 6 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+SE= 0.2+ 0.2 X +S.E-= 2.1 + 2.1
130 3 0.0; 0.0, 0.0 0.0; 0.0; 0.0

X+SE= 0.0 X +S.E-= 0.0

60 7 89.7; 24.9; 22.8; 16.5 776.65  164.4; , 180.9;  171.9
73.8;  1.5; 46.5 540.7; 18.5;  476.9
X+SE= 39.4+ 12.1 X+ S.E = 332.8 + 101.9

Fad
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Table 7 13 PFC response to SRBC of B6AF1 mice on different days after the injection of 30x106B6 PLC

Days post GVM PFC response to SRBC

{nduction No of mice
PFC/spleen x 10 3 PFC/106 spleen cells

4 6 40.5; 597, 13.5, 48.6 3615, 4212, 5854, 3636
687, 43.2 417 1; 2689
_ X +S.E= 557+ 5.6 T+S.E= 402.6 + 42.8
8 5 21, 817, 57, 39 25 895 387, 356
8.4 81 2
. X+SE+: 58+ 1.3 XtS.E= 3.5 ¢« 133
12 6 00, 0.0 0.0; 00 00, 0.0, 00, 00
00, 0.0 00, 00

X+SE= 0.0 T tS.E- 0.0
30 6 00, 0.0, 0.0, 0.0 00, 0.0, 0.0, 00
00, 0.0 00, 00

X+SE* 0.0 : A+S.E-= 0.0
55 7 00, 0.0, 0.0, 00O 00, 0o, 0.0, 0o
0.0, o000, 0.0 00, 00, 0.0

X+S.E 0.0 X +S.E= 0.0
90 N 6 0.0, 00; 0.0, 0.0 00, 0.0, 0.0, 00
0.0: 00 o0, 00

X +S.E" 0.0 X+S.E-= 0.0
120 7 03, 0.6, 0.9, 0.0 40; 4.4, 7.4; 00
00;: 00; 0.0 00, 0.0, 00
X+SE= 0.3+ 0.1 X +SE= 2.3+ 11
130 * 7 42, 21, 09, 0.0 54, 241, 9.7, 0.0
00; 0.0, 0.0 oo, 0.0, 00
X+SE* 1.0+ 0.6 X es.E= 9.9+ 5.4
150 9 771, 468, 66, 90 642 5; s528.8, 957; 1071
0.9; 774, 06; 96 115 7130, 82, 76 2
15 0 163.9
Y+S.E= 27.0¢ 10.6 X+S.E= 20.8¢ 94.5
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Table 7.14:

PFC response to SRBC of B6AF1 mice on different days after the injection of 20x106 86 PLC.

Days post GVH

PFC respense to SRBC

1nduction No. of mice
PFC/spleen x 10°3 PFC/10® spleen cells

4 60.6; 50.7; 51.9; 75.3 569.0;  1344.5;  468.8; 774.7
55.5; 60.3 483.7;  480.3
X+SE= 59.1+ 3.6 X + S.E = 520.1 + 58.7
8 105.0; 88.8; 96.4; 83.4 750.3; 682.8;  902.9;  907.0
74.7 690.7
X+SE= 89.6+ 5.2 X +S.E = 786.8 +  49.6
T2 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.E= 852.7 + 175.6
30 78.3; 66.6; 90.3 542.1; 542.1; 586.7
X+SE= 78.4%+ 6.9 X +S.E= 566.9 +  14.9
60 ;) 127.5; 141.8; 94.2; 114.9 817.3; 1,132.2; . 713.6; 847.4
X +S.E= X +S.E = 877.6 +  89.6

119.5 + 10.0

&
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Table 7.15: PFC response to SRBC of B6AF1 mice on different days after the injection of 10x106 B6 PLC.

Ulws post GVH PFC response to SRBC

induction No. of mice
PFC/spleen x 103 PFC/106 spleen cells
N
Y
4 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+SE= 71.7+ 7.3 X +S.E-= 636.9 + 100.0
8 83.4; 74.4; 62.7; 73.5 611.6;  658.2;  504.8;  668.5
X+SE= 735+ 4.4 X +S.E-= 583.3 + 34.6
12 112.2; 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+SE= 126.4+ 7.4 X +.S.E = 923.1 +  65.7
30 102.9; 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; B42.7;  702.0
X+SE= 73.0+ 7.4 X +S.E-= 930.2 + 244.8
60 88.7; 88.8; 111.9; 76.8 631.8; 730.9; 816.2; 474.1
X+SE= 91.6+ 7.4 X +S.E= 633.2+ 73.5
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\ Figure 7.8 Summary of the PFC/10% spleen cell response to SRBC of B6AF1 mice on different

davs after the injection of different doses of either A or B6 PLC. .

' The horizontal line is the mean PFC/loﬁsp]een cell response of normal B6AF1 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 nucleated cell numbers of normal BG6AF1 mice that were used as controls on different days

after GVH induction.

Days post GVH

Splenic cellularity x 106

induction . No of mice individual animals Mean * S.E.
. —¢
8 3 97.2; 117.45; 157.9 124.2 # 17.8 . N
12 3 93.2, 79.7; 74.3 82.4 + 5.6
& —
16 3 130.9; 124.2; 121.5 125.6 + 2.8 !
34 3 99.9; 111.0; 129.6 113.5 + 8.7
64 8 64.5; 66.0; 93.0;  60.0 .
120.0; 128.4; 129.6; 105.6 95.9 + 10.4
94 7 88.8; 97.2; 115.2; ~ 115.2 102.9 + 5.1
106.8; 82.8; 114.0 -
124 6 97.2; 75.6; 75.6;  16.9. 84.8 + 4.3
85.1; - -98.6 -
164 6 147.6; 145.2; 142.8; 123.6 131.2 + 6.5
117.6; 110.4 =
184 5 97.2; 84.0; 48.0; -%6.8 81.6 + 9.5
102.0 -
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t, " Table 7.17 Splenic nucleated cell numbers of B6AF1 mice on different days after the injection of 30x106 A PLC.

275

4 l
5
, Vays post GVH Splenic cellularity x 108
; \. induction No of mice v individual animals Mean + S.E.
‘ 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
16 "6 52.7; 28.4; 64.3; 44.6 6.3+ 6.3
' 28.4; 59.4 =
> 34' 6 29.7; 18.9; 37.8; 27.0 ) 29.3+ 2.9
' 36.5; 2h.7 -
\
‘ A\
L4
“ i .




Table 7.18 Splenic nucleated cell numbers of B6AF1 mice on different days after the injection of 20x106 A PLC.

-~

Days post GVH . ) Splenic cellularity x'106
mduction No of mice ind1vidual animals Mean + S.E
8 6 97 2, 689, 851; 1200 103.9 + 10.5
141.0; 1I11.5 -
{
t
12 3 79.6; 55 4; 70.2 68.4+ 7.1
16 6 419, 405, 635, 585 47.7 + 4.9
40 5; 41.9
34 5 284, 392; 270, 30.0 31.2 + 2.1
a1 s -
64 5 62 4, 0 8, 28 0, 255 41.8 + 10.2
22 5
94 6 61 0, 73.5, 915, 525 67.7 + 5.7
‘ 69 0, 585
124 ' 9 1020, 615, 735 780 ,
51.0; 750; 675, 720 70.0 + 5.3
49.5
164 11 108 0, 960, 855, 450
36.0; 33 0; 8 2, Ba5h 69.9 + 7.4
64 0; 6U 5, 790 '
184 6 109.5; 157.5; 127 5; 7135 110.8 + 13.1
120 0, 76.5 -
. v
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Table 7.19 Splenic nucleated cell numbers of B6AF1 mice on different days after the injection of 10x10® A PLC.

UVays post GYH

Splenic cellularity x 100

induction Ho of mice individual anmmals Mean + S.E.

8 6 70.2; 87.53 76 9, 78.3 93.0 + 9.6
124.2; 120.6 -

12 3 117.5;  91.8, 71.6 93.6 + 13.3

16 b 145.8; 97.2; 124 2; 132 3 119.9 + 7.7
99.9; 120.2 -

34 3 60.8; 68.9; 54.0 61.2 + 4,3

64 7 118 5, 151 5; 126 U; 96.0 115.1 + 9.4
136.5, 81 0, 97.5 -

€
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Table 7.20 Splenic nucleated cell numbers of BG6AF1 mice on different days after the injection of 30x100 B6 PLC.

Uays post GVH Spiagic cellularity x 106
induction No of mice individual animals Mean + S.E.
8 6 112.1; 141.7; 125.5; 133.7 139.7 + 8.3
164.7; 160.7 -
12 5 93.2; 97.2; 147.2; 109.5 110.1 + 9.7
103.5 2
16 6 84.0; 57.5; 51 0; 35.5 57.3 + 9.5
30.6; 42 .0
34 6 99.5; 21.0; 16.5; 23.5 27.8+ 6.6
28.5; 18.0 -
59 7 55.4; 52 7; 635, 575 58.1 + 4.8
83.7; 47.5; 46.5 -
94 6 67 5; 109 5; 63 U; 57.0 86.8 + 11.5
98 5, 1252
124 ) 75 0; 109.5; 121 5; 18 8 88.4 + 7.3
87 0, 73.5; 73 5
134 7 118.5, 87.0;, 93 0; 72.5 95.6 + 5.6
108.0; 97.5; 93.0 -
154 9 120.0, 88.5, 69 0; 84 0
78.0; 109.5; 73.%; 126.0 93.3 + 6.9
91.5
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Table 7.21 Splenic nucleated cell numbers of B6AF1 mice on different days after the injection of 20x10® B6 PLC.

279

VDays post GYH Splenic cellularity x 106
induction Ho of mice 1ndividual animals Mean + S.E.
8 6 106.5, 147.2; 110 7; 97.2 116.9 + 7.1
114.8; 125.3
12 5 140.0; 130.0; 106.7; 92.0 115.4 + 8.6
' 108.2 B
16 6 153.9; 136 4, 99.9; "95.9 130.8 + 11.2
162.0; 137.0 -
34 3 144.5; 122.9; 153.9 140.4 + 9.2
64 4 156.0; 124.8;, 132.0; 135 6 137.1 + 6.7
¢




Table 7.22 Splenic nucleated cell numbers of B6AF1 mice on different days after the injection of 10x106 B6 PLC.

»

Days post GVH

Splenic cellularity x 106

tnduction No of mice individual animals Mean + S.E.
8 6 89.1; 135.0; 135.0; 130.9 118.6 + 7.6 2
114.8; 106.6 -
12 4 136.4; 130.9; 124.2; 110.0 125.3 + 5.7
16 7 108.0. 130.9; 121.5; 156.0 123.6 + 14.1
140.0; 148.5; 152.0 =
34 8 75.6; 85.1; 152.4; 118.3 105.1 + 9.3
4.5; 91.8; 103.9; 118.8
64 4 140.4; 121.5; 137.7; 162.0

140.4 + 8.3
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Figure 7.9: Summary of splenic cellularity of B6AF1 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 B6AF1 mice that were used as controls on different days after GVH induction
(see table 7.16).
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Table 7.23: Splenic cellularity and PFC response to SRBC of BgAF; mice used as controls
in different experiments.

PFC response to SRBC2 -~
1 e
Experiment Splenic cellularity x106 PFC/spleen PFC/106 4+ S.E. '
number + S.E. x 10-3 _ spleen cells .
1 156.65 + 7.23 119.70 + 22.99 y.ag 1,1W
2 67.50 + 5.27 72.20 + 2.78 N 1,082.00 + 95.54 o
. ~
3 o 89.13 + 2.70 150.75 + 26.45 . 1,668.60 + 246.19
4 123.30 + 14.75 89.93 + B.81 917.45 + 164.00
\ k 4
5 88.50 + 1.50 69.80 + 2.09 789.82 + 35.83 _
6 100.50 + 7.10 76.40 + 10.08 754.07 + 49.95
7 138.63 + 19.31 50.33 + 6.47 402.39 + 98.14 .
8 95.25 + 3.9 250.80 + 14.75 2,645.50 + 191.72
9 119.00 + 10.45 107.90 + 9.7 906.67 + 36.21
a 3 - 5 normal BgAF) mice were used as control/experiment. The data presented is the mean + S.E.
7/
t
. \ : . %
) ~ . , o
15




Table 7.24: Splenic Con , PHA and LPS responses of BgAF; mice used as coatrois
in experiments.

!

. Mitogen responses cpm + S.E.
Experiment * M
number 0 Con A PHA LPS
1 11,652 + 1,076 57,882 + 1,488 72,588 + 4,780 51.141%3.109
2 5,185 + 225 31,868 + 1,328 56,492 + 3,403 54,230 + 5,419
R
3 4,084 + 1,002 % 140,064 + 12,452 90,304 + 11,709 62,406 + 5,623
4 9,699 + 565 58,579 + 7,979 72,578 + 8,666 69,760 + 2,716
\
5 7,886 + 367 136,711 + 6,998 138,731 + 2,821 56,384 + 3,228
6 15,038 + 2,492 115,763 + 11,509 125,748 + 9,776 66,786 + 2,412
7 14,980 + 1,225 67,028 + 5,160 62,030 + 4,663 45,739 + d<ffi
8 2,596 + 243 133,241 + 243 152,090 + 11,681 31,308 + 1,128
]
Y 6,978 + 1,443 98,046 + 3,421 80,495 + 4,926 49,806 + 3,310
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7.25 Percent of normal splenic cellularity, and ¥ of normal splenic ConA, PHA, and

fable LPS responses of GVH reactive B6AF1 mice with no PFC during the immune recovery
phase of the GVH reaction.?
Experiment No. % of normal splenic % of normal mitogen responses
and ) cellularityd C
(animal no.) Con A PHA LPS
1 (1) 34 18 13 43
1 (5) 52 21 20 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 1
(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 0 115
(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 *+ 6.88 989 +2.00 90.68 + 17.47
a: % of normal splenic cellularity and sglenic mitogen responses were calculated by
using the splenic cellularity and mitogen responses of normal B6AFl mice in a g1ven
experiment as 100% -
b: The normal splenic cellularity for each experiment are shown in table 7.23

Normal splenic mitogen responses are shown in table 7.24

GVH reactfons were induced in B6AF1 mice by injecting 30x10686 PLC. The animals were
sacrificed between days 100-150 after GVH induction.

_ 284



Table 7 26 Percent of normal splenic cellularity, PFC/106 spleen cell response to SRBC.
and % of normal splenic_ConA, PHA, and LPS responses of GVH reactive B6AF1
with 0.30 - 15.00 x 10-3 PFC/spleen response to SRBC during the {mmune recovery
phase of the GVH reaction.?

Experiment no. X of normal % of normal

and splenic PFC/106 % of normal mitogen responses ©
(animal no.)  cellularitybs spleen cell
response Con A PHA LPS
1 (2) 91 2 95 67 135
(4) 43 2 51 ¥ 41 118
2 (1) 138 3 92 58 105
(4) 156 4 80 k)t 118
(5) 165 5 70 26 115
{6) 198 4 116 32 103
(7) 196 o021 55 30 118
3 (3) 76 13 75 52 129
(5) 42 2 81 22 T8
(6) 114 1 62 63 80
(7) 116 7 79 40 112
(8) 57 10 85 52 98
(9) 114 8 85 43 82
4 (4) 83 2 123 46 8
(9) 114 8 81 26 108
5 (1) 117 10 56 54 105
(2) 136 2 a2 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
(s) 129 5 98 94 94
(6) 86 12 82 V34 128
/
Mean + S.E. 110 35 + 7.82 5.93 + 0.88 81.54 + 4.50 43.96 + 3.47 111.77 + 4.46

a, b, ¢ see table 7.25
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Table 7.27 Percent of normal splenic cellularity, PFC/106 spleen cell response to SRBC,
and % of normal splenic ConA, PHA, and LPS responses of GVH reactive B6AFl
PFC/spleen response to SRBC during the immune

recovery phase of the GVH reaction.?

mice with 15.30 - 30.00 x 103

Experiment no. % of normal % of normal
(anin?anld no.} ceﬂlﬂlsty sp ggr/auc)gﬂ % of normal mitogen responses €
response Con A PHA LPS
3 (4) 155 9 92 78 138
(7) " 150 10 74 40 88
4 (1) 125 15 116 107 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
(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

bl

Percent of normal splenic cellularity, PFC/106 spleen cell response to SRBC,
and % of normal splenic ConA, PHA, and LPS responses of GVH reactive B6AF1
mice with 30.00 - more-x 10'3 PFC/ spleen to SRBC during the immune recovery
phase of the GVH reaction.d

Experiment no. % of normal % of normal
and splenic PFC/106 %_of normal mitogen responses ©
(animal no.) cellularityb spleen
responsed Con A PHA LPS
1 (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
o (3) 61 342 109 79 79
(3) 169 51 ‘j 76 , 68 125
(5) 127 61 69 57 128
6 (1) 130 46 86 82 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 table 7.25

R
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Figure 7.10 Summary of the relationship between splenic cellularity, PFC/106 spleen cell
response to SRBC, ConA, PHA, and LPS responses in GVH reactive B6AF1 mice with

different numbers of PFC/spleen to SRBC during the immune recovery phase of the
GVH reaction.




Table 7.29: ?H-Thymidine incorporation by IL-2 dependent CTLL <cells in the preseace of IL-2
containing supernatants from normal B6AF1 splenocytes, following stimulation with
either Con A or PHA.

,\

289

3H-Thymidine incorporation by €TLL cells in the presence of IL-2 containing supernatants (cpmtS.E.)

Experiment no. Mitogens used to produce IL-2

0 - “  ConA - PHA LPS
- _ 1 5,442 + 623 24,811 + 654 87,776 +/2,609
2 3,474 + 233 37,906 + 1,445 69,048 + 3,369
3 2,652 + 696 ° 52,940 + 7,593 ao.‘zaz + 8,579 3,128 + 265
4 ) 1,436 # 37 63,410 + 3,220 79,846 + 4,987 1,996 + 97
; .
: ‘ 5 490 + 17 _ 76,444 + 72,273 + 3,007
6 3,278 + 246 53,454 + 2,403 79,427, + 2,191 2,998 + 101
K 7 925 + 85 44,090 + 5,515 66,177 + 8,286 o

P

0
1)
O
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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 B6AF1 mice with no PFC/spleen

to SRBC during the impune recovery phase of the GVH reaction.?2

Experiment na. % of norma{'3H-Thymidine incorporation
and by CTLL cells in the presence of IL-2
(an1mal no.) containing supernatants. 3.b.C
M1togen employed to produce IL-2
) Con A PHA
1 (1) 30 16
(5) 99 49
2 (8) 4 19
(9) 49 19
4 (2) 61 24
(6) 74 40
7 (1) = 6 3
(2) 3
(3) 0
(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 normal 3H-Thymidine incorporation was calculated by using

3H-Thym1dine incorporation by CTLL cells in the presence of IL-2
containing supernatants derived from normal B6AF1 splenocytes in

a given experiment as 100%.

é

3H-Thymidine incorporat&Qn by CTLL cells in the presence of [L-2
containing supernatants derived from normal B6AF1 splenocytes
following stimulation with either Con A or PHA for each experiment

is shown in table 7.29.

GVH react%ons were induced in B6AF1 mice by injecting 30x10686 PLC.
Animals were sacrificed between days 100-150 after GVH induction.
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Table 7.31 Percent of normal 3H-Thym1dine 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 B6AF1 mice with
0.03 - 15.00 x 10-3 PFC/spleen to SRBC during the immune recovery phase
of the GVH reaction.

Al

Experiment no. % of normal 3H-Thym1d1ne incorporation by «CTLL
and cells 1in the presence of IL-2 containing supernatants®:b.C
(animal no.)

Mitogen employed to produce IL-2

Con A PHA
1 (2) 30 16
(4) 46 37
2 (1) 87 57
(4) 51 32
(5) 66 44
(6) 53 37 »
(7)° 34 , 42
3 (3) 37 18
(5) 49 7
(6) 62 19
(7) 51 28
(8) 21 | 17
5 (1) 52 18
(2) 51 27
(6) 70 34
6 (5) 56 19
(6) 85 - 35 -
(7) 73 40
(8) 84 102 ;
4 (4) 60 25
Mean + S.E. 55.70 + 3.98 32.75 + 4.53

a, b, c: see table 7.30.
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Table 7.32 Percent of normal 34-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 B6AF1l mice with
15.30 - more x 103 PFC/spleen to SRBC during the immune recovery phase

of the GVH reaction.?

Experiment no. % of normal 3H-Thymidine incorporation by
and CTLL cells in the presence of IL-2
(animal no.) containing supernatants.bsC
Mitogen employed to produce {L-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) 8 71
(6) 94 79
5 (3) , 59 60
(4) 3 20
(5) 70 78
n 39 9
6 (1 - 58 35
2) 81 46
(3) 74 39
(4) 79 48
Mean + S.E. 77.39 +7.05 53.83 +7.03

a, b, ¢: see table 9.30
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7.12 The relationship between the degree of thymic

dysplasia and the duration of {mmunosuppression
of the PFC response to SRBC. A, B6AF1 mice injected
with 20x10686 PLC; B, B6AFl mice injected with 10x106A
PLC; C, B6AF] mice injected with 30x10586 PLC.

0, B6AF1 mice injected with 20x100A PLC.
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CHAPTER EIGHT

ATTEMPTS TO RESTORE T-CELL PROLIFERATIVE FUNCTIONS IN VITRO OF GVH
IMMUNOSUPPRESSED SPLENOCYTES DURING DIFFERENT STAGES OF THYMIC

REGENERATION. -
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8.1 INTRODUCTION

In thd previous chapter it was demonstrated thag the

thymuses as well as the immune functions of GVH reacitive

animals gradually recover from thymic injury and severe

immunosuppression. The data presented in chapter seven ajlso

suggested that the thymic architectural recovery precedes the

immune functional recovery. Moreover, it was noted thiat
although the thymus may appear architecturally normal tQRhe
animal may not regain immunocompetence (as assessed by the PF
response to SRBC). It was suggested that the time lag in th
immune functional recovery after the thymus has regﬁdned its
normal architecture may be due to the possibility that although
the thymus appeared architecturally normal it had not et
;ecovered functionally (i.e. resumed 1ts hormonal production).
Experiments were therefore, designed to investigate the effects
3
of agents which either mimic and/or mediate the actions of
thymic hormones for example PGs of the E series (Bach and Bach,
1974; Garaci et al, 1981; Garaci et al, 1983). , on T-cell

proliferative functions of immunosuppressed GVH T-cells during

various stages of thymic regeneration.

8.2 EXPERIMENTAL DESIGN

¥
a

The experimental protocol 1is outlined in figure 8.1.
GVH reactions were induced in B6AFl mice by injecting either
30x105B6 or 20x10% a parental strain lymphoid cells. On
different days post-GVH induction, animals from each GVH group

b ¥
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and normal B6AFl mice were randomly selected from a pool of
mice. The immune status of GVH reactive mice was assessed by
measuring the PFC response to SRBC. gpleen cells from animals
that were totally suppressed for the PFC response to SRBC (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
(25-30x106 spleen cells/aliquot) and each aliquot was
pretreated with either PGEl or PGE2 and then tested for mitogen
responsiveness, as descr}bed 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

The thymuses from all experimental GVH mice in the above

studies were examined histologically.

\‘\
8.3 RESULTS _
8.3.1 EFFECT OF PGE1l OR PGE2 PRETREATMENT ON T-CELL

PROLIFERATIVE RESPONSES OF NORMAL B6AFl1 SPLENOCYTES

"TO THE OPTIMUMMITOGENCONCENTRATION.

Table 8.1 demonstrates the T-cell proliferative
responses of PGEl or PGE2 pretreated normal B6AFl splenocytes
following stimulation with the optimum concentration of ﬁithet
Con A or PHA. The data (Table 8.1) show that PGEl or PGE2

pretreatment either had no significant effect or slightly

inhibiggd T-cell proliferative responses of normal splenocytes.
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8.3.2 EFFECT OF PGE1l AND PGE2 PRETREATMENT ON THE T-CELL
PROLIFERATIVE RESPONSES OF NORMAL SPLENOCYTES TO

INCREASING 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 at the
supra-optimum mitogen concentration a decline in the
profzferative response of PGE pretreated as well as non-PGE

v

pretreated normal splenocytes iIs observed (bell shaped dose

response curve).

8.3.3° EFFECTS OF PGE1l AND PGE2 PRETREATMENT OR CONA AND PHA
RESPORSES OF GVH SPLENOCYTES TAKEN DURING DIFFERENT

STAGES OF THYMIC REGENERATION.

On different days after GVH reaction inducéion,
splenocytes from mice that expressed no PFC response
(immunosuppressed GVH splenocytes) were pooled and tested for
T-cell mitogen responses following pr;treatment with PGEl‘or
PGE2.

§.3.3.1 'EFFECT OF PGE1l OR PGE2 PRETREATMENT ON T-CELL
PROLIFERATIVE RESPONSES OF GVH SPLENOCYTES (O THE

OPTIMUM MITOGEN CONCENTRATION !

Table 8.2 shows the number of B6AFl mice that were
totally immunosuppressed on different days after the injection

of 20x10% A pLC.
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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 splenoccytes On day 30 after the
injection of 20x10% A PLC, no significant differences were
observed between the mitogen responses of PGEl and PGE?2
pretreated and non-PGEl and PGE2 pretreated GVH splenocytes On
day 30 after GVH induction, thymuses from the animals whose
splenocytes were pooled displayed severe thymic dysplasia
(Table 8.3). Pretreatment of day 75 post-GVH splenocytes with
PGEl or PGE2 again showed no significant differences between
the net cpm responses to the optimum concentration of Con A or
PHA of PGEl pretreated and non-PGE pretreated splenocytes,
However, only slight enhancement of Con A and PHA responses was
observed following PGE2 pretreatment. The thymuses on day 75
after GVH induction showed various degrees of cortical

:
regeneration only.

Splenocytes taken at day 120 post-GVH induction showed
moderate Iincreases in their Con A and PHA responses after PGEl
or PGE2 pretreatment when compared to non-PGE pretreated
splenocytes. PGE2 pretreatment had a greater enhancing effect
on Con A and PHA responses than PGE1l ;retreatment. The enhance-
ment of mitogen responsiveness following PGEl and PGE2 pre-
treatment varied between 2-17 fold. On day 120 post-GVH induc-
tion, the thymuses showed various degrees of medullary
epit;elial cell 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 {nduction and were pretreated with PGEl or PGE2. At
160 days after GVH induction, thymuses displayed complete
medullary regeneration with abundant visible epithelial cells

and Hassall corpuscles, however, T-cell function had not

recovered.

Table 8.4 shows the number of B6AFl mice that were totally
i'mmunosuppressed on different days after the injection of
3Ox106 B6 PLC. The data presented in table 8.5 show the T-cell

—proliferative responses to the optimum concentration of Con A
and PHA of PGEl and PGE2 pretreated immunosuppressed spleno-
cytes taken from B6AFl mice at different days after the injec-
tion of 30x10°% B6 PLC. The data demonstrate that PGEl or PGE2
h'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 PGEl and PGE2 pretreatment on mitogen responses of GVH
splenocytes when the thymuses displayed either moderate lesions

(Table 8.5, day 30), or when only cortical regeneratig1 was

evident (Table 8.5, day 55).

Thus, in the two GVH combinations employed in this study,
a similar pattern of enhancement of Con A and PHA responsive-
ness of GVH splenocytes following PGEl or PGE2 pretreatment is
observed. The enhancing effects of PGElL and PGE2 on T-cell
proliferative responses appear to be dependent upon thymic
medullary regeneration at the time of PG pretreatment. These

results suggest that T-cells that respond to Con A and PHA, may
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require two signals to acquire immunocompetence: <contact with

thymic medullary epithelial cells and thymic factor(s) (or

agents that mimic the effects of thymic factors).

8.3.3.2 EFFECT OF PGEl1l AND PGE2 PRETREATMENT ON THE T-CELL
- PROLIFERATIVE RESPONSES OF GVH SPLENROCYTES TO

INCREASING CONCENTRATIONS OF CON A AND PHA.

Figures 8.3-8.6 demonstrates the effects of PGE1l
and PGE2 pretreatment on the proliferative responses ¢to
increasing concentrations of Con A and PHA of GVH splen;cytes
(20x106 A PLC --> B6AFl), taken during different stages of
thymic regeneration. The data demopstrate that PGEl and PGE2
pretreatment at the time of severe thymic 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) PGEl 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 PGEl or
PGE2 pretreatment was observed at the time when both the epit-
helial cells and Hassall corpuscles were visible in the thymic
medulla (Fiqu@ 8.6). Moreover, the data presented in figure
8.6 clearly show that PGEl and PGE2 pretreatment of GVH spleno-
cytes resulés in a bell-shaped response pattern when increasing
concentrations of Con A and PHA were used. Fhis bell-shaped
response pattern of GVH splenocytes (Fig.8.6) 1is similar 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 (30x10%B6-->.
B6AFl), it was noted that PGEl and PGE2 pretreatment had no
siginficant effect on the responsiveness of GVH splenocytes to
increasing concentrations of Con A and PHA when a moder;te
degree of thymic injury wvas visible (Figure 8.7) or when thymic
cortical regeneration had taken place (figure 8.8). In this
combination (30x106 B6-->B6AFl) also PGEl and PGE2 pretreatment
of GVH splenocytes enh;nced the proliferative responses at all
Con A and PHA concentrations tested at the time when thymic
medullary reéeneration was evident (Figures 8.9 and 8.10).
Furthermore, with inc;easing 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 1s essential for the initiation of

the proliferative response.

8.4 DISCUSSIONR

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 thymic regeneration. The results show that
PGE1 and PGE2 pretreatment had no significant enhancing effect
on mitogen responses at the time when the thymuses displayed
either moderate-severe lesions or wheg_cortical regeneration

\
wvas evident. The enhancement (restoration) of GVH immuno-

301

oy



W

supptessed splenocyte mitogen response following PGEl or PGE2
pretreatment was observed only when the thymuses displayed
medullary regeneration. These results suggest that the
immunocompetent T-cells that respond to T-cell mitogens may
require two signals for functional maturation and that PGEl and

PGE2 may be acting ona cell population that plays an important

role in the initiation of proliferative responses.

The pronounced enhancement of mitogen responses following
PGEl or PGE2 pretreatment of GVH splenocytes , at the time when
the GVH-reactive thymuses show medullary-wegeneration, suggests
that new post-thymic T-cell precursors ( Stutman, 1975, 1977,
1978; %tutman and Shen, 1977, 1979) had repopulated peripheral
lymphoid organs after passing through the recovered thymuses
(architecturally normal thymuses). However, these post-thymic
T-cell precursors were unable to respond to Con A and PHA,
although the thymuse ad recovered structurally. Possibly’such
thymuses have not “yet resumed their hormone(s) production.
Therefore, pretreatment of GVH splenocytes that have cowe in
contact with "regénerated" thymic epithelium with either PGEl
or PGE2 resllts in greater restoration of T-celltmitogen
responsiveness. In the previou;.chapter (chapter 7) we had
suggested that the functional recovery (hormonal productions)
of the thymus may take ; longer time to recover than its archi-
tectural recovery. The data presented in this chapter demons-
trating that the maximum restoration of T-cell proliferative
function following PGEl or PGE2 pretreatment is ;bsenwed only

when the thymus has recovered architecturally support our
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earlier proposal. Several workers (Bach and Bach (1974; Garaci
et al., 198l; Garaci et al., 1983) have shown that PGEl and
PGE2 mimic and/or mediate the effects of thymic hormones. Thus,
the data presented in this chap;er strongly suggest that the
regeneration of thymic eﬁithelium and Hassall's corpuscles may

not be sufficlent to Iinduce T-cell immunocompetance and that

thymic factor(s) may be required for complete T-cell functional

maturation
ES

Previous work from this laboratory (Seddik et al, 1984)
and others ( Stutman, 1975, 1977, 1978) supports the hypothesis
that GVH immunosuppressed splenocytes which respond to T-cell
mitegens following PGEl and PGEQ treatment have been influenced
by the "regenerated” thymuses. We have previously demonstrated
that GVH dysplatic thymuses continued to recruit pre-T-cells
from the periphery, however, these/ thymuses were unable to
induce terminal #aturation in the newly recruited pre-T-cells
(Seddik 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 pré-T-cells produced by
the GVH BM become functional under the influence of a normal
thymus (Seddik et al., 1984). Since it is well documented that
immunocompetent T-cells which initiates Con A and PHA induced
proliferation require a functional thymus (i.e. thymic
eplithelial cell contact as well as thymic factor(s) (Stytman
1977, 1978; Bach and Carnaud, 1976), the data in the present
study would therefore, suggest that PGE1l and PGE2 treated GVH

splenocytes that respond to Con A and PHA may have "homed" to

) d /\/ 1Y
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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
iéééée proliferation of PGEl or PGE2 pretreated splenocytes of
GVH- reactive mice whose thymuses show medullary regeneration a
bell-shaped curve is obtained This bell-shaped curve 1in
response to Increasing concentrations of mitogen is observed
following PGEl and PGE2 pretreatment of splenocytes obtgined
from both the GVH combinations (20x106 A PLC-->B6AFl and 30x106
B6 PLC-->B6AFl) This response pattern of PGE pretreated GVH
splenocytes 1s identical to that observed wvhen normal B6AFIl
splenocytes are stimulated in the presense of increasing

concentrations of mitogens

The fact thac’the PGEl and PGE2 pretreatment of GVH
immunosuppressed splenocytes restores mitogenic responses
suggests that'PGEl and PGE2 are acting on a cell population
which 1s required for the Initiation of proliferative
responses, If PGEl and PGE2 are in fact acting on a cell popu-
lation which 1is required for the 1initiation of the
proliferative responses then it would appear from the present
data that this cell population is present in the GVH spleens at
the time of thymic medullary regeneration, but is not yet

functional. -

It has been reported that the cellular response to
mitogens/antigens is 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 PGEl and PGE2 have
different effects on the mitogen responsiveness of normal and
GVH immunosuppressed splenocytes, the data presented in this
chapter sJ:gest 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 thymic hormones
(Kook and Trainin, 1975). If, as proposed in the previous
chapter (chapter 7), thymic functions (hormone production)
resume gradually following the gradual regeneration of thymic
architecture during the recovery process, then 1t may be
plausible that the cells which are required for the iInitiation
of the mitogen responses are present in the spleens of the GVH
immunosuppressed mice whose thymuses had regenerated
structurally, but due to the lack/deficiency of thymic hormones
may not be et an optimum intrinsic state to respond to the

stimulus.

It should be remembered that in these studies splenocytes
from several mice/day/GVH combination, which were totally
immunosuppressed for the PFC response to SRBC, were pooled
(Table 8.2 and 8.4 ). Although the thymuses from these mice
were at a gimilar’stageof regeneration ona given day post-GVH
induction, it is possible that the degree of*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

" functional recovery. It is important to take these data limita-
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tions Into consideration because variations in the degree of
thymic regeneration may influence the resting state of the
splenocytes These differences in the restimg state of
splenocytes may also determine the degree of enhancement of

proliferative responses following PGEl and PGE2 pretreatment

In this chapter we have argued that PGEl and PGE2 may be
acting upon a cell population which initiates the {immune
response, but we have not characterized the cell. However, data
reported from this laboratory as well as by other workers
;uggest that PGE1l and PGE2 may<be acting upon a IL-2 producing
T-helper cell population, which may be under the direct
influence of thymic 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) assocliated with thymic epithelial cell
injury. Our recent data demonstrate that this GVH induced
thymic injury results in marked depletion/reduction in IL-2
Producing, but not IL-2 responding cells (Mendez et al ,
1985a,b). Studies by Beardsley et al. (1983) provide direct
evidence that the maturation of IL-2 producing cells 1{s under
the influence of thymic medullary epithelial cells and/opltheir
products. The data presented in this chapter show that PGEl and
PGE2, which mimic  -the effect/action of thymic hormones (Bach
and Bach, 1974; Garacl et al., 198%; Garaci et al., 1983), are
most effective Iin initiating and inducing T-cell mitogen
responses only when the GVH thymuses have regained normal

architecture. These data suggest that the T-cell sub-
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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 thymic epithelium as well as thymic 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-cell

immunodeficiecy ( and probably the functional capability of Th

lyl+ cells).

In the following chapter studies are reported on the
restoration of GVH depressed splenic NK cell cytolytic activity

and its relationship to thymic medullary dysplasia.
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injécted with either
(i) 30x10° B6 PLC or

,////,//”(ii) 20x106 A PLC
YA

B6AF, hybrid

308

On different days post GVH induction the animals vwere tested
for their immune status and divided into 2 groups

Animals with O PFC/spleen Animals with different no. of PFC/spleen

Thymic histology Splenocytes from these mice were pooled

Aliquoted and treated with
either PGE} or PGEp

-~

Figure 8.1 Experimental design used to investigate the role of thymic medullary epithelial cells in T-cell
immunodeficiency during the course of GVH reactions.
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concentrations of Con A andf PHA.

Table 8.} Effects of PGE1l and PGE2 pretreatment of normal B6AF1 splenocyte responses to optimum

PG [moles] it -3a

et et mitogen responses net cpm + S.E. x 10
ConA PHA
=

. 178.6 1 10.5 129.3 ¢ 13.5
PGE1 10-6 150.7 $15.1 111.3 ¢ 11.1
PGE1 10-9 ; 165.5 + 12.2 108.6 + 15.1
PGE2 10-6 136.2 & 15.0 111.6 + 16.4
PGE2 10-9
GEZ 10 151.8 + 11.9 126.6 + 17.8

a Pooled data of nine individual experiments

Boa
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Figure 8.2 Effects of PGE1l and PGE2 pretreatment on normal B6AF1
splenocyte responses to different concentrations of
ConA and PHA.
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lable 8.2

Number of mice with zero PFC/Spleen on different days after the injection of 20x106A PLC.
\ <

-
Days after Number of mice injected Number of mice with
GVH with SRBC/day zero PFC3
Induction
™

30 5 5

15 5 5

120 9 8

160 6 4

a

Splenocytes from GYH mice with zero PFC were pooled for PGEl and PGE2 Pretreatment
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Table 8.3 Effects'of PGE1l and PGE2 pretreatment on GYH ismunosuppressed splenocyte responses to the optimum
concentrations of ConA and PHA during different stages of thymic regeneration.

—— ——

Day after G¥H PG [moles) —MITOGEN RESPONSES MET cpm 4 S.E.x10-3 =~ (DEGREE_QF TIYMIC REGENERATION
Induction? Pretreatment ConA (1.25 ugs) PiA (1.25 ugs) Cortical HEC“uednls.ryHcd
- 30.4 £ 5.2 0.7+ 0.3
PGel 10-6 2291+ 2.0 0.B + 6.4
30 PGE1 10-9 3.9+ 1.4 0.3%+ 0.4 - - -
PGE2 10-6 8.3+ 2.1 1.9 1.4
PGE2 10-9 26.1+ 1.9 0.4+ 0.2
- 4.8t 2.3 1.4 1.1
PGE1 10-6 22.5+ 1.1 2.2% 1.5
75 PGEL 10-9 25.2 ¢+ 2.1 4.8t 0.8 + - -
PGE2 10-6 36.7 & 2.3 1.9+ 0.3
PGE2 10-9 36.4 & 3.4 2.9+ 0.6
- 3.5+ 0.2
PGE1 10-6 561 0.7
120 PGE1 10-9 12.4+ 2.9 -b + + -
PGE2 10-6 14.3¢ 1.5
PGE2 10-9 36.8+ 1.8
- 23.9 % 0.6 41.2 ¢ 1.1
PGE1 10-6 88.6 + 5.5 113.9 + 10.4
160 PGE1 10-9 106.9 + 3.8 135.6 ¢+ 7.9 + + +
PGEZ 10-9 111.6 ¢ 7.0 121.7 ¢ 10.8 .
-b -b -b

312

a GVl reactions were induced in B6AF1 mice by Injecting 20x105A PLC: b not done:
c medullary epithelial cells: d Hassall corpuscles
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lable 8.4

Number of mice with zero PFC/Spleen on different days after the injection of 30x1068 PLC.

Days after Number of mice injected Number of mice with
GYH with SRBC/day lero PFC®
induction
30 6 6
55 7 7 ¢
120 7 4
130 7 4
a

Splenocytes from GVl mice with zero PFC were pooled for PGEl and PGE2 Prefreatment.
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- Table 8.5 Effects of PGEl and PGE2 pretreatment on GVH ismunosuppressed splenocyte responses to the optimum

v concentrations of ConA and PHA during different stages of thymic regeneration.
Day after GYH Pa [moles] mmmmw@ DEGREE_ QF _THYHIC REGE
Induction® Pretreatment ConA (1.26 ugs) PHA (1.25 ugs) Cortical cﬂedulllry d
HEC He
- 2l.7 ¢ 1.6 0.9 0.4
PGE1 10-6 22.9+ 0.3 1.5+ 0.2
; 30 PGE1 10-9 28.7 + 0.6 2.4+ 0.8 - - .
! PGE2 106 2.5+ 0.5 N 1.8+ 0.8
! PeE2 10-9 32.6 + 0.6 0.91 1.1
' - 16.5 ¢ 1.3 i
PGEL 10-6 17.9 % 1.5
55 PGE1 10-9 21.0 &+ 1.7 b + - -
PGE2 10-6 40.9% 1.6
3 > PeE2 10-9 25.41+ 1.8 ,
; - 2.5+ 0.2 1.8+ 0.4
PGE1 10-6 16.6 & 0.2 5.3+ 0.5
120 PGE1 10-9 35.9 ¢+ 4.4 19.9 ¢ 2.0 + + ) +
PGE2 10-6 65.9 + 4.3 271.1 ¢ 0.4 {
PeE2 10-9 61.1% 4.5 2.2+ 2.3 '
- 176+ 0.1 291+ 1.4
, PGEl 1076 67.5 ¢ 4.4 23.5 & 1.1
130 PGE1 10-9 70.2% 0.8 328+ 1.3 + + +
PGE2 10-6 65.0 &+ 2.4 21.4¢ 1.0
PGE2 1077 8.9+ 1.4 2.9 2.4
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a GVl reactions were Induced in B6AFI mice by Injecting 30x10686 PLC: b

not done:
¢ Medullary epithelial cells: d lassall corpuscles
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Figure 8.3 Effects of PGE1l and PGE2 pretreatment of GVH immunosuppressed splenocytes on their
responses to different concentrations of ConA and PHA at the time of severe thymic
dysplasia. GVH reactions were-induced in B6AFl mice by injecting 20x106 A PLC.
Splenocytes were taken at day 30 after GVH induction. Each point represents the mean
cpm of triplicate cultures. The S.E.at each point did not exceed 12% of the mean.

14

. .
T :Mﬁ
o~ - feo Tl s M




© Medium

Ve
O PGEl 10-6y
150 = PGE1 10-9M
30, A PGE2 106N
A PGE2 10-9M
1104
?0 4 i
L)
o
x 704
P
(W)
50
' ' M
] 062 125 250 500 0 062 125 250  so00

CON A PHA

.

MITOGEN CONCENTRATIONS (vg/ml)

) ‘ ——
Figure 8.4 Effects of PGEl and PGE2 pretreatment of GVH immunosuppressed splenocytes on their
responses to different concentrations of ConA and PHA at the time of cortical regen-
eration. GVH reactions were induced in B6AF1 mice by injecting 20x106A PLC.
The splenocytes were obtained at day 75 after GVH induction. Each point represents

the mean cpm of triplicate cultures. The S.E. at each point did not exceed 12% of the
mean.
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Figure 8.5 Effects of PGEl and PGE2 pretreatment of GVH immunosuppressed splenocytes on their .

responses to different concentrations of ConA and PHA at the time of medullary epithelial
cell regeneration. GYH reactions were induced in B6AF1 mice by-injecting 20x106A PLC.

Splenocytes were obtained at day 120 after GVH induction. Eacly point represents the mean
cpm of triplicate cultures. The S.E. at each point did not-exteed 12% of the mean..
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Figure 8.6 Effects of PGEl and PGE2 pretreatment of GVH immunosuppressed splenocytes on their o

responses to different concentrations of ConA and PHA at the time of medullary epithelial
cell and Hassal]l's corpuscles regeneration. GVH reactions were induced in B6AF1 mice by
injecting 20x10%A PLC. Splenocytes were obtained at day 160 after GVH induction. each point

represents the mean cpm of triplicate cultures. The S.E. at each point did not exceed 12%
of the mean.
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dysplasia. GYH reactions were induced in B6AF1 mice by injecting 30x105 B6 PLC.
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CHAPTER NINE

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 VIVQ AND IN VITRO.



9.1 INTRODUCTION

In chapter 3 we demonstrated that by day 30 after
GVH- induction splenic 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 mice
displayed medullary regeneration. Since NK cell activity is
believed to be thymus independent, ( nude mice possess high NK
cell activity and thymectomy increases NK cell activity), In
this chapter we have therefore investigated the possible causes
of depressed splenic NK cell activity during GVH reactions and
whether the depressed splenic NK cell activity of GVH-reactive
mice could be restored at the time when thymic medullary

lesions were visible.

9.2 EXPERIMENTAL DESIGN —

A diagramatic representation of the experimental
design is shown in figure 9.1. GVH reactions were induced in
B6AF1l mice by injecting 30x10 B6® PLC. 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 were 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
puncture and pooled 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 NK cells
(see sectlion 2.5 for detail) and were tested for NK cell

cytotoxicity. The thymuses from GVH animals were fixed in 5%

formalin for histology.

In the second series of experiments, GVH reactions were
induced in B6AF1 mice by injecting 30x10% B6 PLC. Age and sex
matched normal B6AFl mice served as controls. These GVH-
reactive mice were divided into two groups, Gl and G2.
Similarly, normal B6AF]l mice were also divided Iinto two groups,
N1 and N2. GVH and normal B6AF]l mice from groups G1 and N1 were
randomly selected and injected with Poly I:C (100ug/mouse) I.P.
in a volume of 0.3 ml at the time when NK céll activity of GVH-
reactive mice was severely depressed and IFN could not be
detected in their serum. The GVH and normal B6AFl mice of
groups G2 and N2 were not injected with Poly I:C and served as
controls.'Eighteen to twenty four hours after the adminstration

of Poly I:C, the mice (G1,G2, N1, and N2) were sacrificed.

¥

Serum was obtained, as described above, and tested for IFN

titers.
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The spleens from each group were pooled and single cell
suspension were prepared. NK cell activity 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 cell depressed GVH-
&

with either PGs and Poly I:C alone or in combination Splenic

and BM mononuclear cellularity and thymic histology were also

studied.
9.3, RESULTS
9.3.1. CONFIRMATION OF THE INDUCTIO& OF GVH REACTION:

To confirm that a GVH reaction was induced mice were
randomly selected from a pool of GVH-reactive animals and the
PFC response to SRBC was assessed. Table 9.1 demonstrates that
the GVH-reactive animals were totally suppressed by day 12
after GVH 1induction, thus confirming the induction of GVH

reactions.
gr

9.3.2. KINETICS OF SPLENIC NK CELL ACTIVITY AND SERUM
INTERFERON TITERS AFTER THE INDUCTION OF GVH

REACTIONS:

Table 9.2 demonstrates the kinetics of splenic NK cell

activity and serum IFN titers (both measured in the same mice)

during the course of GVH reactions. The data presented show

4

that splenic NK cell activity and serum IFN titers were
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—Poly I:C. These data show that IFN producing cells and NK cells

augmented by day 4 after GVH-induction. NK activity peaked by
day 8 and IFN levels were maximum by day 12, followed by
depressed NK activity and IFN titers by day 30 after GVH
induction. These results show a close association between
augmented splenic NK cell activity and serum IFN titers during

the course of GVH reactions.

9.3.3 EFFECTS OF IN VIVO ADMINISTRATION OF POLY I:C ON

SPLENIC NK CELL ACTIVITY AND SERUM INTERFERON TITERS

OF GVH IMMUNOSUPPRESSED MICE:

Table 9.3. shows the effects of in vivo adminstration
of poly I:C, an IFN 1inducer, on NK cell activity and IFN
production in GVH-reactive animals when both NK cell activity
and IFN titers had declined. The results show that a single in
vivo injection (I.P.) of Poly I:C (100ug/animal) increased NK
cell activity to levels of normal non-Poly I:C treated mlce,
which was much less than the NK activity observed in normal
mice treated with Poly I:C. IFN production and NK cell activicy
of GVH mice treated with Poly I:C was only agout 25-30% of NK
activity and IFN titers observed in normal mice treated with
X
are pr;sent ingthe GVH- reactive animals and that Poly I:C
boosted NK cell activity and serum IFN titers show a close

association, 1.e., both NK cell activity and IFN levels of GVH

mice were 25-30% of norma)l B6AF]l response following Poly I:C

adminstration.
9.3.4. THYMIC HISTOLOGY:
326 "
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Table 9.4. shows that on days 30 and 35 after GVH
induction moderate thymic lesiZns were observed in both
untreated and Poly I:C treated GVH mice, whereas normal B6AF1
mice that received Poly I:C possessed a normal thymic

architecture, suggesting that Poly 1:C did not have any effect

on the thymus.

9.3.5. BM NUCLEATED CELLULARITY FOLLOWING GVH REACTION
INDUCTION N

Figure 9.2 shows the BM cellularity of B6AFl mice on
different days after the Iinjection of 30x10°B6 PLC. The results
show that the BMs of GVH mice became severely depleted of
nuc leated cells by day 20 after GVH induction. Spontaneous
repopulation of the BM starts by day 30 and by day 60 after GVH
Iinduction comﬁlete repopulation of the BM was observed,

93.6 SPLENIC RUCLEATED CELLULARITY FOLLOWING GVH REACTION

INDUCTION:

Figure 9.3 shows the splenic cellularity of B6AF1l
mice on different days after the injection of 30x108B6 PLC. The
data show that the spleens of GVH mice become severely depleted
of nucleated cells by day 30 post-GVH induction. Figure 9.3
fur ther shows that by day 60 post-GVH induction only partial
repopulation of the §p1eens of GVH animals with mononuclear
cells was observed. The kinetics of splenic nuclear cell

repopulation in different GVH combinations ﬁns also shown 1in

chapter 7 (Figure 7.9). i
9.3.7. EFFECTS OF PGS AND POLY I:C PRETREATMENT ON NORMAL
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AND GVH IMMUNODEPRESSED SPLENIC NK-GCELL ACTIVITY:

Table 9.5 shows ¢the effect of different
concentrations of PGEl, PGE2 and PGF2 on normal/BGAFl
splenocytesﬁ PGEl and PGE2 pretreatment suppressed spY;nic NK
cell activity of normal F1l cells in a dose-dependent manner,

whereas PGF2 had no significant effect.

Table 9.6. demonstrates the effect of pretreatment with
different PGs, elither alone or in combination with Poly I1:C, on
the NK cell activity against YAC targets of normal and GVH
splenocytes. When splenic NK cells from GVH mice were treated
with either PGs or Poly I:C prior to mixing with targets, a
slI;;:'enhancemenc of NK cell activity was observed. When
splenic cells from GVH-reactive mice were pretreated with both
PGs and Poly I:C higher NK cytotoxicity was induced than NK
cytotoxicity induced in GVH splenocytes by PG or Poly I:C
treatment alone. In contrast, PGEl or PGE2 pretreatment

inhibited endogenous as well as in vitro Poly I:C activated

normal splenic NK cell activity.

9.4 DISCUSSION

The results presented in this chapter show that the
early enhancement (up to day 12 after GVH induction) and the
latter depression (by day 30 after GVH induction) of splenic NK

cell activity parallels sexrum IFN titers during the course of
]

S

GVH reactions. By day 30 afterGVH induction, both the splenic
\\\

NK cell activity as well as serum) IFN titers could only be
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partially boosted by in vivo administration of Poly I'C. In

addition, NK cell activity of GVH immunoSuppressed splenocytes
I:C, however, unlike the splenic T-cell proliferative function
(chapter 8), splenic NK cell activity of GVH immunodepressed
mice could be restored by PGs and Poly I:C treatment at the
time when the thymic medullary injury was stili evident The
results suggest that NK cells are present in the spleens of GVH
mice but are not able to express fully their cytolytic
potential., Furthermore, the restoration of splenic NK tell

—— —— — —

regeneration of the thymic medullab

In chapters 4, 5, and 6. we have shown that the early
appearance of NK cell activity, probably of donor origin, may
plaf an important role in the development of GVH induced tissue
damage. Therefore, an understanding of the mechanism(s)
responsible for enhanced NK cell activity following GVH .
induction may be useful for manipulating and possibly
preventing the development of tissue damage associated with GVH
reactions. In chapter 3, data were presented (Figures 3.8 and
3.9) showing that supernatants from GVH-reactive lymphoid cells
were able to induce NK cell activity {YAC killing) in normal
lymph node and bone marrow cells. Although, the active
compon;;t of the GVH supernatants that induced NK cell activity
in normal lymphoid cells was not characterized, it is possible

that the supernatants contained IFN. We have previously

reported high titers of IFN in supernatants obtained fron in

>
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‘of the endogenous normal NK cell activity and that the Poly I:C

vitro 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 NK cell activity early gfter GVH reaction induction.
Thus, the data presented in this chapter would strongly suggest
that during the early phase of GVH reactions augmented NK cell
activity may be due, at least 1in part, to augmented IFN
production. This augmented IFN production may play an important

role in recruiting and/or activating NK cells of both host and

donor origin. The activated donor NK cells may then 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 well as
serum IFN titers of GVH immunodepressed mice could bimpartially
boosted by in vivo administration of Poly I:C. Th; data in’
tables 9 3 show that, in absolute terms, the Po;& I:C induced
augmentation of NK cell activity in GVH mice was significantly
lower than'Poly I1:C induced augmentation of NK cell activity in
normal mi?e (15% and 13% in GVH mice versus 56% and 49% in
normal mi;e). However, the ratio of*Poly I:C boosted NK cel
activity to endogenous NK cell activity in both the GVH
immun&suppressed and normal mice was the same, 1.e., between 3-

4 fold increase (Table 923).Tab1e 9.3 further shows that the

endogenous GVH splenic NK dell activity was approximately 30%

boosted GVH splenic NK cell activity and serum IFN titers were

also approximately 308 of the Poly I:C boosted normal NK cell
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activity and serum IFN titers. Furthermote, the data presented
in figure 9.3 (also see chapter 7; Figure 7.9) show that by day
30 after GVH inductien the splenic cellularity of GVH mice is
also approximately 30% of the\nbrdaidcellularity 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 I C These
results suggest that depressed splenic NK,cell activity and

IFN production may be due, at least Iin part, to depletion of

splenic mononuclearxr cells,

The data presented in table 9 6 demonstrate that GVH
depressed splenic NK cell activity can also be boosted by in
time of splenic cell depletion. In contrast, PGEl and PGE2
suppressed both the endogenous and Poly I:C boosted normal
splenic NK cell activity. The boosting of GVH depressed splenic
NK cell activity by PGs and Poly I1:C treatment at the time of
splenic cell depletion (day 30-45 after GVH induction) suggests
that some other mechanism(s) beside splenic mononuclear cell
depletion may be involved in the depression of splenic NK cell
activity. One mechanism responsible for the depressed 'GVH
splenic NK cell activity at the time of splenic mononuclear
cell depletion may be a continuous production of lymphokines
during the early phase of the GVH reaction. The continuous
production of lymphokines m;y deplete the substrates necessary
fér lymphokine production. The depressed production of these

lymphokines may result in decreased NK cytoiytic activicy., It
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has been reported that mice infected persistently with virus or
injected continuously with IFN inducers become hyporeactive,
i.e., either produce very low amounts of IFN or fail to produce
any IFN in response to subsequent stimuli (Sfringfellow, 1978).

During GVH reactions there is a continuous production of IFN up

to day 12, followed by a decline reaching background levels by

day 30 after GVH induction. After day 30, IFN can only be
g;rtially boosted by Poly I:C (Table 9.3). iapp et al. (1980)
have also reported that GVH splenotytes produce copious amounts
of PGE up to day 10, followed by)a rapid decling to undectable
levels by day 30 after GVH induction. PGE production could not
be induced by C.parvum after day 30 of GVH indu;cion (Lapp
unpublished observations). Since in wvitro pretreatment of GVH
splenocytes with PGs and Poly I:C boosts splenic NK cell
activity, it is plausible that dfcreased production of IFN
and/or PG by cells in GVH-reactive animals may also, at least

in part, contribute to the depressed splenic NK cell activity

of GVH mice, 1in addition to the splenic mononuclear cell

depletion.

?

The data presented in this chapter (Figure 9.3) further
show that by day 60 after GVH induction splenic cellularity
increases and reaches about 65% of normal‘splenic cellularity,
yet the splenic NK cell activit¥remains severely depressed

(Table 9.6). On day 60 after GVH induction, the depressed

pretreatment of GVH splenocytes vith PGs and Poiy'{:c (Table

9.6). The-boosting (restoration) of GVH depressed splenic NK
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9.6). The boosting (restoration) of GVH depressed splenic NK
cell activity by PG and Poly I:C pretreatment at the time of
splenic repopulation suggests that some other mechanism(s)
besides splenig mononuclear cell depletion and hyporeactivity
of the surviving cells may be involved in the depression of
splenic 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
mononuclear cellularity may reach approximately 17% of normal)
However, by day 60 post-GVH induction, BM cellularity
spogtaneously increases and reaches normal levels (97% of
normal) (Figure 9.2). It was shown in chapter 3 (Figure 3 7)
that the BM NK cell activity not only ;eappeared but was
dramatically augmented by day 60 after GVH induction, a time
when BM cellularity reaches normal levels (Figure 9.2). In
contrast, splenic NK cell activity remained severely depressed
up to day 150 after GVH induction (chapter 3, Figure 3.5). The
fact that the NK cell activity recovers in the BM but not the
spleen (chapter 3), by day 60 after GVH in&uction, suggests
that NK cells produced in the BM are exported to the spleen,
however, these spleni¢ NK cells do not undergo spleen
"dependent” maturation and are unable to express their full

cytolytic potential.

P

4

Several studies have recently reported heterogeneity
within NK¥9cells (Tai et al., 1980: Lust et al., 1981). It has
been suggested that certain sub-populations of NK cells are BM

Y
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dependent while others are spleen dependent for their complete
maturation (Lust et al., 1981). The spleen dependent NK cell
populations, although produced in the BM (Haller, 1977; Haller
et al., 1977), perhaps undergo further maturation and
differentiation in the splenic microenvironment (Lust et al.,
1981). Jc 1is possible that the splenic microenvironment of GVH-
reactive animals may not fe conducive to further maturation of
NK cells (expression of cytolytic potential). In fdct,
Pattengale et al. (1983) have reported céﬁt the spleens of GVH-
reactive animals have altered histoleogy. The data presented in
chi; chapter (Table 9.6) do not show whether boostable splenic
NK cells at the time of splenic repopulation are "new" BM
derived NK cells or not. However, the data presented in table
9?6 showing that PGs and Poly 1:C pretreatment can boost GVH
depressed splenic NK cell activity at the time of splenic

repopulation (Figure 9.3) suggest that NK cells are present in

the repopulated spleens but fall to express thelr cytolytic

<
potential. &

A

In brief, the data presented in this chapter (and also ig
chapter 3) suggest that the continued depression of splenic NK
cell activity in GVH mice may be due to at least four
mechanisms :.(i) splenic mon;nuclear cell depletion; (ii)
hyporeaétivity of lymphokine producing cells; (ii1i) a PG
sensitive suppressor mechanism Iin the spleen but not in the
bone iarrow; and, finally, (iv) lack of e#pression of cytolytic

potential by splenic NK cells, i.e., a defect in spleen
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dependent NK cell maturation. These four possibilities may not

be mutually exclusive

The asspciation between thymic dysplasia and NK cell
activity (Tables 9.4 and 9.6) does not concur with the
relationship between thymic dysplasia and T-cell function as
described in the previous chapter (chapter. 8) The data
presented in this chapter showing that NK cell activity can be
restored even when thymic medullary dysplasia is evident
suggest that splenic NK cell activity can be restored earlier
than splenic T-cell proliferative function and that the
restoration of splenic NK cell activity 1is independent of
thymic medullary regeneration . It is believed that NK cells
and T-cells belong to the same lineage, and represent different
stages Iin maturation/differentiation (Herberban et al., 1979;
,Herberman and Holden, 1978; Shellam, 1977; Kaplan, 1985) . It
has been proposed that NK cells are pre-Trgglis and the thymic
hormones (or the presense of a8 normal thymus) induced
depression of NK cell activity reflects a shift in pre-T-cells
(NK cells) into more mature T-cells (Bardos et al., 1982)
Similarly, thymectomy (or the absense of the thymus as in nu/nu
mice) increases the pre-T-cell pool and therefore, increases NK
cell activity (Shellam, 1977; Herberman et al., 1979). 1If NK
cells are pre-T-cells as is believed, then 1t is possible that
the presense of boostable NK cells in GVH spleens may represent
'{mmature pre-T-cells which do not require an architecturally
normal thymi{ic medulla. In fact, we have observed that GVH BM
continues to produce pre-T-cells (Seddik et al., 1984b)

f \
' ]

335

e



o,

regardless of the severity of the thymic medullary lesions.
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/ 30x100 86 PLC.

E,;,,x
) B6AF] hybrid °
1 On different days post PLC injection
‘ the following studies were performed
~ Splenic Serum PFC Splenic BM Effects of in vivo Effects of in vitro Thymic
. NK cell . IFN responses to cellularity cellularity administration of - treatment of PGs & Poly I:C histology
activity titers SRBC Poly I:€ on

t

!

I,

l

Splenic Serum
NK IFN
activity titers

™~

Figure 9.1 Experimental design used to investigate the possible mechanism(s) of depression of splenic NK cell

activity during the course of GVH reactions.




Table 9.1: PFC/spleen response to SRBC of B6AF1 mice after the injection of 30x106 86 PLC.

>

4

Days after
i dGVH . PFC/spleen + S.E X 10-3
nduction \

0 117.3 ¢ 11.7

8 h 9.7 + 3.3

12 0.1+ 0.1

a

Three animals/day were tested for the PFC response. ’
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Table 9.2: Splenic NK cell activity and serum IFN titers of B6AF] mice on different days after the
injection of 30x10986 PLC.

Days after % Specific Lysisb Serum IFN titers (u/ml)C
GVH Induction YAC-1 P815
- 12 1 0
- N
4 18 1 40 . P4
8 44 8 + B0
12 32 ‘9 ' 120
30 2 - 0
//\
a 4 animals/day were randomly selected from a pool of mice
b The effector : target cell ratio used was 50:1 /
¢ On each day IFN titers were determined in pooled serum of 4 animals )




' A

-

Table 9.3

;Jr

Effect of in vivé administration of poly I:C on NK cell activity and
in normal and GVH reactive B6AF1 hybrids.

IFN production

Poly I:C Days Post
Groups Treatment GVH * Specific Lysis
in vivo Induction YAC P815 IFN Titer (u/ml)
Expt.1 .
B6AF1 - - 15.41 0.q9 0
A
B6AF1 + - 56.00 4.55 ' 560
B6AF1 (GVH) - 30 4.10 -0.46 0
B6AF1 (GVH) + 30 15.48 1.46 150
Expt.2
B6AF1 - - 10.62 -1.11 0
B6AF1 + - 49,22 3.19 480
B6AF1 (GVH) - 35 3.25 ND 0
B6AF1 (GVH) + 35 12.99 ND 140
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lable 9.4: Uegree of thymic injury observed in GVH mice treated with Poly I:C.

Days after Poly 1:C Thymic Injuryb
Gy treatment
induction (100 um/mouse)d Cortex Medul la
0 - / L - - -
+ - -
30 d - + +
+ + +
35 ; . .
+ + +

a {(-) no poly}:Ctreatment; (+) poly|l:C treatment
b (-) no lesions were observed; (+) lesions were visible
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The data is presented as mean + S.E. The experiment was performed two times. Each-

experiment showed similar kinetics. Results of one experiment are shown.
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Table 9.5 Effects of pretreatment of splénocytes with different concentrations of PGE Ly,
PGEZ2, and F2& on splenic NK cell activity of normal B6AF1 mice. i’

e el A ——— - = =

x
PG (moles) )] Cytt‘)ﬁﬁ#city against YAC Targets
Ireatment E:T 50:1
- i 13.7 + 2.1
PGE1 10-4 7.2 ¢+ 1.5
PGE1 10-6 10.3 + 2.5
PGE1 1079 13.5 + 1.1
PGE1 10-12 14.8 + I.4
&
PGE2 10-4 8.8 +1.5
PGE2 10-6 9.0 + 2.0
PGE2 10-9 t11.3 +. 2.3 e
PGE2 10712 14.7 + 1.6
PGF2< 10-4 13.2 + 1.1
PGF2q 10-6 14.9 + 2.2
PGF2e4 10-9 16.0 + 2.5
PGF2et 10-12 ) 12.6 + 1.3

t

a Ihe data is presented as mean + S.E. of three seperate experiments
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Table 9.6 Effects of in vitro pretreatment of splenocytes with either PGs and Pol* [:C alone or in combination
on splenic NK cell activity of normal and GVH reactive B6AF1 mice.2

X Specilic lysis of YAC-1 (L:1 = 50:1)

345

Treatment Days Post GVH Induction
PGs (moles) Poly 1:C (100ug/ml) 0 30 45 60
- ’ - 10.0 ) 0 2.0 3.0
El 1076 - 6.0 - 3.5 4.0
" El 1079 - 9.0 1.0 5.0 ' 7.0
E2 1u-6 - 7.0 - i 4.5 9.0
£z 1079 - 7.5 4.0 5.5 8.0
F2ot 106 - 9.0 - 6.5 9.0
F2 10-9 - 8.5 2.0 5.0 7.0
-\ + 17.5 2.5 5.5 7.0
El 1076 + 9.5 - 7.5 , 13.0
£t 10-9 + 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
F2ot 10-6 + 14.0 - 13.0 20.5
F2< 10°9 + 16.5 10.5 9.5 16.5
a GYH reactions were induced in B6AF] mice by|1njecting 30x106 86 PLC. - ‘




CHAPTER TEN

GENERAL DISCUSSION AND SUMMARY OF THE RESULTS



GENERAL DISCUSSION

The "results presented in thig thesis demonstrate the
relationship between the immune functional, morphological, and
histopathologicsal cganges agsociated with the GVH reaction. We
have investigated the relationship between .these three feakures
of the GVH reaction by: (i) inducing GVH reactions of various
intensities in different GVH genetic combinations (A-->B6AFI;
B6-->B6AF1); and, (11) employing parent into F1 GVH

combinations with or without an NK cell functional defect.

In brief, on the basis of the @ata presented in this
thesis, the GVH reaction (at least in the parent into non-X-
irradiated F1 hybrid) can be divided into 3 phasgs: (1) The
early active phase (between days 1-16 after GVH induction)
during which-both the host (as measured by splenomegaly) as
well as donor (as measured by development of tissue damage)
cells are active. During this phase of the GVH reaction severe
immunosuppression of the PFC response to SRBC and/or T-cell
proliferative responses are also observed. (2) The "quiescent#
phase (between days 17-50 after GVH induction) during which g%e
T-cell, B-cell, and NK cell functions are severely deficient
and GVH-associated tissue lesions are clearly visible. (3) The
late active phase (beyond day 50 after GVH induction) during

——

vhich regeneration of tissue architecture and immune functio;

takes place.
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The observations presentad in this thesis demonstrate

that the intensity of events (related to donor NK cell
function; during the early active phase of the GVH reaction may
determine both the duration of the quiesent phase as well as
the time required for the tissue architectural regeneration and
imm?ne gudction recovery during the late active phase of the
GVH reaction. Thus, the significance of the events during the
early active phase of the GVH reaction is obvious. We have
investigated various GVH-associated eVYents during the early
active phase of the GVH reaction by performing torrelative
studies. Such correlative studies of the varioLs GVH-associated .
parameters during. the early active phase are important in
determining those parameters that can predict later events
during the course of a GVH reaction. In the following section a—
brief discussion is presented on the relationship between the
various immune functional, morphological, and histopathological
changes observed duriBg the early active phase of the GVH

u?

reaction.

-

The data presented Iin this thesis show a clear
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 systems routinely employed to assess the induction
and intensity of éQH reactions are splenomegaly and
mortality/weight loss assays. Splenomegaly measures the
proliferative phase, whereas mortality/weight loss measures the

\
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effector phase of the GVH reactions (for 23Cails of the two
phases of the GVH reaction see chapter 1). Splenomegaly 1is a
consequence of donor T-cell activation which results in the
recruitment of h;st cells, mainly macrophages and macrophage-
like cells. In contrast, mortality and we{ghc loss are a
consequence of GVH-induced tissue damage. Most workers have
employed either splenomegaly or mortality and weight 1loss
assays to assess the inductian and intensity of GVH reactions

However, the few workers who have employed the two assays upder

similar conditions have observed*a lack of corPelation between

A\

the two. \ .-

No studies are available on the\relationship between
splenomegaly and the development of histopathological lesions.
Suth studies are important since it has been suggested that
inortali nd weight loss may be due to tissue damage. It is,
‘howev/{fu:::\:zzﬁhtial that tAssue damage would always lead to
mortality. It ({is, therefore, ©possible that although
splenomegaly may not correlate with mortality, it may still
correlate with%che int;ﬁsigy of tissue damage (the possiblity,
therefore exists that tissue damage 1is more seqsitfve than
mortality). The data presented in chapters 6 and 7 clearly
demonstrate a lack of correlation between the degree of
splenomegaly and the intensity of GVH-associated
histopathological lesions. These data strongly suggest that the
splenomegaly and GVH-associated tissue damage‘are two distinct

-~

features of the GVH reaction and may be mediated by separate

mechanisns.
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Previous data from this laboratory have demonstrated two
distinct phases of GVH-induced immunosuppression, namely, an
early phase and a late phase each caused by different
mechanisms (Lapp et al., 1985). During the early phase, at
least two mechanisms were found to be operative. First, GVH-
reactions resugted in a quantitative increase Iin splenic
macrophages (Elie and Lapp, 1976,1977) which produced coplous
amou;ts of PGE (Lapp et al,1980) and suppressed T-helper cell
fupction. Second, the early GVH induced immunosupp£ession was
also found to be, at least in part, associated with the
depletion of thymic and/or T-cell derived factor(s)s(Grushka

and Lapp,1971, 1974; Lapp et al, 1974; EIié et al., 1974). The

results presented in chapter 6 showing that the bg/bg PLC are

. .«Bie_to 1Iinduce splenomegaly and early sevgre immunosuppression

of the PFC response but only partial suppression of T-cell
mitogen responses suggest that the bg/bg PLC can actiyate
mechanisms responsible for the recruitment of host <cells
(splenomegaly) as well ‘as early severe 1mmunosu;pression of the
PFC response. Whether both the excess PGE production as well as
the depletion of thymic and/or T-cell derived factor(s) are
essential for the severe suppreggion of T-cell proliferative
responses is not clear at the moment. Out results show: (1) a
dissociation between the severe suppression of the PFC response
to SRBC and the severe suppression of the T-cell mitogen
responses early aftetr GVH induction; and, (11) a dissociation

between the degree of splenomegaly and the severe ;Lppteasion
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of T-cell mitogen responses (chapter 6).

M
I 3

The dissociation of the PFC response to SRBC and the T-
cell mitogen résponses sugges; that T-cell dependent B-cell
responses (PFC rdsponse) are more susceptible to the early
suppressive effects of the GVH reaction than the T-cell
proliferative responses. The suppression aof the PFC response,
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 proliferative responses early after GVH induction
has also been observed in our more recent studies. In these
studies (Ghayur, Seemayer, and Lapp, unpublished observations)
attempts were made to deplete donor B6 (non-bg/bg mutant) mice
of Fheir endogenous as well as recruitable NK cell precursors
(the protocol for NK cell depletion in donor mice 1is discussed
in detail below). Lymphoid cells from these NK depleted donor
mice were then used to induce GVH reactions in normal B6AF1l

mice. On day 22 after GVH induction the animals were assessed

for the PFC response to SRBC and T-cell and B-cell.

., proliferative responses. The results obtained from these

studies showed that the GVH mice were severely suppressed for
the PFC response to SRBC (15-20% of the normal response),
however both the T-cell and B-cell proliferative responses w;re
ncémnl/neat-norﬁal (85-110% of normal response). Moreover,

splenomegaly was observed in these GVH mice but no

histopathological lesions developed in the thymus and non-
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lymphoid organs (Ghayur, Seemayer, and Lapp; unpubli;hed

observations).

The precise reason for the differences in susceptibilities
to suppression of the PFC response and the mitogem responses
early after GVH induction 1is not yet clear. However, since 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 thym?c and/or T-cell derived
factor(s) depletion than T-cell proliferative functions. On the
other hand, it is also possible that T-helper cell functions
that are involved in helping B-cells in the PFC assay are more

sensitive to the suppressive effects of PGE than T-cell

-

functions 1involved in the T-cell proliferative responses.

However, the extreme dependence of T-cell cooperative functions
on the presence of "functional" thymic epithelial cells and
Hassall's corpuscles is strengthened by results showing that
during the immune functional recovery in GVH mice the PFC
response to SRBC is observed only after the thymic &pichelial
cell clusters and Hassall's corpuscles have regenerated

(chapter 7).

The early severe suppression of both the T-B-cell
cooperative responses (the PFC response to SRBC) and T-cell

proliferative responses was observed consistently in only those

N .
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groups of GVH mice in which moderate-severe thymic lesions
developed (chapter 5, and 6). If the depletion of thymic and/or
T-cell derived factor(s) is (aga) critigal for inducing severe
suppression of T-cell function then our data would sugéest that
the depletion oY thymic atd/orx T-cell derived factor(s) might
result earlier than the visible moderate-severe thymic lesions.
The arguement that the depletion of thymic and/or T-cell
derived factor occurs earlier than the visible moderate-severe
thymic lesions 1is based upon observ;tions showing that the T-
cell proliferative responses were severely suppressed by day 8
and the visible thymic alterations (mild thymic lesions, see
chapter 5) also started to appear on the same day. However,
moderate-severe thymic lesions were clearlydgbsgrved on day 16
after GVH induction (chapter 5). The group of GVH mice that
displayed mild thymic lesions (chapter 5; Fl mice injected
with 10x10%a PLC) also became severely suppressed by day 16
after GVH ‘induction. The mild thymic dysplasia in this GVH
combination was characterized by partial depletion of coftical
lymphocytes and disappearance of medullary epithelial cell
clusters and Hassall's corpuscles. However, "small" {ndividual

medullary epithelial cells and cortico-medullary demarcation’

‘were clear1§ visible. The disappearance of "large" individual

epithelial cells, ‘medullary epithelial cell clusters and
Hassall's corpuscles, but not the "small" individual epithelial
cells, may represent thymic changes that are associated with
thymic factor depletion. It is possible that the "small"
individual thymic medullary epichelial cells may not be able to

either produce enough thymic factor(s) or totally lack the

[t <}
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capacity to produce such factors. Factor préduction may be a
property of "large" individual\epithaliar cells, opitheliﬁl

cell clusters and Hassall's corpugcles present in the medulla.

-

In contrast to the early immunosuppression, severe-
peréisten; GVH-induced immunosuppression was found to be, at
least in part, vdue to gHymic medullary dysplasia which resuléed
in a T-helper cell maturational arrest (Seddik et al., 1979,
1980). Our recent studies have further shown that thymic
dysplasia resulted in a depletion of IL-2 producing, but not,
IL-2 responéing, cells (Mende; et ai., 1985a,b). IL-2
produc:ionais essential-for T-cell-responses (both micoéenic
and antigenic).‘The data presented in chapt;r 6 show that the
+/bg PLC which induced severe prolonged immunosuppression of T-
cell mitogenic responses also induced moderate-severe thymic
d;splasia. In contrast, the bg/bg PLC which lacked the capacity
to induce severe proloﬁged {mmunosuppression Qerg Llso
deficient in mechanism(s) that induce thymic dysplasia.
Similarly, when 20 and 10x10° B6 PLC were inject;Z into B6AF1
mice only early partial immunosuppression was observed. These
cell doses falled to induce both severe persistent
immunosuppression as well as moderate-severe thymic dysplasia
(chapters 4, 5, and 7). These results sugges; a close
assoc{acion between the severe persisteﬁt suppression of T-cell

proliferative responses and moderate-severe thymic lesions.

Moreover, the dat presentedJin chapter 7 clearly show that the

A}

‘duration of severe prolonged T-cell immunosuppression {is-
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dacermfn;d by the initial ;evaricy of thymic injury. T-cell
func:io;al recovery (as assessed by mitogen responsiven‘ssh Iﬁ-
2 production, and Ehe PFC response) waa,gfadual and.coincided
with .the gradual regeneration pf_thf thyﬁ;c architecture

(chapter 7). Furthermore, T-cell functions: of immunosuppressed

thymic medullary regeneration was observed (chapter 8). These

thymic medullary dysplasia in maintaining the GVH-induEed

P A .
prolonged immunosuppression. The possible mechanisms involved

in maintaing the thymus in a dysplastic state have been

-

‘discussed in chapter 7 (section 7.4). )

*
v

Since the intensity of the initial tisswme dam;ge
dategmi;es the time required for thp recovery of ﬁissue lesions
and immu%osuppression (chapter 7) it is important to determine
the cell type responsible for inflicting tissue damage. The
data presented in this thesisg _on the relationship between the
various immune functions and the development of moderate-severe
tissue damage demonstrate that the tissue lesions started to
appear at the time when T-cell functions were severely

suppro;sed and NK cell activity was at its peak or highly
augmented (chapters &4 and 5). Moreover, g:Tlowing GVH
induction, the development of tissu;'injury correlated with the
accivatio; of donor NK cell ;ctivity but not host NK ceil
activity (chapter 6). The role for NK cells in GVH pathog;nesis
is further strengthened by recent findings showing that : (1)

specific donor-anti-host CTLs may not be involved in GVH
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results strongly suggest an important role for the GVH induced
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iﬂhdced pathogenesis (Hamilton,1984; Judas and Péck.1?83;
Mason, 1981); and, (ii) ‘administration of anti-asialo GM1
(A3GM1) antibodies (which eliminate NK cells), to hosts 2- days
before or just prior to GVQ induction prevents GVH-associated
mortality and the development of’moderate-sevqré skin lesions.
(Cﬂarley e%-ala 1983; Varkila and Hurme, 1985b). However, the
origin of NK cells (host, donor, or buoth host and donor) that

plays/an active role in GVH-associated tissue dapage 1is still

controversial. )
- & ,

o

In the studies cited above in’which AsGM1 antibodies were
administered ‘to the recipients prior to GVHlinduction, it was
suggested that NK cells of host origin were the effector_ cells
inflicting GVH-&ssociaE%% ti;sde damage(Gharley et al., 1983;

Vgrkila and Hurme, 1985b). The concept that NK cells of host

[

origin induce tissue lesions and mortality was stfangthened by
data sﬁowing that treatment of donor cells or donor mice with

AsGM1 antibodies could not prevent GVH-associated mortality.
a s

(such treatment eliminates endogenous NK cells). However, in-
‘ | .

assigning an active role for host NK cells in GVH pathogenesis

the following possibility should be considered: the endogenous

NK cells may not Se important, but rather NK cells and/or NK-

1

like cells (as assessed by YAC killing) which are "activated”

and recruited f6llowing alloantigenic stimulation may be the -

0

effectors tespoﬁs!ble for the GVH- induced tissue lesions.

€3
[

- - . B
0 - \ ¢ ~ -

\. If the above possibi#lity is true then the Egginistraéhuﬁ~‘

[
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of AsGM]1l antibodies to the host 2 days before or just ﬁ{ior to
the induction of t}ﬂH reaction would eliminate alloantigei
"activated” and recruited NK cells of donor origin as well as
NK cells of host origin In contrast, in vivo administration of
AsGM1l antibodies to the donor mice or in vitro treatment of
donor cells with AsGMI antibodies would only eliminate
endogenous NK cells but not.the recruitable precursors of NK
and/or NK-like cells ‘In support of the above argument we have
recently observed that treatment of donor B6 mice with AsGM1
antibodies could not prevent either the GVH-induced moderate-
gsevere tissue Iinjury or the severe persistent immunosuppression
of both T-and B-cell proliferative responses and the PFC
response to SRBC (Ghayur, Seemayer, and Lapp unpublished

.

observations) However, when the donor B6 mice w%}e injected
with 15x10% B6AF1 lymphoid cells (spleen and lynph node) and
AsGM1 antibodies and 36-40 hours later 50x10° Bé lymphoid
célls from these treated donor mice were injected into B6AF1
mice, neither GVH-assoclated histopatholygical lesions
developed nor immunosuppression of T-cell proliferative
function was observed (Ghayur, Seemayer, and Lapp unp;blished
observations). This treatment of donor mice with Fl cells and
AsGM1l antibodies probably eliminated endogenous as well as
"activated" and recruited NK cells in the donor mice The
results described above regarding the prevention of GVH
pathogenesis and immunosuppression by treating donor mice with
Fl cells and anti-AsGM1l antibodies in fact may reflect the

situation in which B6 bg/bg PLC (deficient NK cell function)

vere Iinjected into +/bgFl mice (normal NK cell 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/byg)

The fact that moderate-severe tissue damage was only
observed in the presence of activated donor but not activated
host NK cells, suggests specificity for donor NK cells towards
host tissue The possible mechanisms for the generation of
donor-anti-host specific NK cells (or NK-like cells) during the
GVH reactions have been discussed in detail in -hapter 6
However, it is worth noting that NK cells are classically
defined on a functional basis (ability to kill YAC targets)
reactions (MLR) (Nieminin and Seksela,1984, Morretta et al
1984) MLRs are in vitro correlates of GVH reactions in.vivo
Thus? NK cells can be induced following allogeneic stimulation
Dokhelar et al (1982) in humans, and Clancy et al (1983) in
rats have suggested that specific alloantigen reactive T-cells
can exert NK and/or NK-like functions at some stage of thelr
maturation/differentiation following 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
maturation/differentiation can exert NK-llke activity anmnd can

either directly or indirectly induce tissue damage, it then

becomes important to investigate the 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
relationship between T-cell and NK cell function early after
GVH induction (chapter 4, and 5) These data suggest that the
T-cells and NK cells may have\different sensitivities to
suppression and/or activation Sezeral 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-1like cell activity can be ind;ced in
the normal thymocgte population (chapter 5). Induction of NK
activity in human thymocyteg by supgrnatants derived from MLR
cultures (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 can be induced in thymocytes
During thymic ontogeny cells with NK properties “are the first
to appear in the thymus (Habo et al., 1980; Koo et al., 1982)
These cells with NK properties disappear in the fetal thymus at
the time of appearance of a functional thymic medulla (Habo et
al., 1980; Koo et al., 1982). The studies presented in this
thesis show highly augmented NK cell activity in the thymus
between days 60-120 after GVH induction (chapter 3). The
studies presented in chapter 7 of this thesis show that between
days 60-120 after GVH induction complete reg;ﬁeration of the
thymic cortex, but not the medulla, is observed. Collectively,
these studies suggest that NK cells may be present in the

- P

thymus and may represent a stage in T-cell
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maturation/differentiation.

Several workers have shown a decrease in NK cell cytolytic
activity by thymic hormones (Bardos et al , 1982), which are
produced by medullary epithelial cells and Hassall's corpuscles
(Stutman,1977). These workers have suggested that the decrease
in NK cell activity by thymicnhormones may be due to a shift
from NK cells (pre-T-cells) towards more mature T-cells (Bardoé
et al., 1982) In contrast, 1in thymectomized or nude mice

)

(wvhich lack a thymus) the augmented 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 thymic and/or T-
cell derived factors are observed which reSuT; in the
depression of-T=cell functions (Grushka and Lapp,1971,1974,
Lapp et al , 1974, Elie et al., 1974). A depletion of thyqic
factor(s) could result in an increase of NK cells of the pre-f—
cell lineage. Furthermore, early after GVH inducg{gq,_IFN
(Zawatsky et al,, 1979; also see chaptef 9) and PGs (Lapp et
al., 1980) are produced. Both of these lymphokines inhibic T-
cell functions (proliferation). In cbntrast, IFN is a potent
1ndu§er of NK c;11 activity (Gidlund et gl , 1978, Djeu et al,
1979; Trinchieri and Santoli, 1978; Senik et al , 1919)
Enhancement of NK cell activity by IFN {s due to (a)
enhgacement of the lytic potential of mature NK cells and, (b)

|

recruitment and maturation of pre-NK cells (Seksela.et al ,
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1979, Heron et al., 1979; Minato et al., 1980; Senik et al.,
1980). IFN in combination with PGs enhance the recycling of NK
eell lytic ability (Targan,1981). Thus, early after GVH
induction, & combination of factors that would exert a negative

effact on T-cell functions would exert a positive influence on

NK cell activity.

If NK cells or a subpopulation of NK cells are pre-T cells
it would then appear that under the conditions of intense
immune reactions, eg., a GVH reaction, in which the classical
specific immune responses (mpre evolved responses) fail or
cannot function, the more primitive effector mechanisﬁ(s%
i.e., NK or NK-like cells would take over. Karre (1985) has
recently'suggested that Iin mammals NK cells constitute a more
primitive defense mechanism as compared to the T-cell defence
system. This concept of a functional shift from more evolved to
primitive levels by the immune system during a GVH reactioq,jﬁs
suggested above, may have implications in understanding the
functional aspects of the immune system. A shift in the immune
system towards more primitive functions under a§verse
conditions may also provide some insight into the effector
mechanisms during GVH reactions in animals 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 during the eafly active phase of the GVH
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reaction a8 complex series of events are initiated which result
in various 1immune functional, morphological, and
histopathological-alterations associated with the GVH reaction
These various GVH-associated alterations may be mediated by
different mechanisms (or a combination of mechanisms) and can
be dissociated from one another on the basis of a lack of
correlation. This lack of correlation between various GVH-
assoclated parameters employed to agsess GVH reactlons raises
important questions.’(l) Can the use of one-parameter at a
particular time early after GVH induction provide information
about thé GVH reaction as a whole or does it only provide
}nformation about one particular éspect of the GVH reaction at
a certain time?. (2) Can the results of one paramet®r at a
certain time be used to extrapolate its effec;<on other GVH-

-

associated parameters?. These questions are important

gFp

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 particular cell
function; or (c¢) GVH reactions of wvarious intensities are
induced in different genetic combinations The data presented
in this thesis certainly suggest that the use of one parameter
at a particular point after GVH induction tells little about
the GVH reaction as a whole, gut rather provides informatfon
regarding that specific parameter during a particular phase of

the GVH reaction.

A surprising aspect of the results is that dysplascic

’



thymuses 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 events during the early active phase of the GVH reaction
(chapter 7). In the following section we shall discusd the
regeneration of the immune system (both structural and
functional) guring 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 {n providing a

milieu in which normal immune functions of an adult animal can -

develop.

The thymic dysplasia (chapters 5,6, and 7), which results
in.the destruction of medullary epithelial célls and Hassall's
corpuscles (Seemayer et al., 1977, 1978), results Iin a T-helper
cell maturational defect (Seddik et al., 1979, 1980). This
thymic destruction in GVH animals may serve as an equivalant to
in vivo "thymectomy". Similarly, GVH reactions induce
histopathological lesions (Githen et al., 1968; Ishihara and
Shimanina, 1980; Hirabayashti, 19812 ;nd severe depletion of
nucleated cells in the Bf (chapter 9, Figure 9.2). The
depletion of BM has been shown to be associiated with the
cessation of B-cell genesis (Xenatostas et al., 1986). However,
with tims ;ftar GVH induction, complete regeneration of the

thymic medullary architecture (chapter 7) as well as complete

repopulation ‘of the BM (chapter 9) are observed. The thymic

regeneration takes pldce in the following order: cortical
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regeneration and appearance of cortico-medullary demarcation;
regeneration of individual medullary epithelial cells, and,
finally, epithelial cell cluste;s and Hassall's corpusclés
(chrapter 7). Moreoyer, the regeneration of thymic architecture
may occur earlier than thymic functional recovery (hormone
production) (cha§Cer 8). The regeneration of the thymus and
the repopulation of the BM are assoclated with the recovery of

o gradual and appears in the following order B-

T-cell and B- 11 immunocompetance. The immune functional
recovery 1is q(fﬁ

\
cell proliferative responses; Con A responsive T-cells;‘éHA
responsive T-cells; and, finally T-helper cell dependent B-cell
responses (chapter 7). Thus, the gradual thymic medullary

regeneration, the gradual BM repopulacion, and the gradual
the role of thymic medullary components and the BM in the

development of the immune system in an adult animal.

A comparison of the kinetics of BM repopulation and thymic
regeneration (in B6AFl mice injected with 30x10% Bs PLC) shows
that thymic cortical regeneration (cortical repopulation)
(chapter 7) and the appearance of cortico-medullary demarcation
occur approximately at the time of complete BM repopulation
(about day 60 after GYH induction, chapter 9). In B6AFl mice
injected with 20x108 A PLC thymic 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

363



%

—— ~

-

Cortico-medullary demarcation appears éarlier than the cortical
repopulation is not clear. Furthermore, at the time of cortical
regeneration and . the appearance of cortico-medullary
demarcation, although the cortex is densely packed with
lymphocytes, the medulla i{s still deplzf;d of 1ymphocy£es
(Fig.7.4a). This observation raises interesting questions: (a)
does the appearance of cortico-medullary demarcation "actively"
exclude thymocytes\from entry into the medulla and therefore
allows the medullary cells (epithelial cells ) to regenerate 7,
(b) do the medullary cells (epithelial cells) provide a signal
(factor(s)) which allows the cortical thymocytes (selected,
more mature thymocytes) to enter the medulla ?; or, (c) do the
cortical thymocytes in some way provide a signal for the
regeneration of the medulla?. The later possibility is
intriguing since during thymic ontogeny the first wave of
thymocytes entering the thymic anlage provides a stimulus for
the differentiation and development of the thymic medulla
(epiCheliaf 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 in the
adult GVH animal the medullary regeneration takes approximately
60-75 days after cortical regeneration (chapter 7). Whether
this difference in the time of development of the medulla in
the adult GVH animal and during ontogeny is eithexr due to the
different environmental conditions under which the thymus has
to develop (as discussed in chapter 7) or ;he mechanism(s) of

thymic development in an adult animal and that during ontogeny
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are totally different is not clear.

It has-been suggested that the main function of the thymus
1s 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, finally induce the capacity to initiate and amplify the T-
cell immune response (generation of IL-2 producing T-helper
cells) (Hunig, 1983; Scollay,1984) . Studies from our
laboratory have shown that the destruction of medullary
epithelial cells results in the depletion of IL-2 producing T-
helper cells (Mendez et al., 1985a,b). Beardslay et al. (1983)
have sho;n that thymic medullary epithelial cells either
directly or through the elaboration of factors are responsible
for inducing IL-2 producing capacity in T-cells. The‘medullary:
derived lymphocytes are more mature IL-2 producing T-helper
cells which are essential In the H-2 (class 1l1) restrict;d
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 immature population, lack chg-capacicy to initiate
T-cell immune responses by themselves, however, in the presense
of IL-2 and ancigén are capable of generating cytotoxic T-
lymphocytes (CTLs) which are H-2K/D restricted (Nagy et al ,
1976; Wagner et al., 1980a,b; Scollay, 1984; Zinke}hagal,

1978b). It is therefore believed that the cortical lymphocytes

contain precursors of CTLs.
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In 1light of the above mentioned studies, the data
presented in chapter 7 of this thesis showi%g that complete
medullary regeneration takes approximately 60-75 days after
cortical regeneration raises the following question. Are the
lymphocytes released into 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 giported into the periphery. However, the
evidence does suggest that : (a) the GVH BM does produce pre-T
cells (Seddik.et al., 1984b): (b) the GVH dysplastic thymuses
(with severe medullary dysplasia) are capable of recruiting
pre-T:cells (Seddik et al., 1984b): (c) the spleens of GVH mice
with severe medullary dysplasia\contain IL-2 responsive cells
(cortical cells?) (MenQez et al., 1985a,b): (J{ splenocytes
taken from mice with thymic medull;ry‘zysplasia, but with
cortical regeneration, contain NK cells (which are believed to
be immature T-cells) (Ghayur et al., 1981; also see chapter‘
9): (e) splenocytes taken from mice which show medullary
regeneration can be induced to undergo T-cell mitogen dependent
proliferative responses (Chapter 8), suggesting that these
splenocytes may have been exported from the regenerating
thymus. Thus, these observations, although indirect, suggest
that the thymus may be recruiting and exporting cells to the
periphery throughout its different stages of regeneration.

P

If the T-cells do leave the regenerating thymus which
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lacks a fungtional medulla and 1if the thﬁmic Ia restriction
elements which enable the T-helper cells to initiate class I1I
restricted immune responses are present in the medulla, then
what 1s the functional status of the T-cells leaving a thymus
without a well developed and a functional medulla?. Is it
posdible that these T-cells would recognize self-Ia in the
periphery as "foreign” and react against it (since such T-cells
would not encounter self-Ia in :Pe thymus)?. In fact, evidence
is available in the literature showing that under circumstances
in which the thymic Ia+ medullary cells are selectively
affected, self Ia+ reactive (auto-reactive) cells do arise.
Cheney and Sprent (1985) have shown that chronic administration
of Cyclosporin A (CsA) to mice selectively resulted in both a
striking decrease in overall thymic JIa expression and the
development of syngeneic GVH disease. The development of
syngeneic and autologous GVH disease following the wich%;u@l of
CsA treatment has also been reported by Glazie; et al.
(1983a,b) and Hess ;tral. (1;;5).Hess et al. (1985) reported a
highly significant association of syngeneic GVH disease with
the development of anti-Ia specific cytotoxic T-cells. These
workers (Hess et al., 1985) suggested that the integrity of
thymic tissue may be a critical factor in the development of
syngenelic GVH disease. The importance of the thymus in the
induction of -syngeneic GVH disease is further supported by the
results of Glazier et al. (1983a,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 in a thymic environment with
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reduced Ia expression would resalt in altered T-cell maturation.

with the subéequenc induction of Ia-gpecific cytotoxic T-cells
(Glazier et al., 1983a,b; Hess et al., 1985; Santos et al.,
1985). The maturation of T-lymphocytes in a thymIE environment

lacking class II determinants would likely result in a failure

to recognize these Ia'antigens as self (Hess et al.,.L985;

-

Santos et al., 1985). If the GVH splenocytes contain IL-2

responsive cortical cells (pCTL), cells with NK cytolytic

potential, and cells which presumably lack self Ia+

restriction, then it is tempting to ask why these cells d; not
react against self Ia and initiate a second round (after the
initial acute GVH reaction) of more generalized tissue iﬁjury
(secondary disease) ? What role does the regenerating BM and
the thymus play in providing a milieu for the proper
development of the regenerating immune system in an adult

animal?.

It 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-specific

suppressor cells are BM derived and appear during the
regeneration of the immune sys:ém. qepearance of non-specific
suppressor cells in the spleens of non-x-irradiated GVH mice
have also been observed (Mendez and Lapp, 1986). These non-
specific suppFessor cells in the non-X-irradiated GVH mice

inhibited the proliferation of as well as IL-2 production, by

-
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parent, and F1l ;pleen cells (Mendez and Lapp, 1986). #oreover,
such suppressor cells were mo;t active by day 60 after GVH
ind;ction (Mendez and Lapp, 1986), a time when BM repopulation
was observed {Xenacostas et al., 1986). Recent studies have
shown that non-specific .suppressor cells in the spleens of GVH
mice have an NK cel}-like morphology and following percol
density seperation appear in the same fraction as NK cells but
are non-cytolytic (Holda et al., 1985). These suppressor cells
are termed as natural suppressor cells (Holda et al., 1985). It
has bﬁgg suggested that natural suppressor cells may play an
important role in tolerance induction (Strober et al., 1984;
Holda et al., 1985). It is possible that the non-cytolytic NK
cells, as described in cﬂapter 9 of this thesis in which Nk-

—— " o g —

Poly I:C treatment, may represent such natural_suppressor

cells.

Studies from other laboratories have‘also demonstrated the
appearance of antigen specific suppreséor T-cells (Ts) in X-
irradiated allogeneic BM reconstituted animals (Tutschka et
al., 1981, 1982a,b; Ildstad and Sachs, 1985). The appearance of
these antigen specific Ts-cells {s observed following the
"decline” in non-specific suppressor cells (Tutschka et al ,
1982a;—§antos ;t al., 1985). Thus, it appears that during the
development of the immune system in an adult x-irradiated

»
animal after allogeneic or semiallogeneic BM reconstitution,

—_—

non-specific suppressor cells appear first, followed by antigen

specific Ts cells. Stable chimeras or tolerant animals result

4 -
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only when antigen-specific Ts-cells appear (Tutschka et al ,
19823,b,‘198l, Santos et al , 1985) (and in some cases both
non-specific and antigen specific ¢ells have also been
detected) In cases when the antigen-specific Ts-cell do not
appear the animals fall to regain normal weight and die,
suggesting that tolerance did not develop and the animals
probably died of autoreactivity (secondary disease). Santos et
al (1985) have recently suggested that the thymus gland may
play a crucial role Iin the development of stable chimeras
(tolerant mice) Lack of thymic functions (hypo-functions)
would prevent the generation of stable chimeras (prevent
tolerance) (Santos et al., 1985)
%

The above studies suggest the following (1) During the
regeneration of the immune system BM derived non-specific
suppressor cells appear first, followed by the appearance of
antigen-specific Ts cells. Presence of both the non-specific
suppressor cells and the antigen specific Ts cells are also
report;d in animals undergoing immune regeneration, suggesting
that the shift rom non-specific to specific cells may be
gradual. (2) The\ thymus gland plays a central role in the
generation of antigen-specific Ts cells (3) Stable chimeras,
and complete immunological recovery are observed only Iin cases
when angigen-specific Ts-cells appear. On the basis of the
above mentioned studies one can speculate that the non-specific
and specific 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" mechanism frq? non-specific to specific Ts-cells, as
suggested by Santos et al (1985), than the data presented in
this thesis on the gradual regeneration of the thymus followling
BM repopulation may provide some information regarding (i) the
presence of non-specific and antigen specific Ts-cells, and,
(i1) the crucial role of the thymus in providing the "switch"
from non-specific to specific Ts-cells A hypothetical model
for the role of the regenerating thymus and repopulated BM in
providing a proper environment for the development of the

regenerating immune system in an adult animal is_shown in

figure 101 and described briefly below

The model presented In figure 10 1 assumes that the
repopulating BM would export pre-T-cells to the thymus which
would repopulate the thymic cortex ( TR-cells - with the
pote{tial to react against self in the periphery) and non-
specific suppressor cells (Tns-cells) 1into the periphery
(spleen). At this stage (stage 1) the antigen specific
suppressor cells (Ts-cells) would not be present {n the
periphery. During thymic cortical regeneration but severe
medullary dysplasia, the ratio of TR:Tns in the periphery would
be in favor of the Tns-cells. With the gradual regeneration of
the thymic medulla the release of TR from the thymus would

decrease and, under the influence of regenerating thymic
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medulla, T-helper cells which require thymic factors to
initiate the proliferative responses (chapter ﬁ} as well as ﬁs
would increase As the Ts increase Iin the periphery the Tns
would decrease, possibly again under the influence of the
regenerating thymus. Thus, at the time when complete medullary
regeneration (b;th structural and functional) 1is observed the
cells present in the periphery ;;uld constitute T-helper cells
which could initiste an immune responses and Ts cells, but only
minimal, if any Tns cells Such a scheme of T-cell development
would explain (1) the first appearance of non-specific
suppressor cells followed by the appearance of antigen-specific
cells, (1i) the gradual shift from non-specific to antigen-
specific suppressor cells, and, (iii1i) the crucial role of the

thymus in the generation of stable chimeras

Most of the studies cited above regarding the question of
stable chimeras were conducted by iInjecting allogeneic or
semiallogeneic BM cells iInto X-irradiated—recipients. 1In
contrast, the studlies presented in this thesis were conducted
by injecting parental lymphoid cells into non- X-irradiated Fl
mice. However, it should be mentioned that in the X-irradiated
recipients thymic dysplasia similar to that described in this
thesis and as reported previously by our laboratory (Seemayer
et al., 1977,1978), "’i\a_s been observed (Rappaport et al., 1979,
Beschorner et al., 1982). Since the.studies presented in this
thesis clearly show that the recovery of T-cell immune function
is closely associated with the regeneration of the thymic
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architecture, it would appear Ehat in X-irradiated allogeneic
chimeras immune recovery would also be associated with the
regeneration of thymic architecture In fact, normal thymic
architecture 1s observed in animals and {n humans who
eventually become stable chimeras If in allogeneic radiation

chimeras the, immune recovery is dependent upon thymic

regeneration, then all the animals should be able to recover

completely from immunosuppression after the initial GVH-induced

tissue damage and survive

It 1s, however, readily observed that in the allogeneic
situation not all the animals become stable chimeras and
mortality is still observed in long term survivors, probably
due to secondary disease However, 1in the experiments reported
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 BM cells This
procedure presﬁmably totally abrogates the host stem cells and
the reéenerating 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 BM
mononucleated cellularity drops to abod§ 158 of normal and
within 10-15 days after this depletion spontaneous BM
repopulation begins (see figure 9.2). Furthermore, {n our

system the recipients are injected with spleen and lymph node
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cells which possess much lower numbers of stem cells. Thus, in
our system the ratio of donor:host celles during the
regeneration of the immune system may be much lower than
compared with the donor:host ratio in allogeneic radiation
chimeras. It 1s possible that the ratio of donor:host cells in
the regenerating immune system may be crucial in determining
both the extent of 1mQunological reconstitution and th; 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
function. In the following section we would like to discuss,
briefly, the issues thch we-feel can be better understood by
studylng the regeneration of the primary lymphoid organs

(thymus and BM) 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 presence of highly
cytolytic NK cells {n the regenerating thymus It has been
suggested that NK cells may play an important role in
homeostasis (Cudkoyicz and Hochman, 1979). Moreover, it has
been shown recently that NK cells lyse a subpopulation of

—

thymocytes (Hanson et al., 1980) and BM cells (Hansen et al.,
4

1981). If NK cells play a role in homeostasis, these cells

should be present in the BM and thymus, the two organs actively

involved in the production of B cells and T cells respectively

NK cells originate in the BM (Haller et al., 1977; Haller and

p——
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Wigzell, 1977) and low levels of their cytolytic activity can
be detected in the adult BM. It is generally assumed that NL
cells are not present in the adult thymus (Kiessling et al.,
1975a). However, NK cytotoxic activity can be induced in
normal thymocytes (Toribio et al., 1983; also see chapter 5)
We have previously suggested that N.K cells may be present in
the adult thymus as a resident population (Roy et al , 1982)
Zoller et al. (1981) have, in fact, isolated highly active NK
cells 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 highly active NK
cells in the thymus and BM during the regeneration of {immune
function also suggest that NK cells do migrate to the thymus
The presence of NK cells or. NK-1ike cells in the regenerating
\
thymus of an adult animal raise some interesting questions. (i)
Are the NK cells that appear in the thymus different from the
NKd‘cells that appear in the BM in terms of their target
specificity ?7.° If’ so, do these two NK populations regulate
different cell populations (T-cells and other BM derived
cells), (i1) Do the thymic NK cells possess different surface
markers from the BM derived NK cells?. These questions may be
important {in understanding the functional and phenotypic
heterogeneity observed within NK cells, eg., the function of NK

cells with and without T-cell surface markers,.
-

- <

In contrast to the appearance of NK cell activity in the

thymus and BM, NK cytolytic activity does not reappear in the

« —~
> r
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spleen and lymph nodes during immune functional regeneration
(upqto dayulso after GVH induction): However, NK cell cytolytic
activity can be induced in GVH-splenocytes by in vivo
administration of Poly I:C as well as by in vitro treatment of
GVH-splenocytes with PGs and Poly I:C (chapter 9). This
restoration of NK cell cytolytic activity suggests that NK
cells are present in the spleens of GVH mice, but in a state
where they do not express lytic potential. Whether the non-
cytolytic NK cells in the spleens represent a population (or a
certain .stage of-differentiation) which 1is different from the
highly cytolytic NK cells present in the thymus and BM or
whether the non-cytotoxic NK cells in the spleen perform some
other function (eg., function as suppressor cells) during the
regeneration of the immune function remains to be determined
However, the fact that cytolytic activity can be induced iIn
splenic non-cytolytic NK cells by in vitro treatment with PGs
ahid Poly I:C may be of significance in understanding the

functional heterogeneity of NK cells as well as the mechanism

of NK cytolysis.

N

An important aspect of the GVH reaction is the increased
shsceptibility to development of spontaneous tumors later
during the course of the GVH reaction (Armstrong et al.,
1967,1970; Gleichmann et al., 1972,1975; Cornelius, 1972). The
tumors that so often develop in these long term survivors of
the GVH reactions are mostly of B-cell origin. An analysis of
the data presented in this thesis on the regeneration of the

immune function in an adult GVH animal clearly shows that the
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O— B-cell proliferative function recovers earlier than 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 X.25 show that in som“e mice which were severely
suppressed for, the T-cell proliferative functions, the B-cells
lwere "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
mice. However, such B-cells in the spleens of GVH mice may not
be under the regulatory influence of either the T-cells (since
spleens were severely deficient 1in T-cell functions) or NK
cells (the data presented in chapter 3, as well as our
previodsly published work (Roy et al, 1982), show severe

o depression *in splenic NK cell actlvity] NK cells “mave been
reported to play an 1important role in regulating B-cell
functions (Storkus and Dawson, 1986; Brieva et al., 1984,
Abruzzo and Rowley, 1983; Nabel et al., 1982). It 1{s possible
that the differences in the rate of regeneration of the
functional B-cells and T-cells and the functional status of" NK
cells in the spleens and lymph nodes may be one of the reasons
responsi,b<le for the susceptibility of B-cells to
transformation B-cells in the spleens of GVH mice without
regulatory influence and help (protection) from other immune

\
cells would be susceptible to transformation.
N

7

If N§ cells serve as cytolytic effectors in anti-viral

o {mmune responses (Welsh, 1978; Djeu et al., 1982; Santoli and
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Koprowski, 1979), {in surveillance against neoplastic cells
(0je,1979; Talmadge et al., 1980; Hanna and Burton, 1981), and
in the regulatign of gtce&ls then the lack of expression of
lytic poten?ial by the splenic NK ceils of GVH mice may
contribute to increased sd;ceptibility 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. It is interesting to note
that tumors have not been detected in the thymuses and BM of
GVH animals. Both these organs are sites of highly augmented NK
cell activicy during the later stages of the GVH reaction
Whether the augmented BM NK cell activity plays any role in
preventing the development of B-cell lymphomas in the BM is not
known. However, it is possible that although increased NK cell
activity is observed in the thymuses and BM of GVH mice later
during the course of the GVH reactions, these NK cells may not
be effective in controlling infections that localize in the
spleen and lymph nodes, in regulating B-cells, and in

eliminating neoplastic cells developing in the spleen and lymph

nodes .

The stud1e§ in this thesis showing different histological
patterns of the thymuses during the induction of (chapter 5)
and regeneration from (chapter 7) thymic injury may be
important not only from the point of view of the role of thymus
in the production of functional T-cells but also from a

clinical perspective. Borzy et al. (1979) have described seven
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different patterns of thymic histology {in immunodeficiency
diseases. These different histologic changes of the thymus,
provide evidence for the heterogeneity in combined immuno-
deficlency diseases (CID). A comparison of these different
thymic histologic patterns in CID patients, as described by
Borzy et al. (1979), and those reported in this thesis
(chapters 5 and 7) demonstrates several similarities Moreover,
Borzy et al (1979) reported that she degree of abnormality of
immune function does not predict the degrée of dysplasia seen
in the thymus For example, two patients who had low E-
rossette-forming cell numbers and very low proliferative
response, displayed partial cortico-medullary differentiaction
On the other hand, one patient who had T-cell deficiency showed
a normal thymic architecture (however, it is possible that
thymic abnormalities, either structural or functional may give
rise to peripheral supp;essor mechanisms, as discussed above)
Our results also show that the degreé of thymic dysplasia and
immune functional abnormalities do not correlate For example,
F1 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-cell funccion: Borzy
et al. (1979) suggested that the differences in the thymic
histology and immune functions observed in the CID patienCB‘may
represent different stages of the disease. This notion of Borzy

et al. (1979) 1s of {interest since recent studiesg have
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suggested that the presence of maternal lyphocytes in CID

"patients may incite GVH disease in fetuses and thereby inducea

varietybof immune functional deficiencies

Studies on the structural/functional development of the T-
cell system (as reported in chapters 7 and 8) may also provide
information into the mechanism(s) of certain forms of
immunodeficiency diseases and can help in deviéing means to
restore immune competence in certain innumodeficiency states
Incefy et al. (1981) have recently classified different paterns
of severe combined immunodeficiency diseases (SCID) depending
upon the presence or absence of cells which could be induced to
proliferate In response to T-cell mitogens and/or express T-
cell surface antigens following treatment with thymic hormones
Willis-Carr et al. (1978) have reported that cells from some
immunodeficient patjients can be induced to express T-cell
properties following treatment with thymic epithelial cell
supernatants (TES) alone. However, cells from other patients
required thymic epithelial cell contact in addition tOOTESA
Furthermore, Gelfand et al. (1980) hAve shown that
-transplantation of thymic epithelium into SCID 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 restored by PGEl and PGE2
treatment only at the time when thymic medullary regeneration
has taken place (chapter 8). These studies collectively suggest
that the status of the thmes. particularly its epithelium, may

play a critical tole indetermining the degree and extent of T-
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cell immunodeficiency. Knowledge of thymic morphology 1in

relation to T-cell function in immunodeficiency syndromes may

be beneficial in planning therapy for these patients.
~

-,

)

THE END
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Figure 10.1 A hypothetical model illustrating the role of repopulated BM

> - and the regenerating thymus in preventing secondary diease/
chronic GVH reaction 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.

< EC; epithelial cells
Hc; Hassall's corpuscle
Tr; Self Ia redctive cell

TH, T-helper cell
Tg; Antigen specific T-suppressor cell

b Tns; Non-specific bone marrow derived suppressor cell
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SUMMARY OF THL RESULTS




SUMMARY
When GVH reactions were induced in B6AFl mice Iinjecting
different doses (10, 20, or 30x106) of either parental strain A

or B6 lymphoid cells the following results were obtained:

(1) On the basis of NK cell activity, the chronic GVH reaction

can be divided into three phases-

(a) Early phase augmented NK cell activity {s observed
in spleen, lymph nodes, thymus, and BM
(b) Intermediate phase the NK cell activity becomes

depressed in the spleen, lymph nodes, thymus, and BM

(c) Late phase. NK cell activity reappears in the thymus

and BM, but remains depressed in the spleen and lymph nodes

(2) The splenocytes and the lymph node and BM cells taken from
GVH mice during the early phase of the GVH reaction produce
factor(s) which induce/augment NK cell activity in lymph node

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

1

upon the dose of PLC injected.

(4) The degree of augmented splenic NK cell activity of GVH -
reactive mice is dependent upon the number and strain of PLC

injected. B6 PLC induce greater over#ll splenic NK cell
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activity than A strain PLC.

(s5) The degree of augmented BM NK cell activity of GVH
reactive mice is also dependent upon the number and strain of
PLC injected . When B6 PLC are injected into B6AF]l mice, the
magnitude of augmented BM NK cell activity is dependent upon
the number of PLC injected In contrast, A PLC do not induce a

dose-dependent augmentation of BM NK cell activity.

(6) The activation of splenic P-815 effector cells in GVH-
reactive Fl mice is dependent upon the donor cell genotype A
PLC, but mnot B6 PLC, are highly effective in activating splenic

P-815 effector cells.

(7) Depending upon the number and strain of PLC injected into
F1 mice, two distinct patterns of peak splenic NK cell 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:

(i) When peak splenic NK cell activity is observed early

moderate to severe lesions develop.
(i1) When peak splenic NK cell activity is appears later

either mild lesions or no lesions are’sbserved.

¥
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(9) The relationship between the splenic NK cell activity and
-

T and B-cell function show that the peak and/or highly

augmented splenic NK cell activity 1is observed at the time when

both the T and B-cell function are severely suppressed

(10) Histopathological lesions appear at the time when NK cell
activity is at 1its peak and/or <highly augmented and both the T

and B-cell function are severely suppressed

(11) Low doses of B6 PLC (10x10% and 20x10%), although induced
splenic NK cell activity (a late peak), these cell doses

-
nei@her induced severe immunosuppression nor histopafthological
! A

¢ '

lesions’.

(12) 30x106 B6 1is the critical dose required to induce both
severe immunosuppression as well as moderate degree of

histopathological lesion;’in B6AF1l mice.

(13) Augmented thymic NK cell activity is observed irrespective
of the number and strain of PLC injected to induce GVH
reactions. However, the time of appearance of aug?ented thymic
NK cell activity is dependent upon/}he number and strain of PLC
injected. Two distinct patterns of the time of appearance of
thymic NK cell activity are observed7 namely, an early
appearance (day 4) and a late appearance (day 8)

P

(14) A comparison of the two patterns of appearance of chymic
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NK cell activity and the development of thymic

histopathological changes shows that:

(1) When thymic NK cell activity appears early, moderate

»

to severe thymic lesions develop.

(11) When thymic NK cell activity appears late, either

mild thymic lesions develop or no thymic lesions are observed

(15) Both the time of appearance and the later severity of
tissue injury in the thymus and non-lymphoid organs, in a given

GVH combination, are the same

(16) Thymocytes taken from GVH-reactive animals (at the time of
augmented thymic NK cell activity) produce factor(s) that can
induce NK activity in normal thymocytes.

(17) The GVH-induced thymic dysplasia 1s not an all or none
event. Depending upon the number and strain of PLC injected,
different degrees of thymic dysplasia can be characterized; for

example, mild. moderate, and severe.

(18) On day 16 after GVH induction, the different degrees of
thymic lesions were characterized as follows:

(A) Mild lesions:

(1) Intact cortico-medullary demarcation .
(i1) Presence of "small®" individual epithelial cells in the
medulla.

(ii1) Total dissappearance of epithelial cell clusters and

386



it N

Hassall's corpuscles in the medulla.

(B) Moderate lesions
(1) Total loss of cortico-medullary demarcation

(11) Total disappearance of epithelial cell clusters and
Hassall's cprpuscles in the medulla.

(iii) Only rare, 1if any, small individual epithelial cells

were visible in the medulla

(c) Severe lesions

(1) Total loss of cortico-medullary demarcation

(11) Total loss of individual epithelial cells, epithelial
cell clusters, ané\Hassall's corpuscles in the medulla

(1i11i) Presence of 1intense lymphocytic infiltrates 1In the

w
medulla

Ay

(19) On day 30 after GVH-induction, severe atrophy and
hypocellularity were observed in thymuses of those groups of Fi
mice that displayed total loss of cortico-medullary demarcation
on day 16 (moderate-severe lesions) after GVH induction 1In
contrast, on day 30 normal thyfiic architecture was observed in
those groups of Flﬁmice that displayed an intact cortico-

meduflary demarcation on day 16 (mild lesions) after GVH

induction.

(20) With time after GVH induction, the dysplastic thymuses
started to recover and regained 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

thymic dysplasia on day 16 after GVH induction.

(22) The regeneration of the thymic architecture was gradual.

During thymic regeneration 4 stages were characterized:

(1) Stage 1l: repopulation of the cortex, but not the medulla,

and reappearance of cortico-medullary demarcation.

L 3

(2) ©Stage 2: reappearance of abundant "small" individual
epithelial cells, and a few "large" individ\éal epithelial cells

and epithelial cell clusters.

(3) Stage 3: repopulation of abundant "large" epithelial

cells and epithelial cell clusters.

(4) Stage A4: reappearance of abundant eplithelial cell

clusters and Hassall's corpuscles.

(23) By day 16 after GVH induction, severe suppression of T-
cell and B-cell proliferative respons;s as well as the PFC
response to SRBC were observed in GVH-reactive mice that
displayed mild, moderate, or severe thymic lesions. However,

with time after GVH induction, recovery of all immune functions

is observed.
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(24) The immune functional recovery is 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 immune recovery phase IL-2 production by
splenocytes following Con A stimulation {is greater than
following PHA stimulation

(26) The recovery of the PFC response to SRBC s gradual, 1 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

N
N

J

(28) A "lag" period is observed in the recovery of the PFC
response to SRBC after the thymus has regained a normal
architecture, suggesting that thymic architectural recovery

preceded thymic functional recovery.

(29) GVH reactions also resulted in depletion of nucleated
cells in the spleen of F1 mice by day 30 after GVH-induction
The degree of splenic nucleated cell depletion was dependent

upon the number and strain of PLC injected to induce GVH

reactions,
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(30) With time after GVH-induction, repopulation of the spleen
of GVH-reactive mice with nucleated cells-was observed. The
time required for complete splenic repopulation was determined

{
by the initial severity of the GVH reaction (on day 16 after

GVH induction).

(31) When GVH reactions were induced in B6AFl mice by injecting
3Ox106 B6 PLC, the depletion and repopulation of BM wigh
nucleated cells .preceded the depletion and repopulation of the
spleen, suggesting that the changes observed in the splenic

nucleated cell numbers reflect the changes in the BM

(32) When splenocytes from GVH-reactive B6AF]l mice displaying
different degrees of thymic regeneration were pretreated with
PGEl or PGE2 and then stimulated with Con ﬁ and PHA the

following results were obtained:

(1) PGE1l and PGE2 pretreatment of GVH immunosuppressed
splenocytes failed to restore T-cell proliferative responses
when efither moderate-severe thymic lesions were observed or

when thymic cortical regeneration was observed.

(ii) PGEl and PGE2 pretreatment of GVH immunosuppressed
W

splenocytes only partially restored T-cell proliferative

responses when partial thymic medullary regeneration was
!

observead.

(111) PGEl and PGE2 pretreatment of GVH immundsuppressed
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splenocytes was most effective {Iin restoring T-cell
proliferative function when complete thymic medullary

regeneration was observed.

(33) The severe depression of splenic NK cell activity during
the intermediate phase of the GVH reaction could be accounted

for by, at least three mechanisms:

(i) Depletion of nucleated cells in the spleen

(i1) Inability of splenic cells to produce lymphokines which
may be required for maintaining lytic functions of NK cells
(1i1) Lack of expression Iin the expression of NK cytotoxic

potential.

(34) The severely depressed splenic NK cell activity could be

boosted partially by in vivo administration of Poly I.C

PGs and Poly I:C. The combination of PGs dand Poly I C
treatment was more effective in restoring depressed splenic NK
a
cell activity then either PG or Poly I:C treatment alone
X
(36) GVH reactions also induced IFN sroduccioﬂ which could be,
detected Iin the serum of GVH-reactive mice. Serum IFN was

detected as early as day 4, peaked by day(12, and ‘then declined

to undectable levels by day 30 after GVH induction.
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(37) On days 30 and 35 after GVH induction, the GVH-reactive
mice produce only 25-30% of IFN as compared to the IFN produce

I:C.

(38) The depression in IFN production by the GVH mice could be
attributed to, at least in part, the depletion of nucleated

cells in the spleen of GVH mice.

(39) The restoration of depressed splenic NKcell activity in
vitro was 1Independent of the degree of thymic medullary

_—— e — —

dysplasia.

(40) The GVH reaction induced splenomegaly and tissue damage

are two distinct features of the GVH reaction mediated by

seperate mechanisms.
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By employing various parent-->Fl GVH combinations of bg/bg and

+/bg mice the following results were obtained:

(1) GVH reactions augment splenic NK cell activity of both the

host and donor origin.

(2) The augmented splenic NK cell activity of donor origin,
but not the augmented splenic NK cell activity of host origin,
correlate with the development of moderate-severe GVH-
assoclated tissue damage.

’
(3) The degree of augmented splenic NK cell activity does not

correlate with the degree of splenomegaly.

(4) The bg/bg PLC, like the +/bg PLC, possess tha ability to
induce GVH-assocliated splenomegaly, however, the bg/bg PLC,
unlike the +/bg PLC, are deficient in their ability to induce

GVH-associated tissue damage. ,

(5) The bg/bg PLC possess the ability to induce early severe
suppression of the PFC response to SRBC in both the bg/bgFl and
+/bgFl mice. However, the bg/bg PLC induced only partial

suppression of T-cell mitogen responses,.

(6) In the bg/bg and +/bg parent into F1l hybrid GVH
I
combinations severe suppression of the PFC response can be

observed in the absence of thymic dysplasia. However, severe
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suppression of the T-cell mitogen responses is observed only in

'

the presence of thymic dysplasia.

- -

(7) The parent;l B6 bg/bg mice possessed the effector
mechanisms responsible for allograft rejection but lacked the

mechanisms that induce GVH-associated tissue damage.

—

(8) The parental bg/bg animals possessed a greater T-cell
proliferaté&e and IL-2 producing capacity and a lower B-cell

proliferative capacity than parental +/bg mice.

** NOTE: The above summary outlines the original work

contained in this thesis.

®
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