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ABSTRACT 

SELECTIVE STIMULATION OF CELL-MEDIATED IMMUNE RESP0NSES IN MICE 

IMMUNOSUPPRESSED BY A GRAFT-VERSUS-HûST REACTION 

. , 

hy 

William Treiber-

Depart~~f Physiology 

Ph. D. 
• 

The ~~un1tuppress~ve effect of the graft-versus-hcst (CVH) re-
, 1 • 

action was studied in Fl mice injected with parental lyrnphoip cells . 
• 

Suppression of the humoral 'immu~e respon~e ta sheep red blood cells . .. 
- 1 (SRBC) .in mice undergoing GVH reactions (CYH mice) was shawn to de-

I 

\ 

pend upon the strength of the GVH reaction and its duration Jt the time 

of sensittzation with SRBC. Adrenalectomy and castration of mice prior 

to ~ i~duc.tion of'a GVH reacrion did not reduce the innnunoi>uppressive 

effect, suggesting that immunosuppression results from immu~ological 

factors rath~r than from a genQ~al stress response. 

Appropriate stimulation of 'CVH mice was capablè of eiiciting cell-

1 r 

m~iated immune reactions to two different types of fntigens while the 

humoral inunune responses ~o the same atltig:\ remai~ed s:~pressed. Mul­

tiple challenges of CVH mice with allotransPla~~~~~9n antigen caused a 
, , 

rapid rejection of supsequent skin grafts'fram the srume donor strain, 

but failed to stimulate the production'of any detectabl~ antibodies to 
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the transplan tation antigens. 
~ " 

Sen~itrzation of'èVH mice with SRBC 

in Fr'e~d' s complete' ad luvant stimulated a âelayed hypersen~iti'\lJty 

response ta SRBC, alth~ugh no humoral response ta SRBC ~ould be detected, 

'even after three challenges with SRBC.' 

A single challenge of CVH mice with the thymus-indepehdent anti­

gen. LPS did not fuCit a humoral respônse, but a second and third 

challenge with LPS resulted in the,production of a significant number 

of LPfi-rspecific plaque forming cells and a high titre of anti-LPS 

hem~gglutinating antibodies. 

Thè experimental results are discussed in terms or a proposed 

model for the'regulation of normal immune responses. 
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RESUHE 

STIMULATION SELECTIVE DE LA R EP(lNS E DI~llJNOLOGIQUE CELLUlAIRE CHEZ 

DES SOURIS EN ETAT D'IHHlJNOSllPPRESSION INDUITE PAR LA 

. 
REACTION DU GREFFON CONTIn: L'HOTE. 

J 
Wi 11 Llll1 Treiher 

Département de Physiologie 

l'h.D. 

L'effet immunosuppresseur de 1<1 r0,lction du greffon contre l'hOte 

(GVH) d éte étudié chez de,> souris hyhrides Flin Jl'C tées avec des 

• cellule~ lymphoides 'Cl'origine parentale. Il a été ohservé que le 

degré de suppression de la réponse humorale nux glohules rouges de 

mouton (SRBC) causée par 1.:1 n-action GVH varie suivant Lt "v1.gueur de 

la réaction GVH et aussi en [onction de l'intervalle séparant l'induction 

de la GVH ~e la stimulat1.on antigfnique. L'adrendlectomie el La 

castration des souris ~ybride& Fi avant l'injection des cellule~ 

paréntales Il 'ont pas réduit l'intensité de l'immunosuppression suggérant 

que ce1le-ci est due à des facteur& immunologiques plutOt qu'à un 

e ta t des t r es s . 

La stimulation de souris en réaction GVH (souris GVIl) , sous des 

conditions appropriées, avec ~eux types différents d'antigènes a pro­

voqué une réponse immunol?gique cellulaire à_ çes antigènes alors.. que 

la réponse humorale est demeurée supprimée. Des injections répétées 1 
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d'antigène ete transp~nLlI:,ion a provoql1t.: c.hez des souris (;VlI un 

rejet rapide d'une allogreffc de peau provenant de la même llgnpe 

de souris que les antigènes utilisés pour là sensibilisdtion. 

Toutefois il n'a pas 0t6 possible de mettre en evidence dans le b0rurn 

de ces souris des anticorp::, dirigés conlre les m~mes 311o:}ntigènes. 

L' inJec tian à de') souris GVH de SRBC me langés :1 de l'ad juvalll cump let 

de Freund ,1 stimulé une réaction- d'hypersensibilité retardce !lUX 

SRBC mais pas de répons€ humora le ce m{\me après trois in }ec tion~ de SRBC. 

Une injection de LPS, anligène thymique-indépendant, il des souris .., 
GVa n'a pas stimulé la repon-"e humordle. Toqtefois, deux ou lruis 

injections de LPS onL induit la formdlion d'un grc1nd nombre de 

cellu 1 es formant des plAques spécifiques .'lU LPS et d'un fort ti tr~ 

cl 'anticorp" hémclgglutinants anti-LPS. 

Sur la base de ces résultats un modèle sur la réguLltion de la 

réponse immunologique est proposé dans la discussion. 
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PREFACE 

'~ 

The irnmunosuppressive effect of the graft-versus-host reaction 

is weIl documented and has been the subject of numerous studies per-

formed in this laboratory. Aithough several studies had demonstrat-

ed pro1onged survival of skin a110grafts on CVH animaIs, there was no 

evidence as to the effect of transp1anting allogeneic stem celis into 

CVH animaIs. It seemed possible that ailogeneic bone marrow might 

not be rej~çted when transplanted into GVH mice, and that the stem 

cel~G might develop into a clone of irnmunocompetent cells which could 

restore irnmunocompetence ta the G~ host. Such an effect would a1so 

provide a means of in9ucing tolerance to speçific histocampatibility 

antigens as weIl as. studying the acquisition of tolerance to hast 

_tissue by the irnrnunocompetent stem ce1ls g To my surprise. the in­

jection ~f ailogeneic bone marrow into GVH mi~e stimulated cell-

mediated reactions àgpinst the ailoantigens rather than inducing 

tolerance to them. An attempt ta stimulat~ a humoral response ln 

1 

GVH mice using similar treatment was unsuccessful. Aithough both these 

findings w~re unexpected, they seemed to provide a new approach for 

studying the i~unosuppressive effect pf the GVH reaction. 

As th~ experiments pragressed they iIIustrat~several basic 
" ". 

differences between cel1-mediated and humoral immune responses which 

• applied t9~normal mice as weIl as GVH mice. It became tempting tb 
1# 

analyze these observations and speculate as to their causes in terms 
.. 

of what we presently know about the regulation of immune respons~s . 
. , 

.. 
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As a result the discussion ends with a propose~mechanism for the 

control of immune responses in both normal GVH ani1ll8'ls. AI-

though this model i5 highly speculative, l that it provides a 
/ 

plausible explanation for immune regulat the. observa-

tions frorn these experirnents and our current understanding of immune 

responses. 

, 

f 

'. 

" 



CHAPTER 1· GENERAL REVIEW 

Introduction 

Although history records several early clinical applications in 

the field of immunology, the science itself is very new. As so fre-

quently h~ppens, these procedures were based ~mpirical obsérvations 

and were employed with little or no understanding of how they ~orked. 

A classic example is that ùf Edward Jenner who ~n 1798 introduc~d 

vaccination against smallpox after observing that milk maids previous-

ly infected with nonvirulent cowpox never contracted smallpox (Ill). 

His tecfnique of vaccination ~as widely used for a century before the 
1 

virus causing smallpox was identified, and even longer before the 

mechanisms of immunity were understood. 

The tenn "immunity'\ in fact, merely reflects a basic obS'ervation 

ra~han an understanding of any of the principles involved. 

Strictly'speaking, immunity may be defined as " a state of being ex-
.... 

empt from penalty, dut Y , in jury or harmful influence Il (240). In a 

biologi€al sense it refers to the immunity of living organisms ta hann-

fuI agents, regardless of the nature of the agents. Immunology as a 

true science, however, goes far beyond thi& observation, ~nd has its 
- \ 

origins in the wor~ of Koch who fir~t identified and cultured the 

causative agents of ~nfectious disease. 

The early 'uncertainty and vagueness concerning immunolo\ic pheno-

mena ar( illustrated by many basic terms still in use {'clay. ~e tenn 

"an tigen" was originally defined as a substance which~n stimu\,~te an 

3. 
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animal~to generate cells or proteins (antibodies) capable of reacting 

with it in a specifie manner. The term "antibody" in turn refers ta 

the suhstance or body formed to react against the antigen. 

The scienc~ of immunology developed along two different lines, 

that of 'bacteriology and that of transplantation, which for many years 

" seemed unrelated but then merged following the .lIJork of Loeb in 1930 .. .., 
~. 

and that ,of Medawar in 1945. By far: mos t ot- the early defini t iVe work 
(' 

was done in the field of bacteriology. Significant breakthroughs came 
l " 

in l890'when von Behring developed a specific diphtheria antitoxin 

and thereby'discovered antibodies (16): and amazing intuitive insight 
;' 

was shown by Ehrlich in l89p (62) when he proposed his theory of ~nti-

body formation which is surprisingLy close to our present concept of 

antibody formation. 

Although the study of transplantation immunity developed mue,;h 

more slowly, its importance became increasingly evident and it now 
1 

forms the major aspect of irnmunological research. Since the graft-

.versus-h~qt reaction is a type of transplantation reaction, the major 

emphasis of this review will be on transplantation immunfty. 

The earliest recorded suggestion of ,tissue transplants appears in 

ancient Egyptian and Greek writings (198) before the birth of Christ. 

These writings describe skin autografts taken from one location in 

order to repair mutilated parts such as 1ips and noses. Suggestions 

of whole organ transplants appear in many legends such as~ the classical 

legend of Cosmos and Damtan* , two saints who were ~aid to have removed 

• 
the gangrenous leg from a faithful churchgoer and repla~ed it with a 

healthy leg from a dead ~thiopean. 

.... 
*Golden Legend by Jacobus de Vor~gine, l3th century, «Iso from a p~!nt-

ing by Fra Angelico, Museo di San Marco, Florence. 
r:o: 

4. 

.. 

.. 



e-
The successful transplantation of whole organs did not occur uutil 

after 1902 when Carrel retted a technique fat' anastamosing large bloot! 

vessels to one another (3 !. Using this technique he performed suceess­

.ful autografts in dogs 0 the thyroid gland (39), kidney (40) and 

ovary (42,43). Surgieal success was also aehieved with transplants 

of these organs from one individual to another (allografts), although 

the eventual failure of these grafts was attributed to technical errors; 

and observations during the period of rejection were not published. ~ 

Carrel also reported the first canine ,heart allograft that was implant-

'ed into the neck of the recipient and which beat nQrmally for 2 hours (41). 

The Genetic Rasis of Transplantation. 

A clear understanding of the genetie basis of tumor transplanta-

tian came into view in the early 1900's but these principles were not 

applied tq whole organ transplants until sorne timeOlater. In 1908, 

Bashford, ~Iurray an_cl Haaland (14) noted that a mouse tumor transplanted 

into a rat survived for an initial period of 8 or 9-days before beiryg 

destroyed, but that a second mouse tumor implanted into the same rat 

survived only 3 or 4 days. From these results they postul~ted that 

the initial exposure to the mouse tumor had provided the rat with an 

irnmunity which allowed it to destroy a second 
r • 

Noticing a simi1arity between neop1astic 

transp1an~ m[e rapidly. 

and embryoni tissue, 

Rouss and Murphy (194,166) in 1911 found that rat sarcoma was to1erated 

and grew rapidly when injected into 16 day old chick embryos. Further­

more the injection of spleen tissue, and to a(1esser extent bane marrow, 

5. 
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from adult chickens injectetl into 

/' 
the other side of the embrya receiv-

ihg the tumor brought about a rapid retrogression of the tumor. In 
1 

(, ~ /. 

Fhese experiments, Murphy not only introduced the tdea of tolerance, 

but also identified a4utt tissue as the basig for the rejection of 

r 
foreign neorlas tic tis'sue Carrying this one step further. i'lurphy (167) 

t 
was able to suppres~ the rejectian reaction and achieved inereased 

survival of mouse sarcoma when inJeeted _into adult rats whieh had been 

previously treated with subcutaneous injections of benzene or whole 
, 

body radiation. 

Complettely successful transfers of ttImors among members of the 
r 

same species, especially miee were not achieved unti1 syngeneic strains 

were developed. A syngeneie strain ean be defined as one that has 

undergone sufficient generations of brother x sis ter matings so that 

a11 the animaIs in any one strain (a,pd of the same sex) are homozygous 

and genetitally identical. Members of a given strain and sex will 

accept tumors, and indeed any tissue,from members of the same strain 

and sex without the risk of immunologieal re jection. 

Further insight into the genetie basis for tumor rejeetion was 

provided by Little (128) in 1914 when he proposed that lissue eharae-

teristics are determined by numerous genetie factors, and explained 

6. 

~ . 

in a Mendelian fashion how phenotypic expression of these éharacteristies J 

ean be th~ough successive matings. Vsing this theory, Little and 

Tyzzer (130) explained why a eareinoma whieh grew ~nly in Japanese 

waltzing miee would a1so grow in animaIs of the FI generation of a 
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hybrid cross between these mibe and those of another strain, but would 

not grow in animals of the F2 or F3 generations. They proposed that 

susc€pd.bHity to..-the transplantation of tumor is based upon a number 

of inherited factors ând that possession of these factors, even in a 
1,., 

half dose as in FI animaIs, rende.rs the individual susceptible to tumor 

l' 

growth. AnimaIs of subsequent generations, however, which lack one 

or more of these factors are not susceptible. 

In 1922 the studies of Little and Johnson (12q) showed that FI 

hybrids of two inbred strains readily accept tissue grafts from ani-
d< 

mals of the same sex from either parental strain. Subcutaneous spleen 

implants from waltzing mi ce into FI hybrids of waltzing and albino 

parents grew ~e hybrids,while spleen implants from the hybrids t 

did not persist in the waltzin~ mice. They postulated 'that the failure 

of the Fl graft in the waltzing mice resulted from the expression on 
~ 

the Fl graft of albino factors which were not present in the waltzing 

riJcipients. Frcnn this study and a .. similar study of his own, Bittner 

(24) concluded that retention of tissue implants iB dependent/~on the 
/"(' 

presence in the genetie makeup of the hast of aIl factors foudd in the 

genetic constitution of the graft. This i~a has become a basic rule 

of transplantation. 

Based on experiments in 1918 with different combJnations of inter-

related rats, Loeh (132) postulated that "individua1 differentials lt were 

pr4rent i~c~emical form on the surface of aIl cells and that they were 

inherited independently in a Mendelian form of blending. Loeh, however, 

7. 
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was unable to demonstrate art accelerated rejection or the production of 

antibodies fol1owing repeated allografts of the same tissue type (113). , 

As a result, he did not accept the concept of an immune reaction .as 

the cause of transplant rejection, and as late as 1945 he still believed 

that re jection was caused by a "disharmonious condition Il between In-

compatible differentials of the donor and hast tissue (134). 

However, the immunological nature of skin graft rejection became 

apparent ta Gibson and 1'ledawar (80) in 1943 when they treated a young 

woman with extensive burns of the chest. Graft.s of skin were made 

~"',. -with "pinches" of skin from her own thighs as weIl as her brother' s, 

~ 
and biopsies were taken at regular intervals. A second set of "pinches" 

was applied from her .brother fifteen days after the first operation. 
100 

" 
It was noted that, whilf the autografts grew weIl, the first set of 

allografts began ta degenerate by the 15th day and were completely 

destrayed by day 23. With the second set of allografts they observed 

an accelerated degeneration, beginning immediately and becoming weIl 

advanced by the eighth day. Although no evidence was found that the 
'" \l' 

breakdown of foreign epithelium was brought about by lymphocytes, .the 

"time relationships and accelerated re jection of second set allo'grafts , 
suggested that the destruction of the fore\ign epithelium was brought 

about by a mechanism of active immunization". 

Conclusive praaf of the immunological nature of graft rejection 

came from a series of classical experiments by Medawar (140,141) in 

1945. Sets of pinch skin grafts (autografts and al1ografts) were 
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• placed on rabbits,and biopsies of each were examined at regular inter-

vals, While the autografts survived, there w-as degeneration of the 

'allogr~fts which was accompanied by a massive invasion of lymphocytes 
\ 

and mon'ocytes. Application of a second set of allografts from the 

same donor was followed by an accclerated rej~ction which was the same 

whether or not these grafts were placed in the same operative field 

as the first set. These results showed the temporal relationship of 

~reJection, the involvment of lyrnphoid cells,and the ~ystemie nature 

which are required of an imroune responSe. The most important test, 

that of specificity, wa'l shown when a set of allografts from a related 

donor rabbit was applied following the rejection of the initial a1lo-

graft. Prior sensitization caused an acce1eratcd rejection of the second 

set allografts, but did not acce1erate rejectiGfl-Df the third party 

sktn. 'Thu8 graft rejection demon8trated two essential features charac-

teristic of an immuno1ogical reaction, namely immunologiea1 m~mory and 

specificity. It was therefore concluded th~t al10graft reJeetion was 

mediated by an immuno10gical phenomenon. 

Histocornpatibility Systems. 

Aithough a Mende1ian interpretation of graft survivai was put forth 

by Little in 1914. the genes controI1ing these characteristic8 were not 

identified until 25 years Iater. Working wi th sarcoma in a fHlr~ line of 

albino mice, Garer ,(86,87) {dentified isoantigenic factors re'sponsible 

for the rejection o~f incompatible tumors and demonstrated specifie i80-

9, 
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agglutinins in the sera of mice in which tumors had recently regressed ~ 

He postulated that two dominant genes governed the transplantability of 

tumors in these strain combina tions, and that the genes determining the 

presence of these isoantige!1ic factors might be idcntical with those. 

determining antigenic"differences in blood groups. It is interesting 

thllt Garer 1 s experiments also suggested that "therc 15 sorne evidence 

that malignant cells are antigenically different from the tissues from 

which they arase, but such difference" do not afford an efficient 

stimulus (for rejeet1on) under ordinary conditions of transplantation" . 
..,. 

Early studies of transplantation genetics were carried out in mice 

because of the homozygous inbred strains that were available By 

backcrossing Fl hybrids of 2'purebred strains, Snell (220) in 194A 

produced what were later ealled "congenie resistant" (CR)I strains of 

miee. Mice of these strains were identical with establtshed inbred , 
stocks except for the presence of one Tecessive alléle at a single locus. 

Using CR straing of mice Snell determined ,thât at least 7 ~oci and pro-

10. 

bably l4-or more were involved in detennining the fate of tumor transplants, 

and proposed the names "histocompatibility genes" (H genes) for the 
, 

lac i and "histocompatibility antigens" (H antigens) for thei1:: produc ts. 
l 

The prefix "histo" was used because he believed that the sarne genes 

determined suseeptibility ta or resistance ta tissue transplants in 

generai. Aiter producing mare of h1s congenic resistant strains, Snell 

(222,223) was able to distingufsh ~ween alleles of a single weak locus 

without stranger H systems interfering_" Based on his tumar studies, 

Snell delineated individual Holoci in the mouse and assigned them the 

. 
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symbols H-ü, H-2 etc .. 

As ât became apparent that beoplastic tissue can grow even in the 
'\ -

presence of an immune response, '"orm~i- tissuè was' used for histocompati-
~. lt: 

bility .'ltudies and revealed antigenic factors which had not been pre-
, 

viously revealed in tumor studies. 
, 

In 1957 Bar~es and Krohn (11) 

studied the survival of parental strain skin grafts on F2 hasts and 

estimated tha·t at least 15 H loci were responsible for skin graft re­

Î je~~~re recently .. If antigen, have been detected ûûng '"ch t.,,, 

\ as cytotoxicity, hemagglutination, comp]e~nt ,fixation, and indirect 

fluorescent antibody tests. 
if' 

By 1966, a minimum of 29 H loci were known to exist (10) widely 

distributed' throughout the chrom~somes (22R), but that pumb,r m~y be 
, 

a gross underestirnate. Bailey (9) points out the complexity @f the§e 

loci by suggesting that most are really nests of tightly linkE'd loci 

and highly susceptible ta mutation He estimates that the total ~umber 0 

of H loci may be greater than 400. 

The strongest and most extensively studied H-Iocus in the monse 
" # 

f . 
<w,as designated H-2 by Gorer et al. (89) who located it in the ninth 

< 
linkage group close to a seri~~of loci that ca~se fusing, kinking, 

and shortening of tail structure. Early estimates of 5 H-2 alleles 
'\ , 

(221) were revised upWards to 9 aIle les (226) and at present more than 
,) 

20 alleles have been described at the ~2 locus (228). The complexity 

of this region is further established by the fact that it~~ divisible 

~, 
by crossing over into at least 5 sepa~at~regions, perm{tFing phonotypic 

f , : ' 

express.lod of many àntigenic specifictt~~,S for each allelh ~225). 
'\ '" .~ 

.1 
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At present, 19 'H-2 specificities have been serologicaJlv defirred 

'1( • ' 

'. i ' 

in the mouse and the number is likely ta increase even more (')8,225). 

" 
Sorne of thesp antigens arQ shared by many different H-2 alleles aJ'ld < 

are present in most pure brcd strains as wéll as wild micc. These are 

"" termed "public" specificities (116), oth$~r antigens of the lf' .. 2 system 

are limited ta one or very few a11eles and are therefore present in 

, " . 
very few strains of mice These are termed "private" speeificities. 

It is now believed that the segment of chromosome which deter-

'" mines H-2 antigenic speèi.f,~cities ig aetuaHy campbsed of a em:;plex 

number of genes, sorne with functions ndt rela,ted ta the~lJ-2 antigens 
~ If' 

(117,118). This region, therefore, has been referred ta by Bach (8) 

as the maior higtocompatibi1i(y,comp1ex'(HIlC). At either end of the 

MHC.lie the two major serologically defined> (50) loci,H-2K and H-2D.,. 

with a recombination frequ€'ncy betHeen them of 0,4"1 ,(20'1,224). ,n- Be-

. ~ 

tween these SO loci lies the Ss-Slp locus i?entified by Shreffler 0 

(204) as being responsib1c for the production of two serum proteins, . , 

Within the l'me, sever/'ll 1ymphoc.yte defined ~L])) lod have a1so been 

identified based on a number of lymphocyte activities which they 

con.trol. 
() 

To the left of the S8 -SI P and ncxt' to the H -2K locus 1 ies 

the \Jloc~s which determine8 the abili ty of the animal to mount an 

immune response ta ~I number 'of syn thet ic polypeptides (17,139). The 
cl 

Ir region seems to be a complex region cantaining a c lus ter ,of genes 

which are important in the immune response to ~Çln·Y diffet;ent types of 

antigenB. In addition to contrôlling the respcrnse ta synthetic poly-

peptides Ir genes have also been shown ~~ control responsiveness t~,~ 

, 
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variety of allogenic antigens and several strong native antigens such 
• 

as b~ine serum alb~min. 

Severa1 mutant strains of mice have-rec~ntly been described as 

differing from the origin~l strain by a spontaneous mutation in the 

MHC to the left of Ss-Slp (189,241). Although it is not pos~ible ta 

abtain cytotoxic or hemagglptinating antibodies against the ,difference ' 

, 1 

by cross-irmnunization, there m~y be reciprocal and rapid rejection o'f 

skin grafts exchanged between the two strains (11 r. Despite the 

possession of identical SD antigens, tne ~rnc d~g!.~renéè was found to 
, . ' . . 

activate T lympho:ytes in vitro as ~ell as in'vJJu. The LD difference 

- in the mutant strain was~sufficient to cause reciprocal stimulation 

in mixed leucocyte culture (HLC) and cytatoxieity as measured by cell­

mediated lymphoiysis .. The in vivo counterpait of MLC reactions, namely 

~the graft-versus-host (GVH) reaction has been demonstrated by Livnàt 

and Klein (131) and 

~f mice. \They have 

by Rodney et ~l. (l89) ih several mutant strains 

~ 

shawn that GVH reaetions can aeeur in eombinations 

which are serologically'indistinguishable and which aceept eaeh other's 
" _ 

skin' grafts permanently. They attribute -the GVH reactivity to a er:oss-

over within the Ir region and speculate that the genes lead~ng ta the 

GVH ànd ML~ reaetions are identieal with the Ir genes A sarnewhat 

- , 

eomplex relationship, appears to exist between sn and LD, regl@ns in re~ 

gard to their involvernent in MLC and GVH reaetions. It has been propos~d 

that lymphocyte defined antigens st~mulate MLC and qVH reactiqns while 

serologieally defined antigeng appe~r to be the targets of irmnunocompetent 

. 
ceUs in these·r~actions, (3) . 

• 
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The relative importance of the regions of the H-2 gene.eomplex ,. 

in elieiting GVH reaetions has been summarized by Oppltova and Demant 

(173). GVH reactions are stimulated most effieiently when the~e is Ir~ 

region incornpatibility, but only weakly by H-21~ H-2D, and Ss-Slp in-

compatibility. -These requiremenjt closely resemble those for the MLC 

reaction, bût seem to"be quite different from the genetie requirements 

for skin graft rejection which can be,caused by H-2K and H-20 inco~pati~ 

bility but not by Ir or Ss-Slp incompatibility, 

It shouid be pointed out, however, that control of MLC and GVH 
'--, 

reactivity in the mouse is not limited to the H-2 region. Festenstein,. 

et al (69) have demonstrated a single genetie region known as the M 

locus which i linked tn the major histocompatibility system nor 

to several kno H antigens. The antigens of the M locus cannot 

be detéeted' s can stimulate strèng MLC and GVH reae-

tions as weIl as allograft rejeetion (69,108,109). 
# 

Serologically defined H genes express themselves b~ producing 

" " H antigens on the surface of eell membranes. Also known as trans-

plantation or aLloantigens, the H an~igens are glycoprotein in nature 

with the protein moiety accounting, for 80-90% (203) and containing most, . 
if not aIl ~f their antigenic determinants (186). LD genes are also 

believed to be phenotypically èxpressed at the eel1 surface although 

their ph~notypic product is probably not of the same chemical nature 

as H antigens (8). Nonetheless, David and Shreffler (53) ~ve pro-

1 

duced several anti H-2K reagents which they have snown ~o contain 

antibodies directed against LD antigens. Using these antisera they 

14. 
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~~~~~ly identified 6 LD specificities deterrnined by the 
-~ 

H-2 antigens have been demonstrated on virtually aIl types of 

ttssues including skin,' 1ymphoid tissue, myeloid tissue \d neoplasms 

derived from these cel1 types. The primary function of transplanta-

tion antigens is not known, although many_theories have been proposed. 

Jerne (112) cites the importance of H-antigens in ontogeny, name1y 

-in the cel1 to ce1l recognition that is needed for the formation of 

specialized tissues and for morphogenesis. Other researchers (98,161) 

suggest that H antigens function in çe11 contact and recognition 

phen~mena, providing a surveillance mechanism ca~able of eliminating 

ce1l variants such as neoplasms which have a changed surface struc~ 

ture. Burnet (31,32) points out that susceptibility to malign~nt 

disease increases with tne mother-fetus re1ationship of higher v~rte-

brat~s, an~ suggests that H-antigens provide a means of recognizing 

and removing neoplastic cells which might be received from the mother . 
• 

In regard to LD genes, Bscn (8) has postulated that recognition of LD 

differences may be a key event which will eventual1y lead to the sllo-

graft reaction." ,) 

Histocompatibility systems have been found ih a wide range of 
• 

vertebrates'including fishes (113), amphibia (101), birds (202) and 

VioSny species of mammals (A good review of these is 'provided by 

Batchelor (15». Although no attempts have been made to identify 

• H systems ~mong inveftebrates it seems quite likely that similar "self" 

antigens also exist on the c~ of lower animaIs. Su ch surface anti-
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gens may play an important role in the morphologie development of all 
4 

animaIs as well as the natural immunity which has been described ih 

lower animal forms (110). 

The Immune System 

The Thymus Dependent System. 
, , 

The most important cell in the immune respanse is the lymphocyte. 

Once thought to be a simple, homogenou~ p~pulation of cells, lymphocytes 

. 
are now known to vary great1y with rèspect to origin, structure and 

function. Most evidence suggests that lympho~ytes, and indeed all blood 

cells, develop frorn a single type of'hemopoietic stem cell (144,162,164). 

These stem'cells are first formed 
\ 1 

in the ear1y yolk sac, probably from 

cells that migrate out of the anterior quarter of the primitive streak , 
~ (165). Most stem ce1ls in the yolk sac di~férentiate into early stage 

/ 

erythrocytes, but sorne divide to form new stem cells which are released 

into the general cir~ulation. Early migration of the new stem cells to 
. 

the liver results in the formation or "colonies" and the initiation of 

-" hepatic hemopoi~sis which is evident in the mouse by the tenth day of 

fetal development (162). Although the earliest detection of stem ce11 

colonization appears in the feta1 liver, migration ta the bone marrow 

and lymphoi~ organs is a1most simultaneous. In the mouse, Moore and 

Owen (163) have demonstrated the presence of stem cells within the 

\ 
epithelium of thymic rudiments of 11 day embryos, while the ear1iest 

colonization of the bone marrow has been shown at 17 days gestation (143). 

16. 
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Stern ce11s fro~ the yo1k sac have been shown to be p1uripotent, 

i.e. having a wide range of deve1opmenta1 capabi1ities (162). The 

particular cell' type into which they differentiate is deterrnined by the 

indu~tive ~nvironment of the organ rudiment in whi~h they proliferate. 
-

Two pathways have been identified for the deve10prnent of lymphoid 
~ 

\ 
ce1ls. One cel1 population migrates through the thymus (thymus-dependent 

system), and gives rise to what are termed thymus derived cells or T 

ce11s. In birds a second populijtion of 1ymphoid cells (thymus-

independent system) migrates through the bursa of Fabricius. In mammals, 

trhe route by which this second population of cells migrates has not 

been established and th~ thymic-independent cells are merely called· 

bursal equivalent c~lls, or simp1y B cel1s. Stem cell migrat~on ori-

ginates directly from the yolk sac in early embryonic deve1oprnent, 

but once the bone marrow h~s developed,c the marrow becornes the origin 

of migration and continues as such throughout the ànimal's 1ife. 

It is genera11y believed that cells within the thymus da not 

participate direct1y in immune reactions. As a~p,rimary lymphoid organ, 

~ 
the development and matura-

~ 

however, the thymus i~ vital1y important in 

tion of the immunocompetent ce11s which are necessary for these reactions. 

Evidence for this belief is shown by the fact that neonata1 thymectomy 

in mice, rabbits and chickens renders them unable to mount an immune 

response in later 1ife (85,146,238). In ~ome cases, irnmunocornpetence 

can beirestor~d by grafting a syngeneic thymus into such anima1s (145). 

Within the thymic environrnent, migrant cells proliferate and 

differentiate into thymus lymphocytes (thyrnocytes). In the mouse the 

( 
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great majs>rity of these thymocytes appea'r to die in si tu within 3-4 

days and fewè'r than O. sn/, are re1eased to the circulation (137,142). 

This excéssive lymph~poiesis within the thymus may represent a reserve 

function of the thymus, or it may be that it provides an excessive 

number of lymphocyte mitoses needed to generate, on a random basis, 

lymphClcytes with a wide range of antigenic reactivity patt,etns Those 

ce1ls which are released from the thymus migrate to periphera1 lymphoid 

tissue and are termed "thymus derived" lymphocytes or "T" ce1ls. 

During their development in the thymus, mouse T_c~lls acquire a distinct 

"th'eta" surface antigen which is unique to T cells and is frequent1y 

used as a surface marker to trace cell development. Recent studies ~ 

have shown a simi1ar human thymic lymphocyte antigen (HTLA) on human 

thymic derived lymphocytes (1,219). A comprehensive review of surface 

antigenic markers for distinguishing T and B ceUs in mice has been 

made by Raff (180). 

The production of T cells and the development of inmmnocomp'etence 

believed to be contro11ed by a humoral factor produced by the thymus. 

is was first shown by Osoba and Miller (175,176) who restored immuno-

competence in neonata1ly thymectomized mice by the intraperitoneal im-

plantation of thymus grafts enclosed in millipore chambers, Subse-

quently, extracts from calf thymic tissue were also found to restore 

w 
immunocompetence and lymphocytopoiesis in neonatally thymectomized mice 

(242). Although the precise cause of this restaration has not been es-

tablished, an active factor has been isolated from the thymic extracts. 

This,factor has been termed thymosin by White and Goldstein (82) who 



,have evidence suggesting that it is produced by thymic epithe1ial 

cells. The injection of extract containing thymosin into normal new-

born mice has beert found to accelerate the development of T cell 

functions such as cell-mediated immune reaetions and rosette forma-

tian (84). 

The activity of thymosin does not appear to be 1imited to the 

thymus. Although most T cell maturation is initiat:ed in the thymus, 

ce1ls having the properties of T lYmphocytes have also been shown 

ta be produced in the peripheral lymphoid organs (82,83). Komura 

and Boyse (120,121) have demonstrated the ability of thymosin to 

specifica1ly induce mouse precurs?r cells to differentiate into 

T lymphocytes in vitro Mouse bone marrow stem eells ineubated 

for ~ minutes with a purified thymiclxtract were shown to acquire 

t~characteristic T lymphocyte surf e antigens specifie for mature 

T ce Ils: More recent repor ts .(199,200), however, have indicated 

that such T cell differentiation can be initiated by agents that are 

not specifie pr\duets of the thymus. Cyclic AMP and po:~ A:U have 

been found \0 in~uce in vitro the expression of T celt specifie 

antigens on precursor cells found in the spleen and bone marrow of 

"nude" (congenitally athymie) and normal mice. In addition there has 

been sorne speculation that endotoxin (LPS) may be'capable of promoting 

T celi maturation in vitro (200). 

Although the majority of ~hymocytes appear ta die without ever 

leaving the thym~f, a significant number of T eells are released 

and "seeded" to the p~ripherai lymphoid organs. T cells aRPfoar to 

.... _.s .. _________ ~ __ ~ __ . ~ _ 

19. 



20. 

leave the thymus by way of i ts 1ymphatic drainage system as weil as 

through the rich supply of veins in the cortico,-medullary junction 

(143 ) A small proportion of these mature T cells localizes in 

, 
"thymic-dependent" areas of the spleen and lymph nodes (177). These 

areas are found within the lymphoid follicles of the spleen immediately 

surrounding the central arterio1es in the rnid and deep cortical zones 

, 
of the lymph nodes. 'Studies by Raff and {~en (183) using anti-theta 

serum indicate that T cells account for 65-707. of the 1ymphoid cells 

in the lymph nodes and 30-35% of those in the spleen. 

The 1argest percentage of existing T cells becomes part of the 

recircu1ating pool of smaH lymphocytes. T cells have been shown to 

const.i tut~ up ta 857, of this pool, though only about two-thirds of 

these bear the theta antigen (152). In the adult, the recirculating 

small lymphocytes are carried in the b100d ta the thymic -depend enl 

areas of the spleen and lymph nodes where they leave the b lood through 

post -capillary venu les. They circu late through the lymphatic system 

and return ta the b lood by way of the thoracic duc t which, as· a re-

suIt. is an abundant source of T cells (91). The rna;ority of recircu-
c 

1 

lating lymphocytes have a long life span measured in the arder of months 

in rats (188) and up to 10 years in man (0). 

T cells play a primary role in cell-mediated immune react ions such 

as graft rejection and de1ayed hypersensitivity (143) The cells' which 

participate in these reaction_are specifically sensitized. and there-
, 

fore capable of antigenic recognition. Considerable dispute has arisen 

over the nature of the recognition site on the sensitized T ce 11. 
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Whereas inmmnoglobulin receptors have been readily identified on the 

surface of B cells, similar techniques have failed to demonstrate their 

presenc.è on T cells. Uptake of antigen by thymocytes in vitro is mini-

mal compared to that seen with peripheral lymphocytes (34), and irrIDmno-

globulins have not been found on thyrnocytes by immunofluorescence or 

immunoautoradiography (184,236). Sorne indirect evidenee, however, 

suggests that "innnunogiobulin-like" receptors might be present on T 

" 
-cells. Antisera to immunoglobulins were found by 1'1ason and \.;rarner (136) 

to interfere with transplantation inm1Unity and delayed hypersensi ~iVity ~ 
ft,metions t1sually performed by T eells. In addition, Greaves and 

MtHler (93,94) have shown that sensitized thymus derived lymphocytes 

(possessing the theta antigen) bind to sheep red blood eelIs and form 

rosettes. Furthermore this binding can be inhibited by the prior treat-

ment of these T cells with anttsera directed against different parts 

of the i~unoglobulin molecule (190,191). Greaves and Hogg (92) have 
A ~"I 

.: 4 

suggtisted that the surfaces of T eells may contain irrnnuno~lobu1in recep-

tors which are only partially exposed, and are therefore difficu1 t ' ta 

dêtect by conven tional meims. 

• 1fT cells do possess i~unoglobu1ins on their surfaces as re-

cent evidence suggests, it is important ta determine whether these 

immunog1-0bulins are ae tively produeed by the T eel1s or passively ae-
i 

, 
quired as cytophi1~e antibody. Recent reports by Roelants et al. 

(191,192) present evidence that T cells have immunoglobulin receptors 

for an tigefl and that· they are active 1y synthesized by the cells carrying 

them. Bath T and B cells from sensitized mice were found to specifical1y 

bind labeled antigen and "cap" with anti-immunoglobulin serum in cul-

= S 



ture. This was followed by e~docytoSiS of the complexes and the dis-
1 

1 
appearance of detectable n:éeptors. After 18 more hours in culture 

the same T cells appeared to have resynthesized receptors,and once 

again bound specifie labeJed antigen and "eapped h with anti-innnuno-

globulin serum. Recognition by the T cell of antigen ie determinants 

results in the transformation of specifie lymphocytes into large, pyroni-

nophilic -blast eells which proliferate to produce a clone of small 

lymphocytes. Virgin antigen sensitive cells cannot take part in irrrrnune 

reactions, but must first be sensitized or "edueated". By interacting 

with a specifie antigen sensitive ccll, the antigen thus stimulates 

the proliferation of a whole clone of ceIls capable of reacting with 

it. 'The p-rocess of education might be merely a quantitative expansion 

of the cells capable of reaeting with a specifie antigen, or it may 

bring about further di fferentiation of the.T eell and the development 

of antigen-speci fic receptors wi th higher affinity. 

Once educated, thymie derived lymphocytes can participate in 

cell-mediated immune reactions such as graft rejection. Until re-

cently it was believed that sensitized T cells ean directly act as 

killet' cells in such reaetions :without the collaboration of bane marrow 

derived cells (148,231) New evidence, however, suggestsi that in 

addition to sensitized T cel ,non-specifie ceUs of bone marrow ori-

, 
gin may act as effector Ils in cell-mediated reactions (103,122,123). 

T cells are aIs required ta serve a "helper functian" in re-

actions leading ta of antibodies again~t "thymie-dependent" 

antigens. By far, antigens fall into this category. 
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The actual antibody forming cell has been shown to be of bone marrow 

origin, but nonetheleRs dependent on T cell cooperation (149,154). 

The function of the T cell in such reactions may be to combine with 

the ant1gen and present its antigenic determinants to the B eell in 
1 

a more -s\imulatory fashion (147). The addition of supernatant from 
... .... 

cuitures of nonspecifically activated T cells has been shawn to ac-

tivate B cells to produce specifie antibody when they are cultured 

alone with a given antigen (4). This wouid suggest th~t the T cell 

may release a soluble factor which nonspecjfically stimulates the 

B cell ta produce antibody once it has bound with the antigen. Al-

though VitetLa et al. (235) have demonstrated cells in the thymus 

\. 
wh ieh are capable of seereting innnunoglobulin, these cells do not 

bear any thymie antigens and are believed to be plasma cells or bone 

marrow derived lymphocytes which comprise less than 2/0 of the thymie 

cell population. 

Fin~l1y, T cells may also provide the means for immunological 

"memory" (50), a basic characteristic of immune responses. ''Memory'' 

seems to r~sult from antigen induced proliferation of specifie T cells , , 

and the consequent production of a T celi clone of long lived sntigen 

reactive cells (158,19'3). 

The Thymus-Independent System. 

In 1621, Hieronymus Fabricius reported the existence of a pre-

viously unclescribed organ of the chicken located at the caudal end of 
\ 

the cloaca (239). Experirnents in the 19th. century showed that this 

. ~ 

• 
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organ was present in at least 30 different speci~s of birds. Furthermore, 

its developmE!nt was found to roughly parallel the development of the 

thymus. Like the thymus the bursa develops from endodermal-ectodermal 

interaction, growing most rapidly soon after hatching and continuing 
1 

its growth until sexual maturity, at which time lt i~volutés (56,187). 

As ear ly as 1885, the bursa was identified as a center of lymphocyte 

activity (143). The first indication that the bursa was connected with 

imnune reac tions carne from a s tudy by GI ick et aL (81) in wh ieh they 

determined that chicks which w~ bursectomized at hatching were 

found to be very susceptible ta infection by Salmonella typhimurium 

and did not produce any detectable antibody. 

While lymphoid colonization in the chick thymus scarts at about 

8 days incubation, colonization of the bursa does not stârt until day 

13 or 14. Large, undifferentiated ce11s migrate fr~m the yolk sac and 

spleen and Iocalize with in epithe liaI buds of the bursa. where they be-
6 , 

corne committed ta the lymphoid line (143) The' subsequent proliferation 

and maturation of these cells results in the establishment of a popu-

latio~ of bursal small lymphocytes. The bursa of Fabricius has been 

identified as the first site of antibody formation. Thorbecke, et al. 

(2,32) have demonstrated IgM production in the chick bursa as early as 

the 18th. clay of incubation, although this is not believed ta arise as 

a result of ·antigen' stimulation within the bursa. \.' 

Studies performed in the chick at the time of hatching have shown 

a migration of ce\ls from the bursa to othèr lymphoid organs including 

the spleen and even the thymus (99). This roigration continues up. ta 

24. 
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at laast 6 weeks of age but ceases by the onset of bursal involution. 

Bursectomy at this time has very litt le effect on antibody production 

(2'37). Although a hormonal mechanis.m for .bursal control of lympho-

poiesis has beeÎ1 proposed (197), i t has not been fi rmly es tablished. 

It has been more difficult, in mammalus ta identify a' specific 

organ equivalent to the avian bursa of Fabricius. Recent studies (47',97) 

'suggest that the peyer' s pa tches and other gut associated lytr.ph'O-

epithelial tissues may be the matnrr\él.li·an homologue of the bursa of 

Fabricius. There ~e several lines of evidence to s~pport this: 

l) removal of Peyer' s patches in rabbi ts has been shown' to resul t in " 

a deficiency of antibody pro'duction; ..;?\~ Peyèr' s patches have lympho-

epithelial relatianships similar to those in the bursa; 't) unlil,e 

Eallicles of the spleen and lymph nodes, Peyer's patch fallicles are not 
-~ '-dependent upon antigenic stimulation for development, 4) peyer' s 

patches are well developed in animaIs that'have been subiected to , 
" 
~ neonatal thymectomy; and ')) peyer' s patches have been shawn ta com-

~posed mainly or entirely of thymus-independent lymphoid tissue. 

Regard le s s of whe ther the Peyer' s pa t ches represen t the mamma lian 

eqùivalent of the bursa, a dis"tinct population, ofJ1llarrow-derived, 

thymic-~ndenendent lymphocytes has beèn identified in 'mammals (154,169). 

These peripheral lymphocytes are termed bursal-equivalent or "B" cells. 

B cells recirculat.e ta a much more l imited extent than T ce Ils 

and wi th a much slower transit time (l§l). The great majority. of B 

cells tend to settle in definite thymic-independent areas of the peri-

pharal lymphoid organs. Sorne evidence suggests that B cells have 
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specifie surface a~t~~eh1r which cao be used ta dist'{nguish them from .,,. -
thymus derived cells ·d~,;n. These "mouse-specific {3 lymphocyté-antigens" 

(MBLA) 8r~ believed to bQ sornewhat similar to the thymus specifi'c.anti-
r ~ 

gens alth?ugh their existence and specifieit~ arc not nearly so weIl 

,documented. l'heta ant.igens are !eadily identified by, "peci fic anti'sera 
, ~, 

pr~pared in allogeneic mice. MBT~, howeVer, have only been i~entified 

using antisera prepared in rabbits against lymph node eells fr0m miee 

• 1 

which have been. thymectomize"d, lethally -irradjated,~ and reeonstituted 

with syngeneic fetai liver cellA. ;;incc the fwtiserum is ç1irected against 
" ' 

a xenogenic antigen(s) it i8 not certain whether it je; sblely direeted 

a-gainst NBLA or what percentage of H cells express these antigens 

When B cells are activàted by anti~en they divide and differentiate 

to prod\lee expanded clones of f-lntibodv forming cells which usu~lly 

fo~ antibody of a single "pecificity (170,171). Tt is now believed 

~ \ 

that T calls play a ma;or role> as "helper" celIs--1n such reaetions-with 

most antigens which are therefore termed thymic-dependent antigens. The 

first evidence for su eh T-B celI cooperatjon was supplied ~y Claman 

et al. (4t+) who found that irradiated mice given b,Cith thymus and bOJ;le 

marrow cells made a far greater antibody response ta {heep erythrocytes 

than reeipients of éither thy~oçytes or bo~e marrow cells alone In sl1ch 

reactions, the T and B cells have been shown ta bind to dtfferent deter-

minary,ts of the same ant igen (156)., As previnu;ly men ti.oned, cooperat1on 

is believed ta be aceompl.ished eilther by a Q~idgtng eHeet of the anti-

gen between the T and B eel1 ,\or 9Y the release<fby the T cell of a 
• 

ehernieal mediator which enhances B cell responses (181). Same-e~i-

26 
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"'­dence suggests that macrophages or adherent cells may ~lso play an 

/ . 
important raIe in this coopera'tion, ei ther hy processin'g and concen-

27. 

. , 

t~ating the ~ntigen or hy producing soluble factors which may be necessary-
o 

for )l'rmal cell proli,feration. A good rev'iew of sorne recent<> concepts 

in the control of antibody synthesis is presented by Bretscher (29). 

~ 

Although the property of immunologieal memory is usually attri-
\ 

huted to thymus der1ved cells, some memory functian has been shown to 

reside irra population of long lived B cells (230). Expression o~ 

, . 
memory by B cells, hawever, may be dependent upon the presence of un-

primed T cells (153). 

A small number of antigens are knùwn to he able ta stimulate 

antibody production in B cells without the cooperation of T cells. 
, 

Termed thymic-independent antig~s, thè~e in~lude tetanus toxoid 

• 
flagell~ H antigens ~f Salmonella adelaide and polysaccharides fJom 

E. coli and pneumococcus (150,157). AnimaIs wh i ch, have been neonatally 
'f' , 

thymeetomized (IOO)~ lethally irradi,ted and reconstituted with bone 
1) • 

marrow (6), or treated with anti-theta serum (60) show almost normal 

primary antibody responses when subsequently exposed to, these antigens. 

Soudies hy Feld~an and Basten (68) have suggested that thymic dependence .. 
or independence is related to the mode of presentation of the antigenic 

determinants rather than to their specificity. Thymic-independent 

antigens appear to have rep~ating \ete~in~nts which can be presented to 

B cells and stimulate them directly \ This in turn might suggest ,that 

the ~ole of T cells as helpers in an~body production lies in ~heir 
ahility to present to the B cell sufficient antig.enic peterminants- t6 

~' .. 
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cause stimulation of antibodv·production. 

Many thymic-indepeQdent antigens, when present in high concen­

trations, have been shown to a~tivate B cells nonspecifically into 

increased DNA synthesis and polyclonal antibody synthesis (4). L~S, 

for example, in appropriat~ high concentrations is believed to exert 

this mitogenic effect on all B cells irrespective of the specificities 

of their antibody ~é~ePtors (48). Coutinho and Mtllier (49) have ex-
, 

plained the differènce between specifie B cell activation by thymus-.. 
independent antigens and their nonspecific mitogenic effect on the basi; 

, 
of a quantitative üopcept. Optimal (higher) concentrations of a m~togen 

presumably bind nonspecifica~y' ~o B cell receptors which are not immuno-

g!obulins,and they therefore activate a whole population of B cells, 

irrespective of the specificity of their immunoglobulin receptors. 
, , . 

f8. 

As the concentratton of mitogen is decreased the number of rnitogen t 

_mrleeu~es nonspecifically bound to the cell surfaces decreases below 

dhe threshold required for triggering. This.results fn a decr~ased propo~~ 
1 

tion of responding cells until non-specifie activation cannot be r-
detected. At lower mitpgen concentrations, all B cells wil~ nonspeti-

fically bind rnitogen rnolecules at' the same subthreshold level. In 

addit~on, however, B cells having specifie imrnunog~obulin receptors' 

for the antigenic determinants of the mitogen will bind a larger number 
, 

of mitogep molecules and will become activated by the confrontation 

with the mitogenic pr~pertie~ carried by these molecules. At,these low 

mitogen concentrations the res;onding cells are selected by their 

\ 
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specifie 19 receptors, and the response i5 detected as a specifie, 

thymic-ingependent immune,response. 

The ability of thymic-independent antigens ta stimulate B cells 

directly circumvents the normal requirement for T and B ce Il cooperation. r 

In the case of thymic-dependent antigens, stimulation of antibody 

production by the B cell depends upon the reeeipt of 2 signaIs by 

precursor cells (29). One signal is provided by the binding of anti­

gen to specifie receptors on thé B eell of a thymic factor produced 

as a result of T cell interaction ~ith thr antigen. M~ller et al .. 

(160,217), have shown that T-B cell ~oope~ation ls not au Obligà:~ry~ 
event in the triggering of B eells and that l'P~ ean be sUbstitY4/ . 

, 
for the T cell activity whieh is no~ally necessary for a response 

against SRBC. They showed that the primary PFe response to SRBC was very 
\ \ 

low i~ mice which had been thymectomized, lethally irradiated, and 

repopulated with syngeneic boue marrow. The injection of SRBC coated 

with LPS restored~the PFe response to SRBC to control values, but 

. 
the injection of SRBC and LPS separately had no effect. Thus, 

. heterologous red blood cells were in effect converted into thyrnus-

independent antigens by coating them with LPS. 

The ~raft-Versus-Host Reaction 

Introduction. 

For the, first half of this century the, primary emphasis of most 

transplantation studies was placed on the reaction of the hast against 

'" 
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the gr.ftecl tissue; even when the gr.ftecl ti[sue consisted of immuno-

logically competent celis. 'In 1916, Murphy (168) inoculated the 

chorioallantoic membran~s of 7 day chick embryos with fragments of 

tis~S 
0 

certain inc1uding spleen, liver and bone from adult marrpw 

chicken donors. He noted a considerable enlargement of the host's 

spleen and the appearance of white nodules on the membranes in the 

spleen and elsewhere, but attributed this to a reaction of the host 

spleen and lèukocytic elements against'the donor tissue. Subsequent 
\ 

studies (51,52) seemed ta confirm this ~eory, and fbr 40 years such 
• 

splenomegaly was believed to result from a unique ability of sple~, 

liver or bone marrow grafts to release sub-cellular protein consti-

tuents and stimulate & host-versus-graft,reaction in the hast spleen 

(61). 

The first suggestion that grafted tissue could react immuno-

logically against the host came in 1953 from independent studies by 

, Dempster (59) and Simonsen (206,21~). White studying the rejeetion 
, ,> 

" 

of kidney transplants in dogs, both men noted the appear~nce of py-

roninophilic cells infiltrating the renal cortex after ~everal days' 

residence in the foreign hosto Both men postulated that these eélls 

were of graft origin and that they were involved in an immunologie 

reaction on the part of the graft against foreign host antigens. A1-

though there is presently some dispute over the origin of these cells, 

the significance of these reports lies in their presentation of the 

concept of a ~raft reacting against the hos~. Such reactions are 

now termed "graft,.versus-host" or simp1y GVH reactions, and are the 

30. 

.... 



. \ 

subject of a number of recent review articles (18,67,138). 

The reactivity of 1mmunocompetent grafts was illustrated in 1954 

by Mitchison (155). He showed that the breakdown of lYmphosarcoma 

in a non-susceptible strain of mice could be greatly accelerated by 

injecting the host with a lymph node suspension from syngeneic, immunized 

animaIs. ~The power to transfer immunity was confined to the lymph nodes 

draining the site of implantation. In 1955 Billingham et al. (21) 

showed that the injection of normal CBA lymph node cells into tolerant 

CBA mice could cause the rejection of a previously tolerated A strain 
(. 

skin graft. It wasn't until 3 years later, ~owèver, that the effect 

of incompatible immunocompetent grafts on the host itself wère rea1ized. 

Using similar transfer techniques Simonsen (207) set out to prove his 
1 
concept of a GVH reaction by studying the effects of the intravenous 

inoculation of 18 day cnick embryos with adu1t lymphoid cells. The 

developin~ chicks exhibi~ed severe pathological changes including 

splenic enlargement to over twice that of normal chicks~and severe 

1 

hemo1ytic anemia. Microscopic study suggested that the transplantec 

cells had been stimulated into multiplication and antibody formation 

by host antigens, and in so doing had,largely replaced the native cell 

population. 

From his first definitive study of the GVH reaction, Simonsen (207) 

put forth 3 basic criteria which are necessary for the clinical mani-

festation of a GVH reaction. These requirements remain valid today. 

The graft mùst first be comprised of immunologica11y competent cells 

capable of engaging. in an immune response. Secondly, the host must 

31. 
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. e possess transplantation antigens foreign to the grafted cells and 

sufficiently immunogenic to elicit a response from them. A third 

criterion, which is necessary for complete expression of a GVH re-

. 
• action, ~s that the host be incapable of mounting a countervailing 

immune response against the graft. Fulfillment of the first two condi-

tions without the third will mean that a GVH reaction will take place, 

but its clinical expression will depend upon the strength of the counter-

directed host-versus-graft reaction. 

There are several experimental means by which the host's unrespon-

siveness ta the graft can be insured. A generalized depression of the 

immunologie eapaci~y of the hast ean be aehieved by the use of X-irradia-

tian (28), antimetabolites or noenatal thymectomy (2). Similarly, a 

Gml reaction can be initiated in a host that has been rendered speei-

fically tolerant ta tissue antigens of the donor by exposure of the host 

ta these antigens at birth (2). Su ch rnethods of reducing responsiveness 

to the graft, nowever, interfere with the normal immune response of 

the hosto By using genetie combinations of inbred strains it is possi-

ble ta induce a strong GVH reaction in an adult hast whose immune system 

is completely normal (73). An example of such a situation is the injec-

tian of parental strain lymphoid cells into Yl hybrid offspring of a / 
cross between the donor strain and an unrelated second strain. While 

the FI hybrid is unable ta react immunologically to the histocompatibil\ty 

antigens of either strain, the immunoeompetent cells of the graft 
• 

tissue can mount an immune response against th~ foreign antigens of the 

* second parent expressed in .the FI hybrid. The strength of the ensuing 

• 
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GVH reaction can be pre-determined by varying the genetic disparity 

between the two parental strains. 

The age of both the donor and recipient also seems to be a factor 

in determining the severity of G~l reactions induced by the injection 

of parental cells into FI hybrids. Younger animaIs, though immunologically 

mature, appear to be more susceptible ta the effects of G~1 reactions 

(73). The reason for this is not entirely clear, but it may reflect 

a greater susceptibility of younger organs to colonization by foreign 

cells,or a greater ability of older animaIs to dete~t subtle differences 

between donor and host cells. Similarly, graft cells from younger 

mature mi ce are more effective in eliciting a GVH reaction than cells 

obtained under the same conditions from aIder mice (37). 

The G~ reactions previQusly described are of a systemic nature 

affecting the entire animal. ln addition it should be pointed out that 

local GVH reactions are more eastl~ induced int:~~~rmally and in areas 

such as underneath the renal capsule (66,74). -In the casè of local GYR 

reactions the immunologie status of the host i8 much less important, and 

-much more information can be gathered, from the reaction of the immuno-

logically ,ompetent graft prior to its rejection by the hosto 

Pathology and Mea8urement. 

Although the pathologie effects~th systemic an~ local CVH 

reactions vary from species to species, certain features are held in 

cornrnon (2,207,209). CJowth ~etardation in newborns and wasting disease 

in adults are perhaps the most obvious effects of systemic G~ reactions . 

... ? ...... ----------~_.----~ 
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It has been suggested that growth retardation is due primariIy to loss 
,.~ 

of fat storage and lack of musculoskeletal growth. In addition, it has 

been shawn that mit,?tic inhibition may occur in many tissues and organs 

during the course of CVH disease,and this may account for sorne of 

its pathologieal manifestations (45). 

One of the most consistent manifestations of CVH disease is splenie 

enlargement. Splenomegaly has been observed in chickens, mice, rats 

and rabbits (209), and is one of the most common means of assessing the 

strength of a GVH reaetion. The enlargement begins about 3 or 4 days 

after grafting and increàses to a maximum size at about 8 or 10 days, 

after which it slowly declines. At the peak of splenomegàly, spleen 

sizes of 4 to 5 times normal have been reported. Outwardly, the en-

larged spleens frequently appear paler than normal, but are just as 

often normal in both shape and color. Histologically, Howard (104) has , 
shown a massive proliferation of pyroninophilie cells of the plasmacytie 

family. At the height of splenamegaly at least 507 of the total cell 

population was classified as plasmablasts or immature plasma cells. 

Malpighian follicles were eompletely destroyed within 7 to 9 days of the 

donor celi injection. At a later stage, macrophages have been shawn 

throughout the spleen (241). In addition to phagocytosis of lympho-

'cytes and plasma cells, a moderate number of erythrocytes are phagocytized 

and many macrophages contain pigments derived from hemoglobin. 

In contrast ta splenic enlargement, systemic GVH reactions generally 

cause marked involution of the other lymphoid organs (19,20,23). The 

_____ ...... _______ R~ __ ~. __ ~ 
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lymph nodes rnay pass throug~ a ternporary period of en1argement but the 

thymus does not (22). Within two weeksLof GVH indûction, the lymph nodes 
\ 

and thymi are greatly reduced in size, yellowish in color and hard in 

texture. Sorne have disappeared entirely. Much of this destruction of 

host 1ymphoid tissue rnay be the result of a non-specifie cytotoxic 

effect which has been shown to be exerted against syngeneic. allogeneic 

and xenogeneic cells by lymphoid cel1s undergoing a GVH reaction (213). 

Dermatitis and severe alterations of the skin are ~rominent 

features of GVH reactions in rats ,and, ta a lesser extent in mice (20) 

Exfoliation is accompanied by thickening and 10ss of elasticity of 

the skin,~ich seem to be related to the infiltration of histiocytes 

and fibroblasts (23). \. 

A wide range of hematological disorders have also been reported 

in cases of GVH disease. The most pronounced of these ls severe anemia 

which can be attributed ta both bone rnarrow hypoplasia (23,229) and 
• 

production by the donor ce11s of antibodies directèd against host ery-

throcytes (172,179). Lymphopenia is also a consistent finding in GVH 

disease ." 

A number of other organs are affected but their roles in the deve1op-

ment of the GVH reaction are probably of only secondary importance. 

Severe diarrhea is very connnon,as is liver enlargement. Exten'sive . , 

~ellular infiltration is frequently seen in the omentum and pancreas, 

and in terminal cases inflammatory changes are v~sible in the lungs (88). 

35 . 

Not surprisingly, the severity of patho1ogical changes is proportional 



to the strength of the ongoing CVH reaction. Since many of these 

changes can be expressed quantitatively the~ provide a means of mea-

suring the extent of a given GVH reaction. The more obvious effects 

such as mortality râte and body weight change bave been used to estimate 

G~l severity (196), but hast related and envrionmental variables fre-

quently make~these methods unreliable. In cases in which the host has 

been immunosuppressed, the complex interaction of irradiation or drugs 

with the GVH reaction itself makes it difficult to attribute mortality 

and weight loss specifically to the GVR reaction. 
5 ~ 

Perhaps the most conunonly used as-say, for CVH intensity is the 

spleen weight assay developed by Simonsen (106,209,212). The ratios 

of spleen weight to body weight are determined for CVH experimental 

animaIs and normal fittermate contraIs. GVH activity i~ then 'expressed 

by thé "spleen index" which represents thé relationship of spleen to body ... 

weight for CVH mice relative to that for littermate controls. A spleen 

index of 1 would therefore represent a normal spleen while an index of 2 

would be indicative of considerable splenomegaly. 

Although there is a linear relationship betwèen the spleen index 

and the logarithm of the dose of inoculated lymphoid cells, the splenic _ 

enlargemen,t is largely due to the proliferation of hast ceris (106). 

Thus the sp~een index reflects'not only the immuqologic potency of the 

donor cells, but host responsiveness to proliferative and inflammator~ 

stimuli as weIl. Care must therefore be taken in making a comp~rison 

between spleen indi~es of hosts with different ages, sex, genotype etc.: . 
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Furthermore, it should be remembered that host proliferative responses 

sueh as splenomegaly do not play an essential role in the pathbgenesis 

of GVH disease (102). \ 

A liver weight assay similar ta that for the spleen has also been 

described. Since the liver enlargement produced by a ·CVlI reaction ls 

invariably much less than that produced in the spleen,however, liver 

assays are"much less sensitlve thancspleen assays and subject to the 

same drawbacks. 

A phagocytosis assay has been developed by Howard (104) based on 

his findings that intravenously injected colloidal carbon is cleared 

~fram the blood ,by the ~eticuloendothelial system at an increased rate 

during the course of a C,VH reaction. The advantage of this test is 

that quantitative data can be obtained without saerifieing the animal 

The specificity of this assay is questionable, however, since there is 

P.O way to distinguish between increased phagocytosis resulting directly 

. \ ' ' 
from the C,VH reaction and that resulting from complications such as 

infection and inflammation. 

An assay pf graf'tvhost interaction has been described by l'tiller 

et al. (151) based on t~r findi,ng of liver infiltrates of donor ori-

\ 

gin following the injection of competent tissue in the mouse. Enumera-

tion of mîcroscopic foci along the branches of the portal vein was used 

as an indication of doner cell activity. A number pf reports, however, 

have showi1, that such perivascular infiltrates may aIs a develop as non-
\ 

specifie 1es\ons, often associated with abdominal inflammation and certain 

37 .. 

~ystemic infections such as mononucleosis (178,1~5). This assay, like thy 
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spleen index therefore, need nat represent a direct indication of GVH 

activi ty:. 

\ 
In addition to the systemic reactions previously described, local 

GVH reactions are frequently produced experimentally by the in1ection ~f 

immu~ocompetent cells intradermally or under the renal capsule (66,74) . 

• 
In such conditions the pathogenesis' of the GVH reaGtion can be studied 

more
l 
directly while the conc~itant immunologi~ response of the hast 

is great.ly reduced. The intensiti of these réactions can be measured 

1 

,by subjective evaluation of induration, erythema and vascular permeabili·ty 

(67). Ford et al. (75) have found ·that the popliteal lymph nodes 

draining an area undergoing a local intradermal GVH reaction show,weight 

increases up ta 30 times that of control nodes. They have developed a " , 

uantitative assay of local lNH acti-,j ty based on this increase in lymph 

node weigh t . 

The se of particular as~ays in evaluating C,~I intensity depends 

upon the experimental conditions Since each measures a different facet 

of the ÇVH r~action and each has its inherent weaknesses, several of these 

assay8 should be considered in determining the activity of a given GVH 

reaction. 

Antigens Responsible for GVH Reactions. 

As with most transplantation reactions, the intensity of a GVH 
" 

reaction is determined ~y 'the disparity of histocompatibility antigens 

expressed by the donor and the hast. Incompatible LD and SD antigens 

expressed on the host tissue and not present on the clonor cells will 
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elicit a GVH resp0IJ'e.. ,Although H antigens expressed by the donor cells 
\ 

~ \ 0 

are also important.., the: experimen'tal selection of an unresponsive hast 
, .. 

willonullify th~ir ef~ect. 

As d~scribed earlier, each species has ~ major~~~ locus responsible 

for the productiol! of "stron-g" transplanta,tion anti~E'ns. These ma jor 

<' 

loci~are in themouse, H-2; in the rat, Ag-B (H-I); the chieken, B;'and 

màn;·HL-A. GVH reaetions can readily be elicited by one of these 

strong antigens without prior specifie immunization of the don~r. In 

., 
the mouse, tor example, a single f{-2 antigen can stimulate a GVH rerction 

with sufficient intensity to produce significant splenomegaly in the host. 

In the absence of H-2 disparity, however, splenic enlargement is not 
'1 

readily el,fcited. (61), and preimmunization of the donor or a higher 

1 

dose of 4onor cells i8 usually necessary (209). 

Until recently, it WBS thought that the geneti,c requirements for 

a GVH reaction were the same as those for skin graft reJection, e.g. H-2K 

and H-2n incompatibility. Recent delineation'of the 11-2 locus, however, 

has shawn tha.t GVH reactions are stimulated mOBt effici ently when there 

ls Ir region ineompatibility, but only weakly by H-2K, H-2D and Si-Slp 

inc~patibility (173). In faet, Livnat'and Klein (131) have show.n that , 

G~l·reaetlons ean oceur in combinations of strains which are serologieally 

in(\istinguishable and which aeeept each other's skin grafts permanently. 
t) 

The requirements far GVH reaetivity, therefore, have b~en shown to 

elosely resemble those for the MLC reaetion (57,~89). 

The s trength of the major H antigens mal' be largely due ta the high 

-
frequency of lymphocytes which can be stimulated by these antigens (210). 
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Support for this concept cornes fram the fact that it 1s often difficult 
\ • (1 .JWr-.., 

ta obtatn a ,GVH reaction across species barriers, even in cases where 

the host environmenr permit'l ~he 'll1TVi;'al, and immunologie fllnction of the ... 
. 

douor cells (67,1'24). In such cas,~s ,'it i1' bel:i.eved that there i8 a 
" 

mueh lower frequency of cells capab{e of recognizing xenogeneic anti-

gens than capable of recognizing the major H antigens on allogeneie 
r 

cells 
, 

Cell Interactions in GVH Reae tions. 

Although antibodies direeted against host tissues have been identi-

'" fied in an'imais undergoing sueh reaetions (172 ,179), GVH reaetiollS have 

been shawn ta be primarily cell-mçdiated immune responses (7,209). 

Sorne studie8 have .suggested that a cell cooperation similar ta that 
\ l, 

~ 

obseTv~d in antibody fon~ation 18 an essential part of th~se reaetions. 

Early experimertts w'ith irradiated Fl hybrid tnice of parent stralns differ-. 
ing ~t the H-2 locus, suggested that neither parental T lymphocytes nor 

, 0 

B lymphocytes alone can initiate a GVH reactiQn sufficient to produce 
d. 

significant ?plenomegaly (12,27,234). An inoculuTI1 of half the cell dôse 

but containing bath T aad B lymphocytes, however, produced a severe 
.' ~./" . 

sp1enic en1argement. SP.lenotnega1y, however, may have non-immunologie 

causes and is not a1ways a gocd indicatar of G~I aetivity (102). For 

example, the splenomega1y abserved in these experiments cauld easily 
o 

resuft' from a general repopulatipn of lymphoid cells in the irradiated 
, 

hast rather than a synergisttc efIect between T and B cells in eliciting 

a GVH re~ction. Splenic enlargement has a1so been shown ta be eaused 
J' r, 

by inflammatary responses (65,67) as well as non-lmmunologic p.,roliferation 

'1 

'., , , 
1 
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of bone marrow cells (103). Because of this, many authors (55,67,231) 

refute the concept of. thymus-bone,marrow synergisrn in 

~ The reacttve cells initiati~'îVH :eactions were 

GVH reactions. 

first identi-

fied by Gowans (90) as recirculating, long-lived, S~~llrPhOCYtes 

of the type found in th~ thoracic duct. Althdugh G;(ans' studies 

suggested that these cells were mature T cells, mor~ recent studies by 

Cantor and As?fsky (7,36,37) sugge~t that a synergistic relationship 

may exist between two populations of thymus-derived' cells.! The addi­

tion of normally unreactive young thymus cells t~ a lymph.node or ,spleen 

suspension has been shown to greatly enhance their ability to induce 

a GVH reaction (35,37). The less 'mature cell type found in the tpymus 

is relatively unaffected by anti-thymocyte serum (ATS) .. It appears to .. 
determine the specificity of the response and is probably the precursor 

of effector cells. The more mature T cell found in the spléen is highly. 

sensitive to ATS and is believed to' alrnplify the respons€' of the effector 

"cells (36). 

A recent report by Argyris (5) suppouts the concept of two T cell 

populations being decessary for GVH activity and shows that macrophages, 

may also contribute to the GVH reaction. Treatment of C57BL/6 donor 

spteen cells with anti-8 serum or anti-macrophage serum decreased the 

GVH activity in newborn C3H x C57 FI mice. Treatment of donor cells with 

anti-B serum, however, had no effect on GVH activity, suggesting that B 

cells are not essential for expression of GVH reactivity. 

" 
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In his early studies on ~re GVH reaction, Sfmonsen (207,212) reported 

that host antigens stimu1ated donor 1ymphoid ce1ts to mult(ply and form 
CI 

ant1body, thereby destroying and replacing the host cell population. 

" 
, . ...... S ... s .. ____________________ ~(~'~--.-
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This theory was later challenged by Fox (76,77) who used chromosome 

marker techniques ta show that extensive donor cell proliferation i8 

not a constant feature of the' GVH reaction. When CBA (T6) spleen cells 

were ~sed to induce GVH'reactions in CBA x C57BL F~adult recipient8, 

three consecutive phases of cell proliferation were observed in the host 

spleen: 1) a treméndous ea~ly burst of donor cell proliferation account-

ing for up ta 60~ of cell mitoses but lasting only 48 hours; 2) a more 

protracted rise of hast mitotic activity resulting in splenomegaly; and 

3) a final period when donor mitotic activity was constant but accounted 

for only a-bout 1% of cell mitoses. $imilar results were observed when 

GVH reactions were initiated by the injection of adult CBA spleen cells 
. 

into one day old A sttain mice (246). In.both cases, 'no dono~ cell pro-

liferation'was seen in the hast bone marrow. 

Subsequent st~di" showed that donor cell repopulation waso~ore 

extensive when the GVH reaction was more severe (77,78). When C57BL 

spleen cells or CBA spleen cells which had been presensitized ta C57BL . 
were injected: into l!dult CBA x C57BL recipients, the same initia\ burst 

42. 

of donor cell ?,ro~iferation was observed in the spleen as had been earlier 

observed with CBA cells With C?7~L cells, however, the proportion of 

donor cell mitoses continued to increase rather than decline. At the , ~ 

l' 

ti~e of maximal sp'lenomegaly on the thirteenth day aIl mitoses were of 

• 
d?nor ortgin. By the·third week post GVH induction, 707, of mitoses in 

• t 

th~ bone marrow were of C57BL don~~~rigin. 

The abo~e findings suggested that the extent of donor lyrnphoid cell 

'')'' 
proliferation'in the host spleen depends upon thè strength of antigenic 
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stimulation presented to the donor cells by ~he host tissue. Strength 

of stimulation, in turn, is determined hy such factors as genetic dis-

parity between donor and host and by prior sensitization of the donor 

to host antigims. In addit.ion, iu was later found that the inununplogical 
" 

status of,the host is also an important factor governing the extent of' 

donor'.>cell proliferation. Prior irradiation and thymèctomy of the host 

reduces the degree of splenomega1y (102,103,106), but 1eads ta an in-

creased proliferation of donor cells (78,'106) and an increased severity 

of the CVH disease. These observations and simi1ar result~ obtained in 

our laboratory (233) suggest that the splenomegaly observed,in CVH ani-

mals results primariIy from a proliferation of host ceIIs which may in 

turn protect the host from the lethal effects of the GVH reaction. 

Donor lymphoid cells~re originally thought to retain their immuno-

logic activity against host tissue antigens throughout their residence 

in the host spleen. This assumption was ba~ed on early experiments in 

which CVH reactivity was serially transferred in newborn mice (214) and 

outbred chickens (207). These experiments were not weIl controlled, 

h~~ver, and SUb~eqU~t studies (78,l06,20~) using discriminant spleen 

assays showed that GVH reactivity could be, serially ~ransferred to hosts 

of a new strain combination but not to hosts of the same Fl combinat ion 

as the original hosts. It was co~cluded from this that dORQr lymphoid 

cells become specifically toler~t to host tissue antigens while retain-

ing immunologiea1 reactivity against other transplantation antigens. 
\ 

The frequent remission of GVH symptoms and subsequent survival 
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of many GVH mice has often been attributed to the acquisition by. 

'donor ce11s df to1erance to host antigens (78,106,208). Subsequent 

studies have shown that this may not be the case. Fox and Howard 

(79) discovered that adu1t F1 micq which survived an aeute GVH syndrome 

werè high1y resistant to a second inoculation of reactive lymphoid 

cel1s from either parental strain. This acquired refractoriness 

eou1d not be trp.nsfe1;'red passive1y with serum .or adoptively with host 

spleen ce11s to a secondary host. A similar refractoriness was ob-
1 ~ 

served in rats by Field and Gibbs (72). In these experiments pareptal 
. 

type skin grafts were accepteg by ~esistant Fi hosts, suggesting that 

the hosts had not become immunized to the donor cells. Parabiosis 

for a limited period during the active st~ge of the disease was 

sufficient to confer resistance upon a new, previou~ly susceptible Fl , 

host (70). Furthermore, irradiation of the blood extracorporally 

duri cross-circulation did not prev~nt the transfer of refractoriness. 

From ese findings it was postulated that the refractory state pro-

bably esulted fram the production in the first host of an inhibitory 

factor such as a blocking antibody. 

r' 

A intriguing alternate explanation for GVH-refractoriness was 

presen ed by'Ramseier and Lindenmann (185) who showed that, while Fl 

hybrids cannot react to parental H antigens they can form antibodies 

against recognition structures which their hyprid cells specifically , 

lack. Adult Pl hybrid animals from inbred strains ?f rats, mice and 

Syrian hamsters were immunized with lymphoid cells fram one of the 

. . 

. " 



parental strains. In all three species an activity appeared in the 

serum of treated hybrids whieh speeifically prevented dells of the immu-

nizing parent from reeognizing transplantation antigens of the other 

parent present on Fi hybrid~eells. 

Such a theory as proposed by Ramseier and Lindenrnann could exp1ain 

the GVH refractoriness observed by Fox and Howard and by Field and 

Gibbs. Sorne question has been raised, however, as to the ability of 

parental receptor sites to generate an immune response by the FI host 

sufficient to inhibit parental eell activity. Although this may 

account in part for the inhibition of donor cell activity, reeent evi-
l 

dence, suggests that much 9-\ this is also due to a general loss of 

immunologieal responsiveness by animais undergoing a GVH reaetion (95). 

Effects of the CVH Reaction on Immunologie Responsiveness. 

Studies of the response of animaIs experieneing GVH reaefions to 

other antigens have resulted in reports of both depressed and enhanced . .. 
immunologie function caused by the GVH reaction Al though by far the 

most eons~stent finding has been irnmunosuppression, a brief description 

of cases showing increased resAonsiveness i8 in arder. 

Reports of inereased immunologie funetion during a GVH disease 

have eentered around the response of such animaIs to certain intra-

cellular pathogens. In 1961 Cooper and Howard (46i' reported that the 

morta1ity rate from a bacteremie infection with Diplocoecus pne~moniae 

was reduced from 80% in normal adult FI mice ta nil in litterrnates 

und erg oing the early stages of GVH reactions. They attributed this 
... 

_____ c _________ ~ ___ _ 
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incrE'ased survival to phagocytic hyperac.tivity of the reticuloendo-

!thelial system brought about by the early stages of the GVH reaction. 

ln a similar series of experiments Blanden (26) demonstrated an 

increased resistance on the part of GVH mice to infection by Listeria 

monocytogenes and Salmonella typhimurium. He showed that this resis-

tance resulted from an activation by the GVH reaction of macrophages in 
~ ~ 

the hast spleen, liver and peritoneal cavity. These macrophages ex-

hibited a greatly increased ability ta inactivate Salmonella and clear 

it from the blaod. 'This effect may be closely related ta the pre-

viou8Iy described non-specifie cytotoxicity of Iymphoid ceIIs under-

going a GVH reaction (213). lt i8 significant that, while the ce.llular 

resistance of these animaIs to bacterial infection was increased, their 

humoral response to sheep red blpod celis was completely suppressed. 

Simi1arly, Shevelev (201) repor~ed a marked depression of antibody 

synthesis to Salmonella in animaIs undergoing a GVH reaction. Under 

similar experimental con~Htions, Howard (105) had reported an increased 

sensitivity in GVH mice ta purified endotoxins. These seemingly contra-

dictory findings are not as inconsistent as they might first appear. 

ln addition ta increased resistance to certain intraceilular para-

sites, animaIs undergoing GVH reactions have exhibited striking increases 

in the production o~ antibodies ta certain hapten-carrier complexes. 
o 

Katz et al. (114,115) sensitized,CAF1 mice ta a complex of 2,4 dini-

trophenyl-keyhole limpet hemocyanin (DNP-KLH) and injected them 14 days 

later with spleen celis from normal parental A strain donors. Follow-

ing a subsequent challenge with DNP-KLH, the mice which received al10-
{. 

\ 

t . 
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geneic cells exhibited an anti-DNP antibody response which was up to 

50 times greater than the response of normal mice receiving only the 2 in-

jections of DNP-KLH. This phenomenon has been termed the allogeneic 

effec t , and has been shown ta depend upon the presence of an ongoing 
, 

CVH reaction in the test animaIs. It has been suggested that this 

phenomemon results from the produc tion by GVH reactive cells of non­

F 
specifie T cell-secre'ted mediators with the capacity ta stimulate B 

cells to antibody formation following their interaction with antigen, 

The degree to which this phenomenon influences antibody production is 

related ta three important factors: 1) priot se.nsitization of t~~ost, 

2) the intensity of the GVH r~action induced, and 3) the time interv~ 

between allogenic cell transfer and ~ndary antigen ic challenge. 

'These factors are crucial, since a suppression of the antibody response 

was observed if a strong GVH reaction was induced, or if the time inter-

val was' too long he fore secondary challenge with DNP-KLH (174). 

Immunosuppressive Effect 

-Suppression of both humoral and cell-mediated immune responses has 

been consistently reported in animaIs undergoing a GVH reaction. In 

1961 Howard and Woodruff (107) first showed that allograft rejection 

can be suppressed by the GVH reaction. They initiated a weak GVH re-

action in C57BL x CBA..F1 mice by the injection of CBÀ lymphoid cells 

and found that subsequent A strain skin grafts showed normal first-

and second-set rejection times. When a strong GVH reactiQn was ·produced 

by inJecting C57 lymphoid cells into C57 x CBA FI mice, these animaIs 
~ 
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showed delayed rejection of bath first- and second-set A strain skin 

graft s. 

Lapp and M~ller (125) later found that when H-2 incompatible skin 

grafts were given to FI mice on the same clay as the injection of paren~al 

lymphoid cells, there was no' prolongation of graft survival. If the 

skin grafts were given at least 7 days after the parental lymphoid cells, 

however, significan t prolongation of graft survi val was observed. 

Furthermore, sensitizing the FI animaIs ta third party skin before the 

induction of the GVH reaction caused An ~ven greater prQlongation of the 

survival of subsequent allC'grafts from the same third party. 

Suppression of the humoral immune response by the GVI1 reac tian has -

been studied in greater depth than suppression of the cell-mediated 

response. The effect of the GVH reaction on the primary response of 
J 

bath hast and donor cells to SRBC has been studied bath in vivo and 

in vitro ~26,54,64, 127,159,215,244) and a summary of these obser-vatiuns 

can be made for moderately strong GVH reactions. When the prospective 

hasts were sensitized to SRBC 2 days before the induction of the GVH re:' 

action, the resulting number of antibOdy-pr'Üducing plaque forming cells 

(PFC) was no different from control values. When SRBC were injected 

into the donor at the same time as the donor lyrnphoid cells there was 

frequently an increase in the PFC response over control values. If 

however, the host received Hs fi rst inj ection of SRBC more than 3 days 

"-
after induction· of the GVH, there was a marked depression in the PFC 

response ta SRBC. Maximum suppre~sion of the humot:al response to SRBC 

was achieved at 7 days pas t GVH induction and continued thereafter. 



Suppression of the humoral response was also observed when donor cells 

presensitized to SRBC were used to initiate a GVH reaction. Lawrence 

and Simonsen (127) injeeted presensitized parental cells into irradia-

ted reeipients and found that the transferred parental cells lost their 

abili ty to produce antibodies against SRBC after 7 to 10 days 1 residenee 

in the hybrids. M(jller (159) then transferred presensitized parental 

lymphoid cells into untreated FI hybrid hosts and found that the fate 

of the parental antigen sensitive cells as well as antibody forming 

cells depended upon the genotype of the FI host. When the donor parental 

cells were of H-2b genotype (C57BL) there ~as a marked decrease in_both 

the number of antigen sensitiv: cells and PFC in the host. When the 

parental cells were of H-2 a (A) or' H-2 k (CBA) genotype, however, the 

PFC respanse frequently increased. 

In addition ta the numerous experiments with SRBC, GVH reactions 

have also been shown to suppress the humoral re~ponse to bovine 

albumin, (119), keyhole limpet hemocyanin (26), T2 bacteriophage 

serum 

(25), 

thymus specifie antigens (245), and a number of bacterial endotoxins 

(159,201). Suppression has been reported ta be as complete with thymic-

dependent antigens (159). 

A quantitative study of normal serum immunoglobulin levels has 

been made in animaIs experiencing GVH reactions (19). By the 14th. 

, 
day post-GVH induction, the levels of cireulating agM, IgG and IgA 

were foutld to have decreased 50% or more in most mice studied. Immuni -

zation with BSA caused an increased level of aIl three immunoglobulins in 
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control miee while the level of IgG and IgA continued ta faU in GVH 

mice, The IgM level in GVH mice did inerease f.lomewha·t following stirnu-

lation with BSA, but it never 'reached control values', 

The degree of innnunosup?ression brought on by a GVH reaction can 

be seen ta depend upon several factors: 1) the strength of the GVH re-

action as detennined by histocompaqbility differences and the dose of 
\"~ 

donor ~ells 2) the source of·the donor ceIls, and perhaps most important 

3) the duration of the GVH reaction at the time of immunization. rI· 

recipients are fully carnpeten~ to produce antibodies and immunosupprèssion 

will not occur until the parental eUs have resided in the 'hybrid for 

1 

more than three days, An unfavorable st environment cou1d result from 

a non-specifie stress response on the part f the hast to 'the innnuno-

logic att':ack upon his lymphoid system. A resulting higher leve1 of cir-, 

50. 
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culating steroids' might cause a general. suppression of the immune response. 

Early investigations (25,26,72,107,213) suggested' t,hàt the CVH re-

action may bring about immunosuppression by the innnunologic attack of 

competent donor cells on the lymphoid cells of the recipient, This 

"-
would cause a destruction of hast 1ympho~d tissue leading ta a dep~tion 

or inactivati,on of celli- capable of mounting an irrmune response. }10';~' 
recent1y GVH induced irrnnunosuppression has been explained in tems of , 

antigenie competitioct, but sinee the rnechanisms causing antigenic eom-

petition are equally as vague this does little ta c1arify the situation. 

Antigenie competition, in turn, is believed ta result ffram 'one or a 

combination of three factors (215): 1) a specifie competition of two 

• 
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possibly cross reacting antigens for the same antigen sensitive cells, 

2) a non-specifie competition for limiting factors such as space, nu-

trients, etc. and 3) the production of inhibitory factors by the ini-

tial immunologie reaetion. 

Lawrence and Simonsen (127) proposed that cells involved in the GVH 
,> 

reaction competed with other antigens for pluripotent cells capable of . 
1 
, ~ 

reacting with them. By virtue of its much greater intensity the GVH re-

action was thought to take up cel1s and spaee for reacti~ns with other 

antigens. Somewhat later, Lapp and HlHler (215) found chat adoptive 

t.ransfer of normal parental or Fl lymphoid cells into an F1 (GVH) ani-

mal does not restore immunocompetence. These results suggested that the 
~t 
) environment in the hybrid ~ost is responsible for immunosuopression. 

Work by Lapp, et al. (126) has shawn that immunocompetence ean be re-

stored in GVH mice by the injection of crude thymi1:: extraets from syn-

geneie mice. It appears, therefore, that at least part of the immuno-
" 

suppression brought on by the GVH reaction results from the depletLon 

/ of a fact?r found in limited amounts in the normal th~us (95). 
( 

The in vitro work of Sj~berg (~15,216) an9 the in vivo studies of 
>. 

M~ller (159) suggest that an inhibitory factor may also be produced by 

cells undergoing a G~{ reacti~n. Recent evidence suggests that macro-

~hages may ~lay én important raIe in the production of such a substance 

(13,64,215). This substance could cause inhibition by interfering with 

normal cooperation ~êtween T cells and B cells or by suppressing the , . 

proliferation and re~ruitment of cells from the bone marrow. ln addi-
, 

tio~~ Elie et al. (64) hav~ found evidence that a soluble factor pro-

.\... 
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duce:} 1.y T cells can restore 'the response of GVH sple~n çells ta SRBC 

in culture. They have proposed a feedback type·of mechanism to explain 

the causes of GVH induced immunosuppression. They have proposed t~at 

both T cel1s and 'macrophages produce soluble factors which interact ta 

form a complex. B cell activation would require the binding of this 

complex as weIl as antigen, a concept ~n agreement with studies show-

ing a requirement for nan-adherent cells in normal primary and secondary 

immune responses (29). An excessive amount of uncomplexed macrophage 

factor could produc'e a negative feedback ta turn off T cell facto~r're-, 

lease or inhibit B cell activi ty. Using this model, the initial immuno J 

suppression;observed in GVH animaIs could be explained by a depletion 
f. 

of T cell factor by cells responding in the G~I reaction The long 

lasting immunosuppressioR could result from feedback inhibition of T 

and B cells resulting from the increased macrophage activity known ta 

occur in GVH animaIs. Although this proposal is highly speculative, it 

52 

provides a means of bringing toget:her many recent findings into a single " 

wO,rkab le mode 1. 

, 

Significance of the GVH Reaction as a Research Tooi. 

The direct clinical applications of the GVH reàction are manifold. 

lts most obvious clinical application will be the eventual ability ta 

control GVH rèactions and thus permit the successful grafting of 

healthy immunocompetent celis into patients suffering from aplasia or 

neoplasia of their own.lymphoid cells. In addition, its coutrol might 

\ . , 



1 , 

, 

have important ramifications in clinical transplantation where lo~al GVH 

reactions have been implicated in 'the' rejection of transplanted organsJ , 

" (96) Since the G~l reaction might be considered as an autoimmune 

disease"a clearer understanding of it will le ad ta increased control 

of autoimmun~ diseases' s~ch as hemolytic anemia and rheumatoid arthri-

etis. 

The G~ reaction repreftents a unique situation in which the most 
. '1 

complex of celI' interactions and ircmunological principles are aU brought 

together. in one reaction. 'It prQvides a unique opportunity ta study il. 

these principles and interactions together within one experimental -

model. By studying the GVH reaction i~'may be possibl~ ta identify 

and elucidate those factors that regulate both cell-mediated and humoral 

immunity. This in turn could lead to the ability ta control or manipu- -, 
la te the immune response for application in specifie clinical situations. 

This thesis theretore presents a study of the regulation of cell-mediated 

and hur:;oral immunity in aI1imals experiencing a GVH reac ti on. 

, 
- 1 
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CHAPTER 2: NATERIALS AND METHODS 

Animals 

\lsed as the parental strains in these experiments. 'T'wo Fl hybrids de-
,f ~ , • 

rived [rom these strair\f;; '[ e' C13A X 1\ an'ù C 'i 7 fBT,6 X A, were a lso tlsed, 

1 
For simplidty, ~;57'RL6 will he referred to as Rh, (-;')7 B1,6 X 1\ will be 

termed B6AF l' and' CRi\" X A w1 Il be ca 1 l ecl CA F 1 

, AlI micl' used in othe presl>nt st:"dy '.Jere from a clospd co1onv 

which has been maintained in this laborarnrv for ovc~ 10 years Svn7 
~ 0 

geni.f.'ity \.Jas ens\lre~l hy str,iet hrother-sister' matlngs and bv Il'Hng ani-

m~ w~ i eh w,ere never more' than, l+ generations ~pm()vt!d [r0m a commi'lD 

hroth('r-~ister maling Th~ s~ngenici ty (Tf caeh inhred "train was veri-

~ 

fj('d al' regu)ar interva1s u'c;ing lhé "ring tt'st" prnc.edllre c,!e<,c.ril)(>d hy 

Bil~ingham and \ler!m.Jar (2), 

-; 1 
\1nless 'stated 0thpn.li sé, the dnnorh and l"l'cipiC'nts usecl for lhe ) 

CVH r('action ,d for sk(n gr~fling ,.,ere mat\\re ma1es 12-1-4- \.Jeeks nf age, 

}l1~e URCel a~e mar~'ow and kidney donorF: ,.,pn' nra]c>s 214 "fcks of age. 

- , 

Î:J 

A 11 opera t. i onf, in th('c;(' pxpl>riment!>. wen' per f'1rmed nnder an t i "l'pt il.' 
~ 

Surgical instrllmpntc; \';l'n' bOlled in a <;tpri­.. 
" 

fi Il'1' [n,r 'In fr/nnt,('s, 
. ' . 

and aIl g1as<,W?"C' u~('d ln the '\pl'r<\l1 o ns ','aé> lwal(·,j 

t <' 1 ~l()()( in il dl'V \)Vpn f()l' l h l'I! l' bt' [')]'P tflt' ')pc'rat i (m ( ()rlt SIIQ;ÎCHl 
\ , 

. ~ ", , , .... J '1: 
'\ 

1 
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boards and adjacent 

containLng 

,. 
"('ptavl "n" 

~ 

~rinr t tl "j)t'rat ing, th!' haridf.. and forl'arms 

1 

of th.- Opt'1"lltor WPH' \.7a..;11,·d th')f,\ughlv \.71th 'IHcxcllkl"I11", il'n [lnt'lb~,tcrial 

,) 

lOIIl'h LIli' an1P1C\1 d\lring ~lrgl'I:'v, dnd 
o 

v 

al1;C'onidct with' tlw anima] "la,., mad,' wlth sterlll~ 111StrlJnll'nt" 

_ 'l 

, 
C'J;,ihcd hv Blllin\.:ihdlIl and iledawar (7') \.Jich mOllI rlcatLlDc, lntt-,~dllCl'd hv 

, v 

B 1 J C, ,; ,( \ ) 

.:> 

thev \"t'r~. L~hdV«1 and tht'Lr skin \,Jac;hetl 'vIth _<1 in, (·t1.Jéln"J sl\11ll10n 

tah"ll f lïl: ~trl',j. <,F,ddin;:>; areils':)'f 
, . 

(,raj,,; It'Il' Illt hy 1-3I';1n,; ,Jll' clcdnh- -,llélvl'Jl è'!'lfl 
(, 1 

J It~'l- 1'<1p01 c",ahed ,vith phVf.il-d,))dl.11 c,alinl' 
" 

petri dish. prOlh'r h(,élling, 
~ , l, • 

fattv <:.mll (nnnettl\:f' 

Recipient 1:11er' \'H'TI' ancc;tht-ti/l'd in an plher .'!Jamber élnd c,tll,(t:.!tcd 

attachc'cl I,) tht, front i1nd hal.1e ,legs 

silaVl.dl.r1l'arl and washed \>JHh ct 70'" .rth.:1l1oJ F"lufi,m 
"\,) 

n~l11()vi ng gr,0ft frn1l1 thif.. ,1rp<1 in thf' ~àhll' 1'18111H'r 

• '1 

,~ , , . 
) , 

, 
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'If,o. 
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~ • 
1 dO~~When c-' 

glafts were w'hich was used to prepare second -set 

/ 

being made, they were placed on ~e oppositè si~e of the chest from the, 

site of the first-set gr~fts. Care Jas taken to avoid damaging the 
b 

lateral thoraciê and mammary blood vdssels WhlCh provide a good blood 
« 

supply to the healing graft. The donor graft wàs placed in the prepared 

graft bed and dusted, lightly with sulphadiazine powder. A 4 inch 

i ' 
, ,~stri'P of 3!4 inch width "Scotch Magic Transparent Tape" 

.' around l th~ thoracic cage to hold the graft in place 

was ihen wrapped 

, 
Graft .dressings were removed on the 7th post-op~rative day and 

.... 
grafts were visually inspected daily. The g~afts wer~ scored from 0 

to 100)based on th~ a;ount of healthy epithelium still surviving. 

Grafts with 10 per cent or less healthy epithelium were considered to 

be rejected on the folLowing day. 

Adrenalectomy. , o 

Each mou'se was anes thetized in an ether chamber and placed on his 

left side on a cork board. A small cotton swab was soaked with ether . 
and placed by his nose to maintain t~e proper level of anesth~sia. 

Hair was shaved from a lateral area ~t below the ribs ~nd the s~in was 

washed with a 70% solution of ethanol. A small inc~on about 5 mm , 

in length was made in th~ lateral abdominal wall Just below the last rib. 

The abdominal wall was retracted by inserting a pair of fine forceps' and 

allow{ng them to open. 
., " 

, ..! 
Taking care not/,to damàge the re~l vascular 

" 

supply, tne right adrenal g1and was located in th~ fat!y ti~sue ju~t 
.. 'II ~ 

l-u l'., '1'/ ' i 

, ! 
.' 

c 
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above the kidney. The right adrenal gland was isolated using a pair 
. 

of fine, eurved forceps, and the gland was either "teased" fI"ee with 

the forceps or delieately eut free witht fine scissors. When ~urgery 

is done earefully in this manner the adrenal gland ean he removed with-

out any loss of blood~nl~removal of the adrenal gland, the ab-
------

· ___ ---~and skin incisions \Vere elùsed separately using inter-

rupted sutures with 5-0 surgieal silk." Sulfadiazine p~wder was 
1 

sprinkled lightly over the wound and the animal was then placed on 
- / 

his right side for th~ removal of his left.adrenal gland in a similar 

manner. Following adrenaleetomy the miee were allowed a choice of tap 

water or a 0.5% solution of NaCl ad libitum. At the conclusion of the 

experiments each mouse was saerificed, and a post mortem examination 

was performed t6 conftrm comple~e removal of th~ adrenal glands. 

Castratibn. 
\ 

Eaeh mopse was anesthetized in an ether chamber and placèd on a 

cork board in a supine position. Cel~phane tape was plaeed over the 

-
hind legs to ma}ntain this position. The serotal area was shaved clean 

84. 

\ 

~and w~shed with a 7d% solution of ethanol. A small incision,of'about 10 mm 

was made in the mid~serotum. The common vaginal tunie was eut open with 

a pair of fine scissors and the testes were exposed by p~ing gently 
----- -~ 

, " 
on the abdomen. Using 3-0 surgical silk, a ligature was placed around 

the spermatie cord to include th~ testicular artery and veln. The 

testis ~as then removed by cutting tHe spermatie cord and testicular 

\ ' 

\ 
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vessels about 1 rmn distal to the ligature. ' The other testis was then 

removed in the same mannef, after which the common ~agina1 tunic and 

scrotum were c10sed using interrupted sutures with 5-0 surgica1 si1k. 

The wound was then dusted 1ight1y'with su1phadiazine powder. 

Induction of GVH Reactions. , . 
c , ' 

StrAin A mice were sacrificed by cervical dislocation, and the 

1ymph nodes and spleen were removed for the preparation of a 1ymphoid 

ce11 suspension (LC). To rernove the lymph nodes and spleen tbe animal 

r was placed on his back and the entire ventral surface was washed with 
, 

a 70% ethano1 solution, A longitudinal incision was made a10ng the 

ventral midline from the mandib1e to the pubis. Transverse incisions, 

we then made at each end of the longitudinal incision, leaving two 

flaps of s which were drawn back to expose the inguinal~ brachial, 

axillary and cervica ~ymph nodes. The lymph nodes ~ere removed and 
'~ 

p1aced in co Id Earle's ba1a~sa1t solution supp1emented with 10% 

heat inactivated calf serum (BSS). To remove the spleen, the animal 

was then p1aced on its right side, an incision was made through the 
~ , • 1 

abdominal 'muscle, and the spleen was removed apd p1aced in BSS. 

Lymphoid cel1 suspension~ were prepared by gent1y pressing the 1ymph 

nodes and spleen thrqugh a #50 mesh stain1ess steel screen into BSS. 

The cells were washed three times in BSS by centrifugation at 700 G fbr 

, 10 minutes. After the third washing~he cel1s were strained through 
• 1 

<f • 
sterile gauze to remove any clumps which nad formèd. The cells were 

] 1 
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.. 
then counted US~g the trypan blue dye exclusion technique, and resus-

/ , 

pended in BSS to give a concentration of 250 X 106 cells per/ml. The , 

F, recipients were warmed under an infra-red lamp to dilate the tail 

veins, 'and the cells were injected via the tail vein in doses of 0.3 ml 

containing 75 X 106 living cells. A tuberculin syringe and a 26 guage _ 
1 

needle were used for the injections. 

Preparation of Antigens. 
/ 

Bone marrow (BM) cells were obtained from B6 and CAF, femora and 

tibiae. The mice were killed by cervical dislocation. The head of each 

bone was eut off and BM cells were aspirated with al 26 g~age needle and 

collected in BSS. 
. ) 

THe cells were injected intravenously in dosages of 

40 X 106 ce11s per recipient (10). 

Kidney cell suspensions were prepared by mincing B6 donor kidneys 

and gently pressing them through a #50 mesh stainless steel screen. The 
\ 

cells were suspended in BSS and injected intraperit6neal~ &~clume of 

1.0 ml to give an equivalent of one-half kidney per mouse. 

B6 red blood cells (B6 RBC) and CAF, red blood cells (FI RBC) were 

collected by cardiac puncture using an acid-citrate-dextrose solution 

as an anticoagulant. The animal was first anesthetized with ether and 

placed in a supine position. After being washed with a 70% solution of 
, 1 

ethanol, the skin was cut in a V-shape manner ~rom the xipho-sternum to 

86 . 

each shoulder. The flap of skin thus creat~d was then lifted, and a longi-
. 

tudinal eut was made through the sternum. The chest wall was retracted 
1 
1 



," 

• 

to expose the beating heart, and blood was withd!awn using a tuberculin 
o 

syringe and a 22 guage needle inserted into the righ~ ventricle. The 

syringe and needle contained a small amount of acid-citrate-dextrose 

solutidn to prevent coagulation .. 
Sheep red ,blood cëlls (SRBC) were prepared from a solution con tain-

ing a 50:50 ratio of sheep blood and Alsever's solution obtained from 

the Institut de Microbiologie et Hygiène, Laval des Rapides, Quebec .. 

The sheep b100d solution vas M-shed tvice v~th'~~iC sa1inli_nd 

centrlXuged at 700 G for 10 minutes. They were then rèsuspended in 

saline to a concentration of approximately 16.7 X 108 SRBC/ml. The 

standard dose for immunization ~as 5 X 108 S~BC in aliquots of 0.3 ml 

when injected into the tail vein,' and 7 X 108 SRBC in aliquots of 0.5 ml 

when inj,cted intraperitoneally. 

Preparation of Lipopolysacchatide. 

The lipopolysaccharides (LPS) used ~n these experiments were ob-

tained from Di.co, Detroit, and were extracted from E. coli 055:B5 by 
\ 

87. 

the Westphal method. The method used for preparing the LPS essentially 

the technique described hy M~ller (8). A solution containing of 

LPS per ml of salin~ was heated in a double boiler at 1000C for . ~ 
our. 

, 
In sorne instances mi ce were immunized directly with this 

but in most cases the LPS was coated to either S 

had been prepared as described above. coat RBC, the LPS 

solution was allowed to cool and mixed with ual volume of. eibPer 

packed SRBC or packed FI RBC. The RBC e incubated in the LPS solu-

l' 
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tion'for 45 minutes at 370 C and were gently swirled at regular intervals 

to'keep t~e cells suspended. The RBC were then washed 3 times in isotonic 

saline.with centrifugation at 700 G for la minutes. The packed SRBC 

coated with LPS (SRBC-LPS) and the CAF( RBC coated with LPS (F,-LPS) 

were both re;lUspended in saline to ,a final concentration of approxi­

mately 16.7 X 108 RBC/ml.. In a11 cases the SRBC -LPS and Fl -LPS were 

injected intraperitoneally in doses of 7 X 108 RBC contained in 0.5 ml 

of saline. 

Delayed Hypersensitivity Assay. 
1 

The procedure followed for the induction and measurement of delayed 

hypersensitivity reactions to SRBC was a modiftcation of the method 

described by Axelrad (1). Sensitization to SRBC was achieved by means 
;, 

of an intradermal injection of ,an emulsion of SRBC in complete Freund's 

adjuvant (CFA). To prepare this emulsion, a 10% (V/V) suspension of 

SRBC in saline was made in the same manner used for intravenous sensitiza-

tion to SRBC. Equal volumes of SRBC in salin~ and CFA were emulsified 

88. 

-;lmmediately before injection. Emulsification was done by placing 1 JIi of SRBC , , , 

-Md CFA in separate glass sy~inges. The syringes were then connected 

by means of a common tube with luer~lok fi~tings on each end. The 

contents of the 2 syringes were drawn back and forth between the 2 

syringes for 15 minutes until a uniform emulsion was formed. Each rec'ip-

ient mouse was injected intradermally with 0.01 ml of this emulsion in 
, ' 

the right ~ootpad using a 26 guage neèdle. 
(, 

- f - " . , 

t ~ .. 



The sensitized animaIs were challenged with SRB~~ 9 days after 

the initial sensitization with SRBC. A 10% (V/V) suspension of SRBC 

in saline was prepared as deseribed above. Each m~use was injeeted 

intraderrnally with 0.01 ml of the SRBC in saline in the left footpad 
. r" . v" 

using a 26 guage needle. An interval of 20 hou~ was allowed for 

, , maximum development of a delayed hypersensi tiv~fty response. 

, 
< 

Measurements of the v~lume of the left foot were made immediately 

before the challenge with SRBC and again 20 hours after challenge. 

The method used for measurernent of foot volume was based on the princi-

pIe that an object immersed in a fluid dil~plaees Hs own volume. If 

the abject has a lower specifie gravity,'than that of the fluid, the 
\ 

pressure needed ta achieve total immersion will be proportional to 

the volume of the abject (320). A ~~ttler P-1200 top-loading, single 

pan balance of 1200 g eapaeity with an optieal scale ealibrated in 

lOü mg divisions was used. A 5 ql beaker was filled with mercury and 

the seale was adjusted to a baséline of 0 with the beaker of mercury 

on 'â;r.weighing pan. Aline was drawn on the mouse' s paw in the groove 

immediately distal to the lateral malleolus and the foot was immersed 

in the merc~ry with the experimenter's hand resting on a firm bridge 

just above the balance. The pressure required to immerse the paw was < 

j 

t 
noted for 3 separate measurements, and the average of the 3 measurements 

was taken. Measurements were made on mice chosen at random and without 

knowledge of the experimental group from which they were taken. 

In each experiment ~ group of unsen~itized control mice'w~Fe 

,. , 
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challenged with SRBC and the amount of footpad swelling was noted. 

The amount pf non-specifie swelling in these control mice never 

exceeded 2% of the initial paw volume. The mean amount of swelling 

for the unsensitized control group was determined in each experiment 

and served as the basis for the measurement 9f the delayed hyper-

sensitivity response. Delayed hypersensitivity (DH) was calculated 

as the per cent increase in paw volume for each mouse according ta 

the following formula: 

DH X 100 

-'1 

where PE? is the pressure required ta immerse the ~peri­
mental foot after challenge; 

PEI is the pressure required ta immerse the experi­
mental foot before challenge; 

PC 2 is the mean pressure required to immerse the con­
trol feet after challenge; 

PC I is the mean pressure required to immerse the con­
trol feet before challenge. 

Detection of Antibody Forming Cells. 

The method used for assaying the total number of direct plaque 

forrning cells (PFC) ta SRBC was essentially the one described by 

Cunningham and Szenberg (4) with slight modifications (6). The spleens 

were removed from sensitized and control anim~ls in t?e manner described 

for the preparation of lymphoid cel1 suspensions for the induction of GVH 

reactions. Each spleen cell suspension was prepared by gently pressing 

the spleen tKrough a #50 mesh stainless steel screen into BSS. The 

-
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cells were then strained through the mesh again, and th~ screen was 

t 
rinsed with BSS to obtain as many spleen cells as possible. BSS wss 

add,ed to the cell suspension to a final volume of 15 ml. Cel! sus-

pensions were maintained at 4°C during preparation and up to the time 

of assay. 

Target é~lls for the PFC assay were either SRBC, SRBC-LPS or 
, 

Fl-LPS. The FI RBC and SRBC were obtained and coated with LPS as 

described in the procedure for sensitization to LPS. The SRBC, 

SRBC-LPS, or F1-LPS were washed twice in isotonie saline with centri-

fugation at 700 G, ,:and resuspended at a final 10% concentration in saline. 

Guinea pig'complemént (Grand Island Biological Co., Grand Island, 
, . 

~. New' York) was diluted in BSS to a 10% concentration. 
~ ~~ 

The PFC assay was pl!rformed b'y mixing 0.05 ml of spleen cells, 
, 

0.15 ml of RBC target cells. and 0,75 ~l of the complement solution 

in ~ test tube at 37°C. The mixture was withdrawn with a Pasteur 

pipette and put into chambers made by glueing two 75 X 25 mm microscope 

slides together with double-sided tape. Six slide chambers were re-

quired for each sample. If necessary, fil1ing of the last chamber 

was completed using a "blank" solution of target RBC and complement in 

the same concentrations as for the test mixture. The slide chambers 

wer~ sealed with warm paraffin wax, and incubated at 37°C for l hour. 

The identity of PFC was confirmed with microscopie examination, and 

the number of PFC were then counted macroscopica11y. The total number 

of PFC for each spleen was estim~ted by mu1tiplying the total number 

of PFC counted for a11 chambers by 300. The factor of 300 represents 



• the proportion of spleen ce11s used for the assay, ie. 0.05 ml of 

spleen ce11s for a total suspension volume of 15 ml. 

The same protoco1 was fo110wed for the deveropment of indirect 

plaques except that rabbit(,anti-mouse IgG antiserum (Pentex, Miles 

Laboratories, Kankakee, Illinois) was added to the sol~tion of BSS and 

complement to give a final antiserum dilution of 1:200. 

The d~rect PFC assay was used to detect the presence of ce11s 
/ 

forming IgM antibody to th~ target RBC while the indirect as~ay 

detected cells producing both IgM and IgG antibodies. The number of 

cells forming IgG antibody ~an then be determined by subtracting the 

direct PFC count from the indirect count. 

Detection of hemagglutinating antibodie~. 

Determinations were mad'e of the 1evels of hemagg1utinating 
CI 

antibodies to SRBC, SRBC-LPS, F1 -LPS, and B6 RBC. The target RBC for 

the hemagglutination assay were obtained and/or labeled as described 

for the sensitization procedure. 
• 1 

1 

The method used to determine the amount of circulating antibody 

to each antigen was a modi1ication (11) of that described by Kaliss (5) 

/ 
using polyvinylpyrrolidone (PVP) as an agglutination-augrnenting vehicle. 

PVP K 60 (MW 160,000) was obtained as a 45% aqueous solution. The 
~ .. 

tiration medium (PVP-BSA) was prepared by dissolving 300 mg of PVP 

, '>. 

solution into 10 ml of 5% w/v solution of bovi~ serum albumin (BSA) 
fJ 

in phosphate buffered saline (PBS). The PVP-BSA was dispensed in 50 ~l 

~ 1 
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aliquots into rowJ of 6 X 50 nun glass' tubes. Aliquots of 50 pl of anti-

sera were placed in the first tube of each row and seriaI dilutions , (7 

were-made to a final 10g2 of 15. 'A 3% (V/V) target RBC suspension was 

dispensed in 50 pl aliquots to each tube containing diluted;antiserum 
'" 

~ as weIl as control tubes. After gentle mixing the tubes were incubated 

for 1 hour at 370C followed by 2 hours at 4°C. F~llQwing incubat~n 
/ "\ 

the contents of each tube were gently aspirated with a Pasteur pipette 
\ 

and streaked ,on a glass plate. The plate was rocked gently to dis-

perse the RBC in the st~eaks, and hemagglutination was scored both 

macroscopically and microsc~ptcally on ~rscale fram l to 5 on the basis 

of increasing agglutination. (The titre end point was~aken as the last 
.. ~ 

dilution at which the hemagglutination score was greater than 1 point 
1 

above that for normal rnouse serum, 
" 

Statistical methods, 

, Median survival times (MST) and their 95% confidence limits (CL) , 

and P values were calculated using the nomograph method of Litchfield (7). 

~~--------- Means (X) and standard errors (SE) for hemagglutination end points and 

PFC responses were calculated by the least squares method (9) on a 

Hewlett-Packard calculator, model 9l00A. 
() 

Experimental Protocol. 

The methods described above were employed during the performance 

of the experiments discussed in this text. For clarity, the protocol 

, 
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of each expe~ime~t is/outlined in the follow~ng chapters just prior 

to the ?escription on experiment~l observations. 

, Q 

.. ) 
, 0 

.. 

94. 

.. 



/ 

l ' 

J 

, .... " 

2. 

o 

t 

1. 

CHAPTER 2: REFERENCES 

Axe1rad, M.A. ' (1968) 
Suppression of de1ayed hypersensitivity'by antigen and antibody. 
ls &'common pr~cutsor ce11 responsib1e for both de1ayed hyper­
sensitivity and antibo~y formation? 
Immuno10gy 15: 159 

Bi11ingham, R.E. and Medawar, P.B. (1951) 
The technique of'frèe skin grafting in mlmma1s., 
J.,Exp. Biol. 28: 385. 

3. Bliss,_ J.'Q. (1965) 
The deve10pment of a congenic pa~r from the A and CBA ~tra·ins 

of mice. i 

95. 

Transplantation 3: 73C. J , 

4. Cunningham A.J. and Szenberg, A. '(1968). 

5. 

6. 

Further improvements in the 'plaque., technique for )letecting , ' 

single antibody-forming ce11s. 
Immun 0 1 ogy 14: 599. _,' 

Kaliss, N. '(1973) 
An imptoved po1yvinylpyrro1idone 
mouse allohemagg1utinins. 
Transplantation 15: 251. 

, " 

1 

(PVP) method for titering 

,.' Kongshavn. P. and Lapp, W.S. (1972) 
Immunosuppressive effect'of mouse sub~andibu1ar gland extracts 

, on p1aque~orming cel1s in mice: a~olit~on by orchiectomy. 
Immuno10gy 22 t 227. 

7. Litchfie1d"J.T'. '(1949) , 
A method for rapid graphie solution of;tîme per cent effect . , 
curves. 
J. Pharmacol. Exp. Theiap. 97: 3,99. 

8. MH11er, G. (1965) l 
198 antibody production agairlst soluble 1ipopo1ysaccharide 
antigensl< by individual 1ymphoid cell~ in vitro. l 

Nature n207~ 1166. 

9. " Sned ec or, G. D. _ (1961) 
Statistica1 methods. 
The Iowa State University Press, Ames, Iowa, p. 4~. 

\ 
, " 

~ f 

• 1 

.. 

. , 



' . 
. ' 

f 

. . 
J 

· ~O. Tre,iber, W. and Lapp, W.S. (1973) l' 
Graf~ -ver.sus -h~st induc!!d innnunosuppre'Asion. The effect :of 
antigenic stimulation on ce11-mediated and humoral immune 
responses. 

11. 

• 

,. 

.. 

• 
( " 

.. 

Transplantation 16: 211. 

Treiber, W. ~nd Lapp, W.S. (1974) 
Se1èct,ive suppression of ~he humora~ i~une rftBponse to t,rans-' 
p1antatiop antigens in animais ~encing~raft-versus-host 
reactions. .'1., , 

Immuno1ogy (submitted). 
_ J • 

. ~ 

, . 
1 

r 

• .. 

9. 

• ... 

" 

- .\ .. '; 

4 , • 
1 " -it-- .. ' 

1 • , 

Il 

) 

o 
m 

. . 

96 . 

( 

" 

, . 



~I 
.. ' 

CHAPTER 3: RESULTS 

Factors Determining the Extent of Immunosuppression 

~ffect of Strength and Duration 

<.The degree of immunosuppression brought on 'by a GYIH reaction 
( 

has been shawn to depend upon two primary factors. The first factor 

is the' strength of the. GVH reaction. Strength, in turn, is deter-

mined by histocompatibility di~ferences between donor and host, and 

by the source and dose of donor celis. The second factor, which i9 
. 

equally as important, 18 the duration of the GVH reaction at the time 

of immunizatiojl '~ith the test, antigen. The i~tance o~ these 2 

factors in determining the immune responsivene~s of the host can be 

illustrated by 2 simple experiments. 

GVH reactions were initiated in 2 FI hybrid combinations selec-

ted to produce reactions of different intensity. A moderate GVH was 

induced by the intravenous injection of 75 x 106 A spleen and lymph 

node cells into adu1t CBA x A FI (CAFl) mice.·, The H-2a (A strain) i8 
~ 

thought to be derived from recombination between H-2k and H-2d and 

therefore shares the S8Ine K r.eg:lon as H-2k (CBA) (7). 'As a resu~t. 

GYR reactions in tRis strain combinat ion were of a moderate intensity 
.... If 

with an 85% surviva1 rate and a median surviva1 time of. greater than -- , 

100 daye (~able 1). GVH reactions of a more ~evere nature were in-

duced by a similar injection of A strain lymphbid ~ells into'adult 

97. 
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C57BL/6 x A FI (B6AFl) miee. The H-2 genotypes in these strains 

(H-2b and H-2 a respeetively) are of independent origin and have 

a genetie disparity which caused 100% mortality and a median~;urvival 

time of 35 days (Table 1). Experimental animaIs and normal litter- . 

mate controls for both FI eombinations were then separated into groups 

and each oup was sensitized to SRBC at a different time post GVH. 

Four days after ensitization ta SRBC, PFC assays'were performed 

to deterrnine the hum al response to SRBC. 

The variability of the conditions of sensitization ta SRBC and 
) 

assay is reflected in the wide range of PFC responses seen in normal 

animaIs treated on différent days (Table 2). AnimaIs treated at the 
"""~ 

same time, however, show'mueh more consistent re&ponses. For this 

reason the PFC response of GVH mice is expressed as the per cent. of 

that observed in normal contraIs sensitized and assayed at the same 

time. 

When sensitized ta SRBC l day after GVH induction, CAFI mi ce ex-

hibited a PFC response 4 days later which was 86.9% of that seen in 

normal, sensitized controls (Table 2). In this CAF l strain combina-

tian, increases in the PFC response were observed when GVH animaIs 

were serisitized ~o ~RBC 2 d9ys and 3 days after the mice received . ~ 

parental, cells. j The PFC response rose 5.9% and 45.3% I\bove nQIll!al when 

GVH mice were sensitized to SRBC on days 2 ând 3 respectively. Wh en 

sens!tized on day 5 post GVH induction, however, the PFC response fell 

ta only ~5.9% of normal, and when sensitized on day 7 the response in 

, 
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TABLE 1 

Surviva1 Timea (Days)" of CAFI apd B6AFI Mice Receiving 

75 x 106 A Lymphoid Ce11s Iptravenous1y. 

Mouse­
Surviva1 
Time' 
(Days) 

CAFI B6AFl 

15 15 16 19 
41 44 47 
47 48 70 

) 

22 62 >75 >75 
> 75 > 100 >100 

>100 >100 >100 
>100 >100 

MST>100 MST 35 (32.1 - 38.2) 

< 
a Median surviva1 times and their 95% confidence 1imits were determined 
using the nomograph method of Litchfie1d (10). . . 
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,. TABLE 2 

" PFC ~esponse of CAFl Mice Sensitized to SRBC 

at Various Interva1s'After GVH Induction. 

,Day Post GVH 
When Sensitized 
to SRBC 

Day 1 

Day 2 

Day 3 

Day 5 

Day 7 

GVH Mice 
PFC per spleen 

(x 103) 

44.7 70.8 
87.3 116 .. 7 

X ::; 79.9 + 15.1 

271.8 324.2 
336.0 364.8 
X = 324.2 + 19.4 

236.7 243.3 
261.6 '292.8, 
X = 258.6 + 12.6 

18.0 18.3 
25.8 27 . .6 

X ::; 22.4 + 2.5 

0.6 0.9 
1.5 2.7 

X =Al..4 + 0.5 

Nonna1 Mice 
PFC per spleen 

(x 103) 

50.1 85.8 
96.0 135.6 

X = 91. 9 + 17.6 

278.4 301.2 
310.2 334.2 
X = 306.0 + 11. 5 

111.~ 119.1 
.!.96.~ 284.4 
X = 178.0 + 40.3 

135.5 136.8 
144.2 146.3 

X = 140.7 + 2.1 

153.9 237.9 
240.0 302.1 
X = 233.5 + 30.4 

(Continued) ..... ; . 

't, 

, 
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\ 

GVH 70 
of Nonnal 
Response 

86.9 

105.9 

145.3 

, . 
15.9 

0.6 

100. 
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TABLE 2 I(Continued) 

Day Post GVH 
When Sens i'tized 

- to SRBC 

Day 70 

Day 100 

"' 

GVH Mice 
PFC perl sp 1een 

(x 103) 

0.0 0.0 0.0 
0.0 0.0 

X = 0.0 + 0.0 

0.0 0.0 0.0 
Q.3 0.3 0.6 
X=0.2+0.1 

/' 

Normal Mice 
PFe per spleen 

(x 103) 

155.7176.1'2l2.1 
213.0 344.4 

·X = 220.3 + 32.9 

121.5 174.6 
278.7 

X = 191.6 + 4f>.1 

GVH % 
of Normal 
Response 

0.0 

0.0 

~ Mean values + SE are given fo11owing individua1 responses for' 
each group. 
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GVH mice was no greater than that of normal mice not sensitized to SRBC. 

~lthough these anima1s frequent1y appeared to recover 1ater from their 

GVH reactions j the PFe respons~ to SRBC rernained camp1etely suppressed 

in these anima1s through day 100 post GVH. This finding of an initial 
. 

increased responsiveness after GVH induction fo11owed by camp1ete 

suppression has,a1so been reported in the same strain combination by 

Davis et al. (2). 

In more severe GVH reactions the initial increase in responsiveness 

is much 1ess significant and imrnunosuppression appears much sooner than 

wi th â rnoderate GVH reac tian. This? can be seen fram Figure 1 (8) 

which represents the response to SRBC in B6AF1 mice injected intra-

venously with 75 x 106 A spleen, and 1ymph node ce1ls. The injection , -

of SRBC immediately following parental cells produced a PFC response 

4 days 1ater that was 23% greater than that for normal controls receiving 
) 

SRBC. The onset of irranunosuppression was rnuch more rapid in B6AFl mice, " 

and by the second day post GVH 
" 

stimulation with SRBC produced a PFC 
, ! 

response which was 46% that in normal animals. The reactivity of GVH 

animals fel1 to 16% of normal on day 4 and suppression was complete 

within 7 days after GVH induction. 

The effect of GVH strength and dur~tion on immune responsiveness 

is summarized in Figure 1. The increased responsiveness observed at 

day 3 in CAF1 GVH mice c1ose1y res~bles the al10geneic effect describ­
» . 

ed by Katz (5;6,11) with tbe exception that in the present experiment 

the mice were not sensitized to SRBC prior to receiving parental cells. 
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It ls doubtful that \he Increased responslveness ln CAFI mice results 

merely from the ihere~sed number of immunoeornpetent cells ln the FI 

host, since this (effe~t was not observed until 3 days after GVH induction. 

. \ 
The 3 day time lag suggests that proliferation of the donor cells 

following stimulation by FI alloantigens is ~ecessary for the a~?earance 
1 

of inereased responsiveness. Furthermore, this effect appeared to be 

non-specifie sinc~ stimulation by alloantigens resulted in a heightened 

response to an unrelated antigen. Both these findings are consistent 

with the Katz proposaI that the allogeneie effeet results from the 

production by GVH reactive cells of non-specifie T cell secreted media-

tors with the capacity to stimulate B cells to antibody formation 

following their interaction with antigen. The subsequent decrease of 

immunologie responsiveness which was observed as the GVH reaction pro-

gressed has also been reported for the allogeneie effect (11), and 

might easily result from increased utilization and depletion of such 

thymie mediators by the progressing GVH reaction. This possibility 

will be dealt with in more detai! later. 

In l the course of the GVH reaetion in B6AFI ml.ce, a more rapid 

onset of immunosuppression appeared. An increased response was ob-

served when mice were sensitized to SRBC immediately after reeeiving 

parental cells, but it was difficult to determine whether this increase 

resulted from an al10geneie effect. The Immediate nature of the effect, 
" 

however, suggested that the effect resulted from the larger number of 

immunocompetent cells in the B6AFl hosto Since GVH reactions are 



very strong in this strain combination, it seemed like1y that the 

rapid onset of immunosuppression arase from a stronger }mmuno,logic ,,' 

attaek by parental eells on the FI hast. This eould result in a rapid 

desttuc tian of hast lymphoid cells, or in a rapid dep1etion of thymic 

mediators by cells engaged in the vigorous CVH reaction. Bath of 

these resu1ts could contribute to immunosuppression. 

" 
l t is well estab 1 ished in a wide variety of animals that the 

degree of immunosuppression increases wi th the strength of the CVH 
.; 

reaction. The strong immunologie attack upon an animal undergoing 

a GVH reaction, however, represents a profound physiological insult 

and results in considerable stress ta the host. Since stress a1so 

increases with the intensity of the CVH reaction, it ls possible 

that CVH induced immunosuppression results fram a general stress 

r-èsponse rather th an fram a definite immunologieal consequence of the 

GVH reacti,on. The next series of experiments was performed to deter-

mine whether stress was responsible for the immunosuppression ob-

served in animaIs undergoing CVH reactions. 

Effect of Adrenaleetomy on the Response of CVH Mice to SRBC. 

Numerous reports (1,3,9) have sho~ that hormones associated 'with 

the adrenal glands can suppress immunological activity. Hydrocortisone, 

for example, has been shown to suppress proliferative and antibody form­
ol.-

in~ responses of spleen cells in vivo (9), while the 'ability to initiate 
1 

a GVH reaction remains intact (1). It was considoered possible that a 
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host response to the stres~ produced by a Gm1reàction could cause 

th~ release of sufficient ,hormones from the adrenal glands to bring 

about a generalized suppression of the host's immune system. The 

following experiment wes therefore carried out to determine if GVH 

immunosuppression could be explained in terms of a general stress 

response or whether it was a direct immuna'logical consequence of 

donor and host celi interactions during the GVH reaction. 

Bilateral ad;enalectomies were performed on adult CAF) male mice 

while a group of littermates received sham operations. Four days 

after adrenalectomy, GvH reactions were induced in one half of these 

mice in the manner previously described (Figure 2). AlI mice were 

sensitized to SRBC 10 days later and the number of spienic PFC to SRBC 

was determined 4 days after sensitization. Vsing the same protocol, 

mice with intact adrenal glands were given GVH reactions, sensitized 

~ to ·SP.BC -and tested for PFC. Throughout the experiment aIl animaIs 
,", 

~ - ; 
were âllowed a choice of tap water or a 0.5% solution of NaCl ad 

" libitW:n· 

Four days after being sensitized to SRBC, normal animaIs with 

intact adrenal glands showed a mean direct PFC response of 158.2 x 103 

(Table 3 and Figure) represent data. pooled from 3 experiments). 

" 
There ~as no significant difference between the PFC response in non-

treated (non-adrenalectrnmized) animaIs and that of Iittermates re-

ceiving sham operations. In contrast, adrenalectomized littermates 

exhibited a mean direct PFC response of 251.8 x 103, representing a 

60% increase over the response in normal animaIs. These findings 

... 106. 
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-FIGURE 2: Design of Experiment to Determine the' 
Effect of Adrenaleetomy on the Response 
of GVH Mice to SRBC.-
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" TABLE 3" " 

Direct PFC Response, to SRBC in Normal and Adrèna1ectomized 

o Mice Undergoing GvH Reactionsa,b. 

'. 
1 

Norinal GVH Experimental 
Group PFC per ,Ilpleen x 103 PFC per .sp1een x~03 

" , ' 

~59. 7 117.9 139.8 149.1 0.0 0.0 0.0 0.0 0.0 ", '. Âdrenals 
Intact 150.3 156.,0 166.2 172.5 0.0 0.0 0.0 0.0 0.0 

183.3 193.2 -"'}%.5 2l3.9 0.3 0.3 0.3 0.3 1.2 
1.2 1.2 3.6 4.2 4.8 

X = 158.2 + 11.8 X = 0.9 + 0.:"3 

...... 

Shams ( 67.2 "-5,9 107.4 110.7 0.0 0.0 0.0 0,0 0 

115.S 121.8 125.4 138.9 0.0 0.3 0.3 0.6 
167.1 171.3" 175.5 177.3 0.6 0.6 2.1 25.2 

217.8 251.4. -
X = 146 .. 7 + 13. 2 ,X=2.5+2,l 

't.:!"--:".-- ---- •• --~ 
.., 

,.. ,. 
Adrena1ectomized 146.7 166.2 170.7 180.6 0.0 0.0 0.0 0.3 

204.9 207.6 220.2- 231.6 0.3 0.3 0.3 0.6 
234.9 237.3- 259.8 281.1 0.6 1.2 L8 5.7 
300.6 305.1 313.8 320.7 8.1 8.1 15.6 

t;>- 322:5 - 326.4 353.7 
X = 251.8 + 14.5 X=2.9±1.2 

• 
a Data represents data poo1ed from 3 experiments. 

b Mean values ± SE are given fo11owing individual responses for eac~ group. 

e 

;~ 

4lt-""'::lo'1l-~~...J .. 

,.... 
o 
(Xl 





----

o 

would suggest that hormones from the adrenal glands play a suppre$sive 

role in normal animaIs and control the ext~nt to ~ich the animal can 

respond to certain antigens. AnimaIs with aIl glahds intact but ex-

periencing GVH reaetions showed no PFC response to SRBC . 

• t' 
A very slight PFC re~ponse was seen in groups qf GVH animaIs 

1 

which had been adrenalec tpmized, 'but this value was' almost identical 
(" , 

to that for the corresponding groups of 'GVH mice ~eceiving sham opera-

tions. 

It has been'well establistled that syrnpatl1'étic stimulation of Ùi.e 

adrenal glands during stress causes them to release hormones which 

~iay an important rolë in the animQI's re!?ponse to the st(ess. ,'A GVH 

reaction undoubtedly represents a considerable stress to the host, 

and this was evident from the incidence of mortality which was, higher in 

adrenalectomized-GVH mi ce than in mice with cither adrenalectorny alone 
1 

or GVH alone (Table 4 and_Figure 3).' Of 28 miee in each experimental 

group, adrenalectomized miee undergo{ng GVH resctions had a mortality . ~... . 
rate of 28.6%

,' whi le those receiv'ing only adrenalectomites had a rate 

of 3.6% and those given sham operations and GVH reaetions had a mortality , 
rate of 5.2%. The group of intact mice ,xperiencin~ CVH reactions showed 

no deaths. Chi square analysis of mortàlity rates showed a significant 
- , 

difference (P <0.01) between CVH mice which had ,been 'adrena1ectornized 

and GVH mice receiving sharn operations. From these experiments it is 

difficult to pinpoint the precise cause of th~increased mortality ob-

served in CVH mice which had.been previously adrenalectomized. The in-

, 
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a -Vat!.>.lndlcates nlJIllber of déaths over number of lexperimental animaIs 
in four separate experiments. 
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creased death may result from a decreased capacity of these animaIs to 

adapt t~ generalized stress. previous data, however, (Table 3) has 

suggested that the adrenal glands may help control the extent of normal 

immune responses. It is also possible therefore, that adrenal hormones ,. 
may influence the intensity of GVH reactions, and that adrenalectomy may 

remove some of this control, leading to more intense GVH aetivity and 

inereased mortality. 

Although the mortality rate data (Table 4) suggest that adrenal 

hormones may_ lessen the overall intensit~ of the GVH reaction, it 
, 

would appear that they do not play,a significant role in the immuno-

suppressive effect of the GVH reaction. The faet that immunosuppression 

was a~ complete in GVH animaIs lacking adrenals as it was in those with 
<> 

intact glands strongly.suggests that this suppression'is not brought 
" j 

112 . 

~about simpfy by hormones released from th~ adrenals in response to stress. 

Rather, it suggests that GVH induced immunosuppres~on results from 

some other immunological consequence of the GVH re~ction. 
'-

It is interesting to note tbat Graff et al. (4) have shown that • 

steroids;1from the g'onads as {yell as those from the adrenals may have 

II' 
a moderating influence on immune responses. Castration or adrenalectomy 

of male mice caused an accelerated rejection of ~ubsequent skin grafts 

l 
differing at a minor H locus. Combined adrenalectomy and castration 

caused an even faster rejection of such skin grafts, although the 

difference between the combined removal and either castration or adrena-

lectomy alone was not statistically significant. In the present series 

.. 
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of experiments, an experiment w~s performed in which one group of mice 

wes moth castrated and adrenalectomized, after which one half were sub­
I 

jected to a GVH reaction. The data f~om this experiment appear in 

Table 5. Following sensitization with SRBC, mice r'eceiving adrenalectomy 

and castration but no GVH exhibited a mean response of 312.0 x 103 PFC 

per spleen. This response compared to mean values of 227.0 x 103 PFC 

in adrenalectomized mice and 162.6 x 103 PFC in normal animaIs. These 

results are similar to those reported by Graff et al. and suggest that 

steroids from the gonads as weIl as fram the adrerial glands may exer~ 

'1 
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a moderating effect on the immune responsiveness of normal mice. The 4 

removal of both the adrenal glands and the testes, however, failed to 

restore the respons~ of GVH mice to SRBC, and no PFC could be detected 

in these mice. This finding lends further support. to the 'contention that 

GVH induced.immunosuppres~ion is produced by definite immunologieal 

causes rather than by the release of steroid hormones in response to 

stress. 
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TABLE 5 
( 

Effect of Adrena1ectomy and Castration on the , 
PFC Response to S~BC in Normal and GVH Micea . 

\ 
Experimental 

Group 
No 

PFC per s 1:!n x ~~ PFe per ~een x 103 

Adrena1s 
Intact 

Sham . ,;. 

.,. 
Adrena1ectomized 

Adrenalectomized 
and Castrated 

a 

11 .9 156.0 
18 .3 193.2 

.. X = 162.6 + 16. 9 

107.4 115.5 
171.3 177.3 

X = 142.9 ± 18.3 

\66.2 207.6 220.2 
259.8 "'281.1 

X = 227.0 ±.20.2 

224.1 224.4 253.2 
324.9 390.0 455.1 
X = 312.0 ± 39.0 

0.0 0.0 0.0 
0.0 0.3 1.2 

X=0.3±0.2 

0.0 0.0 
0.3 0.3 

X=0.2±0.2 

1 
0.0 0.0 
0.3 0.3 

X = 0.2 ± 0.1 

0.0 0.0 0.3 
0.3 0.6 

X=0.2±0.1 

a Mean values + SE are given fo11owing individua1 responses for each 
group. ~ 
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CHAPTER 4: RESULTS 

• 

Effect of Multiple Antigenic Challenges on Cel1-Mediated 

and Humoral Immune ~esponses. 

Introduction 

The previous experiments established that the irnmunosuppression 

observed during a GVH reaction apparently results from immuno10gic 

causes. In aIl studies thus far dealing with GVH induced immuno-

t ~Buppression, howev~, the ani~~ls have been chall~nged only once 

following the induction of the GVH reaction. In addition, no attempts 

have been made to de termine the effects of the GVH reaction on the , 

humoral versus the cell-mediated immune response under conditions of 

multiple antigenic stimulation. Elucidation of these effects cou Id 

provide further insight into the underlying causes of immunosuppression . 

• The folloWing studies were therefore carrieù out to de termine the 

effect of multiple antigenic challenges on both humoral and cell-mediated 

immune responses in animaIs experiéncing GVH react~ons (11,12). 

The Effect of Antigenic Stimulation on Skin Allograft Survival Time. 

To test the effect of antigenic stimulation on skin allograft 

survival time, GVH reactions were initiated in adult CAFl male mice by 

the intravenous injection of 75 x 106 A strain spleen and lymph node 

cells (~igure 4). Thirteen days later the animaIs were divided into four 

a 
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"':) Following antigenic challenge~ 4 mice from each experimental 
group were sensitlzed to SRBC on clay 13 and assayed for 

sp 1 en i c PFC o~ day 17· ~ /' 

A LC - A Strain Lymphoid Cells; BM - Bone Marrow; 
KC - l~,idney Cells; NT - No Tréatment; , 

, 

FIGURE 4: Design of Experiment t6 Determine the Effect of Antigepic Stimulation 
OB Skin Allograft Survival rime in GVH Mice. ~ 
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groups, each receiving one of the following treatments: 40 x 106 B6 BM 

cells, B6 kidney cells, 40 x 106 CAFI BM cells, or no further treatment. 

On clay 20 post-GVH the remaining mice were grafted with skin allografts 

from B6 mice. Two such experiments were carried out and the,results 

of each were pooled. 
c~ 

First,,~et responses to B6 skin grafts made 20 days after initiation 

of the GVH reaction were variable, depencling on the treatment which the 

~, ânirnals r~ceived prior ta skin grafting (Table 6). The MST of B6 skin 

on CAF I GVH mice was 21.5 days, contrasting ta a MST of 7.9 days for 

normal animaIs in this strain combination. B6 skin grafts had a MST 

of only 8.1 days in the group which received a GVH plus B6 BM, while , 
, 

those that received B6 kidney cells had a longer allograft MST bf Il.0 

days. The longest allograft survival time was 26.0 days, seen in the 

gruup of GVH mice receiving FI BM. The difference between the MST for 

GVH mice receiving FI BM and the MST for the group which received a GVH 

alone was not statistically significant (P>0.05). 

When second-set B6 skin~rafts were applied following first-set 

rejection, the survival time of the second-set grafts was shorter than 

that for the first-set in aIl groups except the recipients of B6 kidney 

cells (Table 6). In the group receiving only a GVH the MST decreased from 

21.5 days to 8.2 daysj and in the group receiving FI HM it dècreased from 

26.0 ta 13.0 days. Although the survival time of second-set grafts in 
~ 

\ f f''' 
the animaIs r~ving B6 kidney cells appeared slightly longer than that 

-~ 
~~ 

for the first-set, the difference between the two values was not signi-

, 
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Treatment 

TABLE 6 

Surviva1 Times of First and Second-Set B6 Skin A110grafts 

On CAF1 GVH Mice Stimu1ated with B6 BM 

B6 Kidney Ce11s, or FI BM. 

~irst-Set Graft Surviva1a 

Normal FI 7 7 7~ 8 

GVH A10neb 

GVH + B6 BM 

GVH + B6' 
Kidn~y Cellsb . 

"'L.4~ 
....... , " 
1 

" 

889 
MST = 7.9 (7.7 - 8.1) 

15 16 
21 21 
28 28 

17 18 18 

MST = 21.5 

22 24 25 
30 49 92 
(18.2 - 2?4) 

7 777 7 
8 8 8 9 10 

10 10 Il 15 15 
MST = 8.1 (7.1 - 9.2) 

MST 

10 10 10 
11 11 11 

14 28 
11.0 (9.1 -

11 
14 
30 

13 .9) 

(Continued) ..... 

e 

Second-Set etaft Surviva1a 

6 6 6 7 
7 7 8 

MST = 6.9 (6.7 - 7.1) 

~ 

6 7 8 
9 10 12 ,.~,"" 

MST = 8.2 (6.8 - 9.9) 

666 
7 9 20 

MST = 6.5 (5.0 - 8.4) 

9 la 13 15-
20 40 

MST = 13.0 (9.6 - 17.5) 

\' 

r .(~,.. "", ..... 

......... 
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TABLE 6 Continued. 

Treatment 

GVH+Fl BMc 

First~Set Graft Survivala 

11 17 22 23 
25 25 36 43 

56 72 
MST = 26.0 (17.7 - 38.0) 

1 
Il 

~ 

e 

Second-Set Graft Survivala 

7 8 13 
20 29 

MST = 13.0 (7.9 - 21.4) 

8median survival time (MST) and 95% confidence limits (CL) were determined ,by.the method of Litchfield (7) . 
bthe MST of grafts on GVH Mice was not significantly different from the MST of grafts on GVH mice treated 
with FI BM (P> 0.05). Lik~wise the difference between. the secpnd-set MST for these two groups was also 
not significant (P>O.05). 

Cthe ~ST for se~ond-set grafts in this group was not significantly different from the first-set MST 
(P>O .Os}. 
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ficant (P;>0.05). , 
It is important to know the extent to which the animats were 

• 1_ ~/ immunosuppressed at the time of stimulation with allogene~eJ.ls .. 
, 

Lawrence and Simonsen (6) hav~ shown a correÎation between the 

strength of a GVH reaction and its ability to suppress the PFC res-

ponses to SRBC. To test, for immunosuppression by the GVH reaction, 

four mice from each exp~rimental group outlined above were selected 

at random and sensitized to SRBC on day 13 post GVH, 4 hr after the 
l> 

injection of BM or kidney cells. The number of splenic PFC in these 

mice wa~ determined 4 days later (Table 7). AnimaIs which received 

a GVH alone as weIl as GVH mice which received BM or kidney cells • 

had mean values of less than 0.3 x 103 PFC per spleen. This was in 

contrast to normal animaIs which had a mean PFC response to SRBC of , 
121.0 ~ 103 PFC per spleen. 

At the termination of the experiment, 80 days post GVH aIl ani-

mals which had rejected B6 skin grafts were sensitized to SRBC, and"the 

number of PFC was deterrnined 4 days later. Table 7 indicates that the 

PFC responje to SRBC was almost compl~tefy' s'uppressed in each experi­

men~al groJp. The highest mean PFC count was 0.9 x 103 PFC per spleen , 

in the group which received Fl BM. The values in each group were com-

para.le to background levels seen in unsen9~tized animals and wer~ 

negligibie when compared to the mean value of 213.9 x 103 PFC per spleen . 
in sensitized littermate controls not experiencing a GVH reaction. 

,1 

These results demo~strate that both the cell-mediated and humoral 
, , 

/ 
immune responses are suppressed during an ongoing GVH reaction. Further-, 

, . 

, / 
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TABLE 7 ~ 

Direct PFC to SRBC in GVH Mice After Stimulation with AIlo$eneic .. Cel~s and Rejectiona of ~llogeneic.Skfn Grafts . " D 

Day l3b Day SOC -... 
Treatment PFC per spleen X 103 PFC per spleen X 103 

;;. 

GVH .' - 0.0 0.0 0.0 0.0 o~o 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 

. 0.0 0.3 0.6 1.8 . / 

X = q.O 
/ X = 0.2 + 0.1 1 
\ 

GVH + B6 BM 0.0 0.0 0.,0 0.0 0.0 0.0 0.0 0.0 0_0 0.0 

. , 0.0 0.0 0.0 0",0 0.0 0.0 ~O.O 0.3 0.3 0.6 
0.9 1 '.2 3.6" 5.1 

>, 

~ = 0.0 X = 0.8 + 0.4 ... 
~ ... -.. ~ J '" 

0 

<f' GVH + B6 0.0 0.0 0.0" 0.0 '0.0 . 0.0 'Û.O 0.0 0.3 
Kidney Cells 0.0 0.0 ..0.0 0.0 0.6 0.6 0.6 0.9 

X = 0.0 X=0.3+0.1-

~'. 

,0 

, .. 
GVH + Fl BM 0.0 O.Q 0.0 0.0 0.0-· 0.0 0.0 .Q.3 0.6. 

0.0 0.0 0.0 0.0 1.2 1.2 2~1 2.4 
X = 0.0 X = 0.9·.-+- 0.3 

. /'0 -
f ~ .. (continueL· . ." . "' .' , ~ "',..- #0 1"1 

'N 
lA 
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TABLE,7 Continued. 

Treatment 

Normal 

Day 13b 3 
PFC per spleen X 10 

43.8 59.1. 67.5 78.6 1 

134.1 175.5 289.5 
X = 121.0 + 33.0 

• 

" \ 

• J. 

Day 80c 
PFC per spleen X 103 

155.7 176.1 193.5 204.9 
212.1 213.0 221.1 

X = 213.9 + 18.0 
-..-- - -- -:--.-.,M- - -~ - -

amean values + SE are given fo11owing individua1 responses for each group. 
brandom1y se1ëcted ~nima1s fram each experimental group were injected with SRBC on day 13, 

4 hr after the ~njection of a110geneic ce~1 puspensions. , • ,_ T~ 
cexperimenta1 mice'described in Table l\were sen&itized to SR~fo11owing ~kin graft reject\on 
day 80 and analyzed for splenic~FC 4 days 1ater. \. 

~ 

\ 
'--. 

-. 
~ 

'" 
of 

1-: .. ~ 

'1. - r 
. , • ·:..)1 .. 

'''--'" 

e 

208.2 
344.4 

at .' 

• 

' .. 

~. .. 
r 

~ _.~ -

.... 
N 
~ 

, . 

• 

, 

.-

",' 

ç' 



) 
r 

l' 

.' l ,~ 

125. 

more, the res~lts ,show that the cell-me~iated response can he stimu-

lated in GVH mlce by !epelted sensitization with allotransplantation 

antigens. The results also show ihat the humoral -immune response to 

SRBC cannot be stimulated by similar repeated challenges with SRBC. 

This would suggest that GVH-induced immunosuppression has a greater 

effect on the humoral, immune response than on the cell-mediated response. 

From the 'data presented here, howev~r, a basic uncertainty remains. 

The' previous results show that it is possible' to stimulate a cel1-mediated 

immûne reaction to transplantation antigens in GVH animaIs wnile the 

same animaIs fail fO produce a detectahle direct PFC response to SRBC. 

Two important questions remain. Since the direct PFC assay measures 

only the production of IgM antibody, it is impossible to state whether 
, , 

these animaIs are capah le of mounting an IgG resp.onse to SRBC. Slèond ly, 

one might ask wHether it was possible to detect any humoral response to 

the same H antigens which stimulated graft rejection. 

Antibody Ac tiv it Y in GVR...-.lmmunosuppressed Mice ~timulated with 
.-.1' 

Transplantation Antigen .. 

A possibility exists that H antigensmay provide a stronger anti­

genic stimulus than SRBC, and with appropriate stimulation may be capa-' 

hIe of eliciting a humoral immune response in GVH immunosuppressed ani~ 

mals. The <~ollowing study was therefore undertaken ta determine if a 

humoral immune response to H antigens could be detected in GVH 

immunosuppressed mice in which cell-mediated reactions had been stimu-



\ 

lated ·to the same H antig~ms (13). 

GVH reacti~ns were induced by the intravenous injection of 

75 x 106 living A strain spleen and lymph node cells into adult 

CAF, male mice (Figure 5). Thirteen.days post GVH the animaIs were 

given fntraperitoneal injections of B6 kidney suspensions, followed 

~ day 20 with skin allografts from B6 mic., and another injection of 

B6 kidney on day 30. Seven days. after each exposure to B6 an tigen, 

mice were randomly selected from each experimental group, bled 
. 

through the retro-orbital sinos and their sera'collected and stored 

at -300C. The amount of circulatirig antibody in their sera to B6 

~loantigens was determined by the agglutination 0~B6 red blood cells 
--1 1 

, 
using polyvinylpyrrolidone (PVP) as an agglutination augmenting ve-

hicle. To test for the\humoral response to SRBC,randomly selected 

mice from each experim~ntél group received intravenous injections of 

5 x 108 SRBC on day 13 post GVH, and 4 days later the number of PFC 
<:! 

in their spleens was determined. Similarly, 14 days after their last 

exposure to B6 antigen, aIl mice were sensitized to SRBC and the number 

of splenic PFC determined 4 days later. 

B6 skin grafts made on CAFl mice 20 days after the initiation of 

a GVH reaction had an MST of 20.0 days (Table 8). This contrasted to 

an MST of 8.0 days in normal mice of the same strain combination. Sensi-
t 

, l 

tization of GVH mice with B6 k~dney cells 7 days prior to skin grafting 
, l 

l 
l • 

reduced the MST to Il.5 days, contrasting to an MST of less than 7 days , \ 
\ 
\ . 

for normal CAF, mice which had be~n previo6sly sensitized with B6 kidney , , 
cells. The differences in MST betwè~n each experimen_tal group are . , , 

l 

\ , 
l 
\ 
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-------..+B6 Skin --++B6 KC---"+SRBC -.,PFC-Bleeo 
-,------.... +86 Sk i'n • +SRBC ~ PFC-B 1 eed 

_--I.:"-'---~ c) +5 RB 

+A Le 

.) AIl mi ce were bled pr l'Qr to the i r fi rs t exposu re and 6 - 7 days 'after each 
challenge with 86 tissu 

A Le - A St~ain'Lymphoid 15; KC - Yidney CeJ-Js; NT - Ng-Treatment: 

~ 

rIrE 5, Design of Experiment to Determine the Effect of Antigenic Stimulatio~ 
on the Humoral Immuqe Response to Transplantation Antigens in GVH Mièe. 
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.. -" TABLE 8 128. 

Surviva1 Time of B6 Skin A110grafts on 

CAFl GVH Mice Treated with B6 Kidney Cells·. 

Treatment Graft Surviva1 Time (Days) MS':Ça 95% CLa 

Normal 7 7 7 7 7 
8 8 8 8 8 8'.0 7.3 - 8.8 
8 8 8 9 9 

9 9 9 9 

Normal + B6 <7 <7 <7 <7 
Kidney Cells <7 <7 <7 

• 
GVH A10ne 10 11 14 15 15 16 

16 17 17 ' 18 18 20 20.0 17.2 - 23.2 
21 21 22 22 24 24 
25 2.8 28 30 51 92 

GVH + B6 7 7 9 10 10 10 
f'\Kidney Cells Il 11 11 11 Il 11 11.5 9.8 - 13.5 

12 13 13 14 14 
16 17 28 . >30 

~edian survival time (MST) and 95% confidence 1imits (CL) were determined 
by the method of Litchfield (7) . 

. / 
\ 
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statistically significant (P<:O.OS) and are comparable to the values 

previously reported in the same strain ~ombÎnations. 

Both normal and GVH mice had no de~ectable hemagglutinating anti­

bodies to~J~6RBC prior to being sensitized with B6 tissue (Table 9). < 
1 ..' 1 

Six days after receiving injections of B6 kidney suspension, normal CAFl 

mice showed a mean lbg2 hemagglutinating titre to B6RBC of 7.50 while 

GVH recipients of B6 kidney had no detectab1e B6 hemagglutinating. anti-

bodies. In the same mice 7 days after a subsequent B6 skin graft, the 

normal group had a mean 10g2 hemagglutinin titre to B6RBC of 5.20 while 

the GVH group still showed no detectable humoral response to B6 antigen. 

Six days following the second injection oî B6 kidney the mean 10g2 

hemagglutinating titre for normal mice had risen to 9.17 while ~here 

'. 

'. Dremained no detectable response in GVH mice receiying the same treatment. 

These results once again showed that repeated sensitization of 

GVH mice with B6 a1lotransplantation antigen stimu1ated a cell-mediated 

response which resulted in a rapid rejection of B6 skin grafts. At no 
) , 

time, however,was there any detectable humoral response in these mice 

to the same B6 antigens. 

It hàs been reported by Stimpfling (10) that red blood cells from 

c57BL mice tend to exhibit weaker agglutination reactions with specifie 

antisera than do red cells of many other strains. The use of PVP, how-

ever, as a developing agent in mouse hemagglutination tests has been 

shown to provide a sensitive test for low levels of specifie hemagglu-

tinating antibodies (3,10). In the experiments represented in Table 9 

normal mice developed a significant level of antibody against B6 antigens 

129. 
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TABLE 9 

Hemagglutinating Anti90dy Titre (10g2) to B6 

Alloantigens in CAFl Normal and GVH Mice Treated 

with B6 Kidney Cells and Skin Grafts (± SE)a. 

Treatment 

No Treatment 

B6 Kidney 

B6 Kidn~y 
+ B6 Skin 

B6 Kidney 
+ B6 Skin 
+ B6 Kidney 

Days 
B6 

After First 
Challenge 

6 

14 

23 

Normal 
Antibody Titresb 

0 0 0 0 0 
0 0 0 0 0 

X = 0+0 

7 7 7 
7 8 9 

X 7.50 + 0.34 

0 0 0 15 5 
r 

6 6 10 10 10 
X = 5.20 + 1.30 

7 8 10 
10 10 10 

X = 9. 17 + O. 54 

-GVH 

Antibody Titres 

0 0 0 0 0 
0 0 0 0 0 

X = 0 + 0 

0 0 0 
0 0 0 

X 0+0 

J 

0 0 0 0 0 
0 0 0 0 0 

X = 0+0 

o 0 0 0 0 
o 0 0 0 0 

X = 0 + 0 

130. 

Smean values + SE are givert following individual responses for each group. 
baIl animaIs ;ere bled 6 to 7 days after challenge with B6 kidney cells and! 
or B6 skin grafts. 
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'1 
within 6 days after their first exposure to B6 antigens. The slight 

decrease in the leve1 of circulating antibody fo110wing grafting with 

B6 skin might be accounted for by the absorption of antibody to the 

graft. After 3 exposures to B6 antigens, nomal CAF 1 mice exhibited 

a 10g2 hemagg1utinin titre of 9.25, a leve1 comparable to that reported 

by S"timpfling for the same H-2 specificities. 

Response of GVH Mice to SRBC Before and After Exposure to B6 Antigen. 

A PFC assay was per~rrned on randomly selected mice ta test the 
1 

abi1ity of normal and GVH mice to mount a humoral response to SRBC bath 
l ' 

before and after challenge with B6 antigen. GVH animaIs which were 

sensitized to SRBC on day 13 post GVH showed no direct PFC response ta 

SRBC when assayed 4 days later (Table 10). Normal anima1s injected at 

the same time with SRBC had a mean value of 441.2 x 10 3 PFC per spleen. 

Simi1arl~, when sensitized to SRBC after 3 exposur-es to B6 tissue, GVH 

mice showed no direct PFC response to SRBC 4 days later. Normal mice 

receiving the same treatment with B6 antigen fol10wed by SRBC had a mean 

count of 237.6 x 103 PFC per spleen. The PFC response in these mice was 

almost identical ta that observed in normal mice receiving on1y one 

exposure to B6 antigen. 

The absence of any detectable 1evel of anti-B6 antibody in GVH mice 

receiving 3 challenges with B6 tissue strongly suggests that the humoral 

response to B6 antigens remains completely suppressed in these animals. 

The absence of any PFC response to SRBC in these GVH mice -lends further 

support to the contention that the overal1 humoral response remains com-

131. 



TABLE 10 

Direct PFC to SRBC in GVH Mice Prior to and 

Fo11owing Stimulation with B6 Kidney Ce11s 

Treatment 

Normal 

Normal 
+ B6 Kidney 2X 

GVH 

GVH 
+ B6 Ki'dney 2X 

and Rejection of B6 Skin Graftsa . 

PFC 1 Sp leen X 103 -+ SE 
at days 13 and 44 post-GVH 

Day 13 

374.7 421.5 460.5 

X 

466.2 483.3 

441.2 + 19.5 

0.0 0.0 0.0 
0.0 0.3 0.3 

X=0.1+0.1 

Day 44 

163.5 167.4 168.9 169.2 
189.0 200.1 225.0 240.6 
241.5 267.3 323.1 406.8 
X = 230.2 + 21.3 

71.1 187.2 188.1 193.8' 
306.0 
383.4 

.223.2 237.9 253.2 
332.4 

X = 237.6 + 27.9 

0.0 0.0 
0.0 0.0 

0.3 
X'= 0.1 + 0.1 

X = 0 + a 

0.0 
0.0 
0.0 

0.0 0.0 
0.0 0.0 
0.3 0.3 

0.0 0.0 
0.0 0.0 
0.0 0.3 

r aa11 anima~s wer~ grafted with B6 skin on day 20 post GVH induction. 
~ bB6 kidney cells were ad!f1inistered 1)' on days 13 and 30 post GVH. 

CNot done. . r 

.. 

-
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pletely suppressed. This lack of responsiveness to SRBC cannat result 

from antigenic campet:!. tion between B6 and ~RBC antigens since nonnal 

mice which had been challenged .3 times ,with B6 antigens showed the same 

PFC response to SRBC as nonnal mice which had received only 1 exposure 

to B6 antigen 23 days earlier. 

PFC Respon~e and Hemagglutinating Antibody Titre of GVH Mice Following 

Multiple Injections with SRBC. 

The previous experiments show that GVH mice which had rejected B6 

\ 
skin grafts and were therl injected with SRBC failed ta produce\..any de-

tectable antibodies to either B6 antigens or to SRBC .. It seems logical, 

however, that skin grafting and two injec'tions with B6 kidney cells would 

133. 

present a stronger ~mmunogenic stimulus than a single injection with SRBC. 

In view of the large number of antigens believed to be present on SRBC, 

one might question whether .several injections with SRBC might be more 

.-
likely to stimulate a humoral immune respopse in GVH mice. An attempt 

, ~~ 1 

1 

was therefore made to detect the presence of circulating antibodies in 

GVH m~ce following repeated injections with SRBC 1(13). GVH mice and a 

group of normal contrpls were given intraperitoneal injections of 7 x 108 

.' ;Y SRBC on days 13, 20 and 24 after the induction of the GVH reaction. 

Four days after each injection with Sf-BC several mice from each group were 

bled and sacrificed. The number of both direct and indirect PFC in 

their spleens was dete1imin.ed.' Sera were stored at -30oe and within a 

week the levels of hemasglutinating antibody ~o' SRBC were dete~mined 

• 
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using the sensitive PVP method. 

Four days after the first injection with SRBC normal mice 
, ~ 

had a mean value of 196.9 x 103 direct PFC and 201.5 x 103 indirect 

PFC pêr spleen (Table Il). In these animaIs the mean 10g2 

hemagglutinating end point to SRBC was 8.56. GVH mice receiving one 

inje~tion of SRBC produced no PFC of either antibody type and had no 
~ 

detectable hemagglutinating antibody to SRBC. After a second injection 
~ 

wit~ SRBC the mean 10g2 hemagglutinating end point in normal mice 

increased to 9.78, while GVH mice showed an insignificant response of 
j ~ 

0.44. PFC responses were not determined in these animaIs. Follow-

ing the third injection with SRBC normal mice had a me an direct PFC 

response of 15.8 x 103 and an indirect response of 157.4 x 103 PFC 

per spleen. The response in GVH mice was negligible: 1.7 x 103 direct 

and 1.5 x 103 indirect PFC. Similarly, normal mice had a mean 

hemagglutinating end point of greater than 10 while GVH mice had no 

detectable hemagglutinating antibodies to SRBC. 

The use of multiple injections with SRBC provides a strong, 
" 

immunogenic stimulus whicq was shown by both PFC and hemagglutination , 

assays to elicit a strong humoral immune response in normal mice 

(Table 11). It-vas impossible, however, to detect any significant 

direct or indirect plaque forming cells in GVH mice after one injectio~ 

or 3 injections with SRBC. In the present experiment, the use of PVP 

to augment hemagglutination provides a much more sensitive means of 

detecting very low levels of circulating antibody which may not be 

134. 
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TABLE Il 

Hemagglutinating Antibody T~tre (1082) .n~ PFC Response to SRBC 

of Normal and GVH Mice Treated with Multiple Injections of SRBC& 

4' 

NORMAL 
PFC/sp1een X 103 

Treatment Direct Indirect 

+ SRBC IX 164.4 166.8 167.4 
178.8 184.2 204.6 

• '<, ."220.2 236.1. 249.6 
i - 196.9 ± 10.7 

+ SRBC 2X 

- NDc 

+ SRac 3X 3.6 6.6 6.6 
15.0 15.0 15.3 
15.6 26.1 38.7 
X - 15.8 ± 3.6 

... 

166.5 168.9 172.8 
183.3 190.8 209.4 
222.3 240.3. 259.2 
X = 201.5 + 11.1 

ND 

61. 7 69.5 71.6 
124.1 132 8 169 7 
170.3 262.4 354.2 
X" 157.4 ± 32.5 

Hemagg1utlnatlng 
Titreb 

66799 
10 10 10 10 

x = 8.56 + 0.58 

8 10 10 10 10 
10 10· 10 10 

X = 9.78 + 0.22 

>10 >10 > 10 
>10 >10 > 10 
>10 >10 > 10 
X = >10 .' 

asean values + SE ~re given following individua1'responses for each group. 
bvaluea repreaent réciprocal 1082 hemagglutinating titres. 
cND - Dot done ' 

GVH 

PFe 'spleen X 1,03 

Direct Indirect 

000100 
o 000 

x '" 0+0 

ND 

" ~~ 

o 0 0 0 
0.3 1.2 1.8 
~.4 4.8 6.3 
X = 1. 68 ± o. 71 

" 

o 0 0 0 0 
o 0 0 0 

x '" 0 + 0 

ND 

o 000 
0.6 0.6 1.2 
1.5 4.5 6.6 
X = 1 50 + 0.71 

, 

-

HemaggiutinatiD8 
Titreb 

o 0 0 0 0 
o 0 0 0 

x .. 0 + 0 

o 0 000 
_Cj/ 0 0 4.0 
~ .. 0.44 + 0.44 

o 0 0 0 
000 
000 

X-O±O 

t-' 
VJ 
V1 

" 
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" 
detected with a PFC assay. Using this t~chnique it was not possible 

ta detect any such hemagglutinating antibodies in GVH mice even after 

3 inj_Uons with SRBC. ' 

At~empts to Stimulate Delayed Hypersensitivity ta SRBC in GVH Mice. 

Multiple'challenges with B6 antigens were effective tn eliciting 

a cell-mediated rejection of B6 skin grafts in GVH mice but failed to 

(' 
stimulate the'production of any significant antibody to the same 

If 

transplantation antigens·. Multiple challenges with SRBC also failed 

ta stimulate any' detect~ble humoral irmnune response in GVH mice, 

• Studies were then carfied out ta de termine if a cell-mediated immune .. 
response to SRBC could be stimulated in 'GVH mice which had been unable 

ta mount'a humoral response to SRBC. Following the basic protocol 

described by Axelrad (1)', attempts were lIlade to induce delayed-type 

hypersensitivity to SRBC in normal and GVH mice. 

As shown in Figure 6,GVR reactions-were initiated in 4 gloups of 

adult CAF1 mice by the intravenous injection of 7S x 106 ,A strain lym-

• ù 
phoid cells. On day 12 post GVH induction experimental groups of 

normal and GVH mice weré given an intradermal injection of a SRBC 

emulsion in Freund's complete adjuvant (SRBC-CFA) in the Ieft footpad . 

One group of GVH and normal control animaIs received intradermal in-

jections of SO~ SRBC in saline and a second group of GVH and normaL 

animaIs received art injection,of Freund's adjuvant (CFA) in the left 

footpad. The third control group received no further treatment. Nine 

).36. 
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c)+CFA at 21 Hrs ~ 

+A Le . d) NT", • 
(iJn left"foodpad) (in rlght foodpad) 

A LC - A,Strain Lymphoitl Cells; CFA - Complete Freundl~ Adjuvant; NT - No Treatment; 
SRèc-CFA - SRBC in Complete Freund's Adjvvant; 

~ 

FIGURE 6: Design of Experiment- to Stimulate Delayed Hypersensitivity 
in GVH Mice. 
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days after sensitization aIl groups of experimental.and control animaIs 

. were challenged with intradermal injections of 0.1 ml of a 10% solution 

Using the technique described 

2, meas~ents of the fO~P~d 
. .volume were made immediatel,y before and again 21 hou-rs after challenge 

of SRBC in saline in the right footpad. 
~ 

by Ax~lbrad (1) and out1ined in Chapter 

with SRBC. FollOWing the final footpad measurement aIl mice were given 

an intravenous injectio~of 5 x 108 SRBC, and 4 days later they vere 

bled and PFC assays performed on their spleens. 

Table 12 shows the extent of delayed hypersensitivity in normal 

and GVH mice 21 Hours after challenging with SRBC. The index of de-

layed hyperse~slti~ity is given as the percentage increase in paw ~?lume 

df treated ~nimals minus the percentage increase 'for unsensitized contraIs. 
1 

In the group of mice sensitized ta SRBC in Freund's adjuvant, normal 

fil". 
mice showed a mean increase of 22.9% while GVH mice had a mean increase 

of 18.7%. Significant but considerably smaller amounts of swelling 

were observed in n~~al and GVH mice whiçh had been senPitized to SRBC 

in saline. For sorne reason, a signi~icant footpad swelling of 9_:)/0 was 

observed in normal mice sensitized to Freund's adjuvant and chall~ng~d 
.-, 

with SRBC: the swelling for GVH animaIs in this grou~ was somewhat lower 

but still above the control value. In-~ontrol mice receiving no sensi-

tizing treatment before challenge with SRBC, a swelling of 2% was observed. 

These values were subtracted from those observed in the experimental 

'"-

• 

',-

groups tD give the index o~'delayed hypersensitivity for each gr~~~ 
A1though GVH mice showed a delayed hypersensit!vity to SRBC 

which was comparable to that observed in no~al mice, no significant 

, 
'. \ 
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De1ayed Hypersensitivity to SRBC in GVH Mi~e 9~Days. 
, , 
After Sensitization with SRBC in Complete 

Freund' s Adjuvant (CFA)a,b:~ 

\ 
Experimental Sensitizing M' n'D.H. 

Group , Antigen No. of Mice (± SE) 

• 
Normal; SRBC-CFA 12 22.9 + 3.2 

GVH " 12 18,7 + 1 
Normal SRBC Alone 8 /12.4 + l. 

GVH " 8" 3.9 + 2.6 
Normal CFA A10ne 8 9.3 + 2.5 , 

"-
GVf[ " 6 4.1 + 2.3 

Normal Not Sensi,tized 8' controlc . 
GVH Not Sensitized 8 contro1c 

Bmice were sen~itized with SRBC-CFA 12 days post GVH induction, and~were 
chal1~nged_ with SRBC a~ne 9 days' later and footpad swelling 'measured at 

l39. 

" / 

" 
~ "', """'1 

21 hours: '. ~ 
bdelayed hypersensitivity ~PH) is indicated as per cent inc ase in foot-)­

pad volume of tfeated ,animaIs minus per certt increase for u ensitized ' 
contra1s. ~ 

./ 
Cboth normal and GVH mice which were not previous1y sensitized to SRBC ex-
Jhibited .foot~d swelling of Hetween 1 and 2%. 
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humoral response to SRBC cou1d be detected in GVH mice. Tabla 13 
) 

shows that normal mice sensitized to SRBC in Freund's adjuvant 

fo110wed by intraderma1 and intravenous challenges with SRBC pro"" 

duced a mean PFC response of 42.6 x 103 direct and 136.3 x 103 , 
indirect PFC per spleen. The corresponding 1eve1 (log2) of circu-

1ating ~ntibody to SRBC in these mice was greater than 10. GVH 1 , 
mice receiving the same treatment p~oduced a neg1igib1e number of 

direct and indirect PFC and had no detec~able amount of circulatlng • 

antibody to SRBC. Normal mice which received on1y one intraderma1 

and an intraven6us challenge with SRBC produced a large number of 
,D 

both' direct (206.4 x 103) and ind'irect (298.3 x 103) PFC, and had a 

10g2 hemagg1utinin titre of greater than 10. GVH mice receivfng u 

r 

the same 2 challenges with SRBC showed no significant humoral response , 
to SRBC. The PFC responses and antibody titre were aIl less than 

1 
1% of the values obtain~d with normal mice. 

Hypersensitivity reactions of the de!ayed type have been shown 

to be cel~mediated in nature and capable of being transferred with 
c, • 

cells from a sensitized animal (2,5). The -abi\lity to eiicit delayed 

hypersensitivity in GVH.aniamls sensitized with SRBC in Freund's 

adjuvant suggests that GVH-,immunosuppressed animaIs may be capable 

140. 

of mounting cell-mediat~d responses ta a wide ~~nge_o( ~~n~ni~ __ ~~_~~==~~======== 
- ---- - - -----------~ antigens as we11 as to ~ansplantation antigens. Th1S pro-

--------~-- ,,' 
vi~~ner support for our earlier findings suggesting that the ------------ . 

,GVH reaction exerts a stronger immunosuppressive effect on humoral 
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Experitnenta1 
Group 

Normal 

GVH 

JI 

~; 

Normal 

GVH 

<t 

----n -

\\ 
l, , l'ABLE 13 

PFC Response and Hemagg1utinin Titre to SRBC in 

Sensi' 

\ " 
Il 

" , 

SRBC A10ne 

" 

Showing De1ayed Hypersensitivity to SRBCa . 

Direct PFC 
(X 103 ± SE) 

4.2 11.1 11.7 
33.3 35.4 44.1 
50.4 52.2 66.9 
X = 42.6 + 10.6-

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.6 

X = 0.2 + 0.2 

22.5 24.9 27.0 
~8.4 41.1 53.1 
X = 39.6 ± 6.1 

0.0 0.0 0.0 
_0.0 0.0 0.6 
X::: 0.2 ±0.1 

14.4 
46.2 

141.3 

0.0 
0.0 
2.1 

35.4 
74.7 

0.0 
0.6 

Indirect PFC 
(X 103 ± SE) 

15.3 44.1 83.1 
105.6 109.2 112.5 
~08.5 219.3 235.5 
X = 136.3 + 24.7 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0. 

X = 0.0 + 0.0 

102.0 106.2 111.3 
147.0 149.1 230.7 
X = 155.4 + 20.7 

0.0 0.0 0.0 
0.3 0.6 0.9 

X ::: 0.4 + 0.1 

85.8 
114.0 
302.1 

0.0 
\ 0.0 

0.3 

137. ~ 
2~~.9 

0.3 
0.9 

,'---- ~ .,--~'- "--

(Continued) ..... , _.~ .. / 

",. 

• 

Antibody Titre 
t (log2) 

>10 > 10 > 10 
> 10 >10 > 10 

X::: >10 

0 0 
0 0 

X = 0 + 0 

If 

> 10 >10 
> 10 >10 

X = >10 

, . 

6 0 
1 3 

X ::: 1.0 + 0.7 

~ ,. -.. 
ro' 
.p-
ro' 
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'TABLE 13 Continued. 

_Experimental 
Group 

Normal 

GVH 

Normal 

GVH 

Sensitizing 
Antigen 

CFA A10ne 

" 

Not previous1y 
sensitized 

.~~':.-

Il 

e 

Dire~t PFC Indirect PFC Antibody Titre 
(X 10 ± SE~ (X 103 ± SE) (10g2) 

161.4 168.9 188.7 196.5 186.6 202.5 216.9 229.2 >10 >10 
216.9 265.5 267.0 278.4 234.0 239.4 257.4 336.0 _ >10 >10 
X = 217.9 + 16.5 X = 237.8 + 16.0 X = >10 

"' 
0.0 0.0 0.0 
0.0 0.0 0.0 

X = 0.0 + 0.0 

129.3 131.7 145.8 
184.8 201.6 216.3 
241.8 264.9 269.4 
X = 206.4 + 15.7 

0.0 0.0 0.0 
0.0 0.0 0.3 

0.9 1.2 
X = 0.7 + 0.4 

168.9 
239.7 
282.0 

0.0 
0.6 
4.2 

0.0 0.0 0.3 
0.,3 0.6 0.6 

X = 0.3 + 0.1 

144.9 154.2 182.4 
252.0 274.5 293.4 
366.0 386.4 468.0 
X = 298.3 + 34.5 

J 

0.0 0.0 0·.0 
0.0 0.0 0.0 

0.3 0.9 
X = 0.2 + 0.1 

213 .3 
327.6 
516.9 

0.0 
0.0 
0.9 ... 

o 

x = 0 + 0 

o 
o 

> 10 >10 > 10 
> 10 >10 > 10 

X = >10 

fi' 

000 
2 3 

x = 1.0 + 0.6 

amice were sensitized with SRBC-CFA 12 days post GVH induction and were chal1enged with SRBC alone 9 days 1ater. 
Two days after challenge they received 5 X 108 SRBC IV, and hemagg1utination and PFC assays were performed 4 days 
1ater. 

t-' 
+:­
N 



immune responses, than on ce1l-mediated responses to the same antigens. 

An interesting trend can be observed from the data presented for 
{ 

normal mice in Tables 12 and 13. Normal animaIs sensitized with SRBC 

in complete Freund's adjuvant produced a de1ayed hypersensitivity 

response of 22.9%, a value comparable to that reported by Axe1rad (1) 
'l'<" 

for mice receiving the same treatment. When these mice were subse-

quently challenged with an intravenous injection of SRBC they exhibited 

only a moderat;e PFC response to SRBC. The d,irect PFC re~ponse in ani-

mals experiencing delayed hypersensitivity was on1y 21% of the direct 

response observed in normal controls reteiving only intravenous SRBC. 

The corresponding indirect PFC response in hypersensitive mice was 

approximate1y 45% that in the controls. 

These observations wou1d suggest that an inverse relationship 

exis~s between de1ayed hypersensitivity to SRBC and the PFC response 

to SRBC. The stimulation of a delayed hypersensitivity response to 

SRBC appears to reduce the çxtent of a subsequent humoral response to 

1 
SRBC. ,Although this particular effect has n~t been reported, several 

investigators (~4,8) ha~e described the converse situation. The intra-

143. 

venous injection of SRBC prior to primary sensitization with SRBC in adju-, .. 
vant produced a significant PFC. response but caused ~ marked suppr~ssion 

-of delayed hypersensitivity. Furthermote, suppression of delayed 

hypersensitivity was also brought about by the injection of "7S" anti-

SRBC'antibody prior tQ primary ~ensitization ~ith SRBC in adjuvant. 

Axelrad (1) initially interpreted this phenomenon as suggesting that the 

... 



,. 
deve10prneAt of de1ayed hypersensitivity and direçt hem~lytic PFC to 

SRBC ~ay be dependent upon a common immunocompetent precursor cel1, 
of. 

and that immunization with SRBC in the absence of adjuvant resu1ts 
J 

in the commitment of such a precursor cel1 to a pathway 1eading to 

humoral immune 'Tesponses. More recent1y (4,8) the suppression of 

1 
de1ayed hypersensitivity ty humoral acti~ity to the same antigen 

\ .. ~: '~, , -_: 

has been exp1ained in terms of an antîgen-antibody interaction 

which blocks the activated T ce1ls which mediate delayed hyper-

sensitivity without ,b1ocking the helper cells. 

Parish (9) has described a simi1ar inverse re~atronship between 

ce11-mediated and humoral reactions to a number of antigens. His 

work suggests that the type of reaction which-deve1ops is determined 

by the form in which the antigen is presented to the antigen reactive 
p 

,ce11s. The injection of SRBC normal1y stim~lates a strong humoral 

response. Chemica1 modification of SRBC by either periodate oxida-

tion or acetoacetylation resu1ted in preparations which stimulated 

lower antibody responses'than did normal SRBC, but induced much higher 

1evels of de1ayed hypersensitivity in the absence of Freund's adjuvant. 

The present results suggest that in normal animals a de1ayed 

hypersensitivity reaction to SRBC reduces the subsequent humoral response 

to SRBC. In addition, GVH mice deve10ped a significant de1ayed hyper-... 
sensivity response ta SRBC but shawed no detectab1e humoral response to 

144. 

SRBC. Thes~ findings cou1d be easily explained if a common SRBC-sensitive 

precursor ce1l were being diverted fram a humoral type differentiation to 

-



, 
one for delayed hypersensitivity. The Axelrad proposaI therefore 

remains an attractive hypothesis which may have bearing on the 

differences in th~ extent of GVH idduced immunosuppression in cell-

mediated and humoral immune responses. 

/' 
1 
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CHAPTER 5: RESULTS 

Effect of the CVH Reaction on the Humoral Response 

to a Thymic-Independent Antigen. 

Introduction 

Thus far, selective stimulation of cell-mediated immu~e responses 
1 , 

in CVH immunosuppressed mice has been dernonstrated using 2 different 

types of cell-mediated responses to 2 different a~tigens. It has been 

shown that appropriate stimulation of GVH mice with specifie H antigens 

will cause a rapid rejection of subsequent skin allografts of the same 

H specificity. Similarly, apprppriate stimulation of GVH mice with SRBC 

in Freund's adjuvant elicited a delayed hypersensitivity respanse to 

SRBC. In bath cases, however, it was not possible to detect any hu~oral 

response ta the same antigens which stimulated the cell-mediated reac-

tians in these mice. Both test systems, however, employed thymic­
\ 

148. 

~ependent antigens whic~ require T and B cell interaction in arder to 

s~mUlate a humoral immune response (4). Although CVH mice cauld not be 

s~ mulated to mount a humoral response ta these thymic-dependent antigens, 
L 

it was not known whether similar stimulation with thymic-independent, 

antigens could elicit humoral responses which do not require T cell 

coopera~ion. 

Several studies have sbawn that the GVH reaction suppresses the 
~ 

1 

response to thymic-indep~nden~ as weIl ~s thymic-dependent antigens. 

MHller (7) has shawn that mice sensitized to E. coli endotoxin 7 days 

; 

t 



Sb 

l' 
1 •. 
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after the initiation of a GVH reaction were unable to mount a humoral 

ilTŒllune response to the endotoxin lipopolysaccharide (LPS). Following 

a single injection with LPS, GVH mice exhibited a PFC response to SREC 

coated with LPS which was only 1~5% that,seen in normal animaIs in je ct-

ed with LPS. In a similar st~dy using the thymic-independent type 3 

pneumococcal polys,accharide (S Ill), Byfield et al. (3) reported that 

GVH mice were totally unresponsive to S III when it was administered 
c 

in a single d?se 6 days after the parental cells. 

In both of the previous studies antibody production was assa~d 

in GVH mice soon after a single exposure t6 the thymic-independent 

antigen. Since multiple exposures to H antigens were effective in' 

stimulating cell-mediated reactions in GVH immunosuppressed mice, it 

appeared logical to ask whet~er multiple challen~es with a thymic­

independent antigen could elicit a humoral response in such mice. 

Experiments were therefore uEdertaken tto determ1ne if there were any . 

differences in the ilTŒllunosuppressive effect exerted by the GVH reactio~ 

on antibody formation to thymic-dapendent versus thymic-independent 

antigens. 

Effect of Multiple Challenges with LPS on Humoral Immune Response. 

GVH rëactions 
., 

were induced in 3 groups of adult ÇAFl male mice 
1 
1- . 

by the intravEttrobs injection of 75 x 106 A' strain l~phoid cells. One , " , 
, 

group. of GVH mice and one group of normal mice received intraperitoneal 

injections of 7 x 108 SRBC on days 13, 20 and 27 post Gv.H induction . 

• 

149. 
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/ 
The seco~d group of GVH mice and normal controls received' similar 

injections of SRBC coated with LPS (SRBC-LPS) and the third group 
, 

received syngeneic CAFl RBC coated with LPS (Fl-LPS) on days 13, 20 
1 

and 27. Four days after each challenge with antigen, mice selected 
, 

at randorn from each group were bled by cardiac p~ncture and their 

,spleens assayed for PFC to both SRBC and SRBC-LPS. Sera were stored 

at -300 and within one week were assayed~for hemagglutinating anti-
o 

bodies to SRBC and SRBC~LPS. The expeii~ental procedure is shown in 

Figure 7. 

Table 14 illustrates the spec~ficity of the ~nti-LPS response in 

normal mice following sensitization with endotoxin. Mice sensitized 
.' 

with syngeneic RBC coated with LPS produced a significant number of 
1 

PFC to LPS when assayed 4 days later. The PFC res,ponse to LPS in these 

animaIs was virtually the sarne whether the target cells were FI-LPS or 

SRBC-LPS Specificity of this response for LPS is shawn by the fact 

that no significant PFC were observed when the target was S~BC alone. 

Sensitization with an intraperitoneal injection of 1 mg LPS in 0.5 ml 
, 

saline produced more than twice as many PFC against SRBC-LPS as did 

sensitization with Fl-LPS. The PFC response to,uncoated SRBC in mice 
• c ~ .. 

sensitized with LPS alone was only 2% of tne PFC response 'to SRBC-LPS. 

'fl?is slight cross reactivity may r,~s!-1lt from a non-specifie mitogenic 
" 

effect by LPS at such high immunizing doses. Complete specificity can 

be assured ho~ever, by sensitizing animaIs with LPS coated to syngeneic 

cells. No naturally occurring antibodies to LPS could be detected in 
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c) F,-LPSb - aS$ay ~, se 1 edëd mi ce 

~ 

A-LC ~ 

a SRBC coated with LPS 
b CAF, RBC coated with LPS 

J 

A LC - A Strain Lymphoid Ce11..s; 

? 

~ 

, 
FIGURE 7: Design of Experimènt to Determine the Effect on GVH Mice of 

Multiple Challenges with the Thymic-Independent Antigen LPS. 
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TABLE 14 J 
;ç 

,<II Sl>ecificity df the PFC Response in Normal ,.. 

.. Mice Sensitized with LPSa . 
.-' . , 

~ 'Sensitizing Direct PFC per Spleen x 103 

Antigen Fl-LPS Targetb SRBC-LPS XargetC S~BC Target ~ 

FI-LPSb ~ 46.8 48.3 58.8 42.6 50.4 63~6 0.3 0.3 0.3 
74.4120.3186.'0 102.6104.4193.8 0.60.6' 
X = 89.1 + 22.3 X = 92.9 + 22.8 X = 0.4 ±tO.1 

• LPSo 173.4 199.2 217.5 2.7 3.9 4.2 
Not Done 245.4 249.6 319.2 ~.5 4.8 5.7 

X = 234.0 + 20.6 X = 4.3-+ 0.4 

, ~ 9 

SRBC 0.0 0.0 )243.0 257.7 267.0 58.5 489.0 
0.0 0.0 269.1 357.3 414.9 619:2 717.0 

-' ~ 

X = 0.0 + 0.0 X = 301.5 + 28.0 X = 4IO.9 + 145 
./'j. -, ~' .-~-

~ - -' 

\ 

----

1 • 

No 0.0 0.0, ';a.O 0.0 0.3 0.6 0.0 O~ O.'CL -Q.O 
Treatment'.. 0...0 0.0 1.2 1.2 1.5 2.1 0.0 0.0 '-0.0 3.0 " 

X=O.O+O.O· X=0.9+0.3 X=0.4-+0.4 

.~ q' 

~ 
~ mean values·± SE are- gi'Ven :(ollowing indiv:l,dua'l values for each group: .. 
b CAF1 RBC coated wit~ LPS. '\ ./ ' 
C SREC coated with LPS. a .., 
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unsensitized mice either by PFC assay or by ·hemagglu'tina,tion. 

1 

The data represented in Table 15 and Figure 8 illustrate that the 

dir'ect PFC responses to both SRBC 'a"nd to LPS were almost completely 

suppressed in GVH mice which were sensitized only once with these antigens. 

While normal mice injected with SRBC produced a very large number of 

PFC to SRBC, GVH animaIs receiving SRBC produced ress than 1% of the PFC 

seen in the normal animaIs:" :Suppression of the humoral response to LPS 
? 

was also evident in GVH animaIs. Normal mice receiving one injection of 

Fl-LPS produced a significant number of direct PFC to SRBC-LPS while 
• 

GVH mice treated in the same,manner had a direct PFC response which was 

less than 8% of the value seen in normal animaIs. The PFC response to 

FI-LPS"was again confirmed to 15e specifie for LPS, since normal and GVH 
c 

~ 

'mice sensitized ~ith Fl-L~S produced no PFC directed against SRBC. , 

These findings indieate that immunosuppression in GVH animaIs ex-

tends to thymic-independent antigens and that ~ single challenge with 

LPS cannot stimulate a humoral immune response in s~ch mice. These re-

1) 

sults are in agreement with those reported by' M~ller (7) for CVH mice 

receiving single injections o'f LPS. When GVH mice were challenged 3 

times with LPS, however, a significant humoral response to LPS coùld be 

detected. Table 16 shows that normal mice receiving 3 injections of ,--
Y~-LPS produced mean values of 47.7 x 103 direct and 54.7 x~ 103 indirect 

PFC to SRBC-LPS. The difference between the direct and indirect res-

ponse~ is not statis~ically significant. ,Three ~reatment8 of GVH mice 

with Fl~LPS stimulated a signifiçant direct response to SRBC-LPS of 

------

-
-----
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TABLE 15 
• 

Direct PFC Respanse ta SRBC and LPS in'Mice 

Sensitized Once with the Antigen Indicateda . 

Treatment 
a 

Sensi tizing 
rect PFC per Spleen x 103 

Antigen . 

Normal SRBC 

~ 

GVH n 
~ 

,.. 

Norma~ F1 -LPSc 

'i . 
\ 

(. -" 

GVH " 
~ 

... 

'Targetb SRBC Target 

411.9 449.1 
462.6 485.4 

··X .. :=, 432.8 + 22.8 

0.9 0.9 
1.5 

X = 2.3 + 1.2 

36.3 39.0 
57.6 

' . X = 46. 7 + 5. 2 

0.6 
3.0 

X=3.6+2.2 

~ 

1.5 
6.9 

39.9 
60.9 

0.9 
9.9 

252.3 318.6' 327.9 
332.7 351.6 

X = 316.6 + 17.0 

0.0 0.0 0.0 
0.3 0.3 

X = 0.1 ±. 0.1 

0.0 ~"Ô~i}.. 0.0 
0.0 0.0' 

X = 0.0 + 0.0 

0.0 0.0 
0.0 0.0 

X = 0.0 + 0.0 

a mean values .+ SE are given following individual values for each group. 
b SRBC coated ;ith LPS. 
C CAF! RBC coated with iPSo 
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~IGURE 8: PFC Response to SRBC-LPSa Target in GVH 
Mice Sensitized with SRBC or Fl-LPSb 
(Expressed as Per Cenè of Norm41 Response)C 

;rI 

aSRBC côated with LPS. 
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Treatment Sensitizing 
Antigen 

Normal SR&: 

\. 

GVH " 

Normal Fl-LPS c 

/ 

GVR Il 

• 

.. 

t' 
~ e 

c. 

'" 

TABLE 16 

PFC Response to SRBC and LPS in Mice Sensitized 3 Times 

with the Antigens Indicateda . 

SRBC - LPsb Target 
" 

SR&: Atone Tarset, 
1 

Direc t PFC X ~ tO,3 

3.3 10.2 12.3 
12.9 21: 3 31. 5 

X '" '15.3 ± 4.0 

0.0 0.0 0.0 0.0 
1.5 3.6 B.l 

X,= 1.9 + 1.2 

-
26.4 40.2 43.5 

49.2 79.2 
X:47.7+B.7 

'" • B.7 10.5 10.8 
17.4 21.6-

X - 13.8 + 2.5 

<"' 

Indireét PFe X lO~ 
-.' 

87.0 103.1 11~.0 
166.4 200.1 25~.i 

X = 154.5 ± 26.2 

... 
0.0 0.0 0.6 0.9 

3.0 9.3 11.4 

X=3.6+1·.B 

29.7 45.0 50.7 
52.2 95.7 

X = 54.7 ± 11. 0 

18.0 19.5 24.3 
27.0 32.4 

X - 24.2 ± 2.6 

-
" 

Direc t PFC X 103 

3.6 6.6 6.6 15.0 15.0 
15.3 15.6 26.1 38.7 

X =- 15.8 + 3.6 

0.0 0.0 0.0 
0.3 1.2 1.8 

4.8 
i = l. 7 ± 0.7 

0.3 0.3 1.2 
2.4 4.5 

X=1.7+0.8 

Not Done 

0.0 
2 4 
6.3 

(Continued) ... " 

... 

-

, 

Indirect PFe X 103 

49.5 62.4 68.7 
132.6 147.0 160.5. 
169.5 261.9 364.5 
X - 157.4 ± 34.0 

0.0 0.0 0.0 
0.6 1.8 5.1 

9.3 
X'"'3.6+1.4 

0.3 0.3 1.2 
2.4 5.4 

X • 1.9 + 1.0 

Not Done 

0.3 
9.0 
10.2 

t-' 
\JI 

'" 
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TABLE 16 Continued. 

TTeatment 

Normal 

GVH 

GVH 

Sens1tizing 
Antigen 

SRBC-LPSb 

" 

F1-LPS 
+ SRBCd 

&mean values + SE aTe given 
bSRBC coated wlth LPS. 
cCAF, RBC coated with LPS. 
dF1 LPS injected sepaTate1y 

\ 

.., 

ê'c 

SRBC - LPSb Target 

Direct PFC -X 103 

27.6 40.5 50.1 
54.9 60.0 
60.9 81.3 

X = 53.6 + 6.4 

0.0 0.6 0.6 2.1 
4.8 7.2 9.9 

23.1 24.0 
X = 8.0 + 3.1 

5.4 6.0 
7.2 9.6 

X=7.1+1.0 

Indirect PFC X 103 
1 

111.6 61.0 213.0 
225.9 266.1 340.5 
_ 455.7 
X = 253.4 + 43.6 

0.6 1.5 3.0 3.0 
14.722.824-.6 

_ 29.1 39.;3 
X = 15.4 + 4.7 

.... 

6.9 13..5 
16.2 18.0 

2C = 13.7 + 2.4 

fo11owing individual values for each group. 

fTom SRBC. 

e 

SRBC Alone Target 

Direct PFC X 103 

4.5 6.0 7.2 6.7 
9.0 12 6 21.0 

X = 9.9 + 2.1 

0.0 0 3 0.3 0.6 
4.8 9.3 11 7 

12.3 12.6 
X = 5.8 + 1. 9 

1.2 3.6 
4.5 8.1 

)< = 4.4 ± 1.4 

" 

Indirect PFC X 103 

66.6 87.6 122.1 
169.5 195.3 
230.1 4-29.6 

X K 185.8 ± 46.2 

. 
0.3 0.3 0.6 1.2 

9.3 14.4 16.2 
_ 17.4 17.7 
X .. S.6±.2.7° 

4.8 6.3 
6.3 14.7 

X '" 8.0 + 2.3 

..... 
\JI 
-....J 



\ ' . 
13.8 x 103 and an indirect response of 24.2 x 103 PFC per spleen. The 

specificity of this response was again shawn by the fact that animaIs 

sensitiz~d 3 times with FI-LPS produced no significant PFC to SRBC. 

Multiple chal1enge~ of GVH mice with SRBC-~PS also stimulated a PFC 

response, although to a lesser degree. From these.data it is c1ear that 

the humoral response to LPS is not completely suppress~p in GVH mice. 

Three challenges of GVH mice with Fl-LPS stimulated an indirect PFC 

response which was 44% of that seen in normal mice receiving rhe same 

158. 
/ 

.treatment (Figure 8). Multiple stimulation of GVH mice With--rRBC, however;, 

produced only negligib1e indirect responses,to SRBC and SREC-LPS which 

were 1ess than 2% of the responses in normal animaIs. 
o 

The Cunningham plaque assay permits thœ identification of specifie 

antibody forming cells which provide an accurate indi~ation 'of the ex-

\ 

tent of the humoral resp,onse to a given antigen. In cases of row res-
~ , 

ponse, however, it is sometimes difficult to distinguish between a high 
, 

"background" count in unsensitized animaIs and a low but significant 

response in experimental animaIs. In such instances we have found the 

--PVP hemagglutination as~ay to be antigen specific and to detect very 

low levels of circulating antibody. When the plaque as~ay is used in 

conjunction with the hemagglutination assay, the twCl""provide a sensit,ive 

and accurate assessment of the humoral response to a given antigen. 

Tables 17, 18 and 19 illustrate the hemagglutinin titres to SREC 

and LPS in normal and GVH mice following each challenge ~ith antigen. 

The data are summarized in Figures 9 and 10. These data reinforce those . 

, > 



1 

i. 

TABLE 17 

~Hemagg1utinating Antibody Titre to SRBC and LPS in 

Mice Sensitized Once with the Antigens Indicateda . 

..-­
T~eatment 

Nonna1 

GVH 

rl 

, , 

Nonna1 

t..~ 

GVll 

Nonna1 

GVH 

GVH 

Sens i't izing 
Antigen 

SRBC 

" IJ 

FI-LPSb 

" 
c-

SRBC-LPSC 

" 

. .. 
FI-LPSd o 

+ SRBC • 

r, 

Hemagg1utinating Antibody Titre (10g2) 
SRBC-LPS Target -"SRBC Target 

o 4 6 7 7 
8 8 8 8 9 
X = 6.5 + 0.8 

0 0 0 0 0 
0 0 l 1 

X =0.2"1-0.1 

7 8 8 
8 9 

X ~ 8.0 ±. 0.3 

0 0 1 
l 2 

X = 0.8 + O.lt 

788910 
10 10 10 Il 

X 9.2 + 0.4 

-------
.. /~ 

0 0 0 0 0 
0 l 2 3 4 

X = 1.0 + .c.S 

o 0 2 3 4 
X = 1.8 + 0.8 

. 
r 

~ 

6 6 7 9 9 
10 10 l1 11 

X = 8.78 + 0.7 

0 0 0 0 0 
0 0 0 0 

X = D± 0 

0 0 0 
0 0 

X = 0+ o >, 

0 0 0 
0 0 

X = 0+ 0 

6 7 7 8 8 
8 9 9 10 

X = 8.0-+ 0.4 

0 0 0 0 0 
0 0 0 0 0 
X = O-joO 

• 

0 0 0 0 0 
X = 0+ 0 

Bmean values + SE are 
bCAFI RBC coa ted wi th 

given following indiv~al values for each group. 
LBS. ~ 

cSRBC coated with LPS. 
dFI-LPS injected separately 

'. 

from SRBC. • 

159. 
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TABLE 18 
, 

Hemagglutinating Antibody Titre to SRBC and LPS in' 

Mice Sensi tized Twice with the Antigens Indicateda . 

Treatment Sensitizing 
Antigen 

Hemagg1utinating Antibody Titre (10g2) 
SRBC -LPS Target SRBC Target 

Normal SRBC 7 9 10 {lOlO 
11 Il 12 12 

X = 10.2 + 0.5 

8 10 10 Il 11 
_1L, 12 13 13 
X= 11.0+ 0.5 

GVH Il 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

X = 0 + 0 X = 0 + 0 

~",. 

,-

Normal b 10 10 10 0 0 Fl-LPS 
10 H 1 -X = 10.2 + 0.2 . X = 0.8 + 0.6 

GVH Il 6 7 , 7 (1j 0 
8 ,9 0 -

X = 7.4 + 0.5 X = 0 + 0 

Normal SRBC-LPSc 10 Il 11 Il 9 10 10 10 
12 12 13' 13 .11 1l '12 -

X = 11.6 + 0.4 X = 10.4 + 0.4 

GVH Il 5 6 6 7 7 0 0 0 Q- 4, 
Î 7 8. 8 4 6 8 

X = 6.8 + 0.3 X=3.1±1.1 

~ 
0 

d . 
GVH F1-LPS 6 6 8 8 9 0 0 0, 0 0 

+ SRBC X = 7.4 + 0.6 X = 0 + 0 

'\nean values + SE are given fo11owing 
bCAFl RBC coated with LPS. 

individual values for each group. 

cSRBC c&8ted with LPS. 
dF1-LPS injected separately from SRBC. 

0 
0 

0 
3 

e 
0 

, 
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TABLE 19 

'Hemagg1uti~ating Antibody Titre to SRBC and LPS in 

Mice Sensitized 3 Times with the Antigens Indicateda . 

Treatment 

Normal 

-GVH 

, 
'Normal 

GVH 

. " 

Sensitizing 
Ant1gen 

SRBC 

Il 

Il 

Hemagglutinating Antibody Titre (10g2) 
SROC - LPS Target SRBC' Targe t 

10 10 11 11 11 
11 12 12 13 

X ::r' 11 . 2 + O. 3 

o 0 0 
3 4 

X 1. 7 + 0.8 

o 
5 

10 11 11 
11 12 12 

X = 11.2 + 0.3 

7 8 10 
10 11 

X=9.2+0.7 

11 11 11 12 12 
12 12 13 13 

X=11.9+0.3 

o 0 0 0 
000 

X =' 0 . 0 +' 0.0 

x = 0 + 0 

x = 0 + 0 

o o 
o 

o 
o 

o 0 0 
o 0 

161. 

Nornfa1 SRBC-LPSc 10 10 11 12 
12 ';1.3 13 

X = 11.6 + 0.5 

9 9 10 10 

GVH 

, \ 
\ 

GVH 

Il 

{ . 
, 

8 8 8 9 9 
9 10 Il 11 

X = 9.2 + 0.4 

9 10 10 
X = ,10.0 ± 0.4-. 

fo11owing individua1 . • ~earf va1u~s + SE are given 
bCAFl ~RBC :coated with LPS. 
cSRBC coat~d with LPS. 
dF1-LPS injecte~ sepa~ately fr~ SREC. 

Il' 

values 

11 12 12 
X = 10.4 ± .. O. 5 

o 0 0 0 1 
1 3 4 6 

X;1.67+0.7 .... 

0 0 0 
X = 0 + 0 

for 
'D 

each 

• - l , 

0 

group. 

, 
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.. 
obtained using the PFC assay and ~rovide a more sensitive assessment 

of the bumoral response to both SRBC and LPS. Normal mice had high 

titres ~f hem~gglutinins to SRBC and SRBC-LPS after a single injection 
) 

with SRBC. r&ese titres' increased following the second injectfon with 

SRBC, and aft~r the third injection the hemagglutinin titre to SRBC 

was Il.9 while the titre to SRBC-LPS was Il.2. A single injection with 

SRBC-LPS produced a hemagglutinin titre to SRBC-LPS which was larger 

than the titre produced by a single injection with SRBC. Following 

the second and third injections with SRBC-LPS the hemagglutininOtitres 

to SRBC-LPS were virtually_th~ same ~s in n]rmal animaIs. sensitized 

to SRBC. Sensitizâtion of normal mice with Fl-LPS produced an anti-

hody titre against LPS of S.O follawing th~ first injection. Follow­

ing the second and third injections with FI-LPS the anti-LPS titres 

rose to 10.2 and Il.2 respectively. The specificity of this antihody 
\ 

was shawn hy the fact that serum fram mice sensitized with FI-LPS did 

not agglutinate SRBC.' 

GVH mice sensitized with SRBC produced no significant arnount of 

--
antibody'capable 'of agglutinating either SRBC or SRBC -LPS. Aftet 3 

challenges with SRBC the levels of hemagglutinating antihodies were 

J~ss than 6.5% of the levels produced in normal animaIs receiving the 

1 

same treatmetlt. 
, 

GVH mice receiving a single injection of .Fl-~PS pro-

'\ 
duced no significant amount of antibody to LPS. Two injections with 

, 
Fl~BPS, however, st~mulated the ~roduction of an anti-LPS titre of 9.2. 

Although GVH mice sen~itized with SRBC produced no significant amou~t 

f 

,164 . 



!. e 

165. -
of antibody capable of agglutinating SRBC-LPS, those mice challenged . , 
with SRBC-LPS had agglutination titres to SRBC-LPS comparable to those 

------ <''\. 
for CVH animaIs receiving FI-LPS. 

1 

The data obtaiR.cd from hemagglutination and plaque assays complement 

each other and point to several conclusions which may be'drawn regarding' 

the reaction of GVH mice to multiple stimulation ~ith the t~yrnié-
" 

independent antigen, LPS, The present findings support" those~of MBller' 

(7) indicating that CAFl GVH mice are unable to moun~ a humoral immune 

response to LPS after a single injection with the endotoxin. '"Multiple 
i. - v 1 {? I-

r ' ' 
c c~allenges of CVH mice wit~ LPS, h~ever, stimulated a Signif~t 

, 
PFC response and the production of a large runount of antibody directed .,.. 

against LPS, 

The fact that no significant humoral response ta LPS could be de-

tected in GVH mice foilowing a single injection with endotoxin suggests 

that sorne generai impairment of B cel! function exists in animals ex-
." ... " , r 

perienci~ GVH reactions. Unlike the humoral response ta SRBC, this im-

pairrnent could be overcome by a second injection of endotoxin, resulting 

" in the productibn of specifie antibody against LPS, 0 A1though the present 
~ 

_study does not" show clearly"how the humoral response to LES ls stimulated, 

several suggestions may be made, 

In addition to acting as a thyrnus-independeat antigen, LPS has been 

shawn to have mitogenic properties capable of activating B ce Ils directly 
" \ .. 

into increased DNA synthesis (1). Sorne authors have suggested that the 

thymus~ifidependent character of LPS derives from its ability to act as a 

B cell mitogen, but there is a fundamental differenc'e between these 2 pro-
f 
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perties 'èxhibited by LPS The abi1ity, to stimu1ate antibody production 
, 1 

without cooperation fram T cells is seen bôth in vivo and in vitro when~~ 
l~ concentrations of LPS ar, used (2,5,6), The action is highly 

specifie producing antibody only to LPS. 
" 

On the other hand, the mito-

geneic property has been observed in vitro when large amounts of LPS 

are added to the culture, This action is non-specifie and stimulates 

clones of cells producing antibodies tD a ~ide range:~f antigens\ 

In the present experiments, multiple challengeg of GVH mice with 

~, LPS resulted in the production of antibody specifie for LPS, Sera 
~ 't) .. 

.. .. bo 

"'-
fram stimul:ted animaIs hal high agglutinin titres to SRBC-LPS ,but failed 

to agglutinate SRBC . .. ' 
In view'of the speclficity of antibody production, 

it woufd appear that stimulation of a humor~l response to LPS in GVH 

, c 
mice was achieved because of ~ts thymic-independent na~ure rather than 

. . 
its mitogenic potential. On the other hand, multiple stimulation wit~ 

Î • 
thymus-dependent antigens failed to elicit hùmoral immune r-esponses in 

... 
GVH mice. These facts would imply that suppression of the humoral: 

response to thymus-dependant antigens in GVH animaIs is at least in part 

caused by an impairment of the eooperation neces~ary between T and B 

" , 

cells'for antibody production. Further speculation as to the ca~se of 

this suppression will "be reserved for a genéral discussion tater. 
\, , 

In one experiment (Table ~O),oan interesti~g effect was observed in 
~ " , 

GVH animaIs rec.iying two-~njections of SR]C-LPS, fh! four animaIs in 

this group:produced ~n antibody ti~re of 6.3 + 0 6 against SRBC-LPS. 

In addition, th~se animaIs als~ produced a titre of 5.5 + 1.0 against 
/" 

" 

.. ~'. ( 

. , -

o 

" . 
..... 

• 

J 
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TABLE 20 

Hemagg1utinati?g Antibody Titre to SRBC in'One 

Experiment i,,n which GVH Mice., Were Sensi tized ,Twice with ~RBC-LPSab, 

Treatment 

Normal 

GvH' 

, Normal 

GVH 

GVH 

• 

Sensitizing 
Antigen 

SRBC 

" 

SRBC-LPSC 

" 

d F'l-LPS 
+ SRBC 

" 
Hemagg1utinating Antibody Titre (10g2 ) 

SRBC-LPS T~rget SRBC.Target 

7 9 10 10' 
X = 9.0 + 0.7 

Q ,0 0 0 0 
X 0 + 0 

o 

11 12 12 13 
X = 12.0 + 0.4 

5 6 6 8 
,X = 6.3 ± Q.6 

6 6 8 8 9 
1;. X = 7.4 ~ 0.6 

... , 

8 10 10 11 
X = 9.8 + 0.6 

... 

000 
X = (') + 0 

o 

10 11 12 
= 10.8 + 0.5 

~4 ,4 6 8 '" 
X = 5.5 + 1.0 

o 0 0 0 0 
X = 0 + 0 

~ean values + SE a~e given fo11owing values for each g~oup. 
bdat& is from one of two experiments repr sented in Table 18. 
cSRBC coa~ed with LPS. 
dCAFl RBC coated with LPS and injected separately from SRBC . 

. \ , 
", 
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SRBC, alt~o,ugh no such antiboèly could be detected in GVH mice receivip-g 

SRBC alone. If va1id, these results would suggest that LPS coated to 

SRBC has the ability in GVH mice to stirnulate a humoral immune response . 
,-

to the thymic-dependent anttgens on SRBC. A sornewhat rela~ed eff~c~ 
\ 

of LPS was reported by M~ller et al. (8) in mice which had be~n thyrnecto-

rnized, irrad~ated and repopulated with syngeneic bone rnarrow. Such, 

mice could not rnount a PFC response to SRBC when injected wi<h SR~C~ but 

. produced an'anti-SRBC response that was almost normal when they were in~ 
J 

1 

jected with SRBC-LPS. It was :ostu~ted that this effect ~as caused by 

LPS substituting for T cel1s in the antibody response to SRBC by virtue 

of its mitogenic effect on B ce1ls 
1 

MBller et a1 found that LPS 

must be bound to the SRBC to cause this effect', sinee injecting LPS and 
~ 

SRBC separately ~ai1ed to réstore the response ta SRBC . Likewise, in 

the present experirnent, no anti-SRBC antibody could be d~tected"'in GVH 

mice given separate injections of SRBC and LPS; 

Unfo:tunately, LPS stimulated a humoral response by GVH rnice to 

SRBC in on1y bne experiment. Severa1 attempts to reproduce this effect 
1 

were unsuccessfu1. It is possible, however, th~t the interva1 et which 

the SRBC-LPS is injected into GVH rnice rnay be critical for restoration of 

the humoral response ta SRBC. Britton and MHller (2) have ,observed a 

eyc1ical pattern in both the PFC response and antibody titre to LPS in 
, 

normal mice sensitized once to the endotoxin. Their findings suggested 

that this pattern resulted from a neutra1izatian of LPS by newly forrned 
" J -

antibody. As antibody was forrned against LPS,~ i:t was believed to bind to 

-
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antigenic sites on the LPS. As more and more of the circulating LPS 

became bound, its immunogenicity was lost and the humoral response to 

i t dec lined . Since it was shawn that LPS was not readl1y me~l~ed 
whi1e the antibody had a Mmi ted half life" Britton and MI:H 1 . proposed g 

that the coating antibody was eventually lost and the antigenio. deter­, . 
, 

169. 

minants on LPS were once ag&in expo~ed. This resu1t, in a reappearance \ 
... 

of the humoral response to LPS and the cyc1ica1 pattern of antibody 

• formation. 

If antibody formation against LPS occurs by a mechanism such as 

that\proposed by Britton and M~ller, the timing of a second injection 
\ 

with LPS would be a critical factor ~ the subsequent response to LPS. 
\ f 

~'seco~d injection were given at a time when.the anti-LPS ~ntibody 

were"fligh, the newly injected LPS would. be rapidly, neutralize4. and no 

subsequent humoral resportse would be detected. A similar mechanism 

.. 

might explain why it is sometime~ possible to sttIDulate antibody fo~ation 
\ 

to SRBC in GVH mice given multiple injections with SRBÇ-LPS. If 

, 
SRBC-LPS are injected,when the anti-LPS titre is low, enough mitogenic 

sites on the LPS may remain exposed to assist in a B cell response to 
~ 

SRBC. On the other hand, if SRBC-LPS are injected when there is~a ~gh ' 
t:I . 

titre of antibody against LPS, these mitog~ic si~es may become èov~red 

and unable to assist in the production of antibody against SRBC. 

• 
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CHAPTBR 6: D1SCUSSION 
o 

Introduction 

The results reported here 'demonstrate that the GVH reaction 

suppresses both cell-mediat~d and humoral immune responses. The ex-" .... 
tent of immunosuppression was shown to depend ,upon the strength of the 

. , 
ongoing GVH reaction and its duratio~ fit the }ime of s~nsit~zation. 

Adrenalectomy and c~tration prior to induçtion ~f th~ GVH reac;~on 
, 1\ 

did not al ter the~ immunologic:~.r'tinresponsiveness of' the FI host, 

suggesting that immuno~uppres~ion results from immunological factors 
" 

rather than from a general stress response. 

Appropriate stimulation of GVH mice was èapable of eliciting two 

~ifferent types of cell-mediated immune reactions to two different 
J ~ 

types of antigen. The humoral immune response to the same antigens 

remained suppressed however, sugg:s"ing that'GVH induced suppression 
. . 

of the humoral immune response is mbre intense than 
, ,.. l' the suppression of 

\ 

\the cell-mediated response, -Multiple cha'llenges of CAF; GVH lTTice wit~ 
, -, 

B6 allotradsplantation antigens caused a rapid rejeétionoof subsequen~ 

B6 skin grafts but failed to stimulate t~ 
i 

, 
production of any detectable 

, , 

" 

antibodie~ to B6 tissue. Sensitigation of GVH micê with SRBC in Freund's 

adjuvant stimulated a delayed hypersensitivé!y response to SRBC al­

though, no humora1 respdnse to~RBC could be detected, e~en after 3 

challenges with SRBC, 

~'~.J tt was demonstrated that the humoral response 

~ 
al~o suppressed. 

L 

to the thyt!\ic_ -__ 
/ - ' .. 'J 

It was possible, ~ever, 

'/ t~ 
// 

independent antigen, LPS, was 

" 

\ 
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( ) 
to activate a humor:' response to LPS using multipié challenges with, 

the antigen, a finding similar~ that obs~rved for cell-mediated re-

actions to thymic-dependent antigens . 

• ' Interpretation of individual observations has already been made 

following each section of observations. Collectively, these results 

t' 
can be used to further our unqerstanding of the mechanism of GVH in-

~ 

duced immunosuppression as weIl as the normal regulation of cell-
1 . 

med~ted and humoral immunity. Ba~~d on other experiments performed 

in this laboratory, a model wi 11 'firs t, be ,presented to explain the 

immunosuppres~ive effect of the GVH reaction on humoral immune responses. 
e 

An analysis of the present findingllwil1 be made in term1i of the ]>ro­
) 

posed model for humoral ifuunosuppres),fôn. lA n'ew model will thert be 
1 

propolied as a possible mechanism for the regulation of both ,humoral 

and cell-m~diated immune responses in normal animaIs, and an attempt 

will be made to explain the immunosuppressive effects 4f the GVH re!ciion 
~ . • 

using this model. Finally, a clinical application will be 5uggeste~ 

for the present experiments. . . 

, 
Proposed rnéchanism for GVH,inducçd immunosupprèssion. 

.. 

.~ , ' 

Early investigations (8,9,32,4Z t 80) suggested that the GVH reaction , {; 

bring about immunosuppression by an immunologi~al attaek of co~~tent may 
, 

donor cells on the lymphoid c,ells <>f the recipient: This would cause ~ 
} , , 

a destruction 

activation of 

( 
~, 

/' 

of hast lim-P)Oid 

c~llf't capab~ of 

tissue leading to à depletion ~r.in-
.. 

mounting an immunetresponse. Lavrence 

j 
ct' c \ 

1 
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f 
and Simonsen (59) then accounted for ~VH indufed irnrnunosuppres~ion by 

proposing that irnrnunologically competent cells were pluripotent and 

that aIl cells became actitrated to host antigens during a GVH reaction; 

leaving no cells to react to other antigens,when they were introduced. 

This v~ was discr~dited somewhat later when Lapp and M~ller (56) 
.. 

found that.adoptiv; transfer of normal parental or Fl lymphoid cel~s 

into an F 1 GVHj anima~ :~id not "Yestore immunocompetence. Their results 

suggested tha~ the en~~ronment in the hybrid hdst is responsible fOI 

immunosuppressi?n, but they did not indicate whether suppression re-

sulted from the production of an inhibitory factor or from ~o~~etition 

for a li~ited amount of sorne factor which is essential for immune , 

responsiveness. 

, , , 

More recently,t~~ in vitro work of S~~berg (81,82) and the in vivo 
1 

stud~es of Mtliler (6~) sugg~st ,~~at . ' 

by cells undergoing' a GVH r~actiob. 

1-

an inhibifory factor may be pr?duced 

When spleen cells from 7 day GVH 

mice were cultured with SRBC or LPS, the pri~ary antibody responses 
~ 

against both SRBC and LPS wer~ markedly suppré~sed. Furthermore, 

when spl~en cells from GVH mice were added 
. 

cultures to , . 

173. 

cel~s the PFC re8ponse of th~ normal cells to SRBC was 

of normal :t::en 
markedly in ibited. 

" 

The inhibitory effect of ~e GVH cells on ilOrmal cells was not se itive 

l' 

to treatment with anti-theta se~um and complement, but was completely 

abolished when adherent, cells' were removed from the GVH spleens with 

iron pQwder. This would sugge~t 'that macrophages are di~ctly res-

ponsible for suppress~on. Macrophages ~re known to be activated during 

'-

-
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-a CVH reaction (9) and T ce11s have been shawn ta provide the major 

stimulation for mac~ophage activation (30,31,61: 92) . It is possible, 
~ 

T cells stirnula~ed by the foreign.H antigens during a 

CVH reaction a'ctivate macrophages which in turn are 
~ [ 

responsible for the 

inhibitory effect of the CVH reaction on the immune res~onse. 

Evidence obtained in this laboratory suggests that CVH induced 

immunosuppression may be caused b~th by the-production of substances 
\ 

which may have an ,inhibitory effect,. and-by competition for limited 

iarnoun~s of essential factors. This evidence ipdicates that irnmuno­

suppression results~t lease in.part, from sorne defect in the activity 

of the thymus der~ved c~ll population (42,55,58). The administration , ' 
_ f ""'-; .. 

ôf thymic tissue or ce)l free'extra~ ta GVH irnmunosuppressed mice was 
, . 
able to restore irnmunocompetence to 55% of the control value (55,58). 

, 
Suvpression was'not ~used by a lack of T cells per se, 

, . sinc~ ï.t:reat-
~ 

ment of GVH spleen, thymus, and 1ymph node ce.t+s with an rnti-theta 

'serum revealed very little ,change in T cel1 numb-er. <Binee irnrnuno-

/ 

competence could be "Par:,ti~lly restored using a ce-l1-free thymic extract, 
~ q 

• 1 

it appeared that the GvH reaçtion functionally depletes bath host and 
1 .... 

donor T ce~s of a thymie humoral mediator that is essential/or immuno~ 

competenc~ . 

The hYPo~~SiS just described has a1so bee~supported by numerous 
,.' 

" 

in,~ re~~orat~on experimeits performed in this laboratory (26,57,73). 

Spleen ce1ls were cultured tn a modified Marbrook culture vessel con-. ' ) 
s~ting of two culture chambers, a reacting chamber and alrestoring 

~ ~ , 
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~amber, sepa~ated by a cell-impermeable 

c~lls were cultured with SRBC in the reacting chamber , .,. 
response ta SRBC developed within 4 days'r- Wh en spleen ceUs from GVH 

animaIs wer.e cul tured wt th SRBC in the same manner, t.t:~re was no PFC 
t 

response to SRBC. The PFC response of GVH spleen cells could be sig-

nificantly restored, however, by adding normal thymus. spleen pr lymph 

nede ceIIs te the restoring chamber. Restoration was equalLy 'as effective 

when the thymus, spleen and lymph node cells were from F
1 

mice or from 

eit~r parental strain. A comparable resto~ation was also obtaiped when 

,supernatants from cultures of F, thymus and lymph .. node <zells were 

added to the inner chamber. Restoration was even obtained when thymus 

and lymph node celis from GVH animais were added to the ioner chamber. 
'~J 

In aIl cases, treatm~nt of the "restoring" cells with anti-theta serum 

. 
) abr~at.~d the,ir abili~y to restore the PFC resplÎ>nse. of GVH. spleen cells. 

Ji:' '\. 

These res~lrs~~uggest'~hat GVH induced immunosuppression 1S caused 
. ' .. 1 

by 

a deficiency of a non-specific T cell fac~or which is mort likely 

essential for sorne criticai e~t il\ the activa'tion 'of B cells. 

,,' The findings of a T hell d~fi~idncy during GVH ~mmunosuppression are 
~ ~ ,\ , 

not inconsistent with othe\,reports (65,81,82) of ~nhl~iSo~ substanc~ '. 

oper~ting dûrirtg GVH reactions. As mentioned 

hibitory substanc~s eente' around the aoility 
1 

spleens to inhibit the ~FC response of normal 

earliet, reports of in-

Qf macrbphages from,GVH 

sp leen ce Us. l t has been 

~ \ ~ 
demonstrated rec~)ty by us fhat the"productioA of.an essential T cell •• 

mediator is regulated. by macrophages and that suppression 6~ the humoral 

immune response in GVH animaIs appears to be ~~used by the feedback of 

( 

J 

--.. 
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a macrophage factor on the T cells (28,57). The ,in vitro PFC response 

of GVH spleén cells' to SRBC was 'restored when thymus or lymph node cells 

from GVH mice were cultured in the restoring chamber of the modified 

Marbrook vessel and separated from the reacting cells bj a cell-

impermeable membrane. Restoration was not obtained when spleen cells 

176. 

from G~ mice were added to the restoring ~hamber. The removal of adherent 
<j) } 

cells ftom the GVH spleen cells i~ the restoring chamber, however, resulted 

in almost complete restoraU on of the PFC response of ,the GVH spleen 

cells in the reacting chambei. Furtherrnore, if the nonadherent GVH 

spleen cells used to restore th~ PFC responsë'were treated with anti-

theta serum before being p~aced in,th~ inner chamber, the restorative 

effect was completely lost. It was concludep, therefore. that 

suppression of the humoral immune response in GVH animaIs resul ts from 

1 
the l~èk of a soluble factor produced by T cells, a6d that the release 

of this factor appears to be controlled by macrophages. 

Care must be taken to avold equating adhere~t cells with macro-
1 

,phages.' Identificati9n of a~h~rent cells as macfopha~es can be con-
'. 

firmed by examinati0:::::SIOgiCal ana·phagocytic ~arac~eristics . 
./ .,! 

The ability of aJerent cells' t phagtfcytose iron partic1es correlat'es 

o 

well with th~ ~bility to adhere to glas~ and plastic (28,57), suggesting , 

t11at the large ~ajority of adherent cells· are 'lnacrophages. Nevertheless, 

~ecent evidence s~g~sts that B lyrnphocyte~ and ~ven sorne T lymphocytes 

rnay also have ... adherent characteristics (33)., Alth.ough it is most likely 

that .efrects produced by pU'rified adhereht c'ells result' frorn macrophage 

r l • 

activity, pne cannot rule out the p~ssibility that such effects results 
/ 

t 
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°from the presence of small numbers of B or even T cells. , 
" 

lt has been demonstrated that the proportion bf macrophages in the 

spleens of mice experiencing ~ GVH reaction gradually increases as the 

GVH reaction progresses (27,28). The proportion of macrophages in the 

spleens of B6AF, mice increased within 2 pa!s after receivin& A strain 

lymphoid cells, and by day 10 post GVH induction the number of macro-

177 . 

phages was 8 to 10 times greater than normal. In the present experiments" 

the graduaI onset of immunosuppression in GVH~micè correlates with the 

graduaI increase in the splenic macrophage population and lends support 

to the belief that GVH induced immunosuppression ~esult~ in part from 

" 
an increase in macrophage activity during the GVH reaction. 

A-')r 

Recent stud&es by Elie-and Lapp (27,28) have shown that the role 

of adherent cells in humo"ai immune responses is not Iimited to in-
l 'O' 

hibition, but rather is one of general regulation. The removai of Ad-

herent cell~rom normal spleen celis 'resulted in their inab1lity ta de~ 
".' ,~ 

velop a.primar PFC response to SRBC in vitro. The PFC response could 

"be restored, however, by the additi~ of an appropria te number of ad­
\ 

\ . 
herent ceils froril-the spleens of GVH mice. If an exces1sive number of 

either GVH adherent celLs or normal adherent cells were added t~ the non­
o 

",' adherent 'cells ~from normal spleens, the PFC re 3ponfe Y/as suppressed. 

, . 
These results ~trongly suggest that suppression is caused by either an 

~ 

active ~uppression of T cells by adhe~ent celis or by an inactiva~ion of , . 
a T. cetl produçt by large numbers of adher~nt cells. 

The present experi~ents demonstrate that B cells are also suppre~sed 

~uring a GVH react~on, since GVH mice were unable to mount ~_humor~l re­

" 
oJ ... - v 

" .. 

( 1 ; . 
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sponse to a single injection of LPS. The supp[essipn of B cells is 

\ ,\, " 
not as intense', however, as èhe suppression. of T cells since multip;le 

challenges of GVH mi ce with LPS overcame the B cell qefèct and stimu-

01 ' 
lated a humoral response to LPS while similar multiple challenges with 

SRBC could l)ot stimulate a humoral response
l 

to SRBC. 
\ ~ 

From the results present~d here, a'modeL has been proposed to , 
explain nannâl control of the humoral immune rèspon~e as weIl as GVH-

induced immunosuppression (26). 
1 

It is generally agreed that 3 types 
\\ 

c 
of cells (T cells, B cells,_and adherent or A cells) 

{f' .li 

are involved in 

the ~ormal immune response. It is be11eved that a B cell requires at 

,least two signaIs for activation ~nto an ~~pand~d pool of antibody 
t" . 

forming cells. One signal 'is provided by antigen which triggers anti-

body producBfon, a~d the. second is a mitogenic signal which triggers 

B c~ll proliferaËion. T ce?-l .f·ac;.tors probably funrtion alone ?r in 

concert with othet non-specifie fac~or~·to trigger mitogenesis. Recent 

evidencè suggests that an A cell product as weIl as a T 
\ 

cell factor 
.J 

. / 

which has been pro~ssed by A cells may be;'required \f~r activation of 

B cells (46,75,91). The mo~el for humqral. i~une~espon~es proposes 

~ . .' l ( therefore that T cel~ factor (TF) interacts with A ce 1 factor AF) t& 
; ... ( u 

forrn a complex (T-A). The T cell factor is then'able ta bind to B cells 

via the AF portion pf the T-A c?mplex. Binding of the T-A complex to 
. 

a mitogenic site on the B cell, as weIl as the bind.ing of the specifie 
~ t- ~ , 

antigen, is necessary for B cell activat;ion. If t'l\e uncomplexed AF 
i 

wer~ pr~ent in exces~ it could have a dual sUPPte~sive effect by feed-
'" 0 

irlg back t~ turn off T cells as weIl as 'by paralyzing B cells. 

'-

" 

d' • 

1 
.. 

178. p 

\ 

) 



.. 
" 

e, 
t 

: , 

• 

( 

Q. 

179. 1 

~ .~ 

From the above model it is proposed that the early immunosuppressio~ 
( 

observed in/ GVH animals resul ts Ùom theulepletion of T cell factor by ' . 

. 
the intense reattion o'f cells responding to the GVH reactiop. As the 

GVH reaction procedes and the A cell population increases, ~n increase 

in the amount of A cell factor would cause the uncomplexed AF to bind 

to the B cell and block its mitogenic site. The high concentration of 
). ~ 

- AF also complex with any TF aS,soon as it was released, but bi~d-

the T-A complex 'and B cell activation would be eff~ctively blocked 
, , 

uncompl~xed A,faetor already bound to the 
1 0 • 

ite. This would le~d to the longçlasting immunosuppréslYon 
, 

\ , lJ 

observed du~ing GVH reactio~. This model would account.for the findings 

that the addition of T cell factor restores the PFC response of G~l 

animals.~nd \the removal'of aaherent cells from GVH spleens blocks the 

" immunosuppressive 'effect of the GVH spleen cells on normal spleen cells. 

'The respon~e of Gva mice to multlpie injections with LPS can be 

" \" explained in terms of the proposed moàe~for immunos~ppression. ~Whereas 
, < . 

thymic-depengent antigens appear to bind' to 'B cells only at specifie 
~ 

an,igenic sites, L~S is believed to bind b9th at specifie antigenic 
Â 1 

sites and at non-svecific mtto~enic sites (22.23), The binding of LPS .,) . 
o and stim~lation at the ~ogenic site is 

\. 

) thymie-independe,!!!.. nature as ';ell as its 

r 

believed to account for its 
1.1 

mitqgenie effec.. A single in-

j~ction of F,-LPS would present the CVH host with a small amount,of 

. 
antigen',which would be expeèted to bind ta antig(~rd.c s\êes on specifie 

l ' . 

B ,eelts: 
. 

At these low 
~ 

i~centratio~s, LPS would be u~able to bind to 

mitogenic sites sinee thé'se sites would be already bound ~ith the ex-
" .. 

'0 

. -

\ 

o 

, \ 
1 

( 
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adherent cell factor produced during the GVH reaction. As a 

result or this competitive inhibition, a humoral response would not be 

moJnted agains t LPS. Since LPS has been' sh'own tq, main tain its i~uno-

genicity ~ vivo for unusually long periods of time (12,13), 'subsequent . -- . 
injections of LPS would result in the aëeumulation of a high ,concen-

tration of LPS. At these higher concentrations, LPS would effectively 

f::oU:peFe ";i-,tf A 7e11 fa'ctor and displace it from the mitogenic s'ltes, 
\, ,. 

thus stimulating antibody formation. A s'pecifie anti-LPS :response would . -

180. 

be producecl, sinee the concentra~ion of:LPS woùld~till remain considerably , . 
below the levels n~essàry for th~ non-specif~ mitog~n~c effect (23). 

, 
Although repeated stimulation with LPS elicited a humoral response 

to LP~.t,. mul-tiple challenges wi th SRBC f~iled to stimulate a humo~al "re-
. , ";' 

sponse to th~ thymic-dependent SRBC. This suggests that, in additioQ -
, -

" , 
, .. " '&' 

to the B cell defect, there is a functional d,efect in T cel1 .activitY 
, u • 

which we blelieve is caused by A cell factor tuttn, ing off the telease of'_ --­
!. 

T cell factor. The possibility that the loss of T cèll factor results 
, . 

from over utiliz'ation by de cens mgagld ln the GVH reaction would also fit .. 

within the proposéd model. 

The model which has been presented to account for GVH inducej 

immunosuppression'is supported by severaI lines of evidence obtafned 

'in other laboratories. Evidence for macrophage-T cel! interaction in 

the regulation of' immun~ responses during a GVH reaction has been ob-. -" 
tained by Scott (78). GVH reactions were initiated in CBA x CS7 mice 

~ 

by the injection of CS7 lymphoid cells. The spleens fnom these CVH ani-

mals wer~ examined 8 days later ~nd found to be comp1etely u~responsive 

/' 
• 
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\ 
to phytohemagglutinin (PRA). Removal of glass à~heren~ \ells from the 

GVH spleens resulted :n the recovery of Sign~fica~.PHA responsiveness. 

The addition of 8 day GVH spleen cells to normal F, spleen cells caused 

an 80% inhibition of C14_thymidine incorporation by the normal lympho-. 

cy~es following stimulation with PRA. These 'findings would sugg~st that 

GVH-activated'macrophâges may contribute to.immunosuppression by a 

direct inhibition of normal T cell activities. 

Studies using the mixed lymphocyte reaction (149) in vitro graft 
-,--~ 

reactions , ~nd the in vitro response ta SRBC (45,46) have also 

demonstrated a bipha~fec.t exerted by macrophages upon the immune 
. 

181. 

response. Although glass adherent cells are necessary for these,reactions, 

they have been shown to be inhibitory when present in excess. For 

éxample, restoring ~acrophages to glass absorbed spleen cells in a 

ratio of 

" vesponse 

1 macraphJge for every 50 spleen cells producèd a maximum 

when the~~ ~ells. were cultûred with, SR~C. Increasing the 

PFC 

ratio to l~~ophage for very 5 spl€en cells caused a marked suppression 

of the subsequent PFC response to SR~C (45). Subsequent studies (46) 

showed that thii ~ffect could be obtained by using high and low con-

centrations of a soluble factor produced by peritoneal exudate cells, 

which are mostly macrophages. If a factor produced by1activated macro-

, phages does have such a biphasic effect on the immune response, it 

would explaiq the seemingly contradictory_findings of increased immune 

resP9nsiveness and immunosuppression observed during GVH and MLC re-
.. ' 

" 
o 
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Interpretation of the present experiments in terms of the proposed 

mode1 for GVH induced suppression of the humoral immune respons~. 

The model which has been presented to explain GVH induced 

immunosup~ression is based primarily on in vivo and in vitro ex-

periments restoring the PFC response of GVH spleen cells to SRBC. The 

PFC response is a h~moral immune response requiring a helper function 
~ 

whi~h is thought to be brought about by soluble factors produced by 

specifie T cells. It is not known, however, whether a thymie media-

tor also p~âys a helper role in ceI1-mediated imrnu~ responses. , 
Care must therefore be taken when applying this model to the sUp'pression 

of cell-mediated responses. The ~act that cell-mediated reactions 

can bel selectively stimulated in GVH animaIs illustrates a basic 

difference between the two types of immune responses, The present 

experiments, therefore, Serve to provide additional information re-

garding the factors causing CVH induced suppression of cell-mediat~d 

immune responses. Homograft rejection and hypersensitivity reactions 

of the delayed type have been shown to be cell-mediated in nature and 

closely related to one another (7,11,17,54 90). If one considers the 

normal immune reflex arc, there are several points at which ce1l-

mediat~d reactions cou1d be blocked during a GVH reaction. The afferent 

• 
1imb requires a functional antigen reactive ce1l to specifica11y re-

cognize antigen. T ce1ls have been shown to be essential in ce11-

-
mediated immune responses and most evidence indicates that the antigen 

~ 

reactive cel1 i8 a T cel1 in both allograft 
• 

rejection (4,51) and de-
, ( 

The macr~~age a1so appears . 1ayed hypersen8itivity reactions (20,21). 
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to play a key role in these reactions by processing antigen and presenting .. , . 

it in a stimulatory form ta T cells (7,77,90). In fact, the induction 
• 1 

of delayed hypersensitivity or antibody prpduction ta a given antigen 

appears to be at least partly determined by the size of the ?ntigen 

mo1ecu1e (48,74,84). The effector cell has been shown to be thymus de-

pendent- (34) although it has not been established whether it is thymus 

derived. Studies by Lohmann-Matthes and Fischer (61) and by Golstein 

et,al. (41) suggcst that T cells are capable of recognizing foreign 

tissue antigens and kil1ing the cells bearing these antigens without 
1 

cooperation from other ce11 populations. Other studies (30,31,61,67, 

90) suggest that, fo11owing the contact of specific T ce1Is with antigen, 
~ 

substances are released which confer upon macrophages the ability to 

destroy specific target cel1s. Still other studies (34,43) suggest 

that B cells may serve as effeetor eélls in eell-mediated reaetions. -
During a GVH reaction, it is highly Iikely that the attaek upon 

the host's immune system resu1ts'in sorne functional damage at each point 

in the immune reflex. However, the fact that B6 BM and kidney eelis 
1 • 

stimulated rapid allograft rejection when administered to animaIs under-

going a GVH reaction indieates that aqtigen-reactive cells (most Iikely 

T cel1s) persist in the immunosuppressed animal (86,87,88), Macro­., 
phàges are also known to be ~resent. Similarly, the stimulation of a 

specific humoral response with multiple challenges ot the thyrnic-inde-
t 

pendent LPS indicates that significant numbers, of B cells survive as well. 

It thus wouid appear that GVH animaIs possess significant numbers of the 



basic ce11 types necessary to mount both ~e11-mediated and humoral , 

immune responses. A1though it cannot be definite1y stated whether 

these ce11s are of parental or Fl 

tha t they are hos t cells. In the 

origin~~ost evidence would suggest 

1a~er slLges of GVH ~eacttons of 

moderate strength, such as in the present study, donor cells have 
1 

been shown to account for only about 1% of the pro1iferating ce11s 

in the host spleen (35,36,93). It would therefore appear that sorne 

form of active suppression is operating for both cell-mediated and 

humoral immunity, and this effect appears to be mediated by a 

suppression of T cell function. 

~ 
It is

l 

significant that stimulation with the thi~d party B6 antigen 

after the induction of the GVH reaction was able to activate enough 

cells to effect a rapid rejection of subsequent B6 skin grafts. In 

experiments by Lapp and Mtlller (56) Fl.>~ice were sensitized to a , 

third-party skin 30 days before inducing a GVH reaction with pa~ental 
1 

strain lymphoid ce11s. When these GVH animals were then grafted with 
--

skin a1lografts from the same third-party strain, ~he grafts survived 

sïgnifié~ntIy longer. than, ident-icai grafts placed on nonsensitized 

GVH animaIs. The difference between the resu1ts of Lapp and Mtlller (56) , 

and the present findings might possibly be attributable to the involve-

ment of physiologic~l.ly different cell types in 'sensitized and non-

s.ensitized '.animal,s 

a normal animat~o 

.~. react to an antigenic challenge. Exp~sure of 

foreign histocompatipility antigens results in the 
.a .. 

pro~uction of memory cells which differentiate from ~he cell line which 

184. 
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reacted to the antigen. These memory cells may weIl be more 'suscep~ible' 
~ 

to the immunosuPP!essive effects of the GVH ~eaction th an antigen-

reactive cells from a non-sensitized animal. In the present experiments 

the GVH reaction was initiated without prior sensitization ta hi~to-
, 

compatibility antigens. If the non-primed antigen reactive'cells are 

in fact less vulnerab~e to the suppressiveqeffects of the GVH-reaction 

than sensitized memorY,cells, then these virg~n cells would be able to 

react to the high concentration of histocompatibility antige~s when 

B6 BM or kidney cells were adm~nistered- 13-days later. 

~timulation' of' CAF1' GVH mice with B6 BM resulted in a more rapid 

rejection of subsequeTht B6 skin grafts than did stimulation with B6 
, .... 

kidney cells. Part 'of the explanation may lie in the fact that the 

sensitizing BM cells were administered in~while the kidney' 

cells were injected intraperitoneally. It is also possible that. the B6 

BM may serve as a source of innocent pystander cells which are activated 

by T cells ta become killer cells. This is unlikely, however, since 

the injection of F, BM did not significantly alter. the degree of GvG 

induced immunosuppression as measurel by skin graft survival time. The 
L 

/ MST of skin grafts on the group that rec~ived Fl BM wa~ longer than for.,\ . ~ ,~ .. 

the grOU~hat rece~ed a GVH alone, but this di~ference was not statis-

tically .igni~icant(T.ble ,6) . 

Although the increased MST for B6 skin grafts made on 'CAFI GVH 

mice receiving F, ~M is not statistically significant, the work of 
1 

Streilein (83) would suggest that such a trend is nonetheless, likely. 

185. 
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Streilein notèd that the GVH reac~ion itself subsides foll~wing the 
l' 

early period of rapid cell proliferation. He attributed this to a 

f! 
depletion of Fl lymphotd cel:s which were a~~g as target cells for 

the CVH reaction. He 'postulated that the injection of Fl BM into such 

an.animal would replenish the target cells and.restore the GVH reaction. 

If such is the cas~~ one might expect that ·the restore~ GVH reaction 
1 

.-
would cause a furiher loss of cells or humoral factors necessary ta 

mediate an innnunè r'esponse, and Iead to increased aliograft survival 

times for recipients of F, BM. 
1 

(, , 

Studies perforrned in this laboratory (42,85) suggest that the GVH 

reaction itself becomes suppressed soon after its anset, and that this 
, 

self-supp~ession may be responsible for the rec~overy of animaIs from 
" 

the wasting disease. Grushka and Lapp (42)3:reported that transplants 

of syngeneic bone marrow protected GVH mice fro the lethal effects 'Of 

the GVH reaction while thymus transplants increas d the intensity of an 

existing GVH reaction. The different effects reported by Grushka and 

Lapp and by Streile!n (83) can be explained in terrns of the proposed 
/ 

GVH induced irnrnunosuppression. The two effects may simply re-' 

different stages ,of :immunosuppression. If syngeneic BM cells are 

before th,~ thymic factor is cornpletely depleted, the BM could 
. 

aet as new targets for GVH reaetivity, resulting in a further depletion . " ... 
of thymic factor. Skin allografts made on these animals would have a 

• 
longer survival time than grafts made on GVH animaIs not receiving 

? syngeneic B* . .: If, on the other hand, the F 1 BM is. transplanted after 

th~ thymie factor has been significantly depleted, no further GVH ac-

; 

• 

( 
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tivity may resu1t. Instead, the syngeneic BM wou1d pr:ov'ide the F, host 

with essential hematQpoi.etic ce~ and reduce the 1etha1 effects of the 

GVH reaction. 
\ 

In view of the fact that stimulation of-GVH mice With B6 tissue 
1 

caused a rapid rejection of subsequent B6 skin grafts, attempts- were 

"made to detect of specifie antibôdies following each 
1 

step in the sensitizat on process. The use of PVP t~ augment ~emagglu-

t~natjon provided an ac uràte indication of thê presence of low levels . 
( 

of circuiating antibodies. Since the PVP assay can detect the presence 
, . 

of bath hemagglutinating and' complement-fixing antibodies, it is more 

sensitive than hemolytic or cytotoxic as~ays. Using this assay it was 

possible to defuonstrate the presence of significant'levels of anti B6 

'a~tibody in normal mice followinp each exposure to B~ antigen. It ~as 

not possible, however, ta detect any such humoral respons, in GVH mice 
., ... ~ l " 

receiving tHe same treatment. Similar findings were obt~~ed in the 

case of animaIs developing' delayed hypersensitivity responses to SRBC. 

In this case it was impossible ta detect a humoral response in GVH mice 

using both PFC and hemagglutination assays. 
\ 

In the present experiment no attempt was made ta detect macrophage-

associated cytophtlic antibodies in GVH anjmals which had rejected skin 
1 

allografts or developed delayed hypersensitivity responses. The re-. ' 

quirement for macrophages in cell-mediate,d reactions has already been 
\ 

establish~(7,7~,90). Antigen specificity has not been demonstrated in 

187. 

pure mact'ophage populations and many s,tlt'dies (10,60,67,92,94) suggest that 
~ 
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. 
stimulation and specificity may be conrerrèd upon macrophages by means 

\ 

of cytophilic antibodies or cytotoxicj factors. If cytophilic antibodies 

are necessary for cell-mediated reactions, the ability -ta stimulate these 

Feactions in GVH mice would indicate that 'cytophilic antibodies are \ 

pr6duced by a different mechanism and/or cell population than thosé 

responsible for classical an.tfbodies. 
l 

This in turn would lead ~ne to 

suspect that cytophilic antibodies may represent another form of macro-

phage cytotoxic factors which are produced by sensitized T cells. 

Al though cell-med'iated and humoral immune responses may differ 
. 

substantiaIIy in their mechanisms of action, they nonetheless h~ve many 

features in common. For example, antigen recognition by sensitized T 
, 

cells,' the interaction of macrophages, and the stimulation of effector 

celis by the T celis appkar ta be essential in both types of immune 
1 

reactions. The fact that it is possible to selectively stimulate a 

cell-mediated immune response in GVH animaIs while the humoral response 

to the same antigens remains suppressed suggests that two distinct 

mechanisms of T celi activ~ty are involved,ip the immune res~~e. It 
• j \\P'"" 

is not knownrwhether soluble factors produced by T cells play a helper 

role in cell-mediat~d reactions as they do in humoral responses. It 

is possible that effector celis in cell-mediated reactions may become 

stimulated by direct contact with sensitizèd T celis without the need 
1 _ 

for soluble mecliators. In terms of the proposed model for GVH induced 

188 . 

immunosuppression, such a mechanism might partially circumven~ the suppres-

sive effect of the GVH reaction. In this case the inhibitidn of T ce Il 

" 



• 
factor release by A cell fac-tor would n~t totally impair cell-mediated 

responses. It is also possible that T cell actiyity may be mediated 
\ 

by soluble factors in both humoral and cell-mediated immune responses, 

and that the T cell or T cell factor responsible for- humoral responses 

is more susceptible to the suppre&sive effects of the GVH reaction. In 

, 1 
either case, the ability to selectively stimulate cell-rnediated immune 

, 
reactions in GVH mice while the humoral immune response remains complete-

ly suppressed suggests that the T cell activities in èell-mediated and 

humoral immune responses are perfo~ed b~ fells which 'are functionally 
l ,1 - --, 

different (89). It is not clear, hawever, whether these cells develop 

from the same T,cell population or represent two distinct cell lines. 

Recent evidence suggests that two different types of T cells may 
~ 

be responsible for cell-mediated immunity and helper cell activity in 

\ 

189 . 

antibody formation. Studies performed by Parish (70,71,72) have demonstrat-
'f' 

ed that humoral and cellular responses are often mutua1ly antagonistic, . 
-

but these studies failed to delineate the origin of the two types of T , 
cells involved. Chemical modification of SRBC by either periodate oxida-

tion or acetoacetylation resulted in preparations which stimulated lower 

antibody responses than did normal, SRBC, but induced,much,higher levels 

of de1ayed hypefsensitivity in the absence of Freund's adjuvant. It 

appeared therefore that two T cell populations with different binding 

characteristics may he involved in the two types of reactionâ. 

Several studies suggest that the two T'cell functions may be per-
; 1 

formed by 1 cells in different stfges of maturation, The work ofAxelrad (5) 

• 
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" 
suggested that the deve10pment of de1ayed hypersensitivity and direct 

pre to SRBÇ were dépendent upon a common immunocompetent precursor cell. , . 
1 1 

More recently, Elliot et ~l. (29) have shown that thymus derived 

rosette forrning cells (TRFC) to SR~C do not function as helper cells. , 
in the direct PFC response to SRBC. Thymus derived rosette forming 

cells have been implicated, however , in a number of cell-mediated reac-

tions. Marchalonis et al. (64) have observed increased numbers of 

TRFC in mice immunized with poly-(A:U) which acts as an adjuvant to en-

'hance delayed hypersensitivity reactions. In41ddition, Haskill (44) 

has fou~d~increased numbers of TRFC against allogeneic (DBA/2) ery-

throcytes in the peripheral blood of CBA mice which were rejecting 

DBA/2 skin gtafts. 

The work of Elliot et al. (29), Marchalonis et al. (64) and Haskill 

190. 

- ~, 

(44) has' shown that helper function in humoral immune responses is a 

property of non-rosette fo~g T ce1ls while activity in cell-medi~ted, ~ 

~esponses may be a property~ TRFC. This would imply a different mcde 

of activity for these 2 cell'types. If such is the case, it could ex-

plain why it is pos~ible to stimulate cell-mediated responses but not 

humoral responses in CVH mice. It is quite possible that T cells of 

the non-rosette forrning type are mor~ vulnerable to the destructive 

and/or suppressive effects of the CYR reaction while rosette forming T 
1 

cells may be more resistant. This could arise if differentiation brings 

about surface membrane changes in which histocompatibility antigen be-
1 

come masked by the appearance of the antigenic re~eptors necessar 

'-
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rosette formatïon. Repeated challengé of GVH mice with a given antigen .. 
could stimulate the proliferation of a clone of the more resistant T cells 

which would be capable of effecting a cell-mediated response. If such 

were the case, one would expect the resistant TRFC ta represent a cell 

line separate fram the non-resistant helper cell. Elliot et al. (29) 

have suggested that the TRFC may merely represent a more mature stage 
,\ / 

of the non-rosette forming helper cell. If t~e non-résistant helper cells 

represented an earlier ~tage of the same cell line, a rapid maturation ... 
to the resistant stage would be necessary in order to proôuce enough T 

cells for a cell-mediated response. This is also possible however, since 

. slowly maturing cells wo~ld presumably be destroyed, resulting in the 

10ss of helper function and continued suppression of the humoral immune 

response. 

The proposed model for GVH induced immunosuppression provides an 

explanation for the suppressive effects of the GVH reaction on humoral 

"innnune responses. The mechanisms for cé'll-mediated reactions are less 

precisely defined than those for humoral reactions, and it is clear that 

there are severaL-basic dlfferences between the two mechanisms.' Never-

J . 
theless, the present experiments have been shawn to pe in agreement with 

the proposed model. At present the difference in the suppressive effect 
" 

of the GVH reaction on the two types of immune responsesappears to re-

su1t in part fram .the activity ot two functional1y different T cells. , 

A1though much evidence suggests that these T cells represent separate 

populations, it cannat be definitely stated whether these papuia.tions 
1 

, 
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develop frQm the same T cell lTne or from separate lines. As the 

~el1 interactions in cell-mediated respon~es b~~ome mo~e clearly de­
l , 

fined, it will permtt a more precise determination of the factors 

leading to the selective stimulation- of cell4nediated immune responses 

in GVH immJnosuppressed animaIs) 

"-
Application of GVH induced immunosuppression to the normàl Lnmune 

192 . 

/ responses. 

The GVH reaction represents a unique situation in ~hich the most 

complex immunologicàl principles and cell interacti,on~s arê brought ,to-

~ether into one reaction. Although GVH ieactions are experimental in 

nature, the underlying principles apply equally to normal immune res- ~ 

ponses. Characteristics of GVH reactions such as those pr~sented ip 
o • \ 

the present experiments can therefore provide much insight into the ~ 

normal regulation of cell-mediated and humoral immunity .• For instance, 
11> 

adherent cells appear to play a regulatory role in GVH"induced immuno-
, , 

suppression, and recent evid"enc;e suggests that adherent cells may 1>lay 

a regulatory role in normal immune responses as weIl (14,50,71,74,78,94) . 

The parallels between cell interactions in GVH mice andlinteractions ' 

\ . . 
in the no~al immune response can be illustrated ~y the inverse relatiôn-

<:> 

ship which appears to exist between cell-mèdiated and humoral immune 

responses. The present exper!ments demonstrated that stimulation of 

" .. delayed hypersensitivity reactions' tO.,SRBC in normal mice led to a cpn-

comitant decrease in the humoral re~ponse of these animais to SRBC. Other 
) 

\ 
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nave shown tha't the stimulation of a humoral 1(~s\ronse rt 
"'", 

significant d~crea~e in the 'ability of the ani~al to 
" 

develop a de~ayed hypersensiti~ty respons~ to SRBC. Converse1y, 

~agrange (52) has Jound that the removal of antibody from the serum of 

~ice receiving intrade~m~l injections of SRBC in Freund's adjuvant led . , 
; , 
to delayed hypersensitivity responses which were up-to 4 times' as great 

as those produced in normal mice receiving SRBC in Freund's adjuvant . 

. ' 
A similarity can be drawn between these repùr~s and the selective· ., .. 
stimulation of cell-mediated immune re~ponses observed ~ GVH immuno-

suppressed mice." Following .the
J 

injection of SRBC in '\.-reund 's adjuvant 

" in the present experiments, GVH mice produced.np detectable 1evels of 
Q • 

antibody to SRBC but deve1o~ed an almost Rormal delayed hypersensitivity 

respdnse to SRBC. A~though the ,delayed hypersensitivity response in , 

GVH mice was not as great as that observed by Lagrange (52) following 

the remova1 of serum antibodies, ~he smaller hypersensiti~ity response 

in CVH mice might result from a competition for cells and factors being 

simu1taneously uti1ized or destroyeq by the stronger ce11-mediated GVH 

reaction. 

The consistent:observation of an inv~rse relationship b'etween cell-

medtated and humorà1 immune reactions suggests that a common regu1atory 

mechanism may control these ,two types of inunune responses. A basic 

feature of this mechanism may.ôepend upon the processing of antigeQ. 

Numerous studies (48,74,84) have shawn that the type of immune responst 

which is pr?9uced.may depend in ,pa~t u~on the form in which antigen is 

o Q 
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presented to antigen reactive T cells. Parish (70,71,72) has demonstrated 

, - -
that chem1cal modification of SRBC by either periodate oxidation or 

, 
acetoacetylation resulted in preparations which stimulated lower anti-

body responses than did normal SRBC, but induced much higher levels 

of dêlayed hypersensitivity in the absence of Freund's adjuvant .. The 

, work of Stupp et al. (84) has shown that as the rnolecular size Qf synthetic 

" ant~ns is increased they stimulate weaker deIayed hypersensitivity re-

actions but stronger antibody formation. Evidence obtained from th~ .. 
present experiments would suggest that stimulation of a particulai' immune 

\ , 
• response by modified antigen may result from the presence of two T cell 

• pop~lations, each with different bipding characteristic~ . --../ 

Recent reports (48,50: 71, 74) suggest .that macrOPhagery virtue of 

their ability to proGess antigen, may play a key raIe in e regulation 

\ 
of cell-mediated and hUploral immune responses. For exampl " Pearson 

and Raffel (74) have found ~hat SRBC which have been digested by macro-

phages becorne poor immunogens for antibody production but gain the 

ability to evoke deIayed hypersensitivity. It is interesting that, sorne 
1 

studies (19,24,25) have shown that macrophages treated witp rnycobactéria 

. are more 'actively phagocytic and are more active enzymatically than 

normal md'crophages,' 
o 

Consequently, it ~s be~n proposed,that adjuva~t 

4 \ • 
may stimulate delayed hypersensitivity by promoting macrophage activity 

and the reduc~-Lo~~-the sensiti~ing antigen ta a smaii moiety which 

is more favorable for cell-rnediated -rea~tion-s-. - ln .yiew of this suggest-, , 

'ton, one migh~wonder whether the in~reased activity of rnac:ophages 

( 
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, 
during GVH reacÇ'ions might favor cell-mediated responses Jmd partly 

. ' 
account for the greater ability to stimulate cell-mediated versus 

humoral responses in such animaIs. It would be quite possible fo! ac~ 

in antigen processing which would favor fi;~teij macr~phages to engage 

~ll-mediated reactions whfle simultaneously exerttng a suppressive 

effect on humoral reactions. 

Macrophages have also,been shown to be capable of exerting a 

" regulatory role over oth~~s by virtue of soluble factors released 

by the macrophage upon stimulation with antigen (38,39,40,46). Low 

concentrations of soluble factors p~oduced by peritoneal exudate cells, 
, , 

which are mostly macrophages, have been ~und to stimulate the primary 

PFC response of spleen cells to SRBC·~n vitro (46~ High conce~trations of 

these soluble factors are inhibitory. In other studies (37,38,39,40) 

cul~ured adherent mouse spleen cell populations, which consist mostly 

of macrophages, have been found to release effeètive supernatant~ which 
. . 

stimulaee cell proliferation and potentiate mouse T cell responses ta" 

phytohemagglutinin (PRA). Stimulation of the adhJrent cells with LPS 

.increased the effectiveness of the supernatants but did not cause a 
, 

,mitotic response on the part of the adhèrent cells. The act~ve factor 

in these supernatant.s hB;s been termed lyXDphocyte activat.ing factor (LAF) 

(39). the stimulatory effect of LAF would appear to be at variance with 

other reports of inhibitory effects exerted on T cell activity by macro-

phages (33,66,78). In such experiments it ls impo.tant to consider 
~ 

dose-respo~se relationships, ainee substances which are 'stimulatory 'at 

-
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low concentrations ar~~requent1y inhibitory at higher concentrations. 
o 

The significance of this point is i11ustrated by the fact that reports 

of T'ce~l activation (38,40) are based on observations using culture 

supernatants which would contain 10w concentrations of soluble factors. 
\ 

Reports of T cell inhibition by macrophages, on the other hand, come 

~rom experiments (33,73,78) requiring ce11 contact where high local 

. 
concentrations of m~cr~phage factors wou1d be expected ta deve10p. 

By using a biphasic effect of macrophage ~ttivïty as previousl~ 
, 1 

described, one can construct a hypothetica1 model to exp1&in possible 

control mechanisms whiJ"might regu1ate ce11-mediated and humoral immune 

responses in both normal and GVH anima1s (Figure 11). lhis model pre-

sents ce11-mediated and humoral immune responses as separate mechanisms 

sharing a central adherent ce11 which éontro1s the deve10pment of each 

1 
type of response. l propose that the central adherent ce11 controls 

immune responsiven,ess by.the elaboration of a single soluble factor, 

and that the concentration of this factor determiQes whether a cell-

mediated or humoral response will develop. Although adherent cé1l popu-

lations have'been shown to consist primari1y of macrophages, other cells 

may also ~e present. Because of this fact, tte term ~dherent'ce~ls 

will be used 

In this 

even though these ce1ls are most likely macrophages. 

model, the initial reCognitiO~Of antigen ~'s made by the 

adherent qell. Although i~u~oglobulin reèeptors for sero1ogically .. ,.. ~ 

• 1 
defined antigens have not been identified on adherent cells, it is 

possible. that products of the Ir region are expressed on the surfaces 

of these cens (6). The Ir region has been shawn to control re-

l" 

1 
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activity to a nurnber of synthetic pro teins and viruses, and products of 
1 . , 

the Ir region ~ay render adherent cells capable of recognizing lympho-

cyte defined (LD) an~igens. The initial recognition of antigen by an 

adherent cell would stimulate the A cell to process the antigen and 

release A ~ell factor. The extent of antigen processing and the ~ount 

ôf factor r~leased would be determined by the LD components on the 

antigen and the macrophage activity at the time of stimulation. Adherent 

cells stimulat.ed by~)strong LD antigens, adjuvant, or a GVH reaction 

would process antigen to small units and in so doing release large 

amounts of A cell factor. Both of these-activities would favor the 

development of a cell-mediated response ~ the antigen. On the other 

hand, a lesser stimulus would result in a less complete processing of 

antigen, with the release of-l~ss A cell factor and the consequent de-

velopment of a humoral response. The A cell factor may merely represent 

a part of the lysosomal contents such as one of the many enzymes 

kno~ to be.released from macrophages during antigen degradation. 

In view of the present experiments, two functionally different T .. 
cell populations appear to operate in cell-mediated versus humoral immune 

" 'f' 

responses. l propose that the helper T celi in antibody formation is 

198. 

stiIllt}~Ated by low concentrations of A cell factor hut becomes suppressed , 

at higher concentrations of the factor. Conversely, the T celi responsi-

hIe for cell-med~ated reactions ls stim~lated only by high concentrations 

- , 
of A cell factor. The stimulation of a cell-mediated immune r~sponse hy 

/ lf ,a high coricentration of A cell factor woul~ consequently lê~d to a 



j 
~uppression of the humoral respon~e by suppressing t~~ T cell ~ec~sary 

for a humoral response,as well as' by binding to the B effector cell as' 

previously described. On the ther hand: the low concentration of A 

cell factor which would stimulate a h~TI!0ral response ~ gi~en ant,~-
..., 

gen would be insufficient to stimulate a cell-mediated response to that 

antigen. This would account for the inverse relationshi~ observed 

between tqe cell-mediated and humoral responses to a given antigen. 

In order for a,.. given antigen-reactive T cell to b~ activated by A 

cell factor, the T cell would require a signal from a specific antigen 

;-' 

as weIl as from the A cell factor. Although the initial ant.i&erîic stimu-

lation would be a property of -adherent cells, 'antigen specificity to , 
. , 

serologically defined antigens would be determined by T cells. T 

cells involved in humoral immune responses would be preferentially 
l 

stimulated by larger antigenic determinants while T cells involved la 

cell-mediated reactlonsowould be stimulated by smaller antigenic deter-

minants. Once a given T cel! received these two signals, "it would in 

turn stimulate an ef~ector cell, either by direct contact or by 'the '1 

release of a soluble mediator_ In- the case of a humoral response the 

effector cell would-be an antibody forming B cell which would require 
1 

, 
\ 

binding of the T-A complex as previously described. In the case of 

eell-mediated reactions the effeetor cell could be the same T 'cell, 

another T cel\, a macrophage, or even a B cell. 
<. 

! 

experbnental manipulation, it i8 nevertheless controlled by the same 

Although the GVH reaction ls an unnatural situation arising from 
\ 

principles that govern normal immunologieal responses_ The immuno-

199. 
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suppressive the can therefore be explaineçJ in 

terms of the model which has just been proposed for the regulation of 

cell-mediated and humoral immune rësponses. This model provides a 

.- " 

unified explanation for the preserl't observations that cell-mediated 

responses can be selectively stimulated in GVH immunosuppressed ani- l 
mals while ~he humoral responses to the same antigens remain completely 

suppfessed. 
1 
~,-

Although, antibodies clirected against hast tissues have been iden-

tified in animaIs undergoing GVH reactions (68,76) these reactions have 

been showp to be prif!1a:dly cell-med iated immune responses (3,79). The 

, 
GVH, reaction is most likely initiated by the interaction of clonor T 

~ells wi th hos t lymphocytes (3,15,16). In asldition, donor macrophages 

m~y also contribute to the GVH reaçtion (2). l propose that, following 
'" 

their interaction with host tissue; the donor T cells' release factors 

such as MlF and MCF which recruit and activate both host and donor 

adherent ~ells. Donor A cells may also contribute directly to the stimu-

lation of a GVH reaction by responding to lymphocyte defined antigens on 

host' l~phdid cells ~s described above. The inc'reased activity of 

macrophages during the GVH< reaètion would lead ta a more complete pra-
l, 

" 
cessing of antigen which would tend to favor cell-Inediated reactions. 

" Once activated by the GVH reaction, donor and host A cells release 
• < 

v large' amounts of ~ cell facto-r which' further stimul~te 'he cell-mediated 

\ 
The hlgh concentrations of A cell factor ~ould cause GVH reaction. 

suppression of th~ humoral immune response by ·inhib.i ting t~elease of 

" 

l' 

.' 

/' 

..., 

• 

. . 
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T' ceU fac tor by helper cells and by binding to mitogenic sites on the 

B ceU. Under n,ormal conditi.ons, high concentrations of A ceU fac~or , 
would be exp~cted fo stimulate the antigen reactive T ceU in the cell-

mediated response. During a GVH reaction,~ow ver, excessively large 

amounts of A cell factor would be released by t adherent cells and bind 

'to the T cells. Although the high concentrati n of A cell factor bound 

. 
ta the T cells would Ilot actively inhibit T cells in the cell-mediated 

resp~nse, it would cause a steric hindrance which would block the bind-

ing of antiE?en to the T cell. The T cell would thus receive a sigrf'al 

/' 

from the A cell fac tor but would oot receive the antigenic 5 ignal which 
"-

i5 .,lso necessary for T c~ll ac tivation. Consequently, the animal would 

be unable to mount a cell-mediated response ta a single antigenic 

-, ' 
201. 
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challenge. Repeated challenges with a given antigen wauld increase th~. 

concentra~on of processed antigen to a level at which the-antigen could 
1 

overcome the steric hindr~ce of A cell factor on the T, cell. The re­

'1 
sul tant interaction of .;lnt gen with the T cell would provide the second. 

signal necessary for T cel1 activation and/or proliferation. Once a 
.~ 

.b .. 

" 

clone of T cells became activated they would in turn stimulate effector " 

~ells which would bring about the developmeftt of a cell-mediated immune 

response. 'rhe humoral response would remain suppressed, however. by 
, 0 

. 
the active -sup"pression of helper T célls by A cell factor, as well as 

by <he compétitive binding of this factor to the antibody forming B cell. 

TIte ab~ve. model re'presents one interpretation of the present ex­

perimental Ob.~;v~tion. ·.~n (1i~ht of our curren; u~der.tanding of 

1 

\ 

. , 

.. 

'\ 
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normal i~une respdnses. It is an attempt to explain the effects of 

the GVH reaction in terms of normalrimmune control mechanisms. This 
fo 1 • mode'l is 'not intended as the only mechanism for re~lation of the .. 

immune system., and it is understood that many processes other than those 

'\ 
presentetl here operate in immune responses. No attempt has been made to 

" r provi?e a detailed disdLssioID of this model in terms of the vast ~mount 

of literature on the subject of immune regulation-:'" Although many re-

A 

~ports may .~eem. at variance with this model, it is 'believed that the 

model ..present,s the basic càncepts of inunune regulati,n and re lates 

1 

them in a form whieh is in agreement with the majority of information 

202 . 

available. Clearly, much researeh must still be done to further delineate 
..,. 

the regulatory meehanisms eontrolling normal immune responses as weIl 

as those leading to GVH induced immunosuppression, 
./ 

"/l " 

Application of the ~rinciples'of selective stimulation of ce11-mediated 

immune responses. 

The ability to selectively stimulate a cell-mediated inunune response 

in GVH mice ean provide valuable information leading to the sele'ctive stimula-

tian of cell-mediated responses in normal animaIs, Sueh control of immune 

responses may have important applications in the treatment of neQplastic 

growths where ft has been suggested that antibody against tumor specifie 

antigens may proteet tumor cells from immunologieal rejection. Exper}ments 

performed by us have shawn that the selective stimulation of cell-rnediated 

responses in GVH mice can, in fact, protect these mice from tumor growth (57). 



\ 

The injection of live Sarcoma l cells into normal and GVH mice re-

sulted in a rapid growth of the tumor. Sensitization of GVH mice 

~~th dead, lyophilized Sarcoma cells 7 days prior to the 

, live 'tum~aused a marked decrease in the rate of 

injection of 

tumor growth. 

A similar sensitization of normal mice with lyophilized tumor cells 

~ 

did not significant~y alter the rate of tumor growth. The results 

of the present experiments'wo~ld suggest that a cell-mediated immune 

response was selectively stimulated by the injection of dead Sarcoma. 

cells and that this cell-mediated response had an inhibitory, if not 

cytotoxic, effect following the injection of live tumor cells. 

Further studies are necessary to delineate th~chanisms regu-

lating the interaction of cell-mediated and humoral immune responses 

in both normal and GVH animaIs. A clearer understanding of these 

mechanisms couid have a wide range of clinical applications such as 
1 

the selective stimulation of a cell-~ediated response to cause tumor 

rejection or the selective suppression of a humoral response to pre-

vent allergic reactions. Although 'the applications of experiments such 

as the present study are not âlways immediately evident, their value 

lies in presenting a clearer understanding of basic immunological 
1 

principles ~hich can /then be applied to clinical situations. 
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SUMMARY 

Suppression.of the humoral immune response to SRBC in CAFl and 
, 

B6AFl miçe was shown to depend. u~on the strength of the GVH re-

action and its duration at the time of sensitization to SRBC. 

" Whereas immunosuppre~sion was preceded by an increased respon-

siveness in CAFI GVH mice, suppression of the humoral immune 
, 

~esponse to SRBC in.B6AFI mice d~cIined steadiIy from the first 

day, after induction of the' GVH reaction. In both strain com-
1 

binations the animaIs were tot~lly unresponsive to SRBC by 7 

days post GVH ind~ctïon and 'remained unresponsive through daYf? 

100. l'~ 

~. Adrenalectomy and castration of CAFl mice.prior to the,induction 

, of a GVH ~eactiori did not r~duce the immunosuppressive effect of 

the GVH reat:tion'. This suggêsts that immunosuPRression r9sults 
'" 

from immpnological factors rather than from a general stress re-
, 1 • . 

sp()nse. 

3. .. Muttiple challenges of CAF1 GVH mice with B6 all~,transplantad.on 

'antigen caused a rapid rejection.. of sub.sequen~ B6 skfn 'graÏts • 

bu~ failed to stimuiate -tne production of any ~etectable anti-

bodies ~o B6 antigens. 

, " 
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4. Sensitization of GVH mice with SRBC in Freund's cprnplete ad-

juvant stimulated a delayed hypersensitivity response to SRBC 

although no humoral response to SRBC could be detected, even 

after three challenges with SRBC. . . 

5; Appropriate s~imulation of GVH mi ce was therefore capable of 

eliciting cell-mediated reactlons to two different types of 
/ 

antigens while the humoral immune responses to the sarne antigens' 

remained completely suppressed. 

6. Although a single challenge with the thymus-independent anti-,+ 
: .. -~"'''' 

-- - '"' ~. , gen ~S did not elictt a humoral response in GVH mice, a' second" ", 

and third challenge with LPS resulted in the production of a 

"-
siJgnificant numbèr of LPS-specific PFC and a high titre of anti-

~emagglutinatin~ antibodies. 

7.. The experimental resu.lts are cJïscussed in terms of a proposed L 
model for the regulation of normal immUQ6 responses. 

Note: The above summary outlines the original work cOQtained in 
this thesis. 
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DEFINITIONS 

Adjuvant: A substance which when mixed with an antigen enhances 

its ~ntigenicity. 

Ai10antigen (isoantigen): An antigen which incites the formation 
1 ~ 

of antibodies in genetically dissimilar members of the same species. 

Allogeneic: Pertaining to genetically dissimilar individuals of 

the same species. 

'Allograft (homograft): A graft derived from an allogeneic donor. 

Autograft: A graft derived from the same animal to which it is 

transplanted· t 
/ 

Cé1l-mediated Immune Response: An immune response such as graft 

rejection or delayed hypersensitivity. These reactions are charac-~ 
( 

terized by direct cytotoxic activi.ty ofe immunocompetent cells and can 

only be transferred to another animal with ce1ls from a sensitized 

animal. 

Clone: A population of cells derived from a single cell by asex-

ual division. AlI cells within the population are therefote of tHe 

217. 

~ 
same genetic constitution. 

Delayed sensitivity: A specific sensitive state characterized bv 

a delay of many hours in ~nset time and course of reaction. It is 

transferable with cells but not with serum. 

Freund's aBjuvant: (a) Complete :Freund's water-in-oil emulsion of 

-mineraI oil, p1an~ waxes, and killed tubercle bacilli used to incor-

porate with antigen to stimulate antibody production; (b) incomplete. 

Freund's mixture without tubercle baci1li. 
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Graft vs host reaction (GVH): An immùne response produced when 

immunocompetent cells are,grafted ta an incompatible host and react 

. against the host tis,sue. 

Hemagglutinin: An antibody which roocts with' a surface antigen-
. 

determinant(s) on red cells to cause agglutination of the red cells. -Histocompatibility antigens(transplantation antigens): Antigens 

roded for by "histocompatibility gene~" which determine the compati­
/ 

bility of grafted tissues and organs. 

Humoral immune re~pon\e: An immune re.sponse r~sulting in the 
'\' 

formation of a soluble antibody which is released into the body fluids 

where it is capable of reacting with a speci{ic antigen. Reactions of 

~ this type ca~ be transferred to an unsensitized.animal with serum from 

a sensitized animal. 

Second-set graft rejection: Acce1erated rejection of a second 

graft due to immunity developed to a primary graft. 

Syngeneic: Pertaining to genetica1ly iQentical or near-identical 

anima1s such as identica1 twins or high1y inbred anima1s. 

Xenogeneic (hetero1ogous): Pertaining to individua1s of different 

species. . / 

Reference: Weiser et al., #240, Chapter 1. 
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AF 

B6 ~ 

B6AF1 

,BM 

BSS 

CAFl 

CFA 

DH 

Fl-LPS 

GVH 

l H 

KC 

LPS 

MST 

PBS 

PFC· 

" pvp 

SE 

.SRBC 

~RBC-LPS 

T-A 

TF 

Abbreviations used in Text 

, 

) 

A cell factor 

C57BL/6 

C:JBL/6 x A FI 

Bone Martow 
j' 

Balanced Salt Solution 

{Complete Freund's Adjuvant . 
, Delayed Hypersensitivity 

Fl RBC coated with LPS 

Graft-versus-host reaction -. , . 
Histocompatibility 

Kidney cells 

Lipopolysaccharide 
'" 

Median survival time 

Phosphate buffered saline 

Plaque form1ng cells 4 

: Polyvinylpyrro,lidone 

Standard error 

.S~P red blood cells 

"" SRBC chated with LPS 

TF-AF ,complex 

T cell factor ~ 
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