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Chapter 1 

General introduction 





Introduction 

Organ transplantation has become an established therapy in patients 
suffering from diseases leading to organ failure. Table I shows the number of 
organ transplants performed in the Eurotransplant area from 1 g90 to 1993. 
The use of potent immunosuppressive drugs and effective protocols for 
prevention and treatment of infectious diseases have contributed to impro
ved outcome of clinical organ transplantation. Nowadays, one-year patient 
and graft survival after kidney transplantation is 85 to 95 % (1). However, 
the potent immune response to transplanted tissues leading to acute graft 
rejection remains a major problem. 

Table I Number of organ tranplants in the Eurotransplant area" from 1990 to 1993 ** 

1990 1991 

Kidney 
... 

3171 3395 
Heart 682 803 
Lung 50 74 
Liver 

... 
576 715 

Pancreas/Kidney 62 70 

Austria, Belgium, Germany, Luxemburg, the Netherlands 
•• Data from the Annual Report 1993, Eurotransplant Foundation 
•.• Including combined organ transplantation 

Graft rejection 

1992 1993 

3101 3294 
751 766 
109 118 
765 878 

62 91 

Incompatibility of donor and recipient Major Histocompatibility Com
plex (MHC) proteins results in the extremely potent immune response known 
as alloreaction. The MHC is a complex of highly polymorphic genes encoding 
the MHC class I and class II molecules. These molecules present intracellular
Iy processed peptides to T lymphocytes and thereby initiate T cell mediated 
immune responses against pathogens. MHC class I molecules, that are 
expressed on virtually all nucleated cells, present peptides to CD8 + T cells, 
whereas MHC class II molecules, expressed on B lymphocytes, macrophages 
and other antigen-presenting cells (APC), present peptides to CD4 + T cells. 
Physiologically, T lymphocytes recognize their antigen, via their T cell 
receptor (TCR), only in the context of self MHC (MHC restriction). 

T cell responses to allogeneic MHC (alloMHC) molecules are extremely 
potent due to the high frequency of alloreactive T cells (2). Alloreactivity 
results from crossreactive recognition of alloMHC-peptide complexes by 
antigen specific TCR. TCR of alloreactive T cells interact with a great variety 
of peptides presented in the context of allogeneic MHC molecules and may 
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also bind directly to the allogeneic MHC molecule (2). 
The most common form of TCR is a heterodimer composed of two 

glycoprotein chains, ex and B, linked by a disulfide bond. The affinity of TCR 
for MHClpeptide complexes seems to be extremely low (Kd of 10.4 to 10.5 

M) and therefore adhesion molecules may playa significant role in initiating T 
cell-APC interaction (3). Examples of adhesion molecules are CD2 and LFA-1 
on the T cell surface and their ligands LFA-3 and ICAM-1 on the APC. If the 
TCR encounters its particular MHC-peptide complex, the T cell receives a 
signal via the TCR-associated CD3 complex. This complex consists of several 
invariant polypeptide chains (8, E, y, (" '1) and initiates a cascade of intracellu
lar events leading to T cell activation. Other molecules on the T cell and APC 
contribute to T cell activation. CD4 and CDB molecules on T cells act as co
receptors, not only by binding MHC class II and MHC class I molecules, 
respectively, but also by potentiating intracellular signaling. Besides the 
TCRICD3 complex derived signal (signal 1), a costimulatory signal (signal 2) 
is required for T cell activation. T cells, which only receive signal 1, have in 
vitro been shown to become anergic. Co-stimulatory signals may be provided 
by interaction of CDBO on APC and CD2BICTLA-4 on T cells (4). 

Recognition of donor MHC molecules by recipient T lymphocytes 
results in intracellular signaling events, involving activation of protein 
tyrosine kinases and the phosphatidylinositol pathway, followed by increased 
intracellular Ca2 + and activation of protein kinase C. This pathway eventual
ly leads to expression of DNA binding proteins that initiate cytokine gene 
transcription. Via an unknown distinct pathway, CD2B signal transduction 
leads to cytokine mRNA stabilization (5). The activated alloreactive T cells 
produce IL-2 and express IL-2R leading to clonal expansion of these cells. 
Production of IL-2 and other cytokines leads to recruitment and activation of 
CDB + cytotoxic T cells, macrophages, NK cells and B lymphocytes. These 
effector cells cause, via cell-cell interactions and their soluble products, 
tissue destruction, leading to graft loss (6, 7). 

Immunosuppression 

Graft loss is inevitable if alloreactivity is not suppressed by immuno
suppressive agents. Currently, immunosuppressive protocols are based upon 
the combined use of multiple immunosuppressive agents which may potenti
ally interfere with distinct steps of the rejection process, including antigen 
recognition, T cell cytokine production, cytokine activity and T cell prolife
ration (B). Table II shows examples of immunosuppressive drugs and antibo
dies frequently used in clinical transplantation. In experimental settings many 
other drugs and monoclonal antibodies (mAb) have been and are being 
evaluated for their immunosuppressive capacity. Among these are mizorbine, 
RS-61443, 15-deoxyspergualin, brequinar sodium and mAb against LFA-1, 
ICAM-1, CD4 and IL-2R. 
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Table "Immunosuppressive agents and their site of action in alloresponses 

Alloresponse stage 

Antigen recognition 
T cell cytokine production 
Cytokine activity 
T cell proliferation 

Immunosuppressive agent 

OKT3,ATG,ALG 
CsA, FK506, corticosteroids 
Rapamycin 
Azathioprine, corticosteroids 

Why continue searching for new immunosuppressive agents? 
As one-year patient and graft survival have increased enormously the 

last years, long-term problems have gained importance (1). Chronic graft 
rejection appears more difficult to control than acute rejection. Furthermore, 
the required life-long immunosuppressive treatment leads to serious pro
blems, such as opportunistic infections, increased incidence of malignancies 
and drug-related complications (e.g. cyclosporin A (CsA) nephrotoxicity or 
steroid-related metabolic changes). So, improved immunosuppressive agents 
should be non-toxic and effective in preventing both acute and chronic 
rejection. To overcome problems associated with long-term non-specific 
immunosuppression, strategies should be designed to induce allospecific 
tolerance. Therefore, the search for new immunosuppressive strategies 
continues. In our study, we have focussed on anti-CD3 mAb and on strate
gies interfering with cytokines. 
Why monoclonal antibodies? 

Monoclonal antibodies are agents that specifically and with high 
affinity interact with e.g. cell surface molecules. These target molecules 
determine which cell population the mAb will affect and in which functions 
they will interfere. The isotype of mAb determines what effector mecha
nisms of the recipient may be used and therefore the effect of mAb treat
ment, such as target cell coating or target cell depletion. 
Why anti-CD3 mAb? 

The CD3-complex, which is noncovalently associated with the TCR, is 
involved in intracellular signal transduction after antigen binding by the TCR. 
Since the description of OKT3 (9), a mouse IgG2a mAb against human CD3, 
a vast amount of literature has appeared on the in vitro and in vivo properties 
of anti-CD3 mAb. In vitro, OKT3 can inhibit T cell proliferative responses to 
soluble antigens, the development of CTL and allogeneic cytotoxicity. Two 
mechanisms may be responsible for these immunosuppressive effects. First, 
mAb may block the TCR binding site and thus recognition of the alloantigen. 
Second, anti-CD3 mAb induce co-modulation of CD3 and TCR. These 
modulated cells are immunologically incompetent. In vivo, anti-CD3 mAb 
result in coating and modulation of the TCR/CD3 complex, T cell depletion 
and possibly T cell non-responsiveness (10, 11). These mechanisms are 
responsible for the successful use of OKT3 for immunosuppression of clinical 
organ allograft rejection. 
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Side effects of anti-CD3 mAb 
The first injection of OKT3 is followed by severe clinical symptoms, 

such as fever, chills, nausea, diarrhea and headache. These "first dose 
reactions" are caused by massive release of cytokines (lL-2, IFN-y, TNF-a, IL-
6), which are probably produced by activated T cells. 

Another complication of OKT3 treatment, as treatment with all mouse 
mAb, is the development of human-anti-mouse-antibodies. These may 
abrogate the effectiveness of OKT3 treatment. 
Why cytokine-directed therapy? 

Cytokines produced by many cell types, such as T cells, macrophages 
and NK cells, may influence the rejection process, as we describe in chapter 
2.1. Table III illustrates some cytokine effects that may contribute to this 
process. 

Because of their central role in graft rejection, CD4 + T cells and the 
cytokines they produce have been studied widely in rejection and acceptance 
of allografts. CD4 + T lymphocytes can be subdivided into at least two 
subsets, T helper(Th)1 and Th2 celis, based on their cytokine production 
pattern (12). Th1 cells, which produce IL-2, IFN-y and TNF-B, playa role in 
delayed type hypersensitivity (DTH) reactions and cellular cytotoxicity, 
whereas Th2 cells, which produce IL-4, IL-5, IL-6 and IL-10, are effective 
stimulators of B cell differentiation and antibody production. These two Th 
subsets can regulate each others proliferation and function (13). While IFN-y 
inhibits Th2 cell proliferation and antagonizes IL-4 effects, IL-10 inhibits Th 1 
cytokine production. Graft rejection is thought to be mediated by Thl cells, 
that may stimulate DTH and CTL activity. On the other hand, suppression of 
alloreactive Th 1 cells by Th2 cells may lead to graft acceptance (14). 
Cvtokine-directed strategies 

Immunosuppression may be achieved by neutralizing pro·inflammatory 
cytokines (Table III) by administration of anti-cytokine mAb or soluble 
cytokine receptors. Alternatively, "skewing" of the alloreactive T celi respon
se towards a Th2 dominated response may inhibit graft rejection and even 
induce graft tolerance. In vitro, "skewing" of T cell differentiation towards 
one of the Th subsets can be achieved by varying the cytokine environment. 
For example, IFN-y (Thl, NK cells) and IL-12 (macrophages, B cells) promote 
Th 1 cell differentiation, whereas IL-4 (Th2) enhances Th2 cell development 
(15). Changing the in vivo cytokine environment by anti-cytokine mAb or 
cytokines, may have a similar effect. 
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Table III Cytokine effects that may contribute to graft rejection 

Cytokine 

IL-l 
IL-2 
IL-6 
IL-12 
IFN-y 

TNF-a 

Source 

macrophages 
T cells 
T cells, macrophages 
B cells, macro phages 
T cells, NK cells 

macrophages, NK cells 

Aim of this study 

Effects 

T cell activation 
T cell proliferation, CTL activation 
T cell activation 
NK cell activation, Th 1 cell differentiation 
CTL, NK cell and M$ activation, increased MHC 
expression 
M$ activation, increased MHC class I expression 

In this study we explored different ways to induce suppression of graft 
rejection in order to find regimens yielding effective immunosuppression and 
possibly graft acceptance, with minimal toxicity. We studied the effect of T 
lymphocyte and cytokine-directed therapies on mouse skin graft rejection. 
Skin transplantation in mice is a technically easy procedure and the rejection 
process can easily be monitored. As in vascularized organ transplants, 
rejection is mediated by T lymphocytes. Because of our interest in the role of 
Th cells in rejection, we have chosen an MHC class " disparate strain 
combination, as rejection in this strain combination is mediated by CD4 + T 
cells (16). 

A review on the role of cytokines in clinical and experimental trans
plantation (chapter 2.1) illustrates that cytokines may be targets for immuno
therapy. In chapter 2.2 we compare cytokine-directed strategies for immuno
suppression with T lymphocyte-directed strategies. We conclude that in our 
model the use of anti-T cell mAb is significantly more effective than treat
ment with Th2 cytokines in combination with neutralization of IFN-y, a Th1 
cytokine. Treatment with anti-CD3 mAb resulted in better skin graft survival 
than anti-CD4 mAb treatment. 

The effective immunosuppression by anti-CD3 mAb was illustrated by 
the long-term skin graft survival after treatment with 17A2, a rat IgG2b anti
CD3 mAb (chapter 3.1). In contrast to OKT3, the clinically used anti-CD3 
mAb, this anti-CD3 mAb had no side effects. In chapter 3.2 we studied the 
immunosuppressive effects of three different anti-CD3 mAb, 145-2C 11, 
17A2 and KT3. These mAb were equally effective in prolonging skin graft 
survival and all induced modulation of the TCR/CD3 complex and T cell 
depletion. One of these mAb (145-2C11) induced strong cytokine release 
and morbidity, whereas the other two did not. In chapter 3.3 these three 
anti-CD3 mAb served as a model to elucidate the mechanism of anti-CD3 
mAb-associated side effects. 

In chapter 4, we briefly discuss our results concerning the effective
ness of cytokine and T cell-directed immunosuppressive strategies. Finally, 
we speculate on future perspectives of anti-CD3 mAb treatment. 
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CHAPTER 2.1 

Invited review 

ALtOGRAH rejection is a complex process, which requires 
interactions between different cell rypes and a variety of 
soluble factors, such a~ qrtokines. In this fl."View we 
discuss the role of <..]'tokincs in the induction and effector 
pha..~es of the rejection process and In the induction and 
maintenance of alIospecific graft tokrance. Furthermore, 
we discuss the feasibility of clinical gr-aft function moni
toring by measuring cytokillcs and the possibilities for 
intervention in the cytokillC network in order to inhibit 
graft rejection and cvcnrually obtain graft acceptance. 

Key word~: CylOkllle~. Graft relectlon . .\1onoclonal .1I][;h,,(]) 
[r,,:lImen!, Thl-Th:! ,llb~ets, Toler,\[]('<:' 

Introduction 

Cytukines are proteins. which act as solubk me
diators and regulators of immune responses. They 
perfonn their actions br binding to specific mem
brane-hound receptors and C1ct in a paracrine or 
autocrint: fashion. Oifkrent cell types, not only 
leukocytes, can produce the same cytokine or react 
10 the same cytokine. So, one cyrokine can have a 
range of differential effcct~ on various different target 
cells (pleiotropy) Furthermore, two different 
cytokines can have the same effect (redundancy) 
Cytukines are able to positiwly or negatively influ
ence the production and function of ont: another. 
The complexity of the cytokine network should be 
kept in mind, while interpreting experimental or 
clinical findings as discussed in this review 

One of the immune responses in which cytokines 
are considered to phy an important role is aJJogmft 
rejection. The process of rejection has been studied 
carefully and starts to become marc clear. H During 
the induction phase ofrejeclion, T-cell receptudTcR) 
recognition of the foreign !vIHC molecule results in T
cell activation. expn.:ssion or the interleukin OLJ-l 
receptor (I{) and production IL-2, which in an 
autocrine fashion induces donal expansion of the 
activated T cells. During T cell activation, soluble 
(;,)IL-2R 3re rele:lsed.' It is thought that CD'l· T 
lymphocytes are essential for initiation of graft rejec
tion and CDW T cells are more important in the 
effector phase of rejection.' In this phase, production 
of IL-2 and other cytokine.~ induces influx and pro
liferation of C08+ C)'1otoxic T cells, natural killer (NK) 

cells ::md macrophages. This inflammatory process 
will lead to tissue destruction and dysfunction of the 
graft, Cytokines Cln influence thi;, process at several 

© 199~ Rap,d Commu[j,calJOlls 01 Oxford Ltd 
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levels (Table 1l. IL-I, produceu by macrorhages. :1<'ts 
as an ;.Iccessory signal from the antigen presenting 
cdl (Ai-'Cl for T cell prolifecltion."-- [L-1 is a growrh 
boor for T lymphocytes. induces T lymphocyw 
cytotoxicity and stimulates NJ< cell C1ctivir:. ... ~ inter
feron (!F:>Jl-1' activates macrophages. c~'1otoxk T cells 
and :\'K cells and induces increased expression of 
.~lliC dass I and II molecules in this way increasing 
the ;lllogeniciry of the graft," Tumour necrosis factor 
(TNfJ-u increases the MHC class I expression and 
activ3tes neutrophils,I'f-1l Apart from these activities. 
cyrokine;, may have direct CytotOXK effects on the 
grafted tissue. I-' 

Since CD4· T cells are of such importance for gf3ft 
rejection. T-helper (Th)1-Th2 subsets have been 
studied for their pOlential role in regulating the 
rejection process. Roth in mice and in human. differ· 
ent Th cell clones have been described. which can be 
distinguished by the different sets of cytokines they 
prodUCl·.'-'" Thl celL~ produce IL-2. IFN-y and 

Table 1 Cell sources 01 cytokines relevant in transplantation 

IL-l 
IL-2 
IL·4 
IL·S 
IL-6 
IL-lO 
IFN·,. 
TNF·'l 
TNF-P 

CTL' Thl Th2 NK B cell Monocytes/ Other" 
macrophages 

'CTL, cytotoxic T lymphocytes. 
"Other cells producing lhese cytokines are fibroblasts, epithelial 
cells etc 

Mediators 01 Inflammation Vo13· 1994 
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lymphotoxin (LT, also known as TNF-~l. while Th2 
cells produce IL-4. IL-5. lUi and 1L-1O. Other 
cytokines. such as 1L-3 and TIF-a. are produced by 
hoth Th subsets. 

DiflCrent functions have been assigned to the 
different Th subsets, Thl cells mediate delayed-type 
hypersensitivity lDTH1. anti-viral and anti-tumoral 
cytotoxic effects. while Th2 cells provide help [or l:3 

cell differentiation and antibody formation. Th~se 
two Th suhsets are able to inllucnce each others 
cytokine production and proliferation. IF0J-y, pro
duced by Thl cells, inhibils Th2 cdl proliferauon and 
cytokine production. Ii> IFNy also antagonize.'; the 
activity of !L-4 in B cdl activation and isotype pro
duction. I

' The Th2 cytokine IL-lO. inhibits the pro
duction of Thl cytokines while IL-4 inhibits Thl cell 
proliferation, I".I~ Since cellular cytotoxicity plays ,In 

important role in allograft rejection, ThI cells are 
thought to dominate in this process. On the other 
hand. the suppression of these allospecific Thl cells 
by Th2 cells could be a mechanism of gwft accept
ance. Altered cytokine gene expression and produc
tion during graft rejection provides a logical target to 
redirect the observed shifts in the Thl-Th2 balance 
interfering with the cytokine network. 

To further elucidate the role of cytokines in clinical 
and experimemal allograft rejection and sU!i'ival, we 
first focus on the detection of cytokines during the 
rejection process and during graft acceptance. Then 
we describe the approaches that have been used fa 

interfere in the cytokine nenl,'ork and future pros
pects for therJpeutic intervention 

Detection of cytokines during graft 
rejection 

There are two reasons for detecting cytokines 
during allograft rejection. The first is to find a reliable 
and preferably non-invasive method to monitor graft 
function. If certain cytokines are found to he eady 
predictors of acute rejection lhis enables us to start 
rejection therapy as soon as possible and to monitor 
the success of this therapy. The second reason is to 
learn more about which cytokines playa role in rhe 
rejection process and therefore might be good targets 
for immunomodulation. We think that therapeutic 
intervention in the earliest (induction) pha~e of rejec
tion is preferable to intervention in the effector phase 
in order to redirect the immune reSpOnse :lIld achieve 
long-term al!ograft survivaL Therefore, we consider 
cytokines appearing in the induction phase of 
more importance to se!i'e as targets for 
immunomodulation than c~..1okine.~ appearing late in 
rejection. 

The advantage of animal modeb for graft rejection 
is that proper controls. including syngeneic gmfts 
and non~grafted tissue can be examined for cyto
kine expression. Furthermore. in general, no 
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immunmtlppre~~ive drugs are being used in these 
models. 

In the clinical setting, imml1nosuppressivl: drug~ 
are routinely llsed for the prevention of organ tr:!os
plant rejection Immunosuppressive dnJgs like 
cyclmporin A (CsA) and glucocorticoids can inlubit 
T\F and lL-6 production,''l-21 while the anti-CD3 mAb 
OKTj and anti-thymocyte globulin (ATGl can in
crease serum lL-G and TNF-a levclsY-l' 

T;Jbk 2 summarizes the cytokines descrihed [(J be 
inyoln'd in ~tllograft rejection. 

Delection oIsy~lemic c),fokines: In the clinic;}! 5etting 
a lot of dfon has been made to find ;J ~ingk ur few 
cytokines in the serum, urine or bile, that permit 
monitoring gr;JI't rejection. In kidney. liver or lung 
transplantation. serum levels of IL_6.'-',J<_~(' TNF_a,2--29 
!L-2, and sIL_2H-ltl-11 have been shown to increase in 
Idation to graft rejection. Serial monitoring was nec
essary. since not the absolute levels of IL-6 or slt-2R, 
hut rather a rise of these levels indicated the deve!
oprnenr of rejection." ~i),'1 'Ii However, the measured 
cytokine levds have 1m\' sensitivity and specificity 
regarding rejection diagnosi:.. TNF-a. IL-2 and sIL-2R 
leveb were found to be elevated in some cases of 
stahle graft function."!-IE "', IL-6, Th'F-a and sIL-2R lev
eb were increased in the early postoperative period 
and elevation:; of IL-6. TNF-a or sll-2R levels were 
found during episodes of infection.!l.2.'D!'~" 

Yoshimura el a/.J', suggested that serum lL-6Ieve!s or 
even bener the ratio of 1L-6 to CsA trough value may 
discrirnin;Jte reiection from CsA nephrotoxicity. Pos
sihly, measurements of TNF_a,9 or IL-2m in the unne 
of renal illlogrdft recipients Of IL-6r in the bile, :1:; 

shown in a rat hepatic allograft model, will have 
more value in discriminating allograft rejection from 
infection or non-immunological grah dysfunction. 
These studies demonstrate that systemic cytokine 
meaSUfemenl~ are not reliable enough to differenti
ate reiection from infection. Therefore, they cannot 
be used for monitoring and histological tissue analy
sis remains the standard for diagnosis of rejection. 
Whether these cyrokines are involved in the mecha
nism of allograft rejection, as has been suggested in 
a few of the above-mentioned studies, is in our 
opinion doubtful. Based on their paracrine and 
autocrine activity, the detection of cytokines in the 
periphery is not likely to reflect the local activities 
within the graft. Ir is much more likely that cytokines 

Table 2 Detection 01 cytokines implicated in allograft rejection 

SystemiC 
In situ animal 

models 

Cytokines 

IL-2, sIL-2R, IL-5, TNF-a 
IL-2, IL-4, (IFN-y), (TNF-~) 

In situ clinical IL-2. IL-5, IL-S, IFN-y. TNF-a 
transplantatIOn 

References 

23, 25-35 
44,45 

46-50 



that are systemically present. such as ThT-a and 1L-6 
are involved in the inflammatory process of an ongo
ing rejection process and are rather nonspecific 
markers in the serum. Interference with these 
cytokines could diminish the development of in
flammation, but a more preferable target for 
immunomodulation would be those particular 
cytokines, that art' involved in the induction phase of 
the local rejection process in order to create a new 
immunological balance and graft acceptance. 

In situ detection of i-~ytokines during gmft rejectioll: In 
order to get more insight into which cytokines are 
invol\"ed in the rejection process, cytokines have 
been detected in the graft in experimental and clini
cal ~et!ings. For in situ detection of lytokines several 
techniques have been used. Northern blot :w:.dysis. 
reverse transcription (RT)-PCR and in situ hybridiza
tion were used to detect cytokine mR..l\iA within the 
graft. In sponge matrix allografts. i.e. sponges con
taining allogeneic cells. the exudate was tested 
for cyrokine proteins. Furthermore, the local pro
duction of cytokines was investigated US!!lg 
immunohistochemistry or cultures of gratl-mfiltrating 
cells (GIC). All of these techniques have their own 
advantages and disadn.mages. For example, if 
q10kine mHNA is to be detected. one cannot con
clude that the prmcin i.~ also present. since the 
production of cytoldnes can be regulated at post
transcriptional level. In situ hybridization indICates 
the localization of cyrokine production and i.~ also 
rather sensitive. but is a difficult and time·consuming 
technique. RT-PCH is an extremely sensitive method, 
bm this method gives no infonnation about the cell
type that produces the detected cyrokines 
Immunohi.~tochemisuy is able to demonstrate the 
c)1okine-producing cells. However, most cytokines 
are not retained in the cytosol. but are directly 
secreted after translation. This may cause false nega
tive result5. On the other hand, it is difficult to 
discriminate between the cYlOkine producing cells 
and the target cells for these cytokines. Especially 
interpretatIons concerning Thl~Th2 imbalances 
should be made very carefully. This also counts if 
cytokines are detected in supernatants of cultured 
graft infiltrating cells. It has been shown that culture 
conditions, such as added cytokines, can dictate the 
outcome of the cyrokine pattern pr()(luced.3&"'u The 
analysis of mRNA of cultured cells is also unreliable, 
since manipulating the cells can cause not only 
induction of a particular cytokine mRNA, but also the 
level of instahle cytokine mRNA to decline. \.l 

Two studies in a murine cardiac allograft model·4 .',i 

used the extremely sensitive reverse transcription 
PCR method to detect lytokine mRNA in normal 
tissue, isografts and allografts at seveml days after 
grafting Their results were quite similar. The 
cytokines that wc:re detectable could be divided into 

three groups. The first group of cytokines can be 
detected in nonnal tissue, isografts and allografts and 
consists of IL-IP. IL-S, IL-6. TNF-a and TGF-p. The 
second group, including IL-lCt and 1L-3. is expressed 
in both isografts and allografts. These two groups 
seem to represent cytokines which are induced in 
res[1onse to the grafting procedure and are not cor
related with the rejection process iL~e!f. The last and 
probably the most import:mt group consists of fL-2 
and IL-4. These cytokines are only present in 
allografts, which suggests they playa role in allograft 
rejection. However. the two studies show inconsist
ent data on twO cyrokines, TNF-p and IFN-y. Dallman 
et al.+< showed that ThF-P can only be detected in 
allografts, while Morgan t'f al.4i also detected this 
cytokine in isografts. IFN-y. however, was only found 
in allogr:ltis by :Vlorgan f'f (II., while Dallm:m et at. 
detected IFN-y mRNA in nonnal tisslle and in 
isografts as well, though the levels were I01;\'er than 
in the allografts. This difference in cyrokine pattern 
remains unexplained. Interestingly. DaHman ef at. 
found that lL-2, IL-4 and TNF-P. the cyrokines that are 
expressed only in the :.tll()grafts, were all transcribed 
transiently. their expression being maximal at +-5 
days after transplantation. Thereafter the expression 
declined before clinical signs of rejection appC:lred, 
suggesting these c)'l.Okines playa role in the initia
tion of rejection. 

In the clinical setting ill silu detection of cvtokines 
in rejecting allografts has been compared with gr<llh 
without signs of rejection. In situ hybridization of 
human renal hiopsies showed that normal kidney 
tissue or biopsies from patients with stable graft 
function do not significantly express IL·6, ThF-Ct or 
IFN-y transcripts:'" During acute rejection. however. 
the gmfts showed signilkant levels of IL-6 mRNA. but 
not TNF-a or IFN-y mRt'l"A. The IL-6 mRNA was 
expre.~sed in many different cell t)·'Pes. such :IS 

glomerular cells, tuhular epithelium and vascular 
endothelium. The significance of the IL-6 production 
by these nonirnmune cells remains unclear. Using the 
same technique on irreversibly rejected kidney grafts. 
TNF-a rnRNA could be detected in macrophage-like 
infiltrating cells.'! Immunohistochemistry showed 
that these cells actually produced TNF-Ct protein. 
Glomerular cells and tubular epithelium cells prob
ahly were target cells for TNF-Ct, since TNF-Ct protein 
could be detected, hut no TNF-a mHNA was found 
in these cells. The re~ults of mR..'l"A detection during 
allograft rejection may be influenced by the organ 
investigated. In human liver allograft~ IL-IP, IL-4, 
IL-6 and TNF-Ct rnRNA was expressed in rejecting 
allografts and in grafts without signs of rejection. +~ 
Only IL-5 mRNA was associated with H\'er graft rejec
tion. All the above-mentioned data are derived from 
grafts, in which the rejection process had developed 
quite far. as grali dysfunction was already apparent. 
and the rejection sometimes even irreversible. So. the 
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cyrokines detected may playa role in the graft rejec~ 
tion, but may ;1/:;0 be rather nonspecific mediarors of 
rio-sue inlhmmatron and destruction. Two studies, 
using rrr·PCR on fine-needle aSplrJres. were abk to 
detect IL-1 mR:--JA'9 and IP.<-y mR.'iA"j in samples, 
taken before clinical rejection. Since the expression 
was [ran~ient. sequential analysis is required to lise 
this method to predict graft rejection. 

Detection ofcytokines dun'Jlg allograft acceptance' In 
animal models, the induction of allograft tolerance 
has succeeded by u~ing several different protocols, 
such :IS a preoperative donor-specific transfusion 
(DSTl or anti-CD4 monoclonal antibody (mAb) treat
men[."-<-\ Detem1in:ltlon of the changes in the 
cytokine profile in these accepted grafts compared 
with rejecting allografts, may clarify the mech:lllism 
hy which this state of tolerance is maintained and 
m:ly indicate ways to manipulate the immune system 
in ofder to obtain [olerance. Suangely. intragrafr 
events, which have heen ascribed to cytokine~, such 
as mononuclear cell infiltration, allospecific cytotoxic 
T cells ,md elevated expression of MHC class 1 and 
II antigens. are still apparent in tolerized grafts'" and 
renal allografts with stable graft function." 

In a rat kidney allograft modeL in which tolerance 
was induced by OST, graft infiltrating cells from 
toJer~!nt rats were unable to produce IL-2 ill vitro, 
expressed lower levels of the lL-2R and showed 
lower proliferation in response to IL-2 than cells from 
untreated rats.'& In a comparable mode!, tolerized rat 
helf( allografts showed a lower expression of IL-2 
and IFN-y mRNA and a dil"ferent kinetics of these 
messages rhan rejecting allografts_" Strong evidence 
that the downreguJation of IL-2 or IFN-r mRNA pbys 
a role in rhe development of graft tolerance is pro
vided by the fact that simultaneous administration of 
IL-1 or IFN-y and the OST abrogates the to!erizing 
effect. It is still unclear whether this downregulation 
of Thl cyrokines is the mechanism of tolerance 
induction or whether Th2 cells playa role in sup
pressing these Thl cytokines. 

After induction of tolerance, usmg several different 
sttJ!cgies, it has been shown that IL-2 ;lnd IFN-y 
mR:--JA were downregulated, whereas 1L-4 and IL·IO 
(Th1 cytokines) mRNA expression remained at the 
same level or even increased. 'I! However, there is no 
proof that the source of these cytokines is indeed T 
lymphocytes. Recently, it has been shown, ti13t [L-1O 
mRNA is detectable in many organ~ of a normal 
mouse and is expressed at the same level in nude 
mice or scm mice, suggesting independence of T 
and 13 cells. '" 

Anti-CD4 mAil treatment has resulted in graft ac
ceptance in several animal models. Panial depletion 
of CD4' T cells in mice resulted in a higher expres· 
sion of IL-4 mRNA and a lower expre~sion of IFN-y 
mR:"<A. as detected hy in Sitll hybridization in pun-
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fled CD'!' T cells," In other studies, uSing anti-CO-'l 
mAb, long term renal allograft sur\'iyal .lOU :!broga
tion of accelerated cardiac rejection \\'ere accompa
rued by diminished IL-1 expression :lnu preserved IL-
4 expression. suggesting that till' Thl-lh2 uichmorny 
does playa role in immunosuppression.'" ", Addi
tional evidence is provided by rhe finding thal adop
tive transfer of a bml1-specific Th1 cdl line to R6 
mice resulted in prolongation of bml2 skin grafts, 
whereas BALB/c rhird parry grafts were rejecred.'" It 
is interesting to note that IL-·, can be detected both 
early in the rejectiun process'; :llld during graft ac
ceprance. This finding 3waits hmher clarification. 

Strategies interfering with cytokine effects 

CsA and FK506 are important immunosuppressive 
drugs, that are widely used for preventlOg organ 
allograft rejection. It is known for several years now 
that [heir immunosuppressive mechanism is based 
on inhibition of T celJ signal transduction patln\'ay~ 
leading to activation of cytokine gene expression,'-'; 
Besides these established regimem, alternative ways 
to interfere with cytokine effects have heen studied 
(Table ,3) 

MUlluc/ollal ()rpo~vc!ona{ antibodies: Since cyrokines 
have been shown to be associated with alJogr:lft 
rejecrion, several strategies have been studied to 
interfere with cytokine function in order to prolong 
graft survival. 

,v!onodonal and polyclonal antibodies against 
cytokine.~ have been shown to prolong allograft 
survival in several animal models. Anti-IFN~y mAb 
blocked ;\1HC class II disparate skin graft rejection in 
mice. but had no effect on ;\1HC class I disparate skin 
gr:lft rejeuion,'" Anti-IL-:!,("; :lmi-ThF-u and anti-LT 
antibudies"-"""" were able to prolong rat cardiac 
allograft sunwa!, when given as the only therapy. In 
the same model, anti-IFN-y antibodie.~ alone failed to 
prolong graft survival compared with untreated con
trols:"'] However, in combination with CsA, anti
IFN-y antibodies prolonged allograft sUn'ival in a 
synergistic way.-U,"2 This synergistic action with CsA. 
that permits lowering of the esA dme. dll'reby de
creaSing its potential nephrotoxicity, is also seen 
using anti~T:'\iF-u antibodies.""''''! Funhermore. it ha.~ 

been 5hO\'\"O that combining anti-LT with anti-ThF-a 

Tabta J. Strategies interfering with cytokine effects 

Modulator Targets Relerences 

CsA. FKS06 IL·2 64 
Antibodies IL·2,IFN-y, 65--69, 71Hl5 

TNF·fl, TNF-!3. 
IL-2R+ cells 

Cytokine conjugated toxins IL-2R' celts 86,87 
Soluble receptors IL·1. IL·4 88.89 
Cytokines {IL·4, tl-lO} Th2 subset 98, Dallman er al. 



mAb ameliorates graft sun·ival. compan:d with anti
Th"F-a mAb treatment alone. iJI 

Although these antibody treatments directed against 
single cytokines have some effect. graft survival times 
are not impressive. One of the reaSOns for this 
finding could be the property of cytokines to mediate 
local, i.e. in the graft. short-distance effects. There
fore the local antibody concentration might not be 
sufficient to neutralize its target cytokine. However. 
there is evidence that the neutralizing antioodies 
indeed reach the graft. since 'lil-lahe!led :lOtHL-l 
rnA.b was detectable in the graft."" Furthermore. lout 
effects of the mAb. such as diminished mononuclear 
cell infiltration. no expression of :-"IIIC class! anti
gen::. anel modification of immunohistologic staining 
pattern of TNF-a. were readily visible.o"tr2 Another 
explanation for the disappointing results with 
cytokine-directed antibodies is the redum.hmcy of 
the cytokine system. ;-.;eutralizing the activity of one 
cytokine probably m:lkes another take over. The 
striking redund:lncy of the <..-ymkine system \vas 
again demon!-itrated by the finding, th:lt IL"2 :md lL
t knock-out mice were less affected in the develop
mem and function of their T cell system than ex
pened.-"· 

Another approach to interfere in the cytokine net
work. oy using mAb direrted ag~linst the [L-2R 
ICD2'5), ha!-i been shO\\'n to be more succes!-iful. Not 
only the number of publica(jon.~ on the use of this 
mAil, hut also the fact that thi!> treatment b already 
used in clinical trials, arc indicative for its success. 
Anti-IL"lR m.Ab therapy difkrs frum anti-cytokine 
mAb therapy in that it :lcts on IL-2R bearing cells and 
not just un soluble protein~. Since high-affinity IL-1R 
is only expressed on activated T celb and not on 
restmg T cells, this approach seems more specific 
than other established immunosuppressive therapies 
using ATG, OKT3 or CsA:' The mechanism of the 
anti·IL-2H induced immunosuppression is still not 
c1e:lf. Depletion of IL·2R" cells. modulation of the 
IL·2R or blocking of the IL-2-IL-2R imeranion have 
been proposed to playa role.'{,-'" In animal models 
ami-IL·2R m..I.,b have been u!-icd to inhibit G'vTID and 
organ allograft rejection:(,'<J-.><l Prospective c1iniul 
trials have shown that anti-IL-2R tre:ltment is equally 
effective a!-i ATG for the prevention of renal allograft 
rejection."'""'" 

The use of mouse Of rat mAb in clinical transplan
ultion is hampered by the development of human 
anti-antibodies, that !-iubsequent!y lead to high clear
ance rate of the mAb and abrogation of their ellen. 
Therefore, 'humanized' mAb have been produced, 
combining the rodent co,uplementarity-determining 
regions with con!-itant regions and framework of 
human antibodies. A 'humanized' anti-IL-2R mAb, 
that wa!-i less immunogenic and had a longer half-life 
than its murine form, significantly prolonged cardiac 
allograft !-iurvival in cynolllolgus monkeys.'" As 'hu-

manized' mA.b were being developed, molecular 
engineering offered an alternative approach for se
lectively attacking IL-2R' cells. CytOloxic substances. 
such as Pseudomonas exotoxin (PE) Of Diphthena 
toxin were coupled to IL"2, thereby targeting and 
killing IL-2W cells. IL·2-PE40 and DAB486-IL-2 were 
able to inhibit allograft survival in animal models.""·'-

Soillble cytoki!le receptor.;: In biological tluids of both 
animals and humans, cytokine binding proteins have 
been found. [hat later appeared to be soluble forms 
of cytokine receptors, like sIL-2R, sIL-4R :lnd sTNFR. 
They generally ha\'e the !-iame binding affinity for 
their ligand ,IS the membrane receptors and therefore 
are able to competitively inhibit cytokine binding to 

membrane receptors and SUbsequently their effects 
on target cells. Soluble cytokine receptors are consid
ered to be naturally occurring cytokine inhibitors ami 
have the advantage of higher affinity and being non
immunogenic over neutralizing mAb. Their potentia! 
as therapeutic agents in inflammatory di!-iease and 
sepsis !1:J..~ been shown. In ~\ c:lrdiac allograft model 
III mice, sIL-1R and sIL"IR have been shmvn to 
v)mewhat prolong the allograft survival."" '9 

The cfflcacy of treatment With so!uhle cytokine 
receptors b based on .~ca\"enging the relevant 
C',1okine. Therefore. it is crucial to have the solun!e 
cytokine receplOr present in the semm with :l long 
half-life. The linking of two sTNFR molecules to the 
Fe p(Jltion of a single human IgG 1 molecule resulted 
in a dimeric fonn of !-iTNFH with ~ignific:lntly higher 
affinity for !.'iF than the monomeric sTNFR. More
over. this complex is detectable in serum during 4 -
') days. being significantly increased over unbound 
sTNFR. Thb dimeric sTNFR was very etTective in in 

uhv neutraliZing endogenous TNF and protecting 
mice from lethal endolox:lemia.""·o, Since ami-TNF 
mAb h:lve been shown to be effective in prolonging 
allograft sUfviva!."'M this agent might have a similar 
or even more potent effect on allograft rejection. 
C~ing ~oluhle cytokine receptors. one should keep in 
mind th:lt they :lre also capable or acting a!-i cy10kine 
carriers, protecting them from proteolytiC cleavage, 
prolonging their half~live in the circulation am.! there
fore h:lving an agonistic instead of an antagonistic 
effect.·" The ratio in the presence of the cytokine and 
its soluble receptor probably detennines the biologi
cal OUlcome. 

Strategies for Thl-Th2 ·skel./JIlIg· The assumption 
thal Thl ce!!.~ are responsible for rejection, whereas 
TIl2 cells may act as suppressor cells and inuuce graft 
:lcceptance has led to the idea that 'skewing' of the 
Thi-Th2 ratio towards Thz dominance might inhihit 
graft rejection. In /Jitm studies have shown th:lt 
cYlokines can direct the uifferentiation of Til cells to 
one of the suhsets. [n the presence of IFN-y Till cell 
deveiopmem is enhanced.·'A whereas IL-4 enhances 
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the Jo.;'vdopment of Th2 cells. I" -">' ll-lO does not 
,~eem to direct hulk culture~ towar<-h Thl cywkine 
producing cells. though ~nti-Il-10 mAb did induce 
Thl ·lik<: cdls,'" Tr<::ltmenr of allogr~ft recipients with 
Il-'\ Of !L-\O could ha\'e the same 'skewing' effect 
Furthnmorl'. Il-lO not only inhihit.~ the production 
of Tid cytoldnes. but also ha~ anti-inflammatory 
propertles by inhibiting Il-!. lL-6 and TNF-C( synthe
sis by macropbages.'" 111 L'iuo interference in tile 
dormnance of one of the Th subset~ has already 
succeeded in a number or inflammatory models. 
Gi\'inj.; anti-Il-"! mAb hefore or within the first week 
of Leishmania major inft'ction rendered a su!-;cepti
bit' mouse strain resistant to the p:uasite.9' hut anti
IL-1O mAh had no effect. The other way around, IL
.j promoted thl' Th2 response to the para!-;ite. but did 
not render the infected recipil'nt susceptible,"" Anti
IF:\'-y mAb did render Trypanosoma cnlZi re!-;istam 
mice susceptihle to the infectiun,"- In an allogt'neic 
grah model, the use of anti-IFN-yor anti~IL-2 mAh has 
not been very effective in prolonging allograft sur
vh'al, as we describ<:d earlier. There have been 1\\'0 

groups reporting on the effect of administration of 
Th2 cytokines. IL-4 and IL-lO. on allogeneic re
sponses. Though cardiac allogmh rejection (M 

Dallman. personal communication) and enlargement 
of the draining Iymplmode"" were inhihited, no tol
erance was induced, Furthermore. systemiC adminis
tration of these C)'1okines could have some draw
backs. such as stimulation of B lymphocytes. anti
hody-production and increased incidence of infec
tions, Abo, there is ("vidence that systemic adminis
tration of cytokines. in this caSe IFl\'-y, may lead to 
a downregulation of endogenously produced 
Cj-1()ldne.9'! 

Pru.lj)f>cts fbr therapeutic strategies: Strategies direc
ted against a single cytokine in the form of mAb. 
soluhle cytokine receptors or other agents are not 
lil,e1y to be successful in inhibiting graft rejection. 
/Vlolecular engineered proteins. on the other hand, 
such as the dimeric form of sTNFR, may be useful to 
inhibit the intragraft inflammation and systemic ef
fec(.~ of graft rejenion. Other than in parasitic models, 
systemic administration of cytokines will probably 
not be able to interfere with the local processes 
leading to graft rejection. The increasing knowledge 
on requirement.~ for T cell activation and the different 
signalling pathways leading to cytokine production 
and T cell subset activation, .~hould enable us to 
interfere with this process in order to establish 
allospl'dfic tolerance, T cell activation requires be
sides TcR-MHC interaction costimulalory signals 
coming from interaction of cell surface molecules on 
the APC and the T ce\ls.loo.101 Indeed, in /IUra studies 
have shown that TcR signalling in the absence of 
costirnulatory Signals resulL~ in T cell anergyWI.IO_I 
Furthermore, this anergy can be induced in Thl 
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clones but not in TIl2 dones.">-1-I'" The CD21:l-B:
'ITlteraction !>eem~ to play a critical role in the 
costimulation of T cdls. WI,tW III uiuu hlocking of thi!> 
interaction inhibits cardiac allograft rejc('Iion W

,' and 
induces long term sur\'i\'al of pancreatic 
xenografts. H.' Further studies in III citro and animal 
modeb for tolerance should lead to strategies result
ing in anergy of allospecific Thl cells and induction 
of allospedfic 'suppressor' Th2 cells and thereby to 
allospecific tolerance. 

Concluding remarks 

Cytokines are invo]nxl in the allograft rejection 
process However. the relevance of systemic 
cytokine measuremenl.<. in order to predict graft rejec
tion is limited, since elevated cytokine levels are 
found both during rejection and infection. In the 
induction phase of rejection, a major role is probahly 
played by 11.-2 and !FN-y IOgether ~vith or in balance 
with IL-.J. During the effector phase, many different 
cytokines may mediate the inflammation. The local 
rejection process is not easily inhibited by systemic 
administration of ami-cytokines or cytokines. Inter
vention in intercellular signalling may lead to a new 
immunological balance and a state of graft tolerance. 
based on Thl anergy and/or Th2 suppression 
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CHAPTER 2.2 

T lymphocyte and cytokine-directed strategies for inhibiting skin allograft 
rejection in mice 

A.C.T.M. Vossen, G.J.M. Tibbe, R. Benner, and H.F.J. Savelkoul 

Department of Immunology, Erasmus University Rotterdam, The Netherlands 

A major goal of transplantation research is the development of strate
gies to inhibit allograft rejection and even better, to induce allospecific 
tolerance. For this purpose, animal models have been widely used and it has 
become clear that skin allograft rejection may be the most difficult one to 
influence. However, using a combination of depleting and non-depleting anti
CD4 and anti-CDB monoclonal antibodies (mAbl. Waldmann et al. were able 
to induce allospecific tolerance (1). In other transplant models, the use of 
anti-CD4 mAb or donor-specific transfusion (DST) has also been successful 
in inducing tranplantation tolerance. It has been shown that during this state 
of tolerance the cytokine mRNA pattern in the graft is different from that in 
rejecting allografts. A diminished IL-2 and IFN-y mRNA expression was found 
in tolerized rat cardiac allografts (2) and Dallman et al. (3) showed that graft 
infiltrating cells were unable to produce IL-2. Others found that IL-2 and IFN
y mRNA expression was downregulated, while IL-4 and IL-l0 mRNA expres
sion remained similar or even increased in a tolerized graft (4). This cytokine 
pattern correlates with a suppressed production of Th 1 cytokines and an 
increased production of Th2 cytokines. Whether this upregulation of Th2 
cytokines is an epiphenomenon of Th 1 cell anergy or whether it is the reason 
for the suppressed Thl cytokine expression is still not clear. IL-4 and IL-l0 
can direct the in vitro differentiation of T cells towards Th2 cells, while IFN-y 
enhances Thl cell development (5). These in vivo and in vitro findings 
suggest that it may be possible to inhibit allograft rejection by in vivo 
'skewing' to an allospecific Th2 response. 

In an MHC class II disparate skin graft model in mice, the effect of 
elevated levels of the Th2 cytokines IL-4 and IL-l0 on skin allograft survival 
was examined, using alginate encapsulated cytokine-gene transfected cell li
nes. It has been shown that in such a strain combination CD4 + T cells 
mediate the rejection (6). Furthermore, we studied the effect of the combina
tion of this treatment with a concomitant neutralization of IFN-y. These 
cytokine-directed therapies were compared to more established treatments, 
such as anti-CD4 mAb and anti-CD3 mAb. 

Materials and methods 

Mice 
C57BL/Ka BL-l (H_2 b) and B6.C_H_2bm12 (H_2bm12) mice were bred at 
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the Department of Immunology of the Erasmus University, Rotterdam. 

Gel/lines 
We used the following hybridomas: anti-CD3 (17A2; rat IgG2b) (7), 

anti-CD4 (YTS191.1; rat IgG2b) (8) and anti-IFN-y (XMG1.2; rat IgG1) (9). 
The mAb were purified from hybridoma culture supernatant by protein G 
(Pierce Europe, Oud-Beijerland, The Netherlands) affinity chromatography. 
The cytokine-gene transfected cell lines, L Tl-IL-4 (10) and J558-IL-l0 were 
kindly provided by drs. R.L. Coffman and K.W. Moore (DNAX Research Insti
tute, Palo Alto, CAl. 

Experimental protocol 
In order to obtain elevated levels of cytokines in vivo, the different 

cytokine-gene transfected cells were encapsulated in alginate, as we have 
previously described (11). These encapsulated cells, 2xl06 LT1-IL-4 and 
2xl06 J558-IL-l0 cells, were injected subcutaneously the day before skin 
grafting. This cell dose has been shown to affect in vivo immune responses 
in other models (11). The purified anti-IFN-y mAb, XMG1.2, was administe
red intraperitoneally (ip) at 1 and 8 days after skin grafting, at a dose of 1 
mg. This dose is capable of neutralizing IFN-y effects in vivo (12). A combi
nation of these protocols was also used. In the experiments using the T cell
directed strategies, C57BLlKa BL-l mice were treated ip with 350 Ilg of 
purified anti-CD3 mAb, 17A2 or anti-CD4 mAb, YTS191.1 the day before 
grafting. FACS analysis demonstrated that this dose of anti-CD3 or anti-CD4 
mAb induced depletion of their target cells for at least two weeks (data not 
shown). Furthermore, the 17A2-producing hybridoma (2xl06 cells/mouse) 
was administered in alginate-encapsulated form. Control mice received no 
treatment, as we have shown that mice did not react to empty capsules or 
encapsulated mock-transfected cells (11). 

Skin grafting 
Tail skin of bm12 donors was grafted to the dorsal thorax of C57BLlKa 

BL-l recipients using a modification of the method of Billingham and Meda
war (13). Grafts were considered rejected when no viable donor skin was de
tectable. 

Statistical analysis 
Graft survival was analyzed using the Mann-Whitney test. Probability 

less than 0.05 was considered significant. 

Results 

Treatment of the C57BL/Ka BL-l recipients with XMG1.2, the anti-IFN
y mAb significantly prolonged bm 12 skin graft survival as compared to the 
untreated control group (Fig.1 A). Administration of alginate-encapsulated IL-
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4- and IL-l0-gene transfected cells alone had no effect on graft survival. 
Furthermore, when combining these treatments no additive effect of IL-4 and 
IL-10 was observed on the prolonged graft survival induced by XMG 1 2. 
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Figure 1 Effect of T cel!· or cytokine-directed strategies on skin allograft survival. C57BUKa Bl-l mice were grafted 

with bm 12 tail skin. A. Mice were treated with lTHL-4 and J558-ll-lO cells in alginate on day-l (n'" 5), or 1 

mg anti-IFN-y IXMG1.2j on day 1 and day 8 after grafting (n=6) or a combination of these treatments (n=5), 

Control mice received no treatment (n=5). B. The day before grafting C57BlIKa BL-l mice were treated with 

350).19 of anti-CD4 (YTS191.1) (n=6), 3501-19 anti-C03 (17A2) In=9) or 2xl06 17A2 hyridoma cells in 

alginate (n= 10). Control mice received no treatment (n= 9). 

Figure 1 B shows that administration of a single dose of 350 J.lg of anti-CD4 
mAb or anti-CD3 mAb also resulted in a significant prolongation of the MHC 
class II disparate skin graft survival as compared to the untreated control 
group. The anti-CD3 mAb was more effective in prolonging skin graft 
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survival than the anti-CD4 mAb and the anti-IFN-y mAb, even when the anti
CD3 mAb producing hybridoma cells were encapsulated in alginate and 
administered ip the day before skin grafting. 

Discussion 

This study demonstrates that treatment with an anti-IFN-y mAb 
prolonged MHC class II disparate skin graft survival, while administration of 
IL-4 or IL-10 had no effect. Anti-CD4 mAb and anti-CD3 mAb were also 
effective in prolonging skin allograft survival. Furthermore, anti-CD3 mAb 
treatment, as a single dose of 350 fig or as alginate encapsulated hybridoma 
cells, proved to be the most effective in this model. 

Using the same strain combination, treatment with anti-IFN-y mAb has 
already been shown to block skin graft rejection (14). However, graft 
rejection did occur when treatment was stopped, suggesting anti-IFN-y mAb 
may not have a long term effect on graft survival. The present study shows 
that systemic administration of Th2 cytokines has no effect on skin graft 
survival. Though it has not been possible to detect cytokines in the serum of 
the treated mice, alginate-encapsulated cytokine-gene transfected cells have 
earlier been shown to affect immune responses (11, 15). Furthermore, 
alginate-encapsulated 17 A2 hybridoma cells induced long-term skin allograft 
survival in the same model. Since we believe that this technique leads to 
elevated systemic cytokine levels, we have two explanations for the lack of 
immunosuppressive effect. First, the cytokines did induce Th2 'skewing' of 
the allospecific T cells, but these cells are not capable of inducing graft 
tolerance. Secondly, systemic administration of cytokines can not influence 
intragraft T lymphocyte activation and differentiation, a process known to be 
dependent on intimate cellular interactions. In this model single doses of anti
CD4 mAb or anti-CD3 mAb were able to prolong skin allograft survival. Graft 
survival was significantly better after anti-CD3 mAb treatment than after 
anti-CD4 mAb. The reason for this might be that anti-CD3 mAb do not only 
deplete T cells, but also induce modulation of the TcR/CD3 complex. In the 
context of the 'two-signal' theory for T cell activation, the interaction of 
these 'disabled' T cells with the alloantigen-bearing antigen presenting cells 
might lead to incomplete T cell activation or even the induction of anergy. 

Together, these data suggest that interference in intercellular signaling 
probably is a better way to induce long term allograft survival than systemic 
administration of cytokines or anti-cytokine mAb. 
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CHAPTER 3.1 

A Rat Anti-Mouse CD3 Monoclonal Antibody Induces Long-Term Skin 
Allograft Survival Without Inducing Side Effects 

A.C.T.M. Vossen, G.J.M. Tibbe, A. van Oudenaren, A.E.C.M. Vredendaal, R. Benner, 
and H.F.J. Savelkoul 

OKT3, a mouse IgGZa monoclonal antibody CMAh) 
directed against human CD3 is well known for its 

strong immunosuppressive properties, but also for its severe 
cytokine-related side effects.l.~ Newly developed anti-CD3 
MAb are currenpy being tested for their side effects and 
clinical usefulness. However, it is not yet dear whether 
these MAb will be as equally effective as OKT3 in prevent
ing and treating organ allograft rejection. A mouse model 
will be useful to study the properties of anti-CD3 MAb 
which are important for immunosuppression versus the 
properties responsible for the severe side effects related to 
early systemic cytokine release. We studied the immuno
suppressive properties of a rat anti-mouse CD3 MAb, 
17 A2/ and the cytokine release induced by this MAb in 
comparison to the hamster anti-mouse CD3 MAb, 145-
2Cl1. This hamster MAb is known for its immunosuppres-
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Fig 1. Effect of 17A2 on skin allograft survival. (A) C57BI/Ka 
mice {n '" 34} received 350 I-'-g 17 A2 the day before grafting of a 
bm12 skin. Control mice (n = 28) received no treatment. (B) 
Those C57BIIKa mice with long-term {>175 days} bm12 graft 
survival received a second bm12 skin (n = 8) together with a 
third party BAlB/c graft (n = 7). The two mice rejecting their 
second bm12 graft also rejected their first bm12 graft. 
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Fig 2. C57BUKa mice received 100 JL9 of 17A2 or 145-2Cl1. 
On days 1, 3, 5, and 10, peripheral blood cells (upper panel) and 
spleen cells (lower panel) were double stained for Thy-1 and 
T CRaj3. The results represent the mean :!: SD of the mean 
channel fluorescence of TcRa/3 within the Thy-1 + population of 
three mice. Control mice (n = 3) received no treatment. 

3ivc effect on skin allograft rejection and for the induction 
of severe morbidity, based on the release ofTNF-O', IFN-,)" 
and rL-2.~ 

MATERIALS AND METHODS 

Thc anti-CD3 MAb IVcre purified from culture supernatants by 
protein G chromalogr<lphy (Pierce Europe, Oud-Beijerland, The 
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VOSSEN, TISSE, VAN OUDENAREN ET AL 

Table 1. Cytokine Release in Serum After Anti·CD3 MAb Injection 

Ant,·C03 MAb 17A2 145-2C11 

T,melll) TNF·" (U/mL) IFN')'lngimL) IL-6 (U/mL) TNF-Q IU/mL) IFN-..,. Ing/mL) IL-6 !U/mLJ 

1 

2 

41.9 =- 16,1 
2.1 =- 0.6 

<1.5 
<1.5 
<1.5 

1.7 =- 1.5 745.3 :':. 40.4 349.8 =- 37.1' 1.7 :<:: 1.7 776.5 :<:: 120.0 
1.7 =- 1.6 918.0 =- 65.5 81,1 :':. 10.3' 2.5 =- 1,8 1043.5.::': 185.7 
1,0 =- 1.6 519.5 =- 452,5 2.1 :':. 1.9 8.4 = 1.4' 441.0 ='-- 375.7 

8 
24 

0.2 =- 0.5 72.5 :<:: 56.6 <1.5 2.9 =- 2.6 577.3 =- 347.4" 
ND 7.1 =- 2.7 <1.5 ND 113.3:':. 97.2" 

C57BI/I(a mice were lnjectad 'ntravenous'Y with 10 1-19 01 17K2 0' 145-2Cl1. At 1, 2, 4. 8, and 24 hours altar lnlection, five mFce were killed for serum delection 
01 TNF-Q, IFN·", and IL-6. The results represent the mea" serum levels:: SO. ND = not determined. 

'P <' .. 05 

J\'etherlandsJ. C5711LiJ"':a mice reccived different dO."e, of purified 
anti-CD3 MAb intraperilOneally (ll') oj i1 !l-1HC cla~,!1 incompal
ible bm12 skin graft a day before lrafl';piantation. After long-term 
sUfvi'.:al (> 175 da)'s) of thc first grufL the micc recei\'ed a sccond 
bm12 grafllOgelher wilh a third-party ~kin graft (BALB/c). T-ecll 
deplcllon and motlulation of the TcR,CD3 wmplex ill spleen and 
peripheral blood after MAh treatmenl wne studied by flo\\ 
cytomelric analysis. To study the cytokine releasc induced by the 
two anti-CD:; MAb we injected j[) M); illtm\'emllhl.l' (IV) in the tail 
vein and tuuk ,erum samples at 1,2.4. K ~nd 24 hours after MAb 
injcction (n = 5), TNF-a was determined by a cytotoxicity a~say 
using WEH!·IM (clone 13) cells. If')\;-")' lI'a, mea~urcd with a 
'pecitlc sandwich ELISA. and for lL-6 mca~urement we used the 
BY proliferation a~say. 

RESULTS 

To compare the immunosuppressive effect~ of the two 
anti-CD3 11Ab we had to give small doses, since a single 
dose of 50 J-1.g or more of 145-2Cll resulted in a lOOyi 
mortality of thc ~kin-grafted micc. Injection of 17A~ did not 
induce any morbidity. At doses of 5 to ~5 J.l-g. the two MAil 
were equally effective in prolonging skin allograft survival 
(data not shown). A single dose of 350 J-l-g of I7A2 induced 
10llg-term skin graft survival in 200/£ of recipients (Fig lA), 
These mice accepted a second bm12 graft. while rejecting a 
third-party graft (Fig 18), The two mice rejecting their 
second bm12 graft rejected their first bm12 graft at the 
same time. Both MA.b induced strong T-cell depletion (data 
not shown) and modulation of the TcR/CD3 complex (Fig 
2). Injection of 17A2 induced signifieanll~' less TNF-O' 
rclease than 145-2Cll (Table 1) and induced no lFN-'}' 
release in contrast to 145-2Cl1. Both MAb induced a strong 
IL-6 release. These high IL-6 levels were more persistent in 
the l45-2Cl I treated group. 

DISCUSSION 

In thi~ study we show that effective immunosuppression is 
possible without inducing side effccts, Using a single dose of 
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350 f-tg of the rat IgG2b anti-CD3 MAb 17A2 we could 
induce long-term skin ullograft survival. The basis of this 
tolerance still needs to be elucidated. Treatment with 17A2 
induced strong T-cell depletion (data not shown) and 
modulation of the TcR/CD3 complex as abo occurs after 
145-2Cll injection, Rapid T-cell ly~is. therefore. docs no! 
seem to be responsible for the side effects. 145-2Cl1 
induced a stronger TNF-a release than 17A:?, which con
firms its role in the side effects,S IFN-'Y was also released 
after 145-2CII injection. It is unclear, however, whether 
IFN-'Y is associated with the side effects of 145·2CII as 
Ferrllll et al could not influence thc morbidity b~' giving an 
anti~IFN-'Y MAb.-' FC'}'R-binding by the anti-CD3 MAb has 
bcen suggested to playa role in their T-cell activating 
properties.~ !7A2 is significantly less mitogenic than 145-
2eI! (dala not shown). which suggests !hi~ MAb binds 
another Fc-yR or thc same Fc-yR with a lower affinity. 
Further data on FcR binding, T-cell activation, and cyto
kine-release by these anti-mouse CD3 !vtAb should indicate 
the anti-CD3 MAb properties responsible for side effects 
and for immunosuppression and pHwide a basis for dcyel
opment of anti-CD3 MAh for clinical use. 
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CHAPTER 3.2 

SUPPRESSION OF SKIN ALLOGRAFT REJECTION IN )'IICE BY ANTI"CD3 .vIONOCLONAL A.:.~TIBODIES 
WITHOUT CYTOKINE-RELATED SIDE_EFFECTSl 

O1IT3, a murine IgG2a monoclonal aniibody (mAbl* 
against the human CD3 antigen, is becoming increasingly 
important for prevention and treatment of organ allograft 
rejection (1, 2J. Since the first clinical use of OKT3 in 1980 
(3), there have been several studies on the mechanism of 
immunosuppression of anti-CD3 mAb treatment (4-S), Be
sides coating orthe CD3 molecule and T cell depletion, OKT3 
treatment results in modulation, i.e. disappearance of the 
TcRlCD3 complex from the cen surface. Modulated T cells 
were demonstrated to be functionally inactive (4--6). The first 
administration of this mAb, however, is accompanied by se
vere morbidity. The clinical symptoms. including fever, chills, 
nausea, vomiting, and headache have been associated with a 
systemic release of several cytokines. probably caused by r 
cell activation (7-9). TIlere is a need for anti-CD.3 mAb that 
are equally effective in rejection treatment as OKT3 but do 
not induce side-effects. 

In order to study the basis of the side-effects of anti-CD3 
lJL-\b treatment we used three different anti-CD3 mAb: two 
rat mAb, an IgG2b (l7A2) and IgG2a (KT3) and a hamster 
lJL-\b U45-2CllJ (11-13). We first established the immuno
suppressive efficacy of these mAb in a skin allograft model in 
mice. The hamster mAb is in its effect very similar to OKT3. 
Treatment with this mAb can suppress skin allograft rejec
tion in mice, but also induces early systemic release of cyto
kines, such as TNF, IFN-y, and lL-2, resulting in severe 
morbi.dity and even mortality (9, 10l. Remarkably, the two 
rat mA.b did not induce any morbidity or mortality. We com
pared the in vivo T cell depletion and TcRJCD3 modulation 
and the c.rtokine release induced by these equally immuno
suppressive mAb. 

To compare the capacity of the three anti-CD3 mAb to 
"uppress skin allograft rejection, C57BUKa BL-1 (H_2h) mice 
were injected i.p. with a single dose of 0.5 )lg, 10 )lg, or SO)lg 
of 17A2 (rat IgG2h), KT3 (rat IgG2al or 145-2Cll (hamster) 
mAb. Monoclonal antibodies were purified from hybridoma 
culture supernatant by protein G (Pierce EUrope, Oud
Beijerland, The Netherlands) affinity chromatogTaphy 
rSavelkoul et aI., manuscript submitted). The amount of 
endotoxin was measured using the Limulus amebocyte lysate 
(LAL) micromethod, as previously described (14). The day 
atter injection, all mice were skin grafted with a MHC class 
II disparate skin graft fH_2hmI2) using a modification of the 
method of Billingham and Medawar (lS). A dose of 0.5 Ilg of 
the different mAb did not prolong mean survival time as 
compared with the untreated control group (data not shown I. 
A dose of 10 ).lg, however, did significantly prolong skin graft 

, This work Was supported by the Dutch Kidney Foundation. 
'AbbreViations; FcR, Fe receptor; IFN. interferon; Ig, immuno

globulin; IL, interleuklO; mAb. monoclonal anlibody; TcN, T cell reo 
ceptor; TNF, tumor necrosis [actor. 

sUf"ival (Fig. 1). All three anti-CD3 mAb were equally effec
tive in prolonging skin allograft survival. At the higher dose 
of .50 )lg, graft survival of the rat lIL.'\b-treated groups was 
not significantly better (data not sho\'m). At this dose, the 
hamster anti-CD3 lIL.A..b induced severe morbidity (piloerec
tion, hypomotility, and diarrhea) in all skin-grafted mice, 
resulting in death within 3 days of injection. Doses up to 1 mg 
of the two rat anti-CD3 mAb did not induce any morbidity or 
mortality. 

To investigate the elTect of the three anti-CD3 mAb on 
CD4 - and CDS~ T cells in vivo, we treated nongrafted 
C57BUKa BL-1 mice with 100 Ilg of mAb. Doses of 70 to 400 
)lg of 145-2Cll have previously been shown to be equally 
effective in T cell depletion 110 LIn nongrafted mice, this dose 
induced mortality in only 30",c of the mice, in contrast to a 
100'!o mortality in skin-grafted mice. We measured the de
gree of T cell subset depletion in spleen, lymph nodes, and 
peripheral blood on days 1, 3, .'5, 10, and 20 after mAb injec
tion by flow cytometry using a FACScan (Becton Dickinson). 
To detect coating due to previously injected anti-CD3 mAb, 
we directly stained lhe ;;amples ,vith FITC-coupled Ab 
against rat Ig or ham;;tcl' Ig. To study the degree of modula
tion of the TcRJCD3 complex, we compared the mean channel 
fluorescence of Thy-I. 1 + cells stained with anti-CD3 FITC of 
the treated groups and the untreated control group. To ex
clude intert'erence of CD3 coating in the expression of CD.3, 
we also stained with anti-TcR'~i3 FTTC. Flow cytometric 
analysi~ of the CD4 - T cell subset showed that all three mAb 
indu~cd an early and equally strong depletion of the CD4 + T 
cells In the peripheral blood (Fig. 2A!. In lymph nodes (data 
not shown! and spleen (Fig. 2C) the depletion ofCD4' T cells 
was delayed as compared with the peripheral blood. At days 
10 and 20, the hamster mAb-treated !,'TOUp ;;howed a signifi
cantly Jtronger CD4 ~ T cell depletion than the rat mAb
treated groups. As compared with the CD4- T cell depletion, 
the depletion of the CDS- cell ;;uhset \Va;; less pronounced. At 
day 3 a sudden increase of the percentage ofCD8" T cells was 
found. The hamster mAb induced CDS- T cell depletion in 
the peripheral blood on days 1, S, 10, and 20. in contrast to 
the two rat mAb, which showed significant depletion on days 
1 and 20 only (Fig. 2B). In the spleen (Fig. 2D) the hamster 
mAb induced a significantly stronger CD8~ T cell depletion 
than the rat mAb. Only on days 1 and 3 could we detect 
anti-CD3 coated cells in pelipheral blood, lymph nodes, and 
spleen of the rat mAb-treated mice. The percentage of coated 
cells was higher in the KT3 I IgG2a}-treated group (80-100o/d 
than in the 17A2 ({gG2b!-treated group (30-55'1·). In the 
group treated with hamster mAb. we could not detect any cell 
coating on all days tested idata not shown!. In all anti-CD3 
mA.b treated groups, there was a strong modulation of CD3 
and TcRaf;! (data not shown). The modulation was stronger in 
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FIGUllE L Effect of ami·CD3 m.l\.b on 
skin allograft survivaL C57BUKa BL-l 
mice WHe skin-grafted with bm12 tail 
skin. The day before skin grafting, groups 
of mice were treated with 10 )lg of 17 A2 
(rallgG2b) mAb (n=6), KT3 (ratlgG2al 
mAb (n=5), or 14,s-2Clllhamsterl anti
CD3 mAb i.p. (n=4). Control mice re
ceived no treatment (n=61. 
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the peripheral blood thun in the spleen. By day 5, modulation 
of the TcR/eD3 complex waS still detectable in the hamster 
mAb--treated mice, in contrast to the rat mAb-treaLed mice. 
On day 10 'rcR/eD3 modulation could no longer be detected. 

1 0 119 hamster 19 

80 100 

The cytokine release in the serum induced by the three 
mAb was studied at 1, 2, 4, 8, and 24 hr after mAb injection 
For the detection of IFN-,)' we used a specific ELISA with 
XlvIG 1.2 (16) as a coating mAb and R46 A2 (17) as a second 

FIGURE: 2, ElTect of anti-CD a mAb on T cell subsets in peripheral blood and spleen. C57BUKa BL-l mice received 100)lg of rat IgG2b (open 
circles I, rat IgG2a (dosed squares), or hamster anti-CD3 mAb (open squareR) i.p. On days 1, 3, 5, 10, and 20 peripheral blood (A, BI and spleen 
cells IC, D) werc drmble-stained for Thr-1.1 and CD4 (A, Cl or CD8 (B, DJ. The results represent the mean percentage ofCD4 T or CDS- cell~ 

of 3 mice. Control mice In = 3: closed Circles) received no treatment 
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FIGURE 3 Effect of anti-CD3 mAb on the serum leveb of IFN-y, 
IL-G, and TNF·". C57BUKa BL·l mice received 10 j.lg of rat IgG2b, 
rat IgG2a or hamster anti-CD::! mAb Lv. Control mice received 0.5 ml 
or BSS. 1,2,4,8, and 24 hr after mAb injection; 5 mice per group 
were killed for serum detection ofIFN-yIAJ. IL-6 rB). and TNF-" Ie). 
The results represent the mean serum levels :!: SD. IND) not 
determined. 

step mAh. Th measure lL-6 levels in the serum (18), the 
IL-6.dependent cell line B9 was used, while TNF-a levels 
were determined by a cytotoxicity assay on WEHI164 clone 
13 cells {19}. The proliferative or cytotoxic activity was meas
ured with the MTT assay (20). In the samples of all groups 
low levels ofIFN-y were detected (Fig. 3A). However, at 4 hr 
after injection the IFN-y levels of the hamster mAb--treated 
group were significantly higher than in the other 3 groups. 
Figure 3B shows that all anti-CD3 mAb induced an equally 
strong IL-6 release detectable from 1 hr until 8 hr aller 

injection. TNF-a (Fig. 3C) was induced by all three mAb, with 
a peak at 1 hr after injection. The hamster mAb induced a 
significantly stronger TNF release than the two rat mAb. 
Since the amount of endotoxin in the injected mAb prepara
tions was the same «0.1 ng), the differences in cytokine 
release can not be attributed to a difference in endotoxin 
contamination. 

This study shows that two rat anti·CD3 mAb, 17A2 (11) 
and KT3 (12}-which in vitro cross-compete with the ham· 
ster anti-CD3 mAb 145-2Cll (l3}-are extremely effective 
in suppressing skin allograft rejection, but do not induce any 
morbidity or mortality. All three mAb induced T cell depletion 
and modulation of the TcIVCDS complex. This depletion and 
modulation were stronger and more persistent in the ham
ster mAb--treated mice. Injection of a single dose of 10 )lg of 
the different mAb induced in all groups an early systemic 
IL-6 release. The hamster mAb, in contrast to the two rat 
mAb, induced the release of TNF-a and IFN-)" which can 
therefore be related to the se\"ere side-effects seen in mice 
treated with this mAb. 

Administration ofOKT3 in humans and 145-2Cll in mice 
has been shown to induce strong T cell depletion and modu
lation of the TcIVCD3 complex (4, 6, 10 1. In the first days 
after treatment with the two rat mAb our flow cytometric 
analysis showed the same T cell depleting effects. This sug
gests that rapid ceUlysis is not necessarily involved in anti
CDS mAb-induced side-effects (7). T cell depletion is prob~ 
ably due to opsonization and complement fixation, followed 
by cell lysis by the mononuclear phagocytic system. Modula
tion of the CD3 molecule has been shown to be dependent on 
FeR binding on monocyi.es (22). Our finding that 145-2Cn 
induced a stronger and more persistent T cell depletion and 
modulation of the TcRJCDS complex than the two rat mAh 
could therefore be caused by a stronger complement fi:'{ation 
or FeR binding. We found in all groups that CD4' T cell 
depletion was more profound than CD8~ T cell depletion. 
This may be due to a stronger CDS expression on the CD4 - T 
cell subset (23). 

The "first-dose reactions·' to OK1'3 treatment and 145-
2Cn treatment have been associated with an early systemic 
release ofcytokines, including IL-2. IL.3, TNF-a, IFN-y, and 
IL-6 (8, 9, 24). Ferran et a!. tried to elucidate the causal 
relationship between the release of the different cytokines, 
induced by 145-2Cn and the severe side-effects induced by 
this mAb (21). Administration of anti-TNF·a mAb signifi
cantlydecreased the physical reaction to let5-2Cll. Our find
ing that 145~2Cll induced a strong TNF-a release in con· 
trast to the rat mAb again confirms the role of TNF·a in 
anti-CD3 mAb--induced side-effects. The hamster mAb also 
induced a release of IFN·y, in contra:lt to the two rat mAb. It 
is unclear to what extent this cytokine is associated with the 
side-effects. Ferran showed that treatment of 145-2Cll in
jected mice with anti.IFN-y mAb did not improve their physi
cal condition (21). Furthermore, these authors found that 
treatment with anti-TNF-a mAb even induced an increase in 
IFN-y levels. Though the release oflL-6 after anti-CD3 treat
ment has been related to the "first-dose reactions~ (21, 24), 
our results show that IL-6 release also occurred after rat 
mAb injection. As these mAb did not induce any morbidity, it 
is unlikely that IL-6 mediates the side effects. 

It is not yet clear which cells are responsible for the pro
duction of these cytokines. Evidence is accumulating that not 
only T cell activation but also activation of FcR-beanng 
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monocytes, induced by crosslmking of these cells via the Fc 
portion ofanti-CD3 mAb, plays a role in the morbidity caused 
by anti-CD3 mAb, In vitro, OKT3 has been shown to induce 
IFN-y production by lymphocytes (26), Furthermore, in vitro 
cross-linking of Fe receptors on monocytes induces release of 
IL-l, 11.-6 and TNF~o: (26-28 I. Parlevliet et aL (29) showed 
thai the in vivo admlllistration of an IgA switch variant of 
OKT3, which does not interact with the human FeR, induced 
fewer side-effects in chimpanzees than the IgG2a OKT3. 
AJegre et al. (30) created an anti-CD3 mAb that had a lower 
aiTmity for the FcR on monoeytes due to a single amino acid 
mutation in the Fe portion of a ''humanized~ ORT3 mAb, In 
vitro, this mAb seemed to retain the immunosuppressive 
properties of OKT3, but induced rr:uch less T cell prolifera
tion, activation, and eylokine release. These results suggest 
that the use of anti-CD3 mAb with a lower affinity for the 
FcR might provide good immunosuppression without the se
vere first-dose reactions. However, in clinical practice it i1; 
difficult and time-consuming to establish the immunosup
pressive efficacy of these newly developed mAb. Since the 
present study demonstrates that effective anti-CD3 mAb 
treatment is possible without the induction of any morbidity, 
the two rat-anti-CD3 mAb together with the hamster mAb 
provide a good system in which to study the properties that 
are responsible for the side elTec~~ of anti-CD3 mAb in a 
mouse model. Additional in vitro and in vivo studies should 
elucidate the role of FeR-binding as well aR activation of T 
lymphocytes and monocytes in these side elTects. Such stud
ies will help to optimize anti-CD3 mAb treatment in clinical 
organ allograft transplantation. 
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CHAPTER 3.3 

Soluble TNF receptor release after anti-CD3 monoclonal antibody treatment 
in mice is not related to TNF-a release. 

Ann C.T.M. Vossen, G. John M. Tibbe, Wim A. Buurman: Robbert Benner, 
Huub F.J. Savelkoul 

Department of Immunology, Erasmus University Rotterdam; and 'Department 
of Surgery, Faculty II, University of Limburg, Maastricht, The Netherlands 

Summary 

The involvement of TNF-(l( in the release of soluble TNF receptors was 
assessed in mice, treated with anti-CD3 monoclonal antibodies. After 
treatment with three different anti-CD3 monoclonal antibodies, we simulta
neously studied serum levels of TNF-(l(, soluble TNF receptor P55 and P75. 
All three anti-CD3 monoclonal antibodies triggered release of both soluble 
TNF receptors, whereas only one anti-CD3 monoclonal antibody triggered 
TNF-(l( release. These data demonstrate that in our model soluble TNF 
receptor release is independent of TNF-(l( release. 

Introduction 

Tumor necrosis factor (TNF-(l(1 is a pleiotropic cytokine that is involved 
in various infectious and noninfectious inflammatory diseases (11. At low 
concentrations, TNF-(l( is an important mediator of the host defence against 
pathogens, whereas at high concentrations it causes shock and disseminated 
intravascular coagulation, leading to organ failure and death (21. TNF-(l( 
mediates its effects by binding to specific cell surface receptors, which are 
expressed on virtually all cell types. Two distinct transmembrane TNF 
receptors (TNFRI have been identified, one of 55 kDa (TNFR-P551 and one of 
75 kDa (TNFR-P751. Soluble forms of both receptors (sTNFRI can be produ
ced by proteolytic cleavage (31. These sTNFR bind TNF-(l( with the same 
affinity as their transmembrane equivalents and competitively inhibit in vitro 
biological effects of TNF-(l( (41. As sTNFR have been detected in serum of 
healthy controls (51 and at higher concentrations in patients with septic 
shock (61, cancer (71 and rheumatoid arthritis (81, it has been suggested that 
they provide a natural protection mechanism against the disastrous systemic 
effects of TNF-(l( (91. If sTNFR are protective by neutralizing TNF-(l(, TNF-(l( 
itself will be a likely trigger for their release. It has been shown that TNF-(l( is 
capable of triggering sTNFR release in mice (101. However, the mechanism 
of release of these sTNFR is still unclear. 

Anti-CD3 monoclonal antibody (mAbl treatment in both man (OKT31 
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and mice (145-2C 11) induces elevated levels of TNF-a (11, 12) and both 
forms of sTNFR (13). TNF-a plays a key role in the side effects of anti-CD3 
mAb (14). To get more insight into the role of TNF-a in the release of 
sTNFR, we studied sTNFR release after treatment with three anti-CD3 mAb 
in mice. One of these anti-CD3 mAb, 145-2C11, induces strong in vivo 
release of TNF-a, whereas the other two anti-CD3 mAb, 17 A2 and KT3, 
induce only minimal increase of TNF-a levels (12). We studied serum kinetics 
of TNF-a and both sTNFR-P55 and P75 after treatment with the three anti
CD3 mAb. 

Materials and methods 

Mice 
C57BL/Ka BL-1 (H-2b) mice were bred at the Department of Immunolo

gy of the Erasmus University Rotterdam. Mice were kept in light-cycled 
rooms and had access to acidified water and pelleted food ad libitum. The 
microbiological status of the mice fulfilled the "specific pathogen free V" 
criteria of the Dutch Veterinary Inspection, as described in the Dutch law on 
animal experiments. 

Monoclonal antibodies 
We used the anti-CD3 mAb 17A2 (rat IgG2b) (15), KT3 (rat IgG2a) 

(16) and 145-2C 11 (hamster Ig) (17). Monoclonal antibodies were purified 
from hybridoma culture supernatant by protein G affinity chromatography 
(Pierce Europe, Oud-Beijerland, The Netherlands), as previously described 
(18). The amounts of endotoxin were measured using the Limulus amebo
cyte lysate (LAL) micromethod (19). Endotoxin contamination was similar for 
the different mAb preparations and never exceeded 25 EU/mg mAb. 

Experimental protocol 
C57BL/Ka BL-1 mice were injected i.v. with 10 Ilg of 17A2, KT3 or 

145-2Cl1 mAb, dissolved in 0.5 ml BSS (n = 10). Control mice received 0.5 
ml BSS alone (n = 1 0). At 1. 4 and 24 hours after mAb injection, blood was 
obtained from 5 mice per group via a small incision in the lateral tail vein. At 
2 and 8 hours after mAb injection, blood samples were obtained from the 
other 5 mice of the groups. Blood samples were left to clot overnight at 4°C, 
centrifuged and serum was aliquotted and stored at -20°C. 

Detection of serum TNF-a 
Serum TNF-a levels were determined by a cytotoxicity assay on WEHI-

164 clone 13 cells (20). 8riefly, trypsinized WEHI-164 cells were seeded in 
flat-bottomed tissue microtiter plates (Falcon, Becton Dickinson, Lincoln 
Park, NJ) at 1 x 104 cellsl1 00 ).11 RPM I 1640 medium (Gibco, Paisley, UK) 
supplemented with 10% heat-inactivated FCS, L-glutamine (4 mML 1>
mercaptoethanol (5xl0-5 ML penicillin (100 IU/ml) and streptomycin (50 
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Ilg/ml). After overnight cell adherence at 37°C, serum samples and actinomy
cin D (1 Ilg/ml) were added and incubated for 24 hours at 37"C. Samples 
were serially diluted and assayed in triplicate. As a standard we used 
recombinant human TNF-a:. Cytotoxic activity was measured with the MTT 
assay (21). 

Detection of s TNFR 
For measurement of mouse sTNFR-P55 and sTNFR-P75, a sandwich 

ELISA was used as described previously (10). Briefly, immunoassay plates 
(Nunc-Immuno Plate Maxisorp, Roskilde, Denmark) were coated with polyclo
nal rabbit antibodies against mouse sTNFR-P55 and sTNFR-P75, respectively. 
Plates were incubated with serially diluted samples of recombinant mouse 
sTNFR-P55 and sTNFR-P75, respectively, and with test samples. After a 
washing step, biotin-labeled rabbit anti-sTNFR-antiserum was added. After 
incubation and washing, plates were incubated with peroxidase-labeled 
streptavidin (DAKO, Glostrup, Denmark). As peroxidase-substrate 3,3',5,5'
tetramethylbenzidine (Kirkegaard & Perry Laboratory, Gaithersburg, MD) was 
used. Photospectrometry (450 nm) was performed using a micro ELISA 
autoreader. The ELISA had a lower detection limit of 5 pg/ml for sTNFR-P55 
and 50 pg/ml for sTNFR-P75. 

Statistical analysis 
Analysis of variance was used for comparison of the serum levels of 

TNF-a: and both sTNFR of the different groups. Probability (p) values below 
0.05 were considered statistically significant. 

Results 

Serum TNF-a levels after anti-CD3 mAb treatment 
As shown in Figure 1, the hamster anti-CD3 mAb, 145-2C11, induced 

a strong TNF-a release at 1 hour after mAb injection. Two hours after 145-
2C11 mAb injection, TNF-a: levels were still significantly higher than in all 
other groups. At later time points no TNF-a: could be detected in the serum 
samples. In contrast, after 17 A2 (rat IgG2b) and KT3 (rat IgG2a) mAb 
treatment no increase in serum TNF-a: levels could be detected as compared 
with TNF-a: levels after control treatment (BSS). Thus, 145-2C 11 was the 
only anti-CD3 mAb that induced serum TNF-a: release. 

Serum sTNFR levels after anti-CD3 mAb treatment 
To study whether sTNFR release is related to TNF-a: release, the same 

serum samples were used to measure TNF-a: and sTNFR levels. At 1 hour 
after mAb injection, all three anti-CD3 mAb induced a significant increase in 
serum levels of both sTNFR-P55 (Fig. 2) and sTNFR-P75 (Fig. 3) as compa
red to BSS. There was no difference in the sTNFR levels between the groups 
treated with the different anti-CD3 mAb. At two hours after mAb injection, 
only 145-2C11 treated mice showed significantly increased levels of both 
sTNFR. At 4 hours, serum levels of both sTNFR were significantly elevated in 
all anti-CD3 mAb treated mice, whereas at 8 hours sTNFR levels were 
significantly higher in the 145-2Cll treated group than in the groups treated 
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Figure 1 Effect of anti-CD3 mAb on the serum levels of TNF-a. C57BUKa BL-l mice received 10 1-19 of rat IgG2b 17A2, 
rat IgG2a KT3 or hamster anti-CD3 145-2Cl1 mAb Lv. Control mice received 0.5 ml of BSS. At 1, 2,4,8 and 
24 hours after mAb injection, serum samples were obtained from 5 mice per group for detection of TNF-a: by 
WEHr bioassay_ The results represent the mean serum levels ± SO. * P < 0.05 as compared to BSS treated 
group. 
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Figure 2 Effect of anti-C03 mAb on the serum levels of sTNFR-P55. The same serum samples as used for TNF-a 
detection (Fig. 1) were used for detection of sTNFA-P55 by ELISA. The results represent the mean serum levels 
± SO. * P < 0.05 as compared to BSS treated group. 

with 17 A2 or KT3 mAb. From these data we conclude that all three anti-

46 



CD3 mAb induce elevated serum levels of both sTNFR-P55 and sTNFR-P75. 
Peak levels of both sTNFR were similar in all anti-CD3 mAb treated groups, 
but were more sustained after 145-2C11 treatment than after treatment 
with 17 A2 or KT3 mAb. 
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Figure 3 Effect of anti-CD3 mAb on the serum levels of sTNFR-P75. The same serum samples as used for TNF-a 

detection (Fig. 1) were used for detection of sTNFR-P75 by ELISA. The results represent the mean serum levels 

± SD. " p < 0.05 as compared to ass treated group. 

Discussion 

In this study we show that 145-2C 11, a hamster anti-mouse CD3 
mAb, induces strong release of both TNF-a and sTNFR. However, two anti
CD3 mAb 17 A2 and KT3, that did not induce TNF-a release, did trigger the 
release of both sTNFR-P55 and sTNFR-P75, suggesting that in our model 
sTNFR release is independent of TNF-a. 

The difference in TNF-a release by the three anti-CD3 mAb is related 
to their difference in interaction with mouse Fey receptors (FcyRI (Vossen et 
al., submitted). By binding FcyR via its Fc portion, 145-2C 11 is capable of 
crosslinking CD3 molecules, leading to T cell activation and TNF-a producti-
on. 

Treatment with 145-2C11 mAb has previously been shown to trigger 
sTNFR release (13). Surprisingly, in the present study sTNFR levels were 
approximately ten times higher in both anti-CD3 mAb treated and control 
mice, whereas TNF-a levels were lower. This may be due to the different 
mouse strains used, i.e. C57BLlKa BL-1 mice and DBA/2 mice, respectively 
or to a different microbiological status. In accordance with our results, 
sTNFR release in DBA/2 mice was relatively independent of TNF-a levels. 
Inhibition of TNF-a release by several agents, including anti-TNF mAb, only 
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partly inhibited sTNFR release (13). 
Our study shows that TNF-a itself is not essential for the release of 

soluble forms of its receptors. Release of sTNFR by anti-CD3 mAb may be 
based on their capacity to induce protein kinase C (PKC) activation by 
binding to CD3 molecules on T lymphocytes. It has been shown that PKC 
activation by phorbol esters results in a rapid decrease of transmembrane 
TNFR (22). PKC activation probably triggers proteolytic cleavage of TNFR 
and thereby release of sTNFR. This would imply that in our model T lympho
cytes are the major source of sTNFR. It is possible that TNF-a is responsible 
for our finding that 145-2C11 mAb induced more prolonged release of both 
sTNFR than the other two anti-CD3 mAb. 

Release of sTNFR may be protective against the effects of TNF-a. In 
vivo administration of sTNFR could protect mice from the lethal effects of 
TNF-a (23). Physiologically, downregulation of membrane TNFR may even be 
more important for protection than neutralization of TNF-a. This is demon
strated by the fact that circulating sTNFR-P55 is unable to neutralize the high 
levels of TNF-a found after e.g. endotoxemia. Whenever extremely high 
levels of TNF-a are found, such as after treatment with 145-2C11 mAb, 
sTNFR release does not seem to offer enough protection. Treated mice show 
several signs of disease, such as hypothermia, hypomotility and diarrhea 
(24). It is possible that at this high TNF-a to sTNFR ratio, TNF-a is not 
neutralized but stabilized by the sTNFR. The potential of sTNFR to stabilize 
TNF-a and thereby prolong TNF-a activity has been shown in vitro and in 
vivo (25, 26). 

In conclusion, in our model the release of sTNFR-P55 and sTNFR-P75 
is independent of TNF-a, as both TNF-inducing and non-TNF-inducing anti
CD3 mAb trigger sTNFR release. Release of sTNFR may be protective against 
effects of TNF-a, though it could not prevent pathophysiology after 145-
2C11 treatment. 
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Abstract 

A major drawback to the use of OKT3, a mouse anti-CD3 mAb, as 
immunosuppressive agent is the associated cytokine release syndrome. We 
used a mouse model to elucidate the properties of anti-CD3 mAb responsible 
for these cytokine-related side effects. We have previously demonstrated 
that the hamster anti-CD3 mAb 145-2C 11 induced strong in vivo cytokine 
release and morbidity, whereas two rat anti-CD3 mAb 17A2 and KT3 did 
not. In the current study, we show that in vitro mitogenic capacity of soluble 
anti-CD3 mAb correlates with their in vivo induction of side effects. In vitro 
mitogenesis and in vivo TNF-a release and weight loss, induced by anti-CD3 
mAb, could be inhibited by the anti-FcyR mAb 2.4G2, indicating that FcyR 
binding of anti-CD3 mAb is responsible for their mitogenic properties and for 
their induction of side effects. Importantly, the two non-mitogenic rat anti
CD3 mAb were equally capable of suppressing skin allograft rejection as the 
mitogenic hamster anti-CD3 mAb, suggesting FcyR binding of anti-CD3 mAb 
is not essential for their immunosuppressive properties. This is supported by 
our in vivo demonstration that administration of 2.4G2 did not interfere with 
immunosuppression of skin allograft rejection by 145-2C 11. These findings 
suggest that clinical use of non-mitogenic anti-CD3 mAb will result in 
effective immunosuppression without cytokine-related side effects. 

introduction 

The murine anti-CD3 mAb OKT3 is widely used for prevention and 
treatment of clinical organ allograft rejection because of its known immu
nosuppressive properties (1, 2). However, treatment with this mAb is 
accompanied by severe clinical symptoms, such as fever, chills, nausea, 
vomiting, headache, and diarrhea. Occasionally, more serious reactions, such 
as pulmonary oedema, aseptic meningitis or seizures are seen (3). These side 
effects have been related to an early systemic release of several cytokines, 
such as IL-2, TNF-a, IFN-y and IL-6 (4, 5), probably produced by activated T 
lymphocytes (6). This so-called 'cytokine release syndrome' precludes the 
use of anti-CD3 mAb in autoimmune diseases. 

Besides the patients' discomfort, there are other reasons to avoid 
cytokine release induced by anti-CD3 mAb. It has been shown that rejection 
treatment with OKT3 results in transiently increased serum creatinine levels. 
Cytokines are thought to playa role in this OKT3 induced nephrotoxicity (7). 
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Furthermore, it cannot be excluded that the T cell activation and cytokine 
release induced by OKT3 enhance production of human anti-mouse antibo
dies and graft rejection. 

Two procedures are currently employed to counteract the cytokine 
release syndrome of OKT3. The first one involves the use of additional 
immunosuppressive agents. Both high-dose corticosteroids (8, 9) and pen
toxyfylline (10) inhibit cytokine release and the associated clinical syndrome. 
However, none of the known strategies can completely prevent anti-CD3 
mAb induced side effects. An alternative strategy involves the development 
of new non-activating anti-T cell mAb. Some of these mAb (11-13) induced 
less cytokine-related side effects, but their immunosuppressive efficacy has 
not been convincingly demonstrated. 

We previously presented a mouse model to elucidate the properties of 
anti-CD3 mAb responsible for their side effects. The strength of this model is 
that it is based on three anti-CD3 mAb with similar immunosuppressive 
capacity in a mouse skin transplantation model (14). Furthermore, all three 
mAb induced T cell depletion and TCR/CD3 complex modulation (14). One 
of these mAb, the hamster mAb 145-2C11 (15) triggers strong cytokine 
release, accompanied by severe physical reactions consisting of piloerection, 
hypothermia, hypomotility and diarrhea (16, 17). Interestingly, this was not 
observed with the anti-CD3 mAb 17A2 (rat IgG2b) (18) and KT3 (rat IgG2a) 
(14, 19). 

In the present study, we examined whether differences in epitope 
recognition and affinity of these three anti-CD3 mAb underly their heteroge
neity in capacity to trigger side effects. The role of FcyR was assessed by 
using an FcyR-blocking mAb, 2.4G2 (20) both in vitro and in vivo. Our 
results demonstrate that in vivo FcyR binding is responsible for cytokine 
release and side effects following anti-CD3 mAb treatment. Most important
ly, this study provides direct in vivo evidence that FcyR-binding of anti-CD3 
mAb is not necessary for immunosuppression. Therefore, these data may 
have important clinical implications. 

Table I Monoclonal antibodies used in this study 

mAb 

17A2 
KT3 
145·2C11 
2.4G2 
PH2-4a 
PH2·104 
GL3 
P1.17 

Isatype 

rat IgG2b 
rat IgG2a 
hamster Ig 
rat IgG2b 
rat IgG2b 
rat IgG2a 
hamster Ig 
mouse IgG2a 

Materials and methods 

Monoclonal antibodies 

Specificity 

mouse CD3 
mouse CD3 
mouse CD3 
mouse FcyU1lI1 
E.coli p-galactosidase 
E.coli p-galactosidase 
mouse TCRyo 
unknown 

Reference 

18 
19 
15 
20 

23 
24 

The mAb we used in this study are listed in Table I. We used the anti
mouse CD3 mAb 17A2, rat IgG2b (18), KT3, rat IgG2a (19) and 145-2C11, 
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a hamster mAb (15). 2.4G2 (20), a rat IgG2b mAb directed against mouse 
FerRlI/li1 (21), that also binds FerRI via its Fc-portion (20), and F(ab')2 frag
ments of 2.4G2 (kindly provided by dr. M. Daaron, Institut Curie, Paris, 
France (22)) were used to block FerR-binding of anti-CD3 mAb. As isotype 
control mAb we used PH2-4a (rat IgG2b), PH2-l04 (rat IgG2a), both directed 
against E.coli B-galactosidase (kindly provided by dr. J. van Denderen, 
Department of Immunology, Rotterdam, The Netherlands), and anti-TCRyl) 
mAb GL3 (hamster Ig) (23). We used Pl.17, a mouse IgG2a Ab of unknown 
specificity (24), to compete for FcyRI-binding. 

MAb were purified from hybridoma culture supernatants by protein G 
(Pierce Europe, Oud-Beijerland, The Netherlands) affinity chromatography, as 
previously described (25). 

Mice 
For all in vitro experiments and as skin graft recipients we used 

C57BL/Ka mice (H_2b). B6.C_H_2bm12 (H_2bm12) mice were used as skin graft 
donors. All mice were bred at the Department of Immunology of the Erasmus 
University Rotterdam. Mice were kept in light-cycled rooms and had access 
to acidified water and pelleted food ad libitum. 

Preparation of cell suspensions 
C57BUKa mice were killed using carbon dioxide. Spleen and lymph 

node cell suspensions were prepared and washed in BSS. Lymph node cell 
suspensions were used for flow cytometry and binding studies. Spleen cell 
suspensions were used for T cell proliferation assays after Ficoll-Hypaque 
density gradient centrifugation. 

Competition flow cytometry 
Twenty-five ).11 of lymph node cell suspensions (2xl07 cells/ml) were 

incubated with 100, 10 or 1 ).1g/ml of either one of the anti-CD3 mAb in 96 
well round-bottomed microtiter plates (Nunc, Roskilde, Denmark) for 1 hour 
on ice. Cells were washed three times with PBS, containing 5 % FCS and 20 
mM sodium azide, and incubated with optimally titrated FITC-Iabeled 17 A2 
mAb. After 1 hour incubation on ice, cells were washed thrice and resuspen
ded in isotonic fluid. All samples were analyzed using a FACScan (Becton 
Dickinson, San Jose, CAl. The mean fluorescence intensities (MFI) of CD3-
positive cells were compared to those of cells, incubated with buffer and 
17 A2-FITC. We calculated % inhibition using the following formula: 

% inhibition 
( 

MFI competition samples - MFI unlabeled cells 
100 -

MFI 17 A2-FITC labeled cells - MFI unlabeled cells 
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Binding studies 
Binding studies of different anti-CD3 mAb were performed on lymph 

node suspensions, containing ~ 65 % CD3-positive cells (analyzed by 
FACScan). Radio-iodination of mAb was performed with Na 1251 (Amersham, 
UK) using lodogen (Pierce) as catalyst. Lymph node cells (5 x 106 in 200 Ill) 
were incubated in duplicate with serial two-fold dilutions (starting of 1 x 10-7 

M) of 1251-anti-CD3 mAb for 4 hours on ice. After incubation, cells were 
washed three times with cold PBS. Radioactivity of pellets (specific and non
specific binding) and supernatants (free mAb) was counted using a Packard 
Autogram 500-C spectrometer. Non-specific binding of labeled mAb was 
determined by adding a 100-fold excess of unlabeled anti-CD3 mAb to a 
third series of binding reactions. Radioactivity of these samples was subtrac
ted from the total amount of bound radioactivity to determine specific 
binding. Binding data were analyzed according to Scatchard (26). To deter
mine the number of binding sites per cell, we corrected for the exact number 
of CD3 + T cells in lymph node suspensions (measured by FACScan). Two 
experiments with eight concentrations were performed for each mAb. 

Proliferation assays 
Spleen cells (2 x 105/well) were cultured in 200 III RPMI 1640 medium 

(Gibco, Paisley, UK) supplemented with 10% heat-inactivated FCS, L
glutamine (4 mM), B-mercaptoethanol (5x10-5 Ml. penicillin (100 IU/ml) and 
streptomycin (50 Ilg/ml). Cells were incubated with different concentrations 
of anti-CD3 mAb in round-bottomed tissue culture plates (Falcon). Alternati
vely, cells were cultured on anti-CD3 mAb coated flat-bottomed tissue cultu
re plates (Falcon). After 48 hours of culture at 37°C in a 5% CO2 incubator, 
0.5 IlCi [3Hlthymidine was added to each well. 18 hours later cells were 
harvested and [3Hlthymidine incorporation was measured in a liquid scin
tillation counter. All data are expressed as mean cpm of triplicate cultures. 

The role of FcyR in anti-CD3 induced mitogenesis was examined by 
adding 10 Ilg/ml 2.4G2 mAb or an equivalent molar amount (6.7 Ilg/ml) 
2.4G2 F(ab')2 fragments to culture wells. In other wells, 10 Ilg/ml Pl.17 
(mouse IgG2a) (24) was added to compete for high-affinity FcyRI-binding. In 
control wells, cells were cultured with isotype control mAb or Con A (5 
Ilg/ml ). 

In vivo blocking of FC'YR 
The role of FcyR-binding in TNF-o: release, weight loss and immuno

suppression induced by 145-2Cll was examined by in vivo blockade of 
FcyR. C57BL/Ka mice were injected i.p. with 250 fig of 2.4G2 mAb 12 to 
18 hours before injection of 10 fig 145-2C 11. Our primary goal was to 
achieve short term blocking of FcyR, since the effects of 10 fig of 145-2C 11 
can be detected early after injection (14, 27). This dose of 2.4G2 has previ
ously been shown to inhibit FcyR-mediated sequestration of immune com
plexes for at least 24 hours (28). 
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Detection of serum TNF-Ol 
For induction of TNF-a release, 10 Ilg 145-2C11 mAb were injected 

i.v. The role of FcyR in TNF-a release was studied by 2.4G2 administration, 
12 to 18 hours before 145-2C 11 mAb injection. Control mice were injected 
with 2.4G2 alone or 0.5 ml BSS. At 1, 2, 4, 8, and 24 hours after 145-2C11 
mAb injection, 3 or 5 mice per group were killed using carbon dioxide. Blood 
was obtained via heart puncture in sterile tubes and left to clot overnight at 
4°C. After centrifugation, serum samples were aliquotted and stored at -
70°C. 

Serum TNF-a levels were determined by a cytotoxicity assay on WEHI-
164 clone 13 cells (29). Briefly, trypsinized WEHI-164 cells were seeded in 
flat-bottomed tissue culture plates (Falcon) at 1 x 104 cellsl100 III complete 
medium. After overnight cell adherence at 37°C, serum samples and actino
mycin D (1 Ilg/ml) were added and incubated for 24 hours at 37°C. Cyto
toxic activity was measured with the MTT assay (30). 

Measurement of body weight 
A group of six C57BLlKa mice was injected i.p. with 10 fl9 145-2C11. 

Other groups received 2.4G2 mAb before 145-2C11 injection or 2.4G2 mAb 
alone. Body weight was measured daily late in the afternoon. In order to 
study changes in body weight longitudinally, all mice were tagged. Changes 
in weight are expressed as percentage of body weight prior to treatment. 

Skin grafting 
The immunosuppressive effect of 145-2C11 mAb on MHC class II 

disparate skin allograft rejection was studied by administration of 10 I1g mAb 
the day before grafting. FcyR-blockade was achieved by 2.4G2 mAb injecti
on 12 to 18 hours before 145-2C11 treatment. Control mice received 2.4G2 
mAb alone or 0.5 ml BSS. 

Tail skin of B6.C_H_2bm12 donors was grafted to the dorsal thorax of 
C57BLlKa recipients using a modification of the method of Billingham and 
Medawar (31). Briefly, donor skin was placed on the graft bed, attached at 
the four corners with Histoacryl (B. Braun, Melsungen, Germany). and 
covered with a thin film of Nobecutan (Astra Pharmaceutica, Rijswijk, The 
Netherlands). Mice were bandaged with a paraffin gauze and a plaster cast. 
After 8 days, the bandage was removed and grafts were scored daily for 
signs of rejection, such as scab formation, necrosis or loss of hair. Grafts 
were considered rejected when no viable donor skin was detectable. 

Statistical analyses 
Induction of proliferation, TNF-a release and weight loss by the three 

anti-CD3 mAb, was compared via analysis of variance (ANOVA). If ANOVA 
revealed significant differences, the groups were compared using the Stu
dent's t-test. Graft survival of groups was compared by Mann Whitney tests. 
Values of p < 0.05 were considered significant. 
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Results 

Binding characteristics of anti-CD3 mAb. 
Since differences in epitope recognition or binding affinity by the three 

anti-CD3 mAb (145-2Cll, 17A2, KT3) may underly their differential capaci
ty to induce cytokine-related side effects (14), we examined whether the 
three anti-CD3 mAb could cross-compete in a FACScan competition assay. 
Table 1/ shows that incubation of lymph node cells with 100 /lgiml of all 
three anti-CD3 mAb resulted in complete inhibition of subsequent binding of 
FITC-Iabeled 17A2. Though the degree of inhibition slightly differred between 
the anti-CD3 mAb, all three unlabeled mAb competed effectively for binding 
of FITC-Iabeled 17 A2 in a dose-dependent manner. 
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Figure 1 Scatchard analysis 01 binding of 1251_labeled anti-CD3 mAb to C57BUKa lymph node cells. Cells were 

incubated with different concentrations of 125'_labeled rat IgG2b, rat IgG2a or hamster anti-CD3 mAh. At each 

mAb concentration the amount of cell bound and free mAb was determined. Data represent the mean of 

duplicate determinations from one representative experiment. 

Analysis according to Scatchard of binding experiments, using 125 1_ 
labeled anti-CD3 mAb, resulted in linear Scatchard plots (Fig. 1), suggesting 
that all three mAb bind a single class of binding sites. The mAb displayed a 
comparably high affinity with a Kd ranging from 2.5 to 3 x 10-9 M. The 
number of binding sites per cell, however, was different amongst the three 
mAb. The rat IgG2b mAb 17A2 had ~10,000 binding sites, KT3 (rat IgG2a) 
~17,000, and 145-2Cll (hamster Ig) ~20,000 binding sites. These data 
show that the three anti-CD3 mAb bind the same or overlapping epitopes 
with comparable affinity. 
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Table" Competition binding of anti-CD3 monoclonal antibodies 

Unlabeled mAb (llg/mll 

100 
10 

1 

17A2 

100 
100 
10 

% Inhibition of 17 A2-FITC binding 

KT3 

100 
16.1±3.4 

a 

145-2C11 

100 
34.3±1.2 

a 
C57BUKa lymph node cells were incubated with different concentrations of unlabeled 17A2, KT3 and 145-2Cl1 mAb_ 
After washing, celis were incubated with optimally titrated 17A2-FITC. The mean fluorescence intensities of cells 
incubated with unlabeled mAb and subsequently with 1 7 A2-FITC were compared to mean fluorescence intensities of 
cells incubated with buffer and 17A2-FITC. The results represent mean % inhibition ± SD of three independent 
experiments. 
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Figura 2 Proliferation induced by anti-CD3 mAb. C57BUKa spleen cells were stimulated with different concentrations of 

immobilized (A) or soluble (B) rat IgG2b, rat IgG2a or hamster anti-CD3 mAb. After 48 hours, 0.5 j.lCi/well of 

(3HJ thymidine was added for an additional 18 hours of culture. The data represent mean cpm of triplicate 

cultures ± SD. Experiment was repeated three times, yielding essentially identical results. 
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T lymphocyte proliferation induced by immobilized and soluble anti-CD3 mAb 
In order to induce T cell proliferation, anti-CD3 mAb need to be 

crosslinked either via FcyR + cells or through a solid phase. The use of 
immobilized anti-CD3 mAb enabled the study of their mitogenic properties 
independent of their FcyR binding capacity (32). Figure 2A shows that, using 
immobilized anti-CD3 mAb, rat IgG2a and hamster mAb induced comparable 
T cell proliferation. The proliferation curve of rat IgG2b anti-CD3 mAb was 
significantly different from that of the two other anti-CD3 mAb. At higher 
concentrations, 17 A2 (rat IgG2b) was significantly less mitogenic than the 
other mAb, whereas at lower concentrations this mAb was significantly more 
mitogenic. 
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Figure 3 Effect of FcyR-blocking on proliferation induced by soluble anti-CD3 mAb or Con A. C57BUKa spleen cells 

were cultured in medium alone or medium supplemented with 2.4G2 mAb (10 ).Ig/ml), F(ab')2 fragments of 

2.4G2 (6.7 !1g/ml) or mlgG2a (1 O).lg/ml). T cell mitogenesis was induced by addition of 10 ).Ig/ml rat IgG2b, rat 

IgG2a or hamster anti-CD3 mAb. After 48 hours, 0.5 )..lei/well of [3Hlthymidine was added for an additional 18 

hours of culture. Data represent mean cpm of triplicate cultures ± SO. N.D = not determined. Similar results 

were obtained in a second experiment (not shown). 

The capacity of soluble anti-CD3 mAb to induce T cell proliferation has 
been shown to correlate with their extent of interaction with FcyR (33). 
Soluble rat IgG2b and rat IgG2a anti-CD3 mAb induced comparable T cell 
proliferations (Fig. 28). To induce T cell proliferation, high concentrations 
(consistently 50-100 times higher than 145-2C11 mAb) of rat anti-CD3 mAb 
were needed. Neither of the isotype control mAb (PH2-4a, PH2-104 and 
GL3) induced proliferation (data not shown). 

Addition of FcyR-blocking mAb (10 Ilgiml 2.4G2) completely inhibited 
proliferation, induced by all three anti-CD3 mAb in soluble form (Fig. 3). This 
inhibition was specific, since addition of 10 Ilg/ml of an isotype control mAb 
(PH2-4a) had no effect on anti-CD3 mAb induced proliferation (data not 
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shown) and Con A induced proliferation was not affected by 2.4G2 mAb 
(Fig. 3). Highly purified F(ab')2 fragments of 2.4G2, that only block FcyRlI/ll1 
binding, had a similar inhibitory effect as intact 2.4G2 (Fig.3). In addition, 
competition for FcyRI binding by adding 10 Ilg/ml Pl.17 (mouse IgG2al. did 
not inhibit anti-CD3 mAb induced T cell proliferation (Fig. 3). Thus, mitoge
nesis of all three anti-CD3 mAb involved FcyR11/il1 molecules. The ability of 
low doses of hamster mAb to induce significant T cell proliferation suggests 
that this mAb has a high affinity for either FcyRIl or FcyR1l1. 

Figure 4 Effect of in vivo anti-FcyR mAb on TNF-o; release triggered by 1 45-2Cl1 mAb. C57BUKa mice received either 

10 119 145-2Cll mAb Lv. (t'" 0 hr), 250 )19 2.4G2 mAb (t=-12 to -, a hrs) or a combination of 145-2Cl1 and 

2AG2 mAb. Control mice received 0.5 ml ass. 1, 2, 4, 8 and 24 hours after treatment, 3 (ZAG2 and ass 

groups) or 5 (other groups) mice per group were killed for serum detection of TNF-o.. This experiment was 

performed twice. Results represent the mean serum TNF-u levels (SEM ::;; 15%) from one representative 

experiment. 

In vivo effect of FC'YR-blocking mAb on TNF-CL release triggered by 145-2CII 
Of the three anti-CD3 mAb, only 145-2C11 mAb induced cytokine 

related side effects (14). TNF-a has been shown to play a crucial role in 
these side effects (14, 17). In vivo administration of 10 Ilg hamster anti-CD3 
mAb, 145-2Cl1, induced a strong increase in serum TNF-a levels (Fig. 4). 

The highest TNF-a serum levels were measured 1 hour after 145-2C11 
injection. To determine the role of FcyR in this TNF-a release, we temporarily 
blocked FcyR by giving 250 Ilg 2.4G2 mAb 12 to 18 hours before 145-2C11 
injection. Treatment with 2.4G2 mAb completely abrogated the rise of serum 
TNF-a levels. Anti-FcyR mAb itself did not trigger TNF-a release. These 
results show that binding of 145-2Cl1 mAb to FcyR bearing cells is neces
sary for in vivo TNF-a release. 
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Figure 5 Effect of in vivo FcyR-blockade on weight loss due to treatment with 145-2Cl1 mAb. C57BUKa mice received 

either 10 f.l9 145-2Cl1 mAb i.p. (t=O hr), 250).19 2.4G2 mAb (t=-12 to -18 hrs) or a combination of 145-

2eT1 and 2AG2 mAb. Body weight was measured daily. Data are expressed as mean percentage of initial 

weight ± SO of six mice .• p < 0.05, p < 0 001 as compared to the group treated with 2 4G2 mAb alone 

Effect of in vivo Fc,¥R blockade on weight loss due to 145-2C 11 
Treatment with 10 Ilg 145-2C11 mAb resulted in a significant weight 

loss (Fig. 5). The mice showed signs of morbidity, such as hypomotility and 
piloerection. 2.4G2 mAb-pretreated mice showed significantly less weight 
loss (p < 0.05) and regained their initial weight two days after 145-2C11 
mAb injection, compared to three days in the group treated with 145-2C11 
alone. In addition, signs of illness were absent in these mice. No changes in 
weight were seen in the group that only received 250 Ilg 2.4G2. These data 
show that in vivo blocking of FcyR-binding of 145-2C11 mAb did not only 
prevent TNF-a release, but also abrogated cytokine-related illness reflected in 
inhibition of weight loss. 

Effect of in vivo Fc,¥R blocking on 145-2CII-induced immunosuppression of 
skin allograft rejection 

Since FcyR-blockade significantly inhibited the 'cytokine release 
syndrome' of 145-2C11 mAb, it was essential to determine whether this 
treatment interferes with the immunosuppressive effect of this anti-CD3 
mAb. Therefore, we studied the effect of the different treatment schedules 
on skin allograft rejection. The day after 145-2Cl1 injection, C57BL/Ka mice 
received an MHC class II disparate B6.C_H_2bm12 skin graft. As shown in 
Figure 6, a single dose of 10 119 of 145-2C11 significantly prolonged skin 
allograft survival, as compared to the untreated control group. The admi
nistration of 250 Ilg 2.4G2 mAb had no effect on the immunosuppression, 
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induced by 145-2C11. Furthermore, the group that received 2.4G2 mAb 
alone showed the same graft survival as the untreated control group. These 
results show that FcyR-mediated binding of anti-CD3 mAb is not essential for 
immunosuppression. 

Discussion 

Treatment and prevention of organ allograft rejection using OKT3 has 
been shown to be very successful (1, 2). However, this treatment is compli
cated by the OKT3-induced cytokine release syndrome. In this study, we 
used a mouse model with three anti-CD3 mAb, to characterize the properties 
of anti-CD3 mAb that are responsible for induction of cytokine-related side 
effects. Since all three mAb have been shown to be equally immunosuppresi
ve (141. this model allows the study of T cell activating capacities of anti
CD3 mAb independent of their immunosuppressive properties. 

Differences in T cell activation by anti-CD3 mAb might be caused by 
differences in epitope recognition or affinity of the mAb (33, 34). Our results 
show that the three anti-CD3 mAb recognize similar or closely related 
epitopes (Table 11). This is in agreement with earlier studies (18, 19) showing 
cross-competition between 17 A2, KT3 and 145-2C11 mAb. The hamster 
mAb 145-2C11 has been shown to be specific for the CD3 epsilon chain 
(15). The anti-CD3 mAb bound, furthermore, with similar affinity (Kd of 2.5 -
3 x 10.9 M) to lymph node cells (Fig. 1). We found a difference in the 
number of binding sites of the three anti-CD3 mAb, with 17 A2 (rat IgG2b) 
binding ",10,000 sites per cell, while KT3 (rat IgG2a) bound ",17,000 and 
145-2C11 (hamster Ig) ",20,000 sites. This difference in binding site number 
is not reflected in in vivo effects of anti-CD3 mAb, as 17 A2 and KT3 
induced the same degree of T cell depletion, TCR/CD3 modulation, immuno
suppression of skin allograft rejection and cytokine release in vivo (14). 

In vitro mitogenesis and T cell activation by anti-CD3 mAb is depen
dent on interaction of these mAb with FcyR (35). The finding that 145-2Cl1 
F(ab')z fragments induce less cytokine release and morbidity in mice than 
intact 145-2C 11 mAb suggests that FcyR binding is also involved in in vivo 
T cell activation (17, 36), though interpretations may be influenced by the 
short half-life of F(ab')z fragments. Our results demonstrate in a mouse 
model that intact non-mitogenic anti-CD3 mAb induced less cytokine-related 
side effects than mitogenic mAb (14). This difference in mitogenesis is due 
to differences in FcR-binding capacities of the anti-CD3 mAb, since in 
immobilized form all three mAb induced T cell proliferation. The mitogenic 
anti-CD3 mAb 145-2C11 displayed a higher affinity for FcyRil or FerRill than 
the non-mitogenic mAb 17 A2 and KT3. The first direct evidence for the role 
of FcyR binding in the cytokine related side effects of anti-CD3 mAb is 
provided by our finding that in vivo blocking of FcyR binding resulted in 
complete inhibition of TNF-a release by 145-2C 11 mAb and significant 
inhibition of the weight loss induced by 145-2Cl1. Some side effects of 
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Figure 6 Effect of in vivo FcyR-blockade on 145·2C1 1 induced immunosuppression of skin allograft rejection. C57BUKa 

mice received an MHC class II disparate B6.C_H_2bm12 skin graft. The day before grafting, the mice were 

treated with 10 ).19 145-2C11 (n"" 8), One group received 250 ).19 2.4G2 12 to 18 hours before 145-2C1 1 

administration (n=7) and another received 2.4G2 mAb alone (n=8). Control mice (n=8) received no 

treatment. 

145-2C11 are probably FcyR independent, as even administration of 1 mg 
2.4G2 mAb could not prevent transient weight loss (data not shownl. As has 
been shown for OKT3, complement activation might contribute to the 145-
2C ll-associated side effects (37). 

Our previous study showed that the non-mitogenic rat anti-CD3 mAb 
17 A2 and KT3 are equally effective as the mitogenic 145-2Cl1 mAb in 
suppressing skin allograft rejection (14). That FcyR binding of anti-CD3 mAb 
is not essential for their immunosuppressive properties, is further shown by 
our finding that in vivo blocking of FcyR binding has no effect on the sup
pression of skin allograft rejection by 145-2Cl1 mAb. FACScan analysis has 
shown that treatment with 2.4G2 did not result in depletion of monocytes or 
macrophages (data not shown), suggesting the effect of 2.4G2 is due to 
FcyR blockade. Most of the previously published in vivo data on the role of 
FcR binding of anti-CD3 mAb in immunosuppression are based on the use of 
F(ab')2 fragments of 145-2C11, showing that these F(ab')2 fragments are 
equally immunosuppressive as intact 145-2C 11 mAb. This has been shown 
in a skin transplantation model in mice and in insulin-dependent diabetes 
mellitus in mice (38-40). However, the use of F(ab')2 fragments is always 
compromised by the possible presence of small amounts of contaminating 
intact mAb. In addition, establishment of efficacy of non-mitogenic anti-CD3 
mAb in the clinical setting is time consuming and has ethical limitations. 
Therefore, our findings concerning immunosuppressive capacity of non
mitogenic anti-CD3 mAb are of great importance. 
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The immunosuppressive mechanisms of our non-mitogenic anti-CD3 
mAb and F(ab')2 fragments of 145-2C11 are probably the same as those of 
mitogenic anti-CD3 mAb, including T cell depletion, blocking and modulation 
of the TCR/CD3 complex and the induction of T cell anergy (41-43). It has 
been suggested that some degree of T cell activation is needed for anergy 
induction (44). It would be interesting to investigate the signaling capacity of 
our rat anti-CD3 mAb. 

Together, our data suggest that the use of non-mitogenic anti-CD3 
mAb would imply the induction of fewer cytokine related side effects, while 
retaining effective immunosuppression. Though F(ab')2 fragments have been 
proposed to be useful in the clinical situation, a major drawback of these 
fragments is their extremely short half-life and thus the necessity of frequent 
administration. In addition, the production of these fragments requires great 
care, since even minimal contamination with intact mAb may induce signifi
cant T cell activation (35). The use of whole non-mitogenic anti-CD3 mAb 
would therefore be much more preferable. An IgA switch variant of a murine 
anti-CD3 mAb, unable to interact with human FcyR, induces significantly less 
cytokine release and side effects in chimpanzees (12). To date, the number 
of patients treated with these mAb are insufficient to warrant conclusions on 
their immunosuppressive efficacy (45). Alegre et al. showed that mutations 
in the Fc portion of a "humanized" OKT3 resulted in a reduced FcyR binding 
of this mAb. In vitro, this mutated mAb also induced significantly less T cell 
activation than the parental mAb, but displayed the same immunosuppressi
ve properties (46). Recently, this mutated mAb has been shown to be 
equally effective in suppressing human skin graft rejection as the parental 
anti-CD3 mAb and OKT3, in SCID mice reconstituted with human splenocy
tes (47). 

Summarizing, interaction of the hamster anti-CD3 mAb 145-2C 11 with 
FerRIIIIII is responsible for its cytokine related side effects. From comparison 
of this mAb with two other anti-CD3 mAb that do not induce any morbidity, 
we conclude that in vitro mitogenesis correlates with in vivo cytokine release 
and morbidity. This finding is relevant for the development of new anti-CD3 
mAb. Furthermore, FcyR binding is not essential for immunosuppression by 
anti-CD3 mAb. Together these data suggest that non-mitogenic anti-CD3 
mAb are promising immunosuppressive agents in clinical tissue and organ 
transplantation and that they may also be useful for treatment of autoimmu
ne diseases. 
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General discussion 

In search of optimal immunosuppressive regimens for prevention and 
treatment of transplant rejection our study has focussed on cytokine-directed 
and T lymphocyte-directed strategies. We studied the effect of these 
strategies on skin allograft rejection in mice. 

Cytokine-directed strategies 

In chapter 2.1 many cytokines are described that may be involved in 
transplant rejection. In order to inhibit graft rejection, cytokine neutralizing 
agents have been tested, such as mAb and soluble cytokine receptors. In 
chapter 2.2 we demonstrate that mAb against mouse IFN-y can prolong skin 
graft survival in an MHC class II disparate strain combination. However, our 
study (chapter 2.2) and many other studies (reviewed in chapter 2.1) using 
cytokine neutralizing agents show that these cytokine-directed strategies are 
not very effective in prolonging graft survival. The complexity of the cytoki
ne network offers some explanations for the ineffectiveness of these strate
gies. Cytokines act on short range and systemically administered agents may 
not reach the site where these cytokines mediate their effect. Furthermore, 
the cytokine system is extremely redundant, i.e. one function can be per
formed by several cytokines. Thus, neutralizing one cytokine makes another 
take over. Besides the lack of efficiency, the lack of specificity is one of the 
disadvantages of these cytokine-directed treatments. Others are their short
lived effectiveness, the need of enormous quantities of mAb or soluble 
receptors and last but not least the fact that these strategies may have the 
opposite effect to the one intended. This last-mentioned phenomenon is due 
to the capacity of some mAb and soluble cytokine receptors to act as 
cytokine carriers and prolong the half-life and consequently the effect of their 
target cytokines (1). We conclude that treatment directed against one 
cytokine may at best result in short-term inhibition of its effects. 

Another cytokine-directed strategy involves the creation of a cytokine 
micro-environment in favor of development of Th2 cells, which could induce 
non-responsiveness of alloreactive Th1 cells. In chapter 2.2 we tried to do so 
by treating mice with the Th2 cytokines IL-4 and IL-10. Even in combination 
with mAb against IFN-y (Th 1), this treatment did not induce long-term graft 
survival. In other alloresponse models, treatment with IL-4 or IL-10 could 
only moderately inhibit heart graft rejection (M. Dallman, personal communi
cation) or enlargement of alloreactive lymph nodes (2) and no tolerance could 
be induced. Ineffectiveness of Th2 promoting cytokine treatment may have 
several reasons. First, systemic administration of cytokines may fail to 
modulate the intragraft environment. Cytokines may not reach the graft, may 
be consumed or neutralized by e.g. soluble cytokine receptors. Secondly, 
assuming Th2 cell development is enhanced by administration of Th2 cytoki
nes, these cells may not be capable of inhibiting graft rejection. Possibly, 
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allospecific tolerance is only based on Th 1 cell anergy and detection of Th2 
cytokines is just an epiphenomenon. Alternatively, Th1 cell anergy is required 
in order for Th2 cells to maintain this state of allospecific tolerance. Thus, 
systemic Th2 cytokine treatment does not seem capable of inducing long
term non-responsiveness and in addition may have side effects, such as 
stimulation of antibody-formation and inhibiton of inflammatory responses 
against pathogens. These data, however, do not exclude that the Th1-Th2 
paradigm plays a role in transplant rejection and acceptance and that other 
ways may be found to effectively influence this balance. 

Use of anti-CD3 mAb for treatment of transplant rejection 

In clinical and experimental transplantation anti-CD3 mAb induce 
effective immunosuppression. However, their use is complicated by cytokine
related side effects and the production of antibodies against the anti-CD3 
mAb (xenosensitization). 

Side effects of anti-CD3 mAb treatment 
In chapter 3.4 we show that the capacity of anti-CD3 mAb to induce 

in vitro T cell proliferation (mitogenesis) and in vivo cytokine-related side 
effects correlates with their affinity for FcyR. Pretreatment of the mice with 
anti-FcyR mAb 2.4G2 could prevent TNF-a release and weight loss induced 
by 145-2C11 mAb. These results provide direct evidence for the role of FcyR 
binding in cytokine release and the associated morbidity. FcR-binding of Fc 
portions of anti-CD3 mAb can lead to cross-linking of CD3 molecules, 
causing T cell activation and cytokine release. We have shown that non
mitogenic anti-CD3 mAb are capable of inducing effective immunosuppressi
on without cytokine-related side effects (chapters 3.1 and 3.2). In addition, 
blocking of FcyR by 2.4G2 mAb treatment had no effect on anti-CD3 mAb 
induced immunosuppression of skin graft rejection (chapter 3.4). 

In man, xenosensitization is a major complication of treatment with 
murine mAb, since human anti-mouse antibodies may enhance mAb clearan
ce and abrogate their immunosuppressive efficacy. Coadministration of 
immunosuppressive agents, such as azathioprine or cyclosporin A, decreases 
the sensitization frequency (3). It has been suggested that anti-CD3 mAb
induced production of cytokines, in particular IL-4, enhances the develop
ment of anti-antibodies (4). It is conceivable that treatment with non-mitoge
nic anti-CD3 mAb will lead to reduced sensitization. The humoral response to 
mitogenic anti-CD3 mAb in mice has been shown to be stronger than to non
mitogenic F(ab')2 fragments of these mAb (5). However, it cannot be 
excluded that this difference is caused by their difference in half-life. It 
would be interesting to study the antibody response to the non-mitogenic 
anti-CD3 mAb that were used in our study. A promising strategy to minimize 
xenosensitization is the development of "humanized" antibodies (6). These 
antibodies consist of murine complementarity determining regions (CDR), i.e. 
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antigen-binding sites build into human antibodies. For instance, "humanized" 
mAb with CDR of OKT3 have been generated (7). Moreover, by two amino
acid substitutions in the CH2 region of this "humanized" OKT3, a mAb has 
been created with significantly lower affinity for FcR (8). This non-mitogenic 
mAb has all properties to induce effective immunosuppression with minimal 
toxicity. 

As FcR binding is not essential for immunosuppression and is respon
sible for cytokine-related side effects (chapter 3.4), the use of F(ab') 2 
fragments of anti-CD3 mAb has to be considered. However, F(ab')2 frag
ments have two major disadvantages over non-mitogenic anti-CD3 mAb. 
First, due to their extremely short serum half-life, frequent administrations 
would be required to achieve the same level of cell coating or modulation 
found after administration of intact anti-CD3 mAb. Secondly, preparation of 
F(ab')2 fragments requires great care, as contamination with minimal 
amounts of intact anti-CD3 mAb can result in significant T cell activation. 
Thus, for clinical immunosuppression non-mitogenic anti-CD3 mAb are 
preferable to F(ab') 2 fragments of mitogenic anti-CD3 mAb. 

Immunosuppression by anti-CD3 mAb 
Non-mitogenic anti-CD3 mAb are capable of inducing effective immu

nosuppression with minimal toxicity (chapters 3.1 and 3.2). They may prove 
to be promising immunosuppressive agents for clinical use. Whether anti
CD3 mAb are only capable of inducing generalized (non-specific) immunosup
pression or whether they can also induce allospecific tolerance is unclear. 
Several effects of anti-CD3 mAb may contribute to both non-specific, i.e. 
concerning all T cells, and specific, i.e. concerning alloreactive T cells only, 
immunosuppression. 

Short-term non-specific immunosuppression results from T cell depleti
on and blocking of the interaction of TCR with alloantigens on APC by 
coating and subsequent modulation of the TCR/CD3 complex. In chapters 
3.1 and 3.2 we showed that both non-mitogenic and mitogenic anti-CD3 
mAb induced T cell depletion and modulation of the TCR/CD3 complex. 

Long-term non-specific immunosuppression has been found after 
recovery of T cell number and TCR/CD3 expression (9). This is probably 
based on the capacity of anti-CD3 mAb to induce intracellular signal trans
duction as TCR signaling without costimulatory signaling results in T cell 
anergy (10). In addition, chronic anti-CD3 mAb stimulation in vitro resulted in 
T cell anergy whether or not costimulatory signals were provided (11). 

For the induction of long-term allospecific tolerance, interaction of 
allospecific TCR with alloMHC is a prerequisite. In chapter 3.1 we show that 
in a small percentage of the anti-CD3 mAb treated mice allospecific tolerance 
was achieved. Anti-CD3 mAb may contribute to allospecific tolerance 
induction by simply delaying TCR-alloantigen interaction. It has been shown 
that after approximately two weeks donor APC in the graft have disappeared 
and are replaced by recipient APC. These recipient APC may present al-
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10MHC peptides in the context of self MHC to T lymphocytes. It has been 
suggested that this indirect presentation of allopeptides may lead to nomes
ponsiveness of T cells (12). In addition, TCR signaling by anti-CD3 mAb may 
change TCR structure or function, which may lead to an altered reaction to 
subsequent interaction with alloantigens, resulting in T cell anergy (13). 
Furthermore, anti-CD3 mAb might skew alloreactive T cells to Th2 cell 
development. Aside from the cytokine micro-environment, the antigen 
density on the APC can direct Th cell development (14). low antigen density 
preferably induces Th2 cell development and high antigen density induces 
Th 1 cell development. Anti-CD3 mAb treatment leads to TCR/CD3 complex 
modulation that lowers the number of TCR-alloantigen interactions, which 
might favor Th2 cell development. These alloreactive Th2 cells can suppress 
alloreactive Th1 cells, which might lead to graft acceptance. 

Future prospects 
Protocols based on anti-CD3 mAb, leading to effective suppression of 

graft rejection and possibly to graft acceptance, should consist of admini
stration of a dose of non-mitogenic, non-FcR-binding anti-CD3 mAb that 
results in coating and modulation of TCR/CD3 complexes on all T cells. This 
treatment should begin on the day of transplantation. It is not clear yet how 
long this treatment has to be continued. After the period of non-specific 
immunosuppression, lowering of anti-CD3 mAb dose should enable contact 
between TCR and alloantigens and redirect the alloresponse to a state of 
allospecific anergy and/or suppression. Possible interference of other immu
nosuppressive agents with anti-CD3 mAb induced immunosuppression 
should be investigated. Both non-mitogenic and mitogenic anti-CD3 mAb are 
capable of inducing T cell depletion, coating and modulation of the TCR/CD3 
complex (chapters 3.1 and 3.2) and signal transduction (15). Whether both 
of them are capable of inducing allospecific tolerance needs further study. 
Such studies will contribute to the development of clinical protocols leading 
to effective immunosuppression and possibly graft acceptance. 
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Summary 

Many different diseases may lead to severe dysfunction of organs, 
such as kidney or heart. Nowadays, organ transplantation is an established 
therapy in patients suffering from organ failure. However, incompatibility of 
donor and recipient Major Histocompatibility Complex (MHC) proteins 
generally leads to rejection of the transplanted organ. Rejection is prevented 
by treating the recipient with strong immunosuppressive agents. However, 
these agents also suppress immune responses against pathogens and tumor 
cells and therefore cause an increased incidence of infections and malignan
cies among transplant recipients. Furthermore, many of these agents have 
other side effects, such as nephrotoxicity in the case of cyclosporin A. 

In our study, we investigated the effectiveness and side effects of 
several immunosuppressive strategies. For this purpose we used a skin 
transplantation model in mice. The immunosuppressive therapies we studied 
were either directed against cytokines or against T lymphocytes. T lympho
cytes play a key role in the induction of transplant rejection, whereas 
cytokines, i.e. soluble factors produced by T lymphocytes and many other 
cell types, are important for communication between the cells involved in 
rejection. Two subsets of T helper (Th) cells are believed to be differentially 
involved in transplant rejection. Thl cells, producing a.o. IL-2 and IFN-y, are 
believed to induce rejection, whereas Th2 cells, producing a.o. IL-4 and IL-
10, can suppress Th 1 cell function and may therefore inhibit graft rejection 
and even induce transplant acceptance. 

In chapter 2.1, we review studies on the role of cytokines in clinical 
and experimental transplantation. In clinical transplantation, serum levels of 
various cytokines have been used for monitoring graft function. Increased 
levels of for instance IL-2, IL-6 or TNF-a have been found during transplant 
rejection. However, as these levels are also increased during infection, 
measurements of these cytokines cannot be used to reliably predict rejection. 
Using animal models, intragraft detection of cytokine mRNA has shown that 
expression of IL-2, IL-4 and IFN-y mRNA is related to graft rejection. During 
transplant acceptance, decreased expression of IL-2 and IFN-y (Th1) mRNA 
was found, whereas IL-4 and IL-l0 (Th2) mRNA expression was stable or 
increased as compared to mRNA expression in rejecting grafts. In experimen
tal transplantation, several cytokine-directed strategies, such as anti-cytokine 
monoclonal antibodies (mAb) or soluble cytokine receptors, have been tested 
for their immunosuppressive effectiveness. However, none of these stra
tegies was very effective in prolonging allograft survival. Other strategies 
aimed at changing the Th subset balance. However, the few studies attemp
ting Th2 "skewing" have not been successful in inhibiting graft rejection. In 
chapter 2.2 we show that treatment of mice with anti-IFN-y mAb prolonged 
skin graft survival with about 15 days as compared to untreated control 
mice. Treatment with Th2 cytokines IL-4 and IL-10 had no effect on skin 
graft survival. T lymphocyte-directed strategies, using anti-CD4 mAb or anti-
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CD3 mAb were able to prolong skin graft survival with about 25 days and 
about 70 days, respectively. From these data we conclude that in our model 
T lymphocyte directed strategies are more effective than cytokine directed 
strategies in inhibiting graft rejection and that anti-CD3 mAb cause strong 
immunosuppression. 

In chapter 3 we focus on anti-CD3 mAb treatment of skin allograft 
rejection. OKT3, a mouse anti-CD3 mAb, is a potent immunosuppressive 
agent used in humans to prevent and treat organ graft rejection. However, 
administration of OKT3 is accompanied by severe side effects, which are 
related to systemic cytokine release. In mice a similar anti-CD3 mAb has 
been described. The hamster anti-CD3 mAb 145-2C11 can suppress skin 
allograft rejection in mice, but also induces cytokine release that is accompa
nied with severe morbidity. In chapters 3.1 and 3.2 we show that two rat 
anti-CD3 mAb, 17 A2 and KT3, are equally capable of suppressing skin allo
graft rejection as 145-2C11 mAb. Treatment with 17A2 mAb even induced 
long term graft survival in a small percentage of treated mice and these mice 
also accepted a second skin graft, while rejecting a third party graft (chapter 
3.1). All three anti-CD3 mAb caused T cell depletion and modulation of the 
TCR/CD3 complex. In contrast to 145-2C11 mAb, 17 A2 and KT3 mAb did 
not cause any morbidity in mice. We studied release of TNF-a, IFN-y and IL-6 
after injection of the three anti-CD3 mAb and found that TNF-a and IFN-y 
release were related to anti-CD3 mAb induced side effects (chapters 3.1 and 
3.2). In chapter 3.3 we studied serum soluble TNF receptor levels (sTNFR) 
after anti-CD3 mAb treatment. sTNFR are thought to be protective against 
TNF-a effects. As only 145-2C11 mAb induced TNF-a release and all three 
anti-CD3 mAb induced release of sTNFR-P55 and P75, we conclude that in 
our model sTNFR release is independent of TNF-a. In chapter 3.4 we studied 
the basis of the anti-CD3 mAb induced side effects. We show that interacti
on of anti-CD3 mAb with Fcy receptors (FcyR) is responsible for mitogenesis, 
TNF-a release and the related morbidity. Furthermore, we demonstrate that 
FcyR binding is not essential for immunosuppression by anti-CD3 mAb. 

From the studies presented in this thesis we conclude that T lympho
cyte-directed treatment of transplant rejection is more effective than cytoki
ne-directed treatment. Anti-CD3 mAb are strong immunosuppressive agents 
and, if non-mitogenic, safe to use. Further research should prove whether 
non-mitogenic anti-CD3 mAb are also effective in prevention and treatment 
of clinical transplant rejection. 
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Samenvatting 

Verschillende ziekten kunnen leiden tot een ernstig gestoorde functie 
van organen zoals de nieren en het hart. Orgaantransplantatie is een tegen
woordig veel toegepaste behandeling voor patienten met orgaanfalen. Echter, 
het verschil in weefselantigenen van de donor en de recipient kan afstoting 
van het getransplanteerde orgaan veroorzaken. Afstoting wordt tegengegaan 
door de recipient te behandelen met middelen die de immunologische afweer 
sterk onderdrukken, ook wei immunosuppressieve middelen genoemd. Deze 
middelen onderdrukken echter ook de afweer tegen bacterien, virussen en 
tumorcellen. Hierdoor krijgen transplantaatrecipienten vaker infecties en 
tumoren. Bovendien hebben vele van deze middelen nog andere bijwerkin
gen, zoals nieraantasting bij cyciosporine A behandeling. 

In onze studie hebben we verschillende immunosuppressieve strate
gieen onderzocht op hun werkzaamheid en hun bijwerkingen. Hiervoor 
hebben we gebruik gemaakt van een huidtransplantatie model in de muis. De 
bestudeerde immunosuppressieve behandelingen waren gericht tegen Of 
cytokinen, of T-Iymfocyten. T-Iymfocyten zijn essentieel voor transplantaat
afstoting, terwijl cytokinen loplosbare factoren, die zowel door T-Iymfocyten 
als door andere cellen kunnen worden geproduceerd) een belangrijke rol 
spelen in de communicatie tussen de cellen die betrokken zijn bij de afsto
ting. Twee soorten T-helper ITh) cellen zouden op een verschillende manier 
betrokken zijn bij transplantaatafstoting. Th1 cellen, die o.a. IL-2 en IFN-y 
produceren, zouden verantwoordelijk zijn voor afstoting, terwijl Th2 cellen, 
die o.a. IL-4 en IL-10 produceren, door onderdrukking van Th1 cellen trans
plantaatafstoting zouden rem men en zelfs acceptatie van het transplantaat 
zouden bewerkstelligen. 

In hoofdstuk 2.1 geven we een overzicht van eerder gepubliceerd 
onderzoek naar de rol van cytokinen in klinische en experimentele trans
plantatie. In klinische transplantatie heelt men de serumspiegels van ver
schillende cytokinen gebruikt om de transplantaatfunctie te controleren. 
Tijdens transplantaatafstoting konden verhoogde serumspiegels van o.a. IL-2, 
IL-6 en TNF-a worden aangetoond. Omdat deze spiegels ook verhoogd 
waren bij infectie, kunnen deze cytokine bepalingen niet gebruikt worden om 
transplantaatafstoting te voorspellen. In proefdieren was de IL-2, IL-4 en IFN
y mRNA expressie in het transplantaat gerelateerd aan afstoting. Tijdens 
acceptatie van het transplantaat werd verlaagde IL-2 en IFN-y ITh 1) mRNA 
expressie gevonden, terwijl de IL-4 en IL-10 ITh2) mRNA expressie gelijk 
bleef of verhoogd was t.O.V. de mRNA expressie tijdens afstoting. In experi
mentele transplantatie zijn verschillende cytokine-gerichte strategieen, zoals 
anti-cytokine monoklonale antistoffen ImAs) en oplosbare cytokine recepto
ren, getest op hun werkzaamheid. Deze therapieen waren echter geen van 
aile erg effectief in het verlengen van de transplantaatoverleving. Andere 
strategieen hadden tot doel de balans tussen de verschillende Th subsets te 
veranderen. De weinige pogingen tot Th2 verschuiving konden transplantaat-
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afstoting niet remmen. In hoofdstuk 2.2 laten we zien dat behandeling van 
muizen met anti-IFN·y mAs de transplantaatoverieving verlengde met 
ongeveer 15 dagen t.O.V. de onbehandelde controlegroep. Behandeling met 
Th2 cytokinen IL-4 en IL-10 had geen effect op de transplantaatafstoting. T
Iymfocyt-gerichte behandeling met anti-CD4 of anti-CD3 mAs kon de 
transplantaatoverleving verlengen met respectievelijk ongeveer 25 en 
ongeveer 70 dagen. Hieruit concluderen wij dat in ons model T-cel-gerichte 
behandeling effectiever is in de remming van transplantaatafstoting dan 
cytokine·gerichte behandeling, en dat anti-CD3 mAs sterke immunosup
pressie veroorzaken. 

In hoofdstuk 3 gaan we dieper in op de behandeling van huidtransplan
taatafstoting m.b.v. anti-CD3 mAs. OKT3 is een muis anti-CD3 mAs met 
sterk immunosuppressieve eigenschappen, dat wordt gebruikt voor preventie 
en behandeling van klinische orgaantransplantaatafstoting. Toediening van 
OKT3 gaat echter gepaard met ernstige bijwerkingen die gerelateerd zijn aan 
systemisch aantoonbare cytokinen. Voor de muis is een vergelijkbaar anti
CD3 mAs beschreven. De hamster anti-CD3 mAs 145-2C11 kan huidtrans
plantaatafstoting in de muis remmen, maar veroorzaakt ook cytokineproduk
tie en de daarmee gepaard gaande ziekteverschijnselen. In de hoofdstukken 
3.1 en 3.2 laten we zien dat twee rat anti-CD3 mAs, 17 A2 en KT3, even 
goed in staat zijn de transplantaatafstoting te remmen als 145-2C11 mAs. 
Behandeling met 17 A2 mAs resulteerde zelfs in langdurige transplantaatover
leving in een klein percentage van de behandelde muizen. Deze muizen 
accepteerden ook een tweede transplantaat, terwijl ze een transplantaat van 
een andere donor als van het eerste transplantaat gewoon afstootten 
(hoofdstuk 3.1). De drie gebruikte anti-CD3 mAs veroorzaakten T-cel depletie 
en modulatie van het TCR/CD3 complex (hoofdstukken 3.1 en 3.2). In tegen
stelling tot 145-2C11 mAs veroorzaakten 17 A2 en KT3 geen ziekteverschijn
selen in de muis. We hebben de serumconcentraties van TNF-a, IFN-y en IL-6 
gemeten na toediening van de drie anti-CD3 mAs en vonden dat de produktie 
van TNF-a en IFN-y gerelateerd was aan de bijwerkingen (hoofdstukken 3.1 
en 3.2). In hoofdstuk 3.3 onderzochten we de serumspiegels van oplosbare 
TNF receptoren (sTNFR) na anti-CD3 mAs behandeling. Deze sTNFR lOuden 
bescherming bieden tegen TNF-a effecten. Aangezien TNF-a produktie aileen 
werd gevonden na 145-2C11 mAs behandeling en sTNFR produktie na 
behandeling met aile drie de anti-CD3 mAs, concluderen we dat in ons model 
de produktie van sTNFR onafhankelijk is van de TNF-a produktie. In hoofd
stuk 3.4 hebben we onderzocht wat de basis is van de bijwerkingen van 
anti-CD3 mAs. In dit hoofdstuk tonen we aan dat in vitro de interactie van 
anti-CD3 mAs met Fcy receptoren (FcyR) verantwoordelijk is voor T-cel 
proliferatie. In vivo is deze interactie verantwoordelijk voor de TNF-a produk
tie en de hieraan gerelateerde ziekteverschijnselen. Verder blijkt FcyR binding 
niet noodzakelijk voor immunosuppressie door anti-CD3 mAs. 

Uit de resultaten, zoals beschreven in dit proefschrift, concluderen wij 
dat T -cel-gerichte behandeling effectiever is dan cytokine-gerichte behande-
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ling van transplantaatafstoting. Anti-CD3 mAs zijn sterk immunosuppressief 
en, indien niet-mitogeen, veilig in gebruik. Verder onderzoek moet uitwijzen 
of niet-mitogene anti-CD3 mAs ook effectief zijn in de preventie en behande
ling van transplantaatafstoting in de kliniek. 
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Abbreviations 

ALG 
APC 
ATG 
BSS 
CD 
cpm 
CsA 
CTL 
DST 
DTH 
ELISA 
F(ab')2 
FACS 
FcR 
FCS 
FITC 
GVHD 
IFN 
Ig 
IL 
i.p. 
i. v. 
Kd 
LPS 
LT 
mAb 
MFI 
MHC 
mRNA 
MTT 
n 
NK 
p 
PBS 
PCR 
RT 
SCID 
SD 
sIL-2R 
sTNFR 
TcR/TCR 
Th 
TNF 

anti·lymphocyte globulin 
antigen presenting cell(s) 
anti-thymocyte globulin 
balanced salt solution 
cluster of differentiation 
counts per minute 
cyclosporin A 
cytotoxic T lymphocyte 
donor-specific transfusion 
delayed-type hypersensitivity 
enzyme-linked immunosorbent assay 
divalent antigen-binding fragment of immunoglobulin 
fluorescence activated cell sorter 
Fc receptor 
fetal calf serum 
fluorescein isothiocyanate 
graft-versus-host disease 
interferon 
immunoglobulin 
interleukin 
intraperitoneal 
intravenous 
dissociation equilibrium constant 
lipopolysaccharide 
Iymphotoxin 
monoclonal antibody 
mean fluorescence intensity 
major histocompatibility complex 
messenger ribonucleic acid 
3 - [4,5 - dimethylthiazol-2-yl] - 2,5 diphenyltetrazolium bromide 
number in study or group 
natural killer 
probability 
phosphate-buffered saline 
polymerase chain reaction 
reverse transcription 
severe combined immunodeficiency disease 
standard deviation 
soluble IL-2 receptor 
soluble TNF receptor 
T cell receptor 
T helper 
tumor necrosis factor 
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