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General introduction







Introduction

QOrgan transplantation has become an established therapy in patients
suffering from diseases leading to organ failure, Table | shows the number of
organ transplants performed in the Eurofransplant area from 1890 to 1983.
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 85% (1). However,
the potent immune response to transplanted tissues leading to acute graft
rejection remains a major problem.

Table | Number of organ tranplants in the Eurotransplant area” from 1990 to 1993™"

1990 1991 1992 1993
Kidney™ ™" 3171 3395 3101 3294
Meart 682 803 751 766
Lung 50 74 109 118
Liver" 576 715 765 B78
Pancreas/Kidney 862 70 62 91

" Austria, Belgium, Germany, Luxemburg, the Netherlands
* Pata from the Annual Report 1993, Eurotzansplant Foundation
""" Including combired argan transplantation

Grafi rejection

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 ! and class #§ molecules. These molecules present intracellular-
ly processed peptides to T lymphocytes and thereby initiate T cell mediated
immune responses against pathogens. MHC class | molecules, that are
expressed on virtually all nucleated cells, present peptides to CD8* T cells,
whereas MHC class Il molecules, expressed on B lymphocytes, macrophages
and other antigen-presenting cells (APC), present peptides to CD4% T cells.
Physiologically, T Iymphocytes recognize their antigen, via their T cell
receptor (TCR}, only in the context of self MHC {MHC restriction).

T cell responses to allegeneic 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, o and B, linked by a disuHide bond. The affinity of TCR
for MHC/peptide complexes seems to be extremely low (Kd of 104 to 107°
M) and therefore adhesion molecules may play a 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 particutar MHC-peptide complex, the T cell receives a
signal via the TCR-associated CD3 complex. This complex consists of several
invariant polypeptide chains (8, £, y, £, n) 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 CD8 molecules on T cells act as co-
receptors, not only by binding MHC class Il and MHC class i molecules,
respectively, but also by potentiating intracellular signaling. Besides the
TCR/CD3 complex derived signal {signat 1), a costimulatory signal (signal 2}
is required for T cell activation. T cells, which only receive signa! 1, have in
vitro been shown to become anergic. Co-stimulatory signals may be provided
by interaction of CDBO on APC and CD28/CTLA-4 on T cells (4).

Recegnition 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-
iy leads to expression of DNA binding proteins that initiate cytokine gene
transcription. Via an unknown distinct pathway, CD28 signal transduction
leads to cytokine mRNA stabilization (b). 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
CD8" cytotoxic T cells, macrophages, NK celis 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 ceil cytokine production, cytokine activity and T cell prolife-
ration {B). Table !l 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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Tabte I Immunosuppressive agents and their site of action in alloresponses

Alloresponse stage Immunosuppressive agent
Antigen recognition OKT3, ATG, ALG

T celf cytokine production CsA, FK508, corticosteroids
Cytokine activity Rapamycin

T cell proliferation Azathicprine, corticosteroids

Why continue searching for new immunosuppressive agenis?

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 sirategies
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 mAbL?

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 lgG2a mAb against human CD3,
a vast amount of literature has appeared on the /n vitro and in vivo properiies
of anti-CD3 mAb. /r 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 recegnition of the alloantigen.
Second, anti-CD3 mAb induce co-modulation of CD3 and TCR. These
modulated cells are immunologically incompetent. /n vivo, anti-CD3 mAb
resuft 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 {IL-2, {FN-y, TNF-o, iL-
6), which are probably produced by activated T cells.

Another complication of OKT3 treaiment, 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 Il illustrates some cytokine effects that may contribute io 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 cells, based on their cytokine production
pattern {12). Th1 cels, which produce IL-2, IFN-y and TNF-R, play a role in
delayed type hypersensitivity (DTH} reactions and cellular cytotoxicity,
whereas Th2 cells, which produce IL-4, IL-b, IL-6 and IL-10, are effective
stimulators of B cell differentiation and antibody preoduction. 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 Th1
cytokine production. Graft rejection is thought to be mediated by Th1 cells,
that may stimulate DTH and CTL activity. On the other hand, suppression of
alloreactive Th1 cells by Th2 cells may lead to graft acceptance {14).
Cytokine-directed sirategies

Immunosuppression may be achieved by neutralizing pro-inflammatory
cytokines (Table I} by administration of anti-cytokine mAb or soluble
cytokine receptors. Alternatively, "skewing" of the alloreactive T cell respon-
se towards a Th2 dominated response may inhibit graft rejection and even
induce graft tolerance. /n vitro, "skewing” of T cell differentiation towards
one of the Th subsets can be achieved by varying the cytokine environment.
For example, IFN-y (Th1, NK cells) and IL-12 {macrophages, B celis) promote
Th1 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 lll Cytokine effects that may contribute to graft rejection

Cytokine Source Effects

IL-1 macrophages T cell activation

IL-2 T cells T cell proliferation, CTL activation

iL-6 T cells, macrophages T cel activation

iL-12 B cells, macrophages NK cell activation, Th1 cell differentiation

IFM-y T cells, NK cells CTE, NK cell and Md activation, increased MHC
expression

TNF-a macrophages, NK cells M activation, increased MHC class | expression

Aim of this study

in this study we explored different ways to induce suppression of graft
rejection in order to find regimens vielding 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 Il disparate strain
combination, as rejection in this strain combination is mediated by CD4% T
cells {16]).

A review on the role of cyiokines in clinical and experimental trans-
plantation {(chapter 2.1) illustrates that cytokines may be targets for immuno-
therapy. In chapter 2.2 we compare cyiokine-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, 145-2C11,
17A2 and KT3. These mAb were egually 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 chapier 3.3 these three
anti-CD3 mAb served as a model to elucidate the mechanism of anti-CB3
mAb-associated side effects,

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

Invited review

AILOGRAFT rejection is a complex process, which requires
interactions berween different cell types and a variety of
sofuble factors, such as cytokines. In this review we
discuss the role of ¢ytokines in the induction and effector
phases of the refection process and in the induction and
matntenance of allespecific graft tolerance. Furthermore,
we discuss the feasibility of clinical graft function meni-
toring by measwring cytokines and the possibilities for
intervention in the cytokine network in order 10 inhibit
graft rejection and eventually obtain graft acceptance,

Key words: Cytokines, Graft rejection. Monoctona! antihody
rregiment, Th1-Th2 subsets, Tolernce

Cytokines in clinical and
experimental transplantation

Ann C. T. M. Vossen and
Huub F. J. Savelkoul*

Department of Immunology, Erasmus
University, PO Box 1738, 3000 DR Rotterdam,
The Nethertands

A Corresponding Author

Introduction

Cytokines are proteins, which act as soluble me-
diators and regulawors of immune responses. They
perform their actions by binding to specific mem-
brane-bound receptors and act in a paracrine or
autocrine lashion, Different cell types, not only
leukocyvtes, can produce the same cytokine or react
1 the same cytokine, S0, one cytokine can have a
range of differential effects on various different target
cells  (pleiotropy).  Furthermore, two  different
cyokines can have the same effect (redundancy).
Cytokines are able o positively or negatively influ-
ence the production and function of one another.
The complexity of the cytokine nerwork 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 (o play an imponant role is allograft
rejection. The process of rejection has been smudied
carefully and starts to become more clear ™ During
the induction phase of rejection, T-cell receptor (TeR)
recognition of the foreign MHC molecule resulis in T-
cell activation, expression of the interleukin {I1L)-2
receptor (R) and production 1-2, which in an
aurocrine fashion induces clonal expansion of the
activated T cells. During T cell activation, soluble
()IL-2R are released. It is thought that CD4" T
tymphocytes are essendal for initiation of graft rejec-
tion and CDB* T celis are more imporant in the
effector phase of rejection.’ In this phase, production
of 1L-2 and other cywkines induces influx and pro-
liferation of CD8* cytotoxic T cells, natural kiiler (NK)
cells and macrophages. This inflammatory process
will lead o tissue destruction and dyslunction of the
graft. Cytokines can influence this process at several

€ 1994 Rapid Communications of Oxford Lid

levels (Table 1) IL-1, produced by macrophages. acts
as an accessory signal from the antigen presenting
celt (APC) for T cell proliferation.™” [L-2 is a growth
factor for T lymphocytes, induces T lymphocyie
cytotoxicity and stimulates NK cell activiey” Inter-
feron (IFN)-y activates macrophages, cytotoxic T cells
and NK celis and induces increased expression of
MHC class 1 and 1T molecules in this way increasing
the aliogenicity of the graf.” Tumour necrosis factor
(TNF)-0 increases the MHC class § expression and
activates neutrophils 2 Apurt from these activities,
cytokines may have direct cytotoxic effects on the
grafted nissue.

Since CD4" T cells are of such importance for graft
rejection, T-helper (Th)1-Th2 subsels have been
studied for their potential role in regulating the
rejection process. Bath in mice and in human, differ-
ent Th cell clones have been described, which can be
distinguished by the different sets of cyiokines they
produce.®™ Thi celis produce [L-2, IFN-y and

‘Tabie 1. Ceil sources of cylokines relevant in transplantation

CTL: Thi Th2 N Boeell Monooyless Other®
macrophages

iL-1 + + +
iL-2 + +
IL-4 +
-5 +
IL-6 + + +
iL-10 + +
IFN- + + +
TNF-a + + + + + +
TNF-f + + + +

3GTL, gytotaxic T lymphocytes.
*Other cells producing lhase ¢ytokines are fibroblasts, epithetial
cells ete.

Medialors of inflammation - Voi 3 - 1994
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lvmphotoxin (LT, also known as TNF-§), while Th2
cells produce IL-4, I35, IL-6 and IL-10. Other
cytolkines, such a5 1L-3 and TNT-. are produced by
hoth Th subsets,

Diflerent functions have been assigned to the
different Th subsets, Thl cells mediaie delayed-type
hypersensitivity (DTH), anti-viral and anti-mamoral
cytotoxic effects, while Th2 cells provide help for B
rell differentiation and antibody formation. These
two Th subsets are able 1o intluence each others
cytokine production and proliferation. 1FN-y, pro-
duced by Thi cells, inhibits Th2 cell proliferation and
cytokine production.' [FNy alse antagonizes the
activity of I-4 in B cell activation and isotype pro-
duction.™ The Th2 cyviokine 11-10. inhibits the pro-
duction of Thl cytokines while IL-4 inhibits Th1 cell
proliferation.'™ Since cellular cytotoxicity plays an
important ole in allograft rejection, Thi cells are
thought to dominate in this process. On the other
land, the suppression of these aliospecific Thl cells
by Th2 cells could be a mechanism of graft accept-
ance. Altered cytokine gene expression and produc-
tion: during grafi rejection provides a logical larget to
redirect the observed shifts in the Thi-Th2 baknce
interfering with the cytokine network.

To further elucidate the role of cytokines in clinical
and experimental allograft rejection and survival, 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 o
interfere in the cytokine nerwork and future pros-
pects for therapeutic intervention,

Detection of cytokines during graft
rejection

There are two reasons for detecting cytokines
during allograft rejection. The lirst is (o find a reliable
and preferably non-invasive method to monitor graft
function. If centain cytokines are found o be early
predictors of acute refection this enables us to star
rejection therapy as soon as possible and 1o monitor
the success of this therapy. The second reason is o
learn more about which cytokines play a role in the
rejection process and therefore might be good targets
for immunomodulation. We think that therapeutic
intervention in the earliest (induction) phase of rejec-
tion is preferable 1o intervention in the effector phase
in order to redirect the immune response and achieve
{ong-term allograft survival. Therefore, we consider
cytokines appearing in the induction phase of
more  imporance o serve  as  argets  for
immunomodulation than cytokines appearing fate in
rejection.

The advantage of animal models for graft rejection
is that proper controls, including syngeneic gralis
and non-grafted tissue can be examined for cyto-
expression. Furthermore,  in no

kine general,
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immunosuppressive drugs are being used in these
maodels.

In the clinical setting, immunosuppressive drugs
are routinely used for the prevention of organ trans-
plant rejection,  Immunosuppressive  drugs  like
cyclosporin A (CsA) and glucocorticoids can inbubit
TNF and IL-6 production,™? while the anui-CD3 mAb
OKT3 and anti-thymocyte globulin (ATG) can in-
crease serum [L-6 and TNF-o levels =

Table 2 summarizes the cytokines described o be
involved in allograft rejection.

Detection of sustemic cytokines: 1n the clinical seiling
alot of effort hus been made 1o find a single or few
cytokines in the serum, urine or bile, that permit
monitoring graft rejection. 1n kidney, liver or lung
rransplantation, serum levels of [L-6,%#%% TNF-q. "%
IL-2, and sIL-2R** have been shown to increase in
relation to graft rejection. Serial monitoring was nec-
essary, since not the absolute levels of IL-6 or siL-2R,
hut rather a rise ol these levels indicated the devel-
opment of refection. ¥ However, the measured
cytokine fevels have low sensitivity and specificity
regarding rejection diagnosis. TNF-¢, IL-2 and sIL-2R
levels were found to be elevated in some cases of
stable gratt funceion. ® % IL-6, TNF-0 and sIL-2R lev-
els were increased in the early postoperative period
and elevations of 1L-G, TNF-0 or s[L-2R levels were
found during episodes of inlection, 745
Yoshimura ef gl suggested that serum IL-6 levels or
even beter the ratic of IL-6 o CsA mough value may
discriminate rejection from CsA nephrotoxicity. Pos-
sibly, measurements of TNF-at®® or IL-2* in the urine
of renai allograft recipients or IL-6% in the bile, us
shown in & rat hepatic allograft madel, will have
mare value in discriminating allograft rejection from
infection or non-immunological graft dysfunciion.
These sudies demonsmate that systemic cytoking
measurements are not reliable enough 1o different-
ate rejection [rom infection. Therefore, they cannot
be used for monitoring and histological tissue analy-
sis remains the standard for diagnosis of rejection.
Whether these cytokines are involved in the mecha-
nism of allograft rejection, as has been suggested in
a few of the above-mentioned swudies, is in our
opinion doubtful. Based on thelr paracrine and
autocrine activity, the detection of cytokines in the
periphery is not likely to reflect the local activities
within the graft. It is much more likely that cytokines

Tabte 2. Detection ol cytokines implicated in allograft rejection

Cytokines Relerences
Systemic IL-2, siL-2R, IL-8, TNF-o 23 25-35
in sty animat L2, HL-4, {IFN-y}, (TNF-§) 44, 45
models
in situ clirical -2, -5, IL-6, IFN-y, TNF-o 4550
transplantation




Cyiobines i fransplantation

that are systemically present, such as TNF¢ and -0
are involved in the inflammatory process of an ongo-
ing rejection process and are rather nonspecific
markers in the serum. Interference with Lhese
cylokines could diminish the development of in-
flammation, but a more preferable target for
immunomodulation would be those particular
cynokines, that are involved in the inducrion phase of
the local relection process in order (o create a new
immunoiogical balance and graft acceptince,

In situ detection of cytokines during graft rejecttori: In
arder to get more insight into which cytokines are
involved in the rejection process, cytokines have
been derected in the graft in experimental and clini-
cal settings. For in situ detection of cytokines several
techniques have been used, Northern blot analysis,
reverse wanscription (RT-PCR and ix situ hybridiza-
tion were used to detecr cytokine mRNA within the
graft. {n sponge mawix allografts, i.e. sponges con-
Laining aliogeneic cells, the exudate was tested
for cytolkine proteins. Furtthermore, the local pro-
duction  of cytokines was  investigated  using
immunohistochemistry or cullures of graft-infiltrating
cells {GIC). All of these technigues have their own
advantages and  disadvamages. For example, if
cylokineg mRNA is 1o be detected, one cannst con-
chude that the protein is also present. since the
production of cytokines can be regulated ar post-
reanscriptional level. fr site hybridization indicates
the lacalization of cytokine production and is also
rather sensitive, but is a ditficult and time-consuming
technigue. RT-PCR is an extremely sensitive method,
but this method gives no informanon about the celi-
tvpe that produces the detected cytokines.
Immunohistochemistry is able o demonstrate the
cytokine-producing ceils. However, most cytokines
are not retained in the cytosol, bur are directly
secreted after ranslation. This may cause fulse nega-
live resuits. On the other hand, it s difficult o
discriminate between the cytokine producing cells
and the target cells for these cytokines. Especially
interpretations  concerning  Th1-Th2  imbalances
should be made very carefully. This also counts if
cytokines are detected in supernatants of cultired
gralt infiltrating cells, It has been shown that culture
conditions, such as added cytokines, can dictate the
outcome of the cytokine pattern produced.®? 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 alse the
level of instable cytokine mRNA to decline.

Two studies in a murine cardiac allograft model™+*
used the extremely sensitive reverse transcription
PCR method to detect cvtokine mRNA in normal
lissue, isografts and allografts at several days after
grafting. Their results were quite similar. The
cytokines that were detectable could be divided inte

three groups. The first group of cytokines can be
detected in normal tissue, isograits and allografts and
consists of IL-1B, IL-5, [L-6, TNF-0 and TGF-H, The
second group, including TL-1oc and 11-3, is expressed
in both isografts and allografts. These tvo groups
seem Lo represent cytokines which are induced in
response (o the grafting procedure and are not cor-
related with the rejeclion process itself. The last and
probably the most imporant group consists of [1-2
and IL-4. These cytokines are only present in
allografts, which suggests they play 2 role in aliograft
rejection, However, the rwo studies show inconsist-
ent data on two cytokines, TNF- and [FN-y. Daliman
et al.™ showed that TNF-B can only be detecied in
allografts, while Morgan er al® also detected this
cytokine in isografis. IPN-y. however, was only found
in allogratts by Morgan e af, while Dallman ef al.
detected [FN-y mRNA in normal tissue and in
isografis as well, though the levels were lower than
in the allogralts. This difference in cytokine pattern
remains unexplained. Interestingly. Dallman er af.
found that IL-2, IL-4 and TNF-. the cytokines that are
expressed only in the alldgrafis, were all transcribed
transiently, their expression being maximal at 45
days after transplantation. Thereafter the expression
declined before clinical signs of rejection appeared,
supgesting these cytokines play a role in the initia-
tion of rejection,

In the clinical setting /n siti detection of cvtokines
in rejecting allegrafis has been compared with grafts
without signs of rejection. Jr situ hybridization of
human renal biopsies showed that normut kidney
tissue or biopsies from patients with stable graft
function de not significantly express IL-6, TNF-o¢ or
[FN-y transcripts.® During acute rejection, however,
the grafts showed significant levels of [L-6 mRNA, but
not TNF-o or IPN-y mRNA. The IL-6 mRNa was
expressed in many different cell tvpes, such as
glomervlar celis, tbolar epithelium and vascular
endothelium. The significance of the IL-6 production
by these nonimmune cells remains unclear. Using the
same technique on irreversibly rejected kidney grafts,
TNF-¢¢ mRNA could be detected in macrophage-like
infiltrating  ceils.”  Immunohistochemistry showed
that these ceils actually produced TNF-oo protein.
Glomerular cells and whular epithelium cells prob-
ably were target cells for TNF-a, since TNF-a protein
could be detected, but no TNF-¢ mRNA was found
in these cells. The resuits of mRNA derection during
allogralt rejection may be influenced by the organ
investigated, In human liver allografis IL-1B, L4,
IL-6 and TNF-¢ mRNA was expressed in rejecting
allografis and in grafts without signs of rejection.™
Oniy IL-5 mRNA was associated with liver graft rejec-
tion. All the zbove-mentioned data are derived from
grafts, in which the rejection process hud developed
quite far, as gratt dysfunction was already apparent,
and the rejection sometimes even irreversible. 5o, the
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cytokines detected may piay 2 role in the gralt rejec-
tion, but may zlsc be rather nonspecific mediators of
tissue inflammarion and destruction. Two studies,
using RT-PCR on fine-needle aspirates. were able o
detect IL-2 mRNAY and IFN-y mRNA™ in samples,
taken before clinical rejection, Since the expression
was fransient. sequential analysis is required to use
this method 10 predict graft rejection.

Detection of cytokines during allograft acceptance: In
animul models, the induction of allografi rolerance
has succeeded by using severzl different protocols,
such as a preoperative donor-specific transtusion
{DSTY or anni-CD4 monoclonal anibody (mAb) treai-
ment.™™ Determination of the changes in the
cytokine profile in these accepted grafts compared
with rejecting allografts, may clarify the mechanism
by which this state of twlerance is maintamed and
may indicate ways to manipulate the immune system
in order o obtain tolerance. Swangely. infragralt
evenis, which have been ascribed ro cytokines, such
as mononuclear cell infiltration, allospecific cytoroxic
T cells and elevated expression of MHC class [ and
1I antigens, are still apparent in tolerized grafts™ and
renal allografts with stable graft function,™

In 4 rat kidney allograft model, in which tolerance
was induced by DST, graft infilerating cells from
tolerant rats were unable o produce IL-2 frr vitro,
expressed lower levels of the TL-2R and showed
lower proliferution in response o [L-2 than cells from
untreated rats.’ [n & comparable model, olerized rar
heart aliografts showed a lower expression of il-2
and IFN-y mRNA and 2 different kinetics of these
messages than rejecting allografis.”™ Strong evidence
that the downregulation of [L-2 or IFN-y mRNA plays
a role in the development of graft tolerance is pro-
vided by the fact that simultaneous administration of
IL-2 or IFN-y and the DST abrogates the toterizing
effect. It is stifl unclear whether this downregulation
of Thl cyokines is the mechanism of wlerance
induction or whether Th2 cells play a role in sup-
pressing these Thl cytokines.

After induction of tolerance, using several ditferent
strategies, it has been shown that TL-2 and [FN-y
mRNA were downregulated, whereas IL-4 and IL-10
(Th2 cytokines) mRNA expression remained at the
same level or even increased.® However, there is no
proof that the source of these cytokines is indeed T
lymphocytes. Recently, it has been shown, that [L-10
mRNA is detectable in many organs of a normal
mouse and is expressed at the same level in nude
mice or SCID mice, suggesting independence of T
and B cells.™

Anb-CD4 mAb weatment has resulted in grafi ac-
ceptance in several animal models. Pamial depletion
of CD4" T cells in mice resulied in a higher expres-
sion of [L-4 mRNA and a lower expression of [FN-y
mENA, as detected by in sifu hybridization in puri-
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fred CDa° T cells™ In other studies, using anti-CD4
mAb, long term renal allograft survivad and abroga-
ton of accelerated cardiac refection were accompi-
nied by duninished IL-2 expression and preserved IL-
4 expression, suggesting that the Thi-Th2 dichotomy
does play 2 role in immunosuppression.™ " Addi-
tional evidence is provided by the finding that adop-
tive transfer of a bml2-specific Th2 celi line to Bb
mice resulted in prolongation of bm12 skin grafts,
whereas BALB/¢ third pany grafts were rejected.™ [t
is interesting to note that L~ can be detected both
early in the rejection process™ und during graft ac-
ceptance. This finding awaits farther clagification.

Strategies interfering with cytokine eifects

Csa and FI{306 are important immunosuppressive
drugs, that are widely used for preventing organ
aliegraft rejection. It is known for several vears now
that their immunosuppressive mechanisim is based
on inhibitien of T cell signal transduction pathways
leading to activation of cytokine gene expression,™
Besides these established regimens, alternative ways
10 interfere with cytokine effects have been stadied
{Table 3)

Monaclonal or pofyclonal antibodies: Since cyvokines
have been shown to be associated with aflograft
rejectton, several strategies have been siudied to
interfere with cytokine function in order o prolong
graft survival.

Monoclonal and polyclonal  antibodies  aguinst
cytokines have been shown to prolong allograft
survival in several animal medels. Anti-IFN-y mAb
blocked MHC class 11 disparate skin graft rejection in
mice, but had no effect on MHC class I disparate skin
graft rejection.® Anti-IL-2% anti TNF-o and anti-LT
antibodies™ were able 10 prolong rar cardiac
allograft survival, when given as the only thecapy. In
the same model, ami-IFN-y antibadies alone failed to
prolong graft survival compared with untreated con-
rrols. ™ However, in comhbination with CsA, anu-
[FN-y antibodies prolonged allograft survival in a
synergistic way.*™ This synergistic action with CsA,
that permits lowering of the CsA dose, therehy de-
creasing it potential nephrotoxicity, i5 also seen
using anti-TNF-a antibodies.®® Fusthermore, it has
been shown that combining anti-LT with anti-TNF-¢¢

Table 3. Stralegies interfering with ¢ytokine effecis

Modulatos Targels Relerances

CsA, FK506 iL-2 &4

Antibodies Ii.-2, {FN-y, §5-69, 7685
THF-a, TNF-,
IL-2R" cells

Cytokine conjugaied toxins  [L-2R" cells 86, B7

Soluble receptors -1, 14 88, 89

Cyiokines {IL.-4, 1.-10} Th2 subsat 98, Dallman et al.
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mab ameliorates graft survival, compared with anti-
TNF-0 mAb treatmert alone

Although these antibody treatments direcred against
single cytokines have some effect. graft survival times
are not impressive. One of the reasons for this
finding could be the propeny of cytokines 1o mediate
local, i.e. in the graft, shon-distance effects. There-
fore the local antibody concentration might not be
sufficient 1o neurralize its target cytokine. However,
there is evidence that the neutralizing antibodies
indeed reach the graft, since '¥l-labeiled anti-L-2
mab was derectable in the graf.” Furthermore. local
effects of the mAb, such as diminished monoauciear
cell infiltration, no expression of MHC class | anti-
gens and modification of immunchistologic staining
patern of TNF-a, were readily visible.”™ Another
explanation for the  disappointing  results  with
cytokine-directed antibodies is the redundancy of
the cytokine system. Neutralizing the activity of one
cytokine probably makes another tke over. The
striking redundancy of the cywkine system wus
again demonstrated by the finding, that IL-2 and [L-
i knock-out mice were less affected in the develop-
ment and funcrion of their T cell system than ex-
pected.”™

Another approach (o interfere in the cytokine net-
work, by using mAb directed against the [L-2R
(CD29), has been shown o be more successful. Not
only the number of publicarions on the use of this
mab, but also the fact thay this rearment is already
used in clinical wials, are indicative for its success.
Anti-lL-2R mab therapy differs from anti-cytokine
mab therapy in that it acts on [L-2R bearing cells and
not just vn soluble proteins. Since high-affinity 1L-2R
15 only expressed on activated T cells and not on
resting T cells, this approach seems more specific
than other established immunosuppressive therapies
using ATG, OKT3 or CsA.™ The mechanism of the
anti-IL-2R induced immunosuppression is stll not
clezr. Depletion of IL-2R" cells, modulation of the
IL-2R or blacking of the IL-2-1L-2R interaction have
heen proposed W play a role.™™ [n animal models
anu-1L-2R mab have been used to inhibit GVHD and
organ allograft refection. ™™ Prospective clinical
trials have shown that anti-[L-2R treatnent is equally
effective as ATG for the prevention of renal allograft
rejection M

The use of mouse or rat mAb in clinical rransplan-
ation is hampered by the development of human
anti-antibodies, that subsequenty lead to high clear-
ance rate of the mAb and abrogation of their effeer.
Therefore, ‘humanized” mAb have been produced,
combining the rodent complementarity-determining
regions with constanl regions and  framework of
human antibodies. A ‘humanized’ anti-IL-2ZR mab,
that was Jess immunogenic and had a longer haif-life
than its murine form, significantly prolonged cardiac
allograft survival in cynomelgus monkeys ™ As hu-

manized mAb were being developed, molecular
engineering offered an alternative approach for se-
lectively auacking 10-2R* cells, Cyroloxic substances,
such as Psendomonas exotoxin (PE) or Diphtheria
toxin were coupled to IL-2, thereby targeting and
killing IL-2R™ cells. IL-2-PE40 and DAB4BG-IL-2 were

able to inhibit allograft survival in animal models. ™

Solible cytokine receptors: In biological fluids of both
animals and humans, cytekine binding proleins have
been found, that later appeared (o be soluble forms
of cytokine receptors, like slL-2R, sIL-4R and sTNFR.
They generally have the same binding affinity For
their Hgand as the membrane receptors and therefore
are able o competitively inhibit cytokine binding to
membrane receptors and subsequently their effects
on urget cells. Soluble cytokine receprors are consid-
ered to be naturalty occurring cytokine inhibitors and
have the advantage of higher affinity and being non-
immunogenic over neutralizing mAb. Their poiential
as therapeutic agents it inflanmartory disease and
sepsis has been shown. In a cardiac allograft model
in mice, si-1R and sIL-1R have been shown 1o
somewhat profong the allograft survival %

The efficacy of treatrent with soluble cytokine
receptors is based on scavenging the relevant
cytokine, Therefore, it is crucial to have the soluble
cytokine receptor present in the serum with a long
half-life. The linking of two sTNFR molecules 1o the
Fe portion of 4 single human IgG1 molecule resuited
in a dimeric form of sTNFR with significantly higher
affiniy for TNF than the monomeric sTNFR. More-
over, this complex is detectable in serum during 4 —
5 days, being significantly increased over unbound
STNFR. This dimeric sSTNFR was very effective in in
vive neutrzlizing endogenous TNF and protecting
mice from lethal endotoxaemia™® Since ant-TNF
mab have been shown to be cifective in prolonging
allograft survival,™*® this agest might have a similar
or even more polent effect on allograft rejection.
Using soluble cytokine receptors. one should keep in
mind that they are also capable ol acting as cytokine
carriers, protecting them from proentytic cleavage,
prolonging their half-live in the circulation and there-
fore having an agonistic instead of an antagonistic
effect.” The raiic in the presence of the cytokine and
its soluble receptor probably determines the biolog-
cal outcome.

Strategies for Thi—Th2 -skewing: The assumption
that Thl cells are responsible for rejection, whereas
Th2 cells may act as suppressor cells and induce graft
acceptance has led to the idea that ‘skewing’ of the
Thi-Th2 ratio towards Th2 dominance might inhibit
grafl rejection, fn pitro studies have shown that
cytokines can direet the differentiation of Th cells to
one of the subseis. In the presence of IFN-y Thl cell
development is enhanced,” whereas [L-4 enhances
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the development of Th2 cells.® = [L-10 does not
seem 10 direct bulk culiares towards Th2 ovokine
producing cells. though anti-11-10 mAb did induce
Thi-fike colls™ Treatment of allograft recipients with
Ii-4 or {L-10 could have the same skewing effect
Furthermore, [L-10 not only inhibits the production
of Thl cyiokines. but also has anti-inflammaiory
praperties by inhibiting IL-1. {L-6 and TNF- synthe-
sis by macrophages.®™ In vive interference in the
dominance of one of the Th subsets has already
succeeded in 2 nomber of inflammatory models.
Giving anti-IL-4 mAb before or within the first week
of Leisbmania major infection rendered a suscepti-
ble mouse strain resistant to the parasite,™ bul anli-
1L-10 maAb had no effect. The other way around, IL-
4 promoted the Th2 response to the parasite. but did
not render the infected redipicnt susceptible ™ Anti-
IFN-y mADb did render Trypanosoma cruzi resistant
mice susceptible to the infection.” In an allogeneic
graft model, the use of anti-IFN-y or anti-IL-2 mAh has
not been very effective in prolonging allograft sur-
vival, as we described carlier. There have been mvo
groups reporting on the effect of administration of
Th2 cytokines, [L-4 and 1L-10. on allogeneic re-
sponses. Though cardiac allograft rejection (M.
Daltman. personal communication) and enlargement
of the draining lymphnode™ were inhibited, no tol-
erance was induced. Furthermore, svstemic adminis-
tration ©f these cylokines could have some draw-
hacks, such as stimulation of B lymphocytes, anti-
hody-production and increased incidence of infec-
lions. Alse, there is evidence that systemic sdminis-
tration of cytokines, in this case IFN-y, may lead to
a downregulation  of  endogenously  produced
cytoldine. ™

Prospects for thergpeutic strategies: Suategies direc-
ted against a single cytokine in the form of mAb,
soluble cytokine receptors or other agenis are not
likely to be successful in inhibiting graft rejection.
Molecular engineered proteins. on the other hand,
such as the dimeric form of sTNFR, may be useful 1o
inhibit the intragraft inflammation and systemic ef-
fects of graft rejection. Other than in parasitic models,
systemic administration of cytokines will probabiy
nat be able to interfere with the local processes
leading 10 graft rejection. The increasing knowledge
on requirements for T cell activation and the different
signalling pathways leading to cytokine production
and T cell subser activation, should enable vs
mnterfere with this process in order to establish
allospecific tolerance. T cell activation requires be-
sides TcR-MHC interaction costimulatory signals
coming from interaction of cell surface molecules on
the APC znd the T celis.'"™"* Indeed, in vitro studies
have shown that TR signalling in the absence of
costimulatory signals results in T cell anergy "*®
Furthermore, this anergy can be induced in Thi

Medialors of inflammation - Vol 3. 1984

clones but not in Th2 clones."'"™ The CD28-BT
mteraction seems o play a critical rale in the
costimulation of T cells.® " Irr pipo blocking of this
interaction inhibits cardiac allograft rejection™ and
induces  fong  term sunvival  of  pancreatic
xenografts."” Further studies in in vitro and animal
maodels for tolerance should fead 1o strategies result-
ing in anergy of allespecific Thi cells and induction
of aliespecific ‘suppressor’ Th2 cells and thereby to
allospecific wolerance.

Concluding remarks

Cyvlokines are involved in the aljograft rejection
process. However. the relevance of systemic
cytokine measurements in order to predicl grafi rejec-
tion is Hmited, since elevated cytokine levels are
found both during rejection and infection. In the
induction phase of rejection, a major role is probably
played by IL-2 and {FN-y together with or in balance
with IL-4. During the effector phase, many different
cvtokines may mediate the inflammation. The local
rejection process is not easily inhibited by systemic
administration of anti-cviokines or cytokines. Inter-
vention in interceliular signalling may lead to a new
immunoiogical 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 aliograft
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-CD8 monoclonal antibodies {mAb), Waldmann et a/. were able
to induce allospecific tolerance {1). In other transplant modefs, 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 a/. {3) showed that grafi
infiltrating cells were unable to produce IL-2. Others found that IL-2 and IFN-

y mBNA expression was downregulated, while IL-4 and IL-10 mRNA expres-
sion remained similar or even increased in a tolerized graft (4}. This cytokine

pattern correlates with a suppressed production of Th1 cytokines and an
increased production of Th2 cytokines. Whether this upregulation of Th2
cytokines is an epiphenomenon of Th1 cell anergy or whether it is the reason
for the suppressed Th1 cytokine expression is still not clear. IL-4 and iL-10
can direct the in vitro differentiation of T cells towards Th2 cells, while IFN-y
enhances Th1 cell development (5}. These /n vive 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 |l disparate skin graft model in mice, the effect of
elevated levels of the Th2 cytokines IL-4 and IL-1C 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-1 {H-2P) and B6.C-H-2PM™12 {H-2bM12} mica were bred at
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the Department of Immunology of the Erasmus Universiiy, Rotterdam.

Cell iines

We used the following hybridomas: anti-CD3 {17A2; rat 1gG2b) {7},
anti-CD4 (YTS191.1; rat igG2b) (B) and anti-IFN-y (XMG1.2; rat 1gG1} (9).
The mAb were purified from hybridoma culture supernatant by protein G
{Pierce Europe, Qud-Beijerland, The Netherlands) affinity chromatography.
The cytokine-gene transfected cell lines, LT1-IL-4 {10) and J5568-IL-10 were
kindly provided by drs. R.L. Coffman and K.W. Moore {DNAX Research Insti-

tute, Palo Alto, CA).

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, 2x108% LT1-IL-4 and
2x10% J558-IL.-10 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 ceil-
directed strategies, C57BL/Ka BL-1 mice were treated ip with 350 pg 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-Cb4
mAb induced depletion of their target cells for at least two weeks (data not
shown}. Furthermore, the 17A2-producing hybridoma {2x108 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 Cb7BL/Ka
BL-1 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.

Hesults
Treatment of the C57BL/Ka BL-1 recipients with XMG1.2, the anti-IFN-

v mAb significantly prolonged bm12 skin graft survival as compared to the
untreated control group {Fig.1A). Administration of alginate-encapsulated IL-
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4- and IL-10-gene transfected celis alone had no effect on graft survival.
Furthermore, when combining these treatments no additive effect of I1L-4 and
IL-10 was observed on the prolonged graft survival induced by XMG1.2.
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Figure 1

100
days after transplantation
Eifect of T cell or cytokine-directad strategies on skin allograft survival. C57BL/Ka BL-1 mice were grafted

with bm 12 tail skin. A, Mice were treatad with LT1-IL-4 and J558-IL-10 cells in alginate on day-1 {n=5}, or 1

150 200

mg anti-IFN-y {XMG1.2} on day 1 and day B after grafting {n=86) or a combination of these treatments (n=5).
Control mice received no treatment (n=5). B. The day before grafting C57BL/Ka BL-1 mice were treated with
350 pg of anti-CD4 {¥TS121.1) {n=6), 360 ug anti-CD3 [tTAZ)} {n=9) or 2x105 17A2 hytidoma cells in

alginata (n=10). Control mice received no treatment {n=19).

Figure 1B shows that administration of a single dose of 360 ng of anti-CD4
mAb or anti-CD3 mAb also resulted in a significant prolongation of the MHC
class |l 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
profonged MHC class Il disparate skin graft survival, while administration of
-4 or IL-10 had no effect. Anti-CD4 mAb and anti-CD3 mAb were also
gffective in prolonging skin allograft survival. Furthermore, anti-CD3 mAb
treatment, as a single dose of 350 ug 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-encapsulaied cytokine-gene transfected cells have
earlier been shown to affect immune responses {11, 15). Furthermore,
alginate-encapsulated 17A2 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 mADb 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 moduiation of the TcR/CD3 complex. In the
cormtext of the "two-signal’ theory for T cell activation, the interaction of
these ’‘disabled’ T cells with the alloantigen-bearing antigen presenting cells
might {ead to incomplete T cell activation or even the induction of anergy.

Tegether, these data suggest that interference in intercellular signaling
probably is a hetter way to induce long term allograft survival than systemic
administration of cytokines or anti-cytokine mADbD.
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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. Bennar,

and H.F.J. Savelkoul

KT3, a mouse 1gG22 menoclonal antibody (MAD)

directed against human CD3 is well known for its
strong immunosuppressive properties, but also for its severe
cytokine-related side effects.!” Newly developed anti-CD3
MAD are currently being tested for their side effects and
clinical usefulness. However, it is not yer clear whether
these MAb will be as equally effective as OKT3 in preveat-
ing and ireating organ allograft rejection. A mouse model
will be useful to study the properties of anti-CD3 MAb
wihich 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,
17A2,% and the cytokine release induced by this MAb in
comparison to the hamster anti-mouse CD3 MAb, 145-
2C11. This hamster MAb is knowa for its immunosuppres-

350 pug 17A2
B
-
E 0 T T T
3 0 50 100 150
=
@ 100 4
o B
&
2nd bmiz
50 4
BALB/c
0 T T
[} 25 50 75
days after transpiantation
Fig 1. Effect of 17A2 on skin allograft survival. (A} C57B¥Ka

mice (n = 34} received 350 ug 17A2 the day before grafting of a
bm1Z2 skin. Control mice (n = 28} received no treatment. (B}
Those C57Bl/Ka mice with long-term (=175 days) bm12 graft
survival received a second bm12 skin (n = B) together with a
third party BALB/c graft [n = 7). The two mice rejecting their
second bm12 graft also rejecied their first bin12 graft.

seo{ peripharal blood 000 F17a2 £ 145-2011
400 -
300 -
200 -

100

500

400

300

mean channel flucrescence TeR

200 4

400

days after mAb injection

Fig 2. C57BL/Ka mice received 100 pg of 17A2 or 145-2C11.
Cn days 1, 3, 5, and 10, peripheral blood cells (upper panel) and
spleen ceils (fower panel) were double stained for Thy-7 and
TcRap. The resuits represent the mean = SD of the mean
channe! fluorescence of ToReB within the Thy-1" population of
three mice. Control mice (v = 3) received no treatment.

sive effect on skin allograft rejection and for the induction
of severe morbidity, based on the release of TNF-a, [FN-y,
and [L-2.}

MATERIALS AND METHODS

The anti-CD3 MAb were purified from culture supernatunts by
protein G chromatography (Pierce Europe, Qud-Beijerland, The
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Tabte 1. Gytokine Aelease in Serum After Anti-CD3 MAb Injection

Anti-CO3 MAb 1TAZ 145-2C11
Time () TNF-u (M) fFN-y tngimi) iL-6 {U/mdy} TNF-a (/mL) IFN-+ tng/ml) IL-6 {U/mL)
1 41.8 = 161 1715 7453 > 40.4 348.8 = 37.1* 1.7 =17 776.5 = 120.0
2 21 =06 17218 918.0 = 65.5 81.1 = 10.3° 2518 1043.5 = 165.7
4 <15 1018 518.5 = 4625 2118 84 1.4 441.0 = 3757
8 <1.5 02=05 725 x 566 <15 28286 577.3 = 347.4"
24 <1.8 ND 7i1z-27 <15 ND 113.3 = 97.2¢

Ch78¢Ka mice were injected intravenousty with 10 ng o 17AZ or 145-2C11. At 1, 2, 4, 8, and 24 hours ahter injection, five mice ware kiled for serum detection
of TNF-a, IFN-v, and H-£. The results represent the mean serum levels = SD. ND = nol getermined.

P05

Netherlands). CS7BLAKua mice received different doses of purified
unti-CD3 MAb intraperitonsally (1P) of s MHC class {[ incompat-
ible bm12 skin graft a day before wransplantation. Afler long-term
survival (=175 davs) of the first graft, the mice received a second
bm12 graft wogether with a third-party skan graft (BALB/c). Tcell
depletion and modulation of the TeRICID3 compiex in splecn and
peripheral blood afier MAb treaiment were studied b flow
cytometric analysis. To study the cvtokine releasc induced by the
two anti-CD3 MAD we injected H} pe inravenousty (1V) in the taif
vein and took serum samples at | 2 4. 8. and 24 hours after MAb
injection {n = 5}, TNF-a was determined by u cviotoxieity assay
using WEHI-164 (clone 13) cells. [FN-y was measured with a
specific sandwich ELISA. and for 1L-6 measurement we used the
BY proliferation assay.

RESULTS

To compare the immunosuppressive cffects of the two
ani-CD3 MAb we had to pive smal] doses, since a single
dose of 50 pg or more of 145-2C1! resulied in & 100%
mortality of the skin-grafted mice. Injection of 17A2 did not
induce any morbidity. At doses of 5 to 25 ug. the two MAD
were equally effective in prelonging skin allograft survival
(data not shown). A single dose of 350 ug of 17A2 induced
long-term skin graft survival in 20% of recipients (Fig 1A).
These mice accepted a second bm1i2 graft, while rejecting a
third-party graft (Fig 1B), The two mice rejecting their
second bml2 graft rejected their first bm12 graft at the
same time. Both MAb induced strong T-cell depletion (dala
nol shown) and modulation of the TcR/CD3 complex (Fig
2). Injection of 17AZ induced significantly less TNF-w
release than 143-2C11 (Table 1) and induced no [FN-y
release in contrast to 145-2C11, Both MAb induced a strong
IL-6 release. These high 1L-6 levels were more persistent in
the 345-2C11 treated group.

DISCUSSION

In this study we show that effective immunosuppression is
possible withoul inducing side effects, Using a single dosc of

36

350 pg of the rat 1gG2b anli-CD3 MAb 17A2 we could
induce long-term skin allograft survival. The basis of his
iolerance still needs 1o be elucidated, Treatment with 17A2
induced strong T-cell deplelion (data not shown) and
modulation of the TeR/CD3 complex as ako occurs afler
145-2C11 imjection. Rapid T-cel! lvsis. therefore. does not
seem 10 be responsible for the side effects. 145-2C11
induced a stronger TNF-a release than 17A2, which con-
firms its role in the side effects,” IFN-y was also released
after 143-2C11 injection. It is unclear, however, whether
[FN-y is associated with the side effects of 143-2C11 as
Ferrgn et al could not influsnce the morbidity by giving an
anti~-IFN-y MAb.® FeyR-binding by the anti-CD3 MAb has
been suggested 1o play a role in their T-cell activating
properties.” 17A2 is significantly less mitogenic than 145-
2C11 {data not shown). which suggests this MAD binds
another FcyR or the same FeyR with 4 jower affinity.
Further data on FcR binding, T-cell activation, and cyto-
kine-release by these anti-mouse CD3 MAb should indicate
the anti-CD3 MAb properties respansible for side effects
and for immunosuppression and provide a basis for devel-
opment of anti-CD3 MAD for clinical use.
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CHAPTER 3.2

SUPPRESSION OF SKIN ALLOGRAFT REJECTION IN MICE BY ANTI-CD3 MONOCLONAL ANTIBODIES
WITHOUT CYTOKINE-RELATED SIDE-EFFECTS!

CKT3, a murine IgG2a monoclonal antibody {mAb)*
against the human CD3 antigen, is becoming increasingly
important for prevention and treatment of organ allograft
rejection {7, 2). 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 {4-6). Be-
sides coating of the CD3 molecule and T ceil depletion, OKT3
treatment results in modulation, i.e. disappearance of the
TcR/CD3 complex from the cell surface. Modulated T celis
were demonstrated to be functionzily inactive (4-6). The first
administration of this mAb, however, is accompanied by se-
vere morbidity. The elinieal symptoms, including fever, chills,
nausea, vomiting, and headache have been associated with a
systemic release of several cytolines. probably caused by T
cell activation (7-9). There is a need for anti-CD3 mAb that
are equally effective in rejection treatment as CKT3 but do
not induce side-effects,

In order to study the basis of the side-effects of anti-CD3
mAb treatment we used three different anti-CD3 maAb: two
rat mAh, an [gG2b (17A2) and [gG2a (T3 and a hamster
mab (145-2C11) {J1-13). We first established the immuno-
suppressive efficacy of these mAb in a skin allograft model in
mice. The hamster mAb s in its effect very similar te OKT3.
Treatment with this mAb can suppress skin allograft rejec-
tion it mice, but also induces early systemic release of cvto-
lines, such as TNF, TFN-y, and IL-2, resulting in severe
morbidity and even mortality (9, 101 Remarkably, the two
rat mAb did not induce any morbidity or mortality. We com-
pared the in vivo T cell depletion and TeR/CD3 medulation
and the ¢ytokine release induced by these equally immuno-
suppressive mADb.

To compare the capacity of the three anti-CTr3 mAab to
suppress skin allograft rejection, C57BL/Ka BL-1 (H-2") mice
were injected i.p. with a single dose of 0.5 pg, 10 g, or 50 g
of I7A2 (rat 1gG2h), KT3 (rat IgG2as or 145-2C11 thamster)
mAb. Monoclonal antibedies were purified from hybridema
culture supernatant by protein G (Pierce Europe, Oud-
Beijeriand, The Netherlands) affinity chromatography
Savelkoul et al., manuscript submitted). The amount of
endotoxin was measured using the Limulus amebaocyte lysate
{LAL) micromethod, as previsusly described (74). The day
after injection, all mice were skin grafted with a MHC class
1I disparate skin graft (H-2""*?) using a modification of the
methed of Billingham and Medawar (15}, A dese of 0.5 pg of
the different mAb did not prolong mean survival time as
compared with the untreated control group (data not shown.
A dose of 10 ng, however, did significantly prolong skin graft

! This work was supported by the Duteh Kidney Foundation.

* Abbreviations: FeR, FC receptor; IFN. interferon; Ig, immuno-
globulin; [L, interleukin; mAb, monoclonal antibody: TeR, T cell re-
ceptor; TNF, tumor necrasis [aetor.

survival (g, 1), All three anti-CT3 mAb were equally effec-
tive in prolonging skin allograft survival. At the higher dose
of 50 pg, graft survival of the rat mab-treated groups was
not significantly better {data not shown). At this dose, the
hamster anti-CD3 mAb indueed severe morbidity {piloerec-
tion, hypomotility, and diarrhea} in all skin-grafted mice,
resalting in death within 3 davs of injection. Doses up to 1 mg
of the two rat anti-CD3 mAb did net induce any morbidity or
martality.

To investigate the effect of the three anti-CD3 maAb on
CD4* and CD8 T cells in vive, we treated nongrafted
C57BL/Ka BL-1 mice with 100 pg of mab, Doses of 70 to 400
ug of 145-2C11 have previously been shown to be equally
effective in T cell depletion ( 10 ). In nongrafted mice, this dose
induced mortality in only 30% of the mice, in contrast to a
100% mortality in skin-grafted mice. We measured the de-
gree of T czll 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 Lickinson).
To datect coating due to previously injected anti-CD3 mAb,
we directly stained the samples with FITC-coupled Ab
against rat Ig or hamster Ig. To study the degree of modula-
tion of the TcR/CD3 complex, we compared the mean ¢channel
fluorescence of Thy-1.1" cells stained with anti-CD3 FITC of
the treated groups and the untreated control group. To ex-
clude interference of CD3 coating in the expression of CD3,
we also stained with anti-TeRef FITC. Flow cytometric
analysis of the CD4™ T cell subset showed that all three mAb
induced an early and equally strong depletion of the CD4* T
cells in the peripheral biood (Fig. 241 In lymph nodes (data
not shown and spleen (Fig. 2C) the depletion of CD4* T ceils
was delayed as compared with the peripheral blood, At days
10 and 20, the hamster mAb-treated group showed a signifi-
cantly stronger CD4™ T cell depletion than the rat mAb—
treated groups. As compared with the CD4" T cell depletion,
the depletion of the CD8™ cell subset was less pronounced. At
day 3 a sudden increase of the percentage of CD8™ T cells was
found, The hamster mAb induced CD8™ T cell depletion in
the peripheral blood on days 1, 5, 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 signifieantly stronger CDB™ T eell depletion
than the rat mAb., Only on days ! and 3 could we deteet
anti-CD3 coated cells in peripheral blood, lymph nodes, and
spleen of the rat mAb—treated mice. The percentage of coated
cells was higher in the KT (IgG2atreated group (80-100%!}
than in the 17A2 {1gG2bi-treated group (30-55%). In the
group treated with hamster maAb. we could not detect any cell
coating on all days tested (data not shown). In all anti-CD3
mab treated groups, there was a strong modulation of CD3
and TcRaf3 {data not shown), The moduiation was stronger in
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C FiGure 1. Effect of anti-CD3 mAb on
E skin aliograft survival. C57BL/Ka BL-1
= mice were skin-grafted with bml2 tail
73t . i ) ‘

50 skin. The day hefore skin gralting, groups
‘% 10 ug rat IgG2b of mice were treated with 10 ug of 17A2
= {rat 1gG2h) mAb (n=6), KT3 (rat 1gG2a)
3 10 ug rat Igti2a mAb in=>5}, or 145-2C11 thamster| anti-
o o5 CD3 mAb 1.p. (n=4) Control mice re-

ceived no treatment (n=61.
o none 10 ug hamster Ig
¢ 20 40 60 80 100

days after fransplantation

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-y we used a specific ELISA with
XM(G 1.2 (16) as a coating mAb and R46 A2 (17) as a second

the peripherat blood than in the spleen. By day 5, modulation
of the TeR/CD3 complex was still detectable in the hamster
mAb—treated mice, in contrast to the rat mAb-trested mice.
On day 16 TeR/CD3 modulation could no longer he detected.

Peripheral blood Spleen

% CD4+ T cells

% CD8+ T cells

d

o 5 10 15 20 0 5 10 15 20
days after mAb injection

FiGuRe 2, Effect of anti-CD3 mAb on T cell subsets in peripheral blood and spleen. C57BL/Ea BL-1 mice received 100 pg of rat [gG2b (open
circies), rat IgGi2a closed squares), or hamster anti-CD3 mAb {open squares) i.p. On days 1, 3, 5, 10, and 20 peripheral blood (A, Biand splaen
cells (C, D} were double-stained for Thy-1.1 and CD4 {A, Chor CD8 (B, DI. The results represent the mean percentage of D4 or CDE” cells
of 3 mice. Contral mice (n=23: closed circles) received no treatment.
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Ficure 3. Effect of anti-CD3 mAb on the serum levels of [FN-v,
IL-6, and TNF-«. C57B1/Ka BL-1 mice received 10 pg of rat 1gG2b,
rat [gG2a or hamster anti-CD3 mAb i.v. Control mice received 0.5 ml
of BSS. 1, 2, 4, 8, and 24 hr after mAb injection; 5 mice per group
were killed for serum detection of IFN-y1A), TL-6 (B), and TNF-e (C).
The results represent the mean serum Jevels = 8D. (ND) nai
determined.

step mAb, To measure IL-6 levels in the serum (18), the
[L-6-dependent cell line B3 was used, while TNF-a levels
were determined by a cytotoxicity assay on WEIII164 clone
13 eells { I8} The proliferative or cytotaxic activity was meas-
ured with the MTT assay (202), In the samples of all groups
low levels of IFN-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 after

BRIEF COMMUNICATIONS

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

centamination.

This study shoews that two rat anti-CD3 mAb, 17A2 (17)
and K73 (12)—which in vitro cross-compete with the ham-
ster anti-CD3 mAb 145-2C11 (13)>—are extremely effective
in suppresaing skin allograft rejection, but do not induce any
morbidity or mortality. All three mAb induced T cell depletion
and modulation of the TcR/CD3 complex. This depletion and
moduiation were stronger and more persistent in the ham-
ster mAb—treated mice. ITnjection of a single dose of 10 pg of
the different mAb induced in all groups an early systemic
1L-6 release. The hamster mAb, in contrast to the two rat
maAb, induced the release of TNF-a and [FN-v, which can
therefore be related to the severe side-effects seen in mice
treated with this mAb.

Administration of OKT3 in humans and 145-2C11 in mice
has been shown to induce strong T cell depletion and modu-
lation of the TcR/CD3 complex (4, 6, 10). In the first days
after treatment with the tws rat mAb our flow cytometric
analysis showed the same T cell depleting effects. This sug-
gests that rapid cell lysis is not necessarily involved in anti-
CD3 mAb-induced side-effects (7). T cell depletion is prob-
ably due to opsonization and complement fixation, followed
by cell lysis by the mononnclear phagocytic system. Modula-
tion of the CD3 molecule has been shown to be dependent on
Fc¢R binding on monocytes (22}, Our finding that 145-2C11
induced a stronger and more persistent T cell depletion and
modulation of the TeR/CD3 complex than the two rat mAb
could therefure be caused by a stronger complement fixation
or FcR binding, We found in all groups that CD4" T cell
depletion was more profound than CD&™ T cell depletion.
This may be due to a stronger CD3 expression on the CD4" T
cell subseat {23 ).

The “first-dese reactions” to OKT3 treatment and 145-
2011 treatment have been associated with an early systemic
releage of cytokines, including [L-2, [L-3, TNF-a, IFN-v, and
iL-6 {R 8, 24}, Ferran et al, tred to elucidate the causal
relationship between the release of the different cytckines,
induced by 145-2C11 and the severe side-effects induced by
this mab (21). Administration of anti-TNF-a mAb signifi-
cantly decreased the physical reaction to 145-2C11. Our find-
ing that 145-2C11 induced a strong TNF-a release in con-
trast to the rat mAb again cenfirms the role of TNF-a in
anti-CD3 mAb-induced side-effects. The hamster mab also
induced a release of [FN-v, in contrast to the two rat mAb. it
is unclear to what extent this cytokine is associated with the
side-effects. Ferran showed thal treatment of 145-2C11 in-
jected mice with anti-IFN-y mAb did net improve their physi-
cal condition (27). Furthermore, these authers found that
treatment with anti-TNF-a mAb even induced an increase in
IFN-y levels. Though the release of IL-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 ciear which cells are responsible for the pro-
duction of these cytokines, Evidence is accumulating that not
only T cell activation but also activation of FeR-bearing
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moneocytes, induced by crosslinking of these cells via the Fc
portion of anti-CD3 mAb, plays a role in the morbidity caused
by anti-CD3 mAb. In vitro, OKT3 has been shown to induce
IFN-v production by lymphocytes {25}, Furthermaore, in vitro
cross-linking of Fc receptors on monocytes induces release of
1L-1, I1-6 and TNF-& (26-28 ;. Parlevliet et al, (29) showed
thai the in vivo administration of an IgA switch varant of
OKT3, which does not interact with the hurnan FcR, induced
fewer side-effects in chimpanzees than the IgG2a OKTS3,
Alegre et al. (30) created an anti-CD3 mAb that had a lower
affinity for the FcR on monocytes due to a single amino acid
mutation in the Fe portion of a “humanized” OKT3 mAb. In
vitro, this mAb seemed te retain the immunosuppressive
properties of OKT3, but induced mnch less T cell prolifera-
tion, activation, and evtokine release. These results suggest
that the use of anti-CD3 mAb with a lower affinity for the
FeR might provide good immunosuppression without the se-
vere first-dose reactions. However, in chnical practice it is
difficult and time-consuming to establish the immunosup-
pressive efficacy of these newly developed mAb. Since the
present study demonstrates that eflective anti-CD3 mAb
treatment is possible without the induction of any morhidity,
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 effecty of anti-CD3 mAb in a
mouse model. Additional in vitro and in vivo studies should
elucidate the role of FeR-binding as well as activation of T
lymphocytes and monocytes in these side effects. Such stud-
ies wili help to optimize anti-CD)3 mAb treatment in clinival
organ allograft transplantation.
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Soluble TNF receptor release after anti-CD3 monoclonal antibedy treatrment
in mice is not related to TNF-« release.
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Sununary

The involvement of TNF-a 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-a, 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-o release. These data demonstrate that in our model soluble TNF
receptor release is independent of TNF-o release.

Introduction

Tumor necrosis factor (TNF-a) is a pleiotropic cytokine that is involved
in various infectious and noninfectious inflammatory diseases {1). At low
concentrations, TNF-a is an important mediator of the hosi defence against
pathogens, whereas at high concentrations it causes shock and disseminated
intravascular coagulation, leading to organ failure and death (2}). TNF-o
mediates its effects by binding to specific cell surface receptors, which are
expressed on virtually all cell types. Two distinct transmembrane TNF
receptors {TNFR) have been identified, one of b5 kDa {TNFR-P55) and one of
75 kDa {(TNFR-P75}. Soluble forms of both receptors (sTNFR) can be produ-
ced by proteolytic cleavage {3}). These sTNFR bind TNF-o¢ with the same
affinity as their transmembrane equivalents and competitively inhibit in vitro
biolegical effects of TNF-o {4). As sTNFR have been detected in serum of
healthy controls {5} and at higher concentrations in patients with septic
shock (6), cancer {7} and rheumatoid arthritis (8), it has been suggested that
they provide a natural protection mechanism against the disastrous systemic
effects of TNF-a {9). If sTNFR are protective by neutralizing TNF-o, TNF-a
itself will be a likely trigger for their release. It has been shown that TNF-u is
capable of triggering sTNFR release in mice {10}). However, the mechanism
of release of these sTNFR is still unclear.

Anti-CD3 monoclonal antibody {mAb) treatment in both man {OKT3}
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and mice {145-2C11) induces elevated levels of TNF-a0 {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, 145-2C7T1, induces strong in vivo
release of TNF-o, whereas the other two anti-CD3 mAb, 17A2 and KT3,
induce only minimal increase of TNF-a levels {12). We siudied 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-2P) 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
microbiclogical 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 145-2C11 (hamster Ig} {17). Monoclonal antibodies were purified
from hybridoma culture supernatant by protein G affinity chromatography
{Fierce 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 protoco/

C57BL/Ka BL-1 mice were injected i.v. with 10 ng of 17A2, KT3 or
145-2C11 mAb, dissolved in 0.5 mi BSS (n=10}. Contral mice received 0.5
ml BSS alone (n=10). 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-o

Serum TNF-u levels were determined by a cytotoxicity assay on WEHI-
164 clone 13 cells {20). Briefly, trypsinized WEHI-164 cells were seeded in
flat-bottomed tissue microtiter plates (Falcon, Becton Dickinson, Lincoln
Park, NJ) at 1 x 10% cells/100 ul RPMI 1640 medium (Gibco, Paisley, UK)
supplemented with T0% heat-inactivated FCS, L-glutamine (4 mM), B-
mercaptoethanol {5x10° M), penicillin {100 IU/ml) and streptomycin (b0
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png/mil}. After overnight cell adherence at 37°C, serum samples and actinomy-
cin D {1 pg/ml} were added and incubated for 24 hours at 37°C. Samples
were serially diluted and assayed in ftriplicate. As a standard we used
recombinant human TNF-a. Cytotoxic activity was measured with the MTT

assay {21).

Detection of sTNFR

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 polycio-
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 b pg/ml for sTNFR-P55
and 50 pg/mi for sTNFR-P75.

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

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

Hesults

Serum TNF-o fevels 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 14b-
2C11 mAb injection, TNF-a levels were still significantly higher than in all
other groups. At later time points no TNF-o could be detected in the serum
samples. In contrast, after 17A2 (rat 1gG2b} and KT3 (rat lgG2a) mAb
treatment no increase in serum TNF-o levels could be detected as compared
with TNF-a levels after control treatment (BSS). Thus, 145-2C11 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-¢ and sTNFR levels. At 1 hour
after mAbDb 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 145-2C11 treated group than in the groups treated
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with 17A2 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 17A2 or KT3 mAb.
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Figure 3 Effect of anti-CD3 mAb on the serum levals of sTNFR-P75. The same serum samples as used for ThF-«
detaction (Fig. 1) were used for detection of sSTNFR-P75 by ELISA. The results reprasent the mean serum fevels
+ 8D, * p < 0.05 as compared tc BSS treated group.

Discussion

In this study we show that 145-2C11, a hamster anti-mouse CD3
mAb, induces strong release of both TNF-a and sTNFR. However, two anti-
CD3 mAb 17A2 and KT3, that did not induce TNF-o release, did frigger the
release of both sTNFR-P55 and sTNFR-P75, suggesting that in our model
sTNFR release is independent of TNF-c.

The difference in TNF-a release by the three anti-CD3 mAb is related
to their difference in interaction with mouse Fcy receptors (FcyR) (Vossen et
al., submitted). By binding FcyR via its Fc portion, 145-2C11 is capable of
crosslinking CD3 molecules, leading to T cell activation and TNF-o 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 iimes 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. Cb7BL/Ka BL-1 mice and DBA/2 mice, respectively
or to a different microbiological status., In accordance with our resulis,
sTNFR release in DBA/2 mice was relatively independent of TNF-a jevels.
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-o 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. /n
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-Pbb is unable to neutralize the high
levels of TNF-o 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-o to sTNFR ratio, TNF-o is not
neutralized but stabilized by the sTNFR. The potential of sTNFR to stabilize
TNF-o and thereby protong TNF-u 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-«, though it could not prevent pathophysiology after 14b-
2C11 treatment.
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CHAPTER 3.4

Fc receptor-binding of anti-CD3 monoclonal antibodies is not essential for
immunosuppression, but triggers cytokine-related side effects
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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 demonsirated
that the hamster anti-CD3 mAb 145-2C11 induced strong /n vive cytokine
release and morbidity, whereas two rat anti-CD3 maAb 17A2 and KT3 did
not. In the current study, we show that jn vitro mitogenic capacity of soluble
anti-CD3 mAb correlates with their in vivo induction of side effects. /n vitro
mitogenesis and in vivo TNF-o release and weight loss, induced by anti-CD3
mAb, could be inhibited by the anti-FcyR mAb 2.4G2, indicating that FoyR
binding of anti-CD3 mAb is responsible for their mitogenic properties and for
their induction of side effects. importantly, the iwo non-mitogenic rat anti-
CD3 mAb were equally capable of suppressing skin allograft rejection as the
mitogenic hamster anti-CD3 mAh, 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 145-2C11. These findings
suggest that clinical use of non-mitogenic anti-CD3 mAb will result in
effective immunosuppression without cytokine-related side effects.

tntroduction

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, nauseas,
vomiting, headache, and diarrhea. QOccasionally, more serious reactions, such
as pulmonary oedema, aseptic meningitis or seizures are seen (3}. These side
sffects have been related to an early systemic release of several cytokines,
such as IL-2, TNF-o, IFN-y and iL-6 (4, 5}, probably produced by activated T
lymphocytes {B}. This so-called 'cytokine release syndrome’ preciudes 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 play a 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 io 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 mode! {¢ 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 transplaniation 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 1gG2b} (18) and KT3 (rat 1gG2a}
(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 vive. Our
results demonstrate that /n wivo FcyR binding is responsible for cytokine
release and side effects following anti-CD3 mAb treatment. Most important-
by, 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 | Monocional antibodies used in this study

mAb Isotype Specificity Reference
17A2 rat IgG2b mouse CD3 18

KT3 rat IgG2a mouse CD3 18
1456-2C11 hamster Ig mouse CD3 15

2.4G2 rat igG2b mouse Feyli/ill 20
PH2-4a rat lgG2b E.coli f-galactosidase

PH2-104 rat fgGG2a E.coli f-galactosidase

GL3 hamster Ig mouse TCRyS 23

P1.17 mouse IgG2a unknown 24

Materials and methods

Monoclonal antibodies
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 1gG2b mAb directed against mouse
FeyRIAI (21), that also binds FeyRl via its Fe-portion (20), and F{ab'), frag-
ments of 2.4G2 (kindly provided by dr. M. Daéron, Institut Curie, Paris,
France (22)) were used to block FcyR-binding of anti-CD3 mAb. As isotype
control mAb we used PH2-4a (rat igG2b), PH2-104 {rat IgG2a), both directed
against E.coli B-galactosidase {kindly provided by dr. J. van Denderen,
Department of Immunology, Rotterdam, The Netherlands), and anti-TCRyd
mAb GL3 {hamster 1g) (23). We used P1.17, a mouse igG2a Ab of unknown
specificity {24}, to compete for FcyRIl-binding.

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

Mice

For alt jn vitro experiments and as skin graft recipients we used
C57BL/Ka mice (H-2P}. B6.C-H-26M12 (H-2°M12) mice were used as skin grafi
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

Cb7BL/Ka 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-Hypague
density gradient centrifugation.

Competition flow cytometry

Twenty-five pl of lymph node cell suspensions (2x107 cells/mi) were
incubated with 100, 10 or 1 pg/ml of either one of the anti-CD3 mAb in 96
well round-bottomed microtiter plates {Nunc, Roskilde, Denmark} for 1 hour
on ice. Ceils were washed three times with PBS, containing 5% FCS and 20
mM sodium azide, and incubated with optimally titrated FITC-labeled 17A2
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, CA). The mean flutorescence intensities (MFI) of CD3-
positive cells were compared to those of cells, incubated with buffer and
17A2-FITC. We calculated % inhibition using the following formula:

MFI competition samples - MFI unlabeled cells
x 100

% inhibition = 100 -
MF 17A2-FITC labeled cells - MF] unlabeled celis

53



Binding studies

Binding studies of different anti-CD3 mAb were performed on lymph
node suspensions, containing z 65 % CD3-positive cells (analyzed by
FACScan). Radio-iodination of mAb was performed with Na'2%} {Amersham,
UK} using lodogen (Pierce) as catalyst. Lymph node cells {b x 108 in 200 ul)
were incubated in duplicate with serial two-fold dilutions (starting of 1 x 1077
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 mADb to a
third series of binding reactions. Radioactivity of these samples was subtrac-
ted from the total amount of bound radiocactivity 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.

Froliferation assays

Spleen cells (2 x 10°%/well} were cultured in 200 p! RPMI 1640 medium
{Gibco, Paisley, UK) supplemented with 10% heat-inactivated FCS, L-
glutamine (4 mM]}, B-mercaptoethanol (5x107° M}, penicillin {100 1U/ml} and
streptomycin {50 pg/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% CO, incubator,
0.5 uCi [3Hlthymidine was added to each well. 18 hours later cells were
harvested and [SHIthymidine incorporation was measured in a liquid scin-
tillation counter. Al data are expressed as mean cpm of triplicate cultures.

The role of FcyR in anti-CD3 induced mitcgenesis was examined by
adding 10 ug/mi 2.4G2 mAb or an egquivalent molar amount (6.7 ug/mi}
2.4G2 Flab’}, fragments to culture wells. In other wells, 10 pg/mi P1.17
{(mouse 1gG2a) {24) was added to compete for high-affinity FcyRI-binding. In
control wells, cells were cultured with isotype control mAb or Con A (b
pg/mil).

In vivo blocking of FeyR

The role of FcyR-binding in TNF-o refease, weight loss and immuno-
suppression induced by 145-2C11 was examined by /» vivo blockade of
FcyR. C57BL/Ka mice were injected i.p. with 250 ug of 2.4G2 mAb 12 to
18 hours before injection of 10 pg 145-2C11. Our primary goal was to
achieve short term blocking of FeyR, since the effects of 10 pug of 145-2C11
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-«

For induction of TNF-a release, 10 pg 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 145-2C11 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, Biood
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-o 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 10% cells/100 p} complete
medium. After overnight cell adherence at 37°C, serum samples and actino-
mycin D {1 pg/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 C57BL/Ka mice was injected i.p. with 10 pg 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 |l
disparate skin allograft refection was studied by administration of 10 pg 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 mi BSS.

Tail skin of B6.C-H-2°™2 donors was grafted to the dorsal thorax of
C57BL/Ka 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, Rijswiik, The
Netheriands), 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-u 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 (145-2C11, 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 @ FACScan competition assay.
Table Il shows that incubation of lymph node cells with 100 pg/ml of all
three anti-CD3 mAb resulied in complete inhibition of subsequent binding of
FITC-labeled 17A2. Though the degree of inhibition slightly differred between
the anti-CD3 mAb, all three unlabeled mAb competed effectively for binding
of FITC-labeled 17A2 in a dose-dependent manner.

hamster Iy

0.20

bound/free
o
3

0.05 4

bound {Mx 107%)
Scatchard analysis of binding of '®Silabeled anti-CD3 mAb to C578L/Ka lymph node cefis. Cells were

incubated with different concentrations of 12%-labeled rat IgG2%, rat IgG2a or hamster anti-CD3 mAb. At each

Figure 1

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

duplicate determinations from one reprasentative experiment.

Analysis according to Scatchard of binding experiments, using '2°|-
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 M. The
number of binding sites per cell, however, was different amongst the three
mAb. The rat 1gG2b mAb 17A2 had =10,000 binding sites, KT3 (rat igG2a)
=17,000, and 145-2C11 {(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 Il Competition binding of anti-CD3 moenoclonal antibodies

% Inhibition of 17A2-FITC binding

Unlabeled mAb {pg/ml) 17A2 KT3 145-2C11
100 100 100 100

10 100 16.1£3.4 34.341.2

1 10 0 0

CE7BL/Ka lymph node cells were incubated with different concentrations of unlabeted 17A2, K73 and 145-2C11 mAb.
After washing, cells were incubated with optimally titrated 17A2-FITC. The mean fluorescence intensities of cells
incubated with unabeled mAb and subsequently with 17A2-FITC were compared to mean fluorescence intensities of
cells incubated with buffer and 17A2-FITC. Tha results represent mean % inhibition £ SD of threa independent

expariments.
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Profiferation induced by anti-CD3 mAb., C57BL/Ka spleen cells were stimulated with different concentrations of
immekilized (A} or soluble {B) rat 1gG2b, rat gG2a or hamsier anti-CD3 mAb. After 48 hours, 0.5 pCifwell of
(*H] 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.

Figura 2
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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 FoyR™ cells or through a solid phase. The use of
immoebitized anii-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, 17A2 (rat IgG2b} was significantly less mitogenic than the
other mAb, whereas at lower concentrations this mAb was significantly more

mitogenic.
150
@
o
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Figure 3 Eifect of FcyR-blocking on proliferation induced by scluble anti-CD3 mAb or Con A, C57Bl/Ka spleen cells
ware cultured in medium alone or medium supplemented with 2.4G2Z mAb {10 pg/ml), Flab%), fragments of
2.4G2 {6.7 ug/ml) or mlgG2& {1Cug/ml}. T celf mitogenesis was induced by addition of 10 pg/ml rat }gG3b, rat
lgG2a or hamster anti-CD3 mAb. After 48 hours, 0.5 uCifwell of [3Hithymidine was added for an additional 18
hours of culture. Data represent mean cpm of triplicate cultures £ SD. N.D = not determined. Similar results

were obtained in a second experimeni {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 FcoyR (33).
Soluble rat lgG2b and rat 1gG2a anti-CD3 mAb induced comparable T cell
proliferations (Fig. 2B). 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 pg/mi 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 pg/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’}, fragments of 2.4G2, that only block FcyRII/II
binding, had a similar inhibitory effect as intact 2.4G2 (Fig.3). in addition,
competition for FcyRl binding by adding 10 pg/ml P1.17 {mouse IgG2a), did
not inhibit anti-CD3 mAb induced T cell proliferation (Fig. 3}. Thus, mitoge-
nesis of all three anti-CD3 mAb involved FeyRH/Il 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 FeyRHI.

350 4

300
B85S

BSS+ 2.4G2

B 145-2C11

[ 145-2C11+ 2.4G2

250 +

200 4

150

TNF-c (U/ml)

100 4

50

1 2 4 8 24
hours after mAb injection
Figure 4 Effect of in vivo anti-FcyR mAb on TNF-o release triggered by 145-2C11 mAb. CE7BL/Ka mice received either
10 pg 145-2C11 mAb iv. (£=0 hr}, 250 ug 2.4G2 mAb {t=-12to -18 hrs) or a combination of 145-2C11 and
2.4G2 mAb. Contral mice received 0.5 ml BSS. 1, 2, 4, B and 24 hours after treatment, 3 {2.4G2 and B5SS
groups) or 5 (othar groups] mice per group were killed for serum detection of TNF-«. This experiment was
performed twice. Results represent the mean serum TNF-a levels {SEM < 15%) from one representative

experiment,

In vivo effect of FcyR-blocking mAb on TNF-a release triggered by 745-2C17
0f the three anti-CD3 mAb, only 145-2C11 mAb induced cytokine
related side effects {14). TNF-o has been shown to play a crucial role in
these side effects (14, 17). In vivo administration of 10 pg hamster anti-CD3
mAb, 145-2C11, 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-o release, we temporarily
blocked FcyR by giving 250 pg 2.4G2 mAb 12 to 18 hours before 145-2C11
injection. Treatment with 2.4G2 mAb completely abrogated the rise of serum
TNF-w levels, Anti-FcyR mAb itself did not trigger TNF-a release. These
results show that binding of 145-2C11 mAb to FcyR bearing cells is neces-
sary for in vivo TNF-a release.
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Figure B Effect of in vivo FoyR-blockade on weight loss due to treatment with 145-2C11 mAb. C57BL/Ka mice received

either 10 pug 145-2C11 mAb i.p. {t=0 hr}, 250 pg 2.4G2 mAb {t=-12 to -T8 hrs} or a combination of 145-
2C11 and 2.4G2 mAb. Body weight was measured daily. Data are exprassed as mean percentage of initial
weight + SD of six mice. ~ p < 0.05, T~ p < 0.001 as compared to the group treated with 2.4G2 mAb alone.

Effect of in vivo FcyR blockade on weight joss due to T45-2CT1

Treatment with 10 pg 145-2C11 mAb resulted in a significant weight
loss {Fig. 5}. The mice showed signs of morbidity, such as hypomotility and
pitoerection. 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 iliness were absent in these mice. No changes in
weight were seen in the group that only received 250 pg 2.4G2. These data
show that /n vive blocking of FeyR-binding of 145-2C11 mAb did not only
prevent TNF-a release, but also abrogated cytokine-related iliness reflected in
inhibition of weight loss.

Effect of in vive FcyR blocking on 145-2C11-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 145-2C11 injection, C57BL/Ka mice
received an MHC class |l disparate B6.C-H-25M12 gkin graft. As shown in
Figure 6, a single dose of 10 ug of 145-2C11 significantly proionged skin
allograft survival, as compared to the untreated control group. The admi-
nistration of 2560 ug 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 FeyR-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 {14}, this mode] atllows 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). Cur resulis
show that the three anti-CD3 mAb recognize similar or closely related
spitopes {Table il}. This is in agreement with earlier studies (18, 19} showing
cross-competition between 17A2, KT3 and 145-2C11 mAb. The hamster
mAb 145-2C11 has been shown ito be specific for the CD3 epsilon chain
{15). The anti-CD3 mAb bound, furthermore, with similar affinity (Kd of 2.5 -
3 x 10°° M) to lymph node cells (Fig. 1). We found a difference in the
number of binding sites of the three anti-CD3 mAb, with 17A2 {(rat igG2b)
binding =10,000 sites per cell, while KT3 (rat igG2a} bound ~17,000 and
145-2C1171 (hamster |g) »20,000 sites. This difference in binding site number
is not reflected in /n vivo effects of anti-CD3 mAb, as 17A2 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 145-2C11
F{ab’), fragments induce less cytokine release and morbidity in mice than
intact 145-2C11 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’), fragments. Our results demonstrate in a mouse
model that intact non-mitogenic anti-CD3 mAb induced less cytokine-related
side effecis 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 FeyRlll than
the non-mitogenic mAb 17A2 and KT3. The first direct evidence for the role
of FecyR binding in the cytokine related side effects of anti-CD3 mAb is
provided by our finding that /7 vivo blocking of FeyR binding resulted in
complete inhibition of TNF-a release by 145-2C11 mAb and significant
inhibition of the weight loss induced by 145-2C11. Some side effects of
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Figura 6

treatment.

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

QOur previous study showed that the non-mitogenic rat anti-CD3 mADb
17A2 and KT3 are equally effective as the mitogenic 145-2C11 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 /7 vivo blocking of FcyR binding has no effect on the sup-
pression of skin allograft rejection by 145-2C11 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 /n vivo data on the role of
FcR binding of anti-CD3 mAb in immunosuppression are based on the use of
Ftab’}, fragments of 145-2C11, showing that these F(ab’}, fragments are
equally immunosuppressive as intact 145-2C11 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 Flab’), 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’}, fragments of 145-2C11 are probably the same as those of
mitogenic anti-CD3 mAb, including T celt 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 Flab’), fragments have been
proposed to be useful in the clinical gituation, a major drawback of these
fragments is their exiremely short hatf-life and thus the necessity of frequent
administration. In addition, the production of these fragments requires great
carg, 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 lgA switch variant of a murine
anti-CD3 mAb, unable to interact with human FcyR, induces significantly less
cytokine reiease 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 &/. showed that mutations
in the Fc portion of a "humanized" OKT3 resulted in a reduced FcyR binding
of this mAb. /n 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 145-2C11 with
FcyRIVNI 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 vive cytokine release
and morbidity. This finding is relevant for the development of new anti-CD3
mAb. Furthermore, FoyR binding is not essential for immunosuppression by
anti-CD3 mADb. 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.

63



Acknowledgment

We thank Dr. W. van Ewijk for critical review of the manuscript.

References

1.

10.

11.

12

13.

14,

15.

64

Ortho Mukticenter Transplant Study Group. 1985. A randomized clinical trial of OKT3
monocional antibody for acute rejection of cadaveric renal transplants, N Eng/ J Med.
312:337.

Norman, D, L, L. Kahana, F. P. J. Stuart, J. R, J. Thistlethwaite, C. F. Shield, A.
Monaco, J. Dehlinger, S. C. Wu, A. Van Horn, and T. P. Haverty. 1993, A randomized
clinicat trial of induction therapy with OKT3 in kidney transplantation. Transplantation.
55:44.

Thistlethwaite, J. R. J., J. K. Stuart, J. T, Mayes, A. O. Gaber, 5. Woodle, M. R.
Buckingham, and F. P. Stuart. 1988. Complications and monitoring of OKT3 therapy.
Am J Kidney Dis, T1:1712,

Chatenoud, L., C. Ferran, A. Reuter, C. Legendre, Y. Gevaert, H. Kreis, P. Franchimont,
and J. F. Bach. 1989, Systemic reaction to the anti-T-cell monoclonat antibody OKT3 in
relation 1o serum levels of tumor necrosis factor and interferon-gamma. N Engl J Med.
320:1420.

Bloemena, E., |. J. ten Berge, J. Surachno, and J. M. Wilmink. 1880, Kinetics of
interleukin 6 during OKT3 treatment in renal allograft recipients. Transplaniation.
50:330.

Ferran, C., F. Dautry, 8. Merite, K. Sheehan, R. Schreiber, G. Grau, J. F. Bach, and L.
Chatenoud. 1994. Anti-tumor necrosis factor modulates anti-CD3-triggered T cell
cytokine gene expression in vivo, J Clin Invest. 83:2788%.

Toussaint, C., L. De Pauw, P. Vereerstraeten, P. Kinnaert, D. Abramowicz, and M.
Goldman. 1989, Possible nephrotoxicity of the prophylactic use of OKT3 monocional
antibody after cadaveric renal transplantation. Transplantation. 48:524.

Goldman, M., D. Abramowicz, L, Be Pauw, M. L. Alegre, . Widera, P. Verserstraeten,
and P. Kinnaert, 1989, OKT3-induced cytokine release attenuation by high-dose
methylprednisolone. Lancetr. 2:802.

Chatenoud, L., C. Legendre, C. Ferran, J, F. Bach, and H. Kreis. 1991, Corticosteroid
inhibition of the OK¥3-induced cytokine-refated syndrome--dosage and kinetics prerequi-
sites. Transplantation. 57:334.

Vincenti, F. G., M. Vasconcelos, J. L. Birnbaum, $. J. Tomlanovich, W. J. J. Amend, J.
S. Melzer, and J. P. Snyder. 1993, Pentoxifylline reduces the firsi-dose reactions
following OKT3. Transplant Proc. 25.57.

Kurrle, R., E. 4. Kanzy, J. Racenberg, W. Lang, and F. R. Seiler, 1989. BMA 031-a
TCR-specific monoclonal antibody for clinical application. Fransplant Proc. 21:10177.
Parlevliet, K. J., M. Janker, R. J. ten Berge, R. A. van Lier, J. M. Wilmink, P. F. Stren-
gers, L. A. Aarden, and P. T. Schellekens. 1990. Anti-CD3 murine monoclonal isotype
switch variants tested for toxicity and immunolagic monitoring in four chimpanzees.
Transplantation, 50:889.

Waid, T. H., B. A, Lucas, P. Amlot, G. Janossy, M. Yacoub, S. Cammisuli, D. Jezek, J.
Rhoades, S. Brown, and J. S. Thompson. 1989. T10B9.1A-31 anti-T-cell monocional
antibody: preclinical studies and clinical treatment of solid organ alfograft rejection. Am J
Kidney Dis, 14.61.

Vossen, A. C., A. C. Knulst, G. J, Tibbe, A, van Oudenaren, M. R. Baert, R. Benner, and
H. F. J. Savelkouw. 1994, Suppression of skin allograft rejection in mice by anti-CD3
monaclonal antibodies without cytokine-related side-effects. Transplantation. 58:257.
teo, 0., M. Foo, D. H. Sachs, L. E. Samelson, and J. A, Bluestone. 1987. Identification
of a monoclonal antibody specific for a murine T3 polypeptide. Proc Natf Acad Sci USA.



16.

17.

8.

18.

20,

21,

22,

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

84,1374.

Ferran, C., K. Sheehan, M. By, R. Schreiber, 8. Merite, P. Landais, L. H. Noel, G. Grau,
J. Bluestone, J. F. Bach, and L. Chatencud. 1920. Cyiokine-related syndrome following
injection of anti-CD3 monoclonatl antibody: further evidence for transient in vive T cell
activation. Eur J Immunol. 20:508,

Alegre, M., P. Vandenabeele, V. Flamand, M. Moser, O. Leo, D. Abramowicz, 4. Urbain,
W. Fiers, and M. Goldman, 1990. Hypothermia and hypoglycemia induced by anti-CD3
monoclonal antibody in mice: role of tumor necrosis factor. Eur J Immunol. 20:707.
Miescher, G. C., M. Schreyer, and H. R, Macbonald. 1988. Production and characteriza-
tion of a rat monoclonal antibody against the murine CD3 molecudar complex. Immunoc/
Lett. 23.713.

Tomonari, K. 1988. A rat antibody against a structure functionally related {o the mouse
T-cell receptor/T3 complex. /mmunogenetics, 28:455,

Unkeless, J. C. 1879, Characterization of a monoclonal antibody directed against mouse
macrophage and lymphocyte Fc receptors. J Exp Med. 150:580.

Ravetch, J. V., and J. P. Kinet. 1991, Fc receptors. Annu Rev Immunol. 9:457.

Paéron, M., 0. Malbec, C. Bonnerot, S. Latour, D. M. Segal, and W. H. Fridman. 1994.
Tyrosine-containing activation motif-dependent phagocytosis in mast cells. J fmmunol.
152:783.

Goadman, T., and L. Lefrancois. 1989, Intraepithelial lymphocytes. Anatomical site, not
T cell receptor form, dictates phenotype and function. J Exp Med. 170:7568.

Horibata, K., and A, W, Harris. 1970. Mouse myelomas and lymphomas in culfture. £xp
Cell Res. 60:61.

Savelkoul, H. F., A. C. Vossen, E. G. Breedland, and G. J. Tibbe. 1984. Semi-preparative
purification and validation of monoclenal antibodies for immunotherapy in mice. J
Immunol Methods, 172:33.

Scatchard, G. 1949. The attractions of proteins for small molecules and ions. Ann A Y
Acad Sci. 81:660.

Ferran, C., M. Dy, 5. Merite, K, Sheshan, R. Schreiber, F. Leboulenger, P. Landais, J.
Bluestone, J. F. Bach, and L. Chatenoud. 1990. Reduction of morbidity and cyiokine
release in anti-CD3 MoAb-treated mice by corticosteroids. Transplantation, 50:642.
Kuriander, R. J., D. M. Ellison, and J. Hall. 1984. The blockade of Fc receptor-mediated
clearance of immune complexes in vive by a monoclenal antibody (2.4G2) directed
against Fc receptors on murine leukacytes. J Immunol. 133:855.

Meager, A., H. Leung, and J. Woolley. 1989. Assays for tumour necrosis factor and
retated cytokines. J Immunol Methods. 116:7.

Mosmann, T. 1983. Rapid colorimetric assay for cellular growth and survival: application
to profiferation and cytotoxicity assays. J fmmuno! Methods, 65:55,

Biltingham, R. E., and P. B. Medawar. 1951, The technique of free skin grafting in
mammals. J Exp Biol. 28:385.

van Lier, R. A., M. Brouewer, V. |, Rebel, C. L van Noesel, and L. A. Aarden. 19839,
Immobilized anti-CD3 monoclonal antibodies induce accessory cell-independent lymphoki-
ne production, proliferation and helper activity in human T lymphocytes. /mmunology.
68:45.

Woodle, E. S., J. R. Thistlethwaite, L. K. Jolliffe, . Ghobrial, A. J. Fuccello, F. P. Stuart,
and J. A. Bluestone. 1991. T-cell activation and lymphokine production induced by
antihuman CD3 monoclonal antibodies, Transplant Proc. 23:87.

Van Lier, R. A,, J. H. Boot, A. J. Verhoeven, E. R. De Groot, M. Brouwer, and L. A.
Aarden, 19B7. Functional studies with anti-CD3 heavy chain isotype switch-variant
monoclonal antibodies. Accessory cell-independent induction of interleukin 2 responsive-
ness in T cells by epsilon-anti-CD3. J Immunol. 139:2873.

Woodle, E. 8., J. R. Thistlethwaite, |. A. Ghobrial, L. K. Jolliffe, F. P. Stuart, and J. A.
Bluestone. 1931, OKT3 F{ab'}2 fragments--reteniion of the immunosuppressive proper-
ties of whole antibody with marked reduction in T cell activation and tymphokine release.

65



36.

37,

38.

39.

40.

41.

42.

43,

44,

45,

46.

47.

66

Transplantation, 52:354.
Hirsch, R., R. E. Gress, B. H. Pluznik, M. Eckhaus, and J. A, Bluestone. 1989, Effects of

in vivo administration of anti-CD3 monoclonal antibody on T cell function in mice. Il. In
vivo activation of T cells. J Immunol. 142:737.

Raasvetd, M. H. M., F. J. Bemelman, P. T. A. Schellekens, F. N. J. van Diepen, A. van
Dongen, E. A. van Royen, C. E. Hack, and 1. J. M. ten Berge. 1883. Complement
activation during OKT3 treatment: A possible explanation for respiratory side effects.
Kidney Internatfonal. 43:1140.

Hirsch, R., J. A, Bluestone, L. DeNenno, and R. E. Gress. 1990. Anti-CD3 F(ab’)2
fragments are immunosuppressive in vive without evoking either the strong humoral
response or morbidity associated with whole mAb. Transplantation. 48:11177.

Herold, K. C., J. A, Bluestone, A. G. Montag, A. Parihar, A. Wiegner, R. E. Gress, and R.
Hirsch. 1992. Prevention of autoimmune diabetes with nonactivating anti-CB3 monoclo-
nal antibody. Diabetes. 41.:385.

Chatenoud, L., E. Thervet, J. Primeo, and J. F. Bach. 1994. Anti-CB3 antibody induces
long-term remission of avert autoimmunity in nonobese diabetic mice. Proc Natf Acad Seof
USA. 97:123.

Chatenoud, L., M. F. Baudrihaye, H. Kreis, G. Goldstein, J. Schindler, and J.-F. Bach.
1882. Human in vivo antigenic modulation induced by the anti-T cell OKT3 monoctonal
antibody. Eur J Immunol, 12:873.

Hirsch, R., M. Eckhaus, H. J. Auchincloss, D. H. Sachs, and J. A. Bluestone. 1988.
Effects of in vivo administration of anti-T3 monoclonal antibody on T cell function in
mice. |. Immunosuppression of transplantation responses. J Immunol, 140:3766.

Hirsch, R., J. Archibald, and R. E. Gress. 1991. Differential T cell hyporesponsiveness
induced by in vivo administration of intact or F{lab’}Z fragments of anti-CD3 monoclonal
antibody. Flab’)2 fragments induce a selective T helper dysfunction. J Immunol.
147:2088.

Flamand, V., V. Donckier, B, Abramowicz, M. Goldman, P. Vandenabeele, J. Urbain, M.
Moser, and O. Leo. 1994, [n vivo immunosuppression induced by a weakly mitogenic
antibody to mouse CD3: evidence that induction of iong-lasting in vivo unresponsiveness
requires TcR signaling. Cell Immiunol, 157:238.

Parleviiet, K. J., |. J. Ten Berge, S. L. Yong, J. Surachno, J. M. Wilmink, and P. T.
Schellekens. 1994, in vivo effects of IgA and 19G2a anti-CD3 isatype switch variants. J
Clin Investigation. 93:25189.

Alegre, M. L., A. M. Collins, V. L. Pulito, R. A, Brosius, W. C. Olson, R. A, Zivin, R,
Knowtes, J. R. Thistlethwaite, L. K. Jolliffe, and J. A. Bluestone. 1992, Effect of a single
amino acid mutation on the activating and immunosuppressive properties of a "humani-
zed" OKT3 monoclonal antibody. J Immunaol. 148:34671.

Alegre, M. L., L. J. Peterson, D. Xu, H. A. Sattar, D. R, Jeyarajah, K. Kowalkowski, J. R.
Thistlethwaite, R. A. Zivin, L. Joliffe, and J. A. Bluestone. 1994. A nan-activating
"humanized" anti-CD3 monoclonal antibody retains immunosuppressive properties in
viva. Transplaniation. 57:7537.



Chapter 4

General discussion







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 sirategies

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 {FN-y can prolong skin
graft survival in an MHC class |l 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 cyiockine 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 haif-life and consequently the effect of their
target cytokines (1}). We conclude that ireatment 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 (Th1}, this treatment did not induce long-term graft
survival. In other alloresponse modefs, 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 Th1 celi 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 vitrea T cell proliferation (mitogenesis) and /n 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,
blecking of FoyR 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’), fragments of these mAb (5). However, it cannot be
excluded that this difference is caused by their difference in hali-life. It
would be interesting to study the antibody response to the nen-mitogenic
anti-CDB3 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 Cy;, 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'),
fragments of anti-CD3 mAb has to be considered. However, Flab’}), 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
Flab’), 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"), fragments of mitogenic anti-CD3 mAb.

Immunosuppression by anti-CD3 mAb

Non-mitogenic anti-CD3 mAb are capable of inducing effective immu-
nosuppression with minima! 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/CLD3 complex.

Long-term non-specific immunosuppression has been found after
recovery of T cell number and TCR/CD3 expression (8). 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 /n 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 & small percentage of the anti-CD3 mAb treated mice allospecific tolerance
was achieved. Apti-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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loMHC peptides in the context of self MHC to T lymphocytes. It has been
suggested that this indirect presentation of allopeptides may lead to nonres-
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, anii-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
Th1 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 celis, 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 t0 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 coniribute 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
celis 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 mode! 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. Th1 cells, producing a.0. IL.-2 and IFN-y, are
believed to induce rejection, whereas Th2 cells, producing a.o. IL-4 and IL-
10, can suppress Th1 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 menitoring 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-10 {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 conirol
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, 17A2 and KT3, are equally capable of suppressing skin allo-
graft rejection as 145-2C11 mAb. Treatment with 17A2 mAb even induced
tong 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, 17A2 and KT3 mAb did
not cause any morbidily in mice. We studied release of TNF-o, IFN-y and iL-6
after injection of the three anti-CD3 mAb and found that TNF-o and IFN-y
release were related to anti-CD3 mADb 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 treatmeni. sTNFR are thought to be protective against
TNF-o effects. As only 145-2C11 mAb induced TNF-o release and all three
anti-CD3 mAb induced release of sTNFR-Pb5 and P75, we conclude that in
our model sTNFR release is independent of TNF-o. 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 conciude that T lympho-
cyte-directed treatment of transplant rejection is more effective than cytoki-
ne-directed treatrnent. 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 zeals de nieren en het hart. Orgaantransplantatie is een tegen-
woordig veel toegepaste behandeling voor patiénten met orgaanfalen. Echter,
het verschil in weefselantigenen van de denor en de recipiént kan afstoting
van het getransplanteerde orgaan veroorzaken. Afstoting wordt tegengegaan
door de recipiént te behandelen met middelen die de immunologische afweer
sterk onderdrukken, ook wel immunosuppressieve middelen genoemd. Deze
middelen onderdrukken echter ook de afweer tegen bacterién, virussen en
tumorcellen. Hierdoor krijgen transplantaatrecipiénten vaker infecties en
tumoren. Bovendien hebben vele van deze middelen nog andere bijwerkin-
gen, zoals nieraantasting bij cyclosporine A behandeling.

In onze studie hebben we verschillende immunosuppressieve strate-
gieén 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-lymfocyten. T-lymfocyten zijn essentieel voor transplantaat-
afstoting, terwijl cytokinen {oplosbare factoren, die zowel door T-lymfocyten
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 (Th} cellen zouden op een verschillende manier
betrokken zijn bij transplantaatafstoting. Th1 cellen, die o.a. IL-2 en IFN-y
produceren, zouden verantwoordelifk zijn voor afstoting, terwijl Th2 celfen,
die o.a. IL-4 en IL-10 produceren, door onderdrukking van Th1 cellen trans-
plantaatafstoting zouden remmen 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 heeft men de serumspiegels van ver-
schillende cytokinen gebruikt om de transplantaatfunciie te controleren.
Tijdens transplantaatafstoting konden verhoogde serumspiegels van o.a. i.-2,
IL-6 en TNF-a worden aangetoond. Omdat deze spiegels ook wverhoogd
waren bij infectie, kunnen deze cytokine bepalingen niet gebruikt worden om
transplantaatafstoting te voorspellen. In proefdieren was de IL-2, IL-4 en IFN-

v mRNA expressie in het transplantaat gerelateerd aan afstoting. Tijdens
acceptatie van het transplantaat werd verlaagde IL-2 en IFN-y (Th1} mRNA

expressie gevonden, terwijl de 1L-4 en IL-10 (Th2} mRNA expressie gelijk
bleef of verhoogd was t.0.v. de mRNA expressie tijdens afstoting. In experi-
mentefe transplantatie zijn verschillende cytokine-gerichte strategieén, zoals
anti-cytokine monoklonale antistoffen [(mAs) en oplosbare cytokine recepto-
ren, getest op hun werkzaamheid. Deze therapiegn waren echter geen van
alle erg effectief in het verlengen van de transplantaatoverleving. Andere
strategieén hadden tot doel de balans tussen de verschillende Th subsets te
veranderen. De weinige pogingen tot Th2 verschuiving konden transptantaat-
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afstoting niet remmen. In hoofdstuk 2.2 laten we zien dat behandeling van
muizen met anti-lFN-y mAs de transplantaatoverleving verlengde met
ongeveer 15 dagen t.0.v. de onbehandelde controlegroep. Behandeling met
Th2 cyiokinen IL-4 en IL-10 had geen effect op de transplantaatafstoting. T-
lymfocyt-gerichte behandeling met anti-CD4 of anti-CD3 mAs kon de
transplantaatoverleving verlengen met respectieveliik ongeveer 25 en
ongeveer 70 dagen. Hieruit concluderen wij dat in ons model T-cel-gerichte
behandeling effectiever is in de remming van transplantaatafsioting 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, 17A2 en KT3, even
goed in staat zijn de transplantaatafstoting te remmen als 145-2C11 mAs.
Behandeling met 17A2 mAs resulteerde zelfs in langdurige transplantaatover-
feving 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 fransplantaat gewoon afstootten
{hoofdstuk 3.1). De drie gebruikte anti-CD3 mAs veroorzaakten T-cel depletie
en modulatie van het TCR/CD3 complex (hoofdstukken 3.7 en 3.2}. In tegen-
stelling tot 145-2C11 mAs veroorzaakten 17A2 en KT3 geen ziekteverschijn-
selen in de muis. We hebben de serumconcentraties van TNF-o, IFN-y en 1L-6
gemeten na toediening van de drie anti-CD3 mAs en vonden dat de produktie
van TNF-o 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 zouden
bescherming bieden tegen TNF-o effecten. Aangezien TNF-a produktie alleen
werd gevonden na 145-2C11 mAs behandeling en sTNFR produkiie na
behandeling met alle 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 /n vitro de interactie van
anti-CD3 mAs met Fcy receptoren (FcyR) verantwoordelijk is voor T-cel
proliferatie. /n vivo is deze interactie verantwoordelijk voor de TNF-o 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 niei-mitogeen, vellig 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 anti-lymphocyte giobulin

APC antigen presenting cell{s}

ATG anti-thymocyte globulin

BSS balanced salt solution

CD cluster of differentiation

cpm counts per minute

CsA cyclosporin A

CTL cytotoxic T lymphocyte

DST donor-specific transfusion

DTH delayed-type hypersensitivity
ELISA enzyme-linked immunosorbent assay
Flab'}, divalent antigen-binding fragment of immunoglobulin
FACS fluorescence activated cell sorter
FcR Fc receptor

FCS fetal calf serum

FITC fluorescein isothiocyanate
GVHDP graft-versus-host disease

IFN interferon

Ig immunoglobulin

IL interleukin

i.p. intraperitoneal

i.v. intravenous

Kd dissociation eqguilibrium constant
LPS lipopolysaccharide

LT lymphotoxin

mAb monoclonal antibody

MFI mean fluorescence intensity
MHC major histocompatibility complex
mRNA messenger ribonucleic acid

MTT 3 -1{4,5 - dimethylthiazoi-2-yl] - 2,5 diphenyltetrazolium bromide
n number in study or group

NK natural killer

p probability

PBS phosphate-buffered saiine

PCR polymerase chain reaction

RT reverse transcription

SCID severe combined immunodeficiency disease
sD standard deviation

siL-2R soluble IL-2 receptor

sTNFR soluble TNF receptor

TcR/TCR T cell receptor

Th T helper

TNF tumor necrosis factor
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