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Abstract. So far, only monoclonal antibodies di-
rected at functional target molecules on lymphocyte
surface membrane have been proven useful in pre-
venting or reversing allograft rejection episodes.
Antibodies directed against light chain (P55) of inter-
leukin 2 (IL2) receptor and able to interfere with 1L.2
binding on the IL2-receptor in its high-affinity con-
formation (only expressed on activated T cells) are
effective in various animal models and recently in a
preventive protocol in human kidney graft recip-
ients. Thus, IL2-receptor targeting emerges as a new
therapeutic strategy involving only a small pool of
progenitors committed against donor antigens. Fur-
thermore, membranous or soluble forms of P55, as
indicators of the presence of alloreactive clones in
the graft or at the peripheral level, may offer new
tools for monitoring the rejection process.
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In the cyclosporin A (CyA) era, there are two major
immunosuppressive strategies for graft recipients
during the first few weeks following transplantation,
the period of maximum risk. The first involves the
use of strongly immunosuppressive bioreagents,
such as antilymphocyte globulins (ALG) [3, 26, 43],
or of monoclonal antibodies (Mabs) directed at
functional targets [47, 61] on T-lymphocyte mem-
branes. The second strategy calls for the immediate
use of CyA alone or together with corticosteroids
(CS) and/or azathioprine (AZA) [15, 27].

Although good results have been obtained with
both strategies, randomized studies [25, 45] have
favored the former strategy, which allows initial acute
tubular necrosis (ATN) to be reduced by avoiding
early CyA-mediated nephrotoxicity and ensures a

low rate of early rejection episodes. The last advant- .

age is the likely origin of the increasing popularity of
the ALG/CyA sequential strategy in heart allografts
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[6]. Nevertheless, this approach is hampered by many
side effects of both ALG [9] and OKTS3 [47], the only
Mab routinely used now. In addition, these biore-
agents have the disadvantage of interfering with - or,
in the case of ALG - of destroying all mature T-lym-
phocytes, whether or not they are involved in the re-
jection process. In contrast, Mabs that could only tar-
get activated cells actually involved in alloresponse
and leave the remaining immune repertoire unim-
paired would represent an important step toward spe-
cific immunosuppression. Among the many possible
targets expressed only on activated alloreactive lym-
phocytes, antibodies (or modified ligands [30]) di-
rected at the interleukin 2 (IL2) receptor (IL2-R) have
been shown to be efficient in delaying or preventing
early rejection in animal models, including the mouse
heart [31] and skin allografts [20], as well as rat[35] and
monkey kidney grafts [57). Recently, a pilot study {61]
and a randomized trial [8, 32] have been performed in
human kidney allografts. The rationale, results, and
discussion of this selective immunosuppression, as
well as other possible clinical uses (i.e., peripheral
monitoring, graft imaging), and ways in which it can
be used to take advantage of the selective presence of
IL2-R on activated cells will be reviewed in this paper.

Alloreactive T-lymphocyte clones and progenitors

T-lymphocytes (see [41] for review) infiltrating a
rejecting graft are derived from a small pool of pro-
genitors to recognize major histocompatibility com-
plex (MHC) as well as against several minor histo-
compatibility antigens (many of which are yet
undetermined in humans) [11, 19], and possible
graft-tissue-specific structures {20] on graft cells. The
minimum estimated size of this precursor pool, as-
sessed by limiting dilutions and not taking into ac-
count antigens that have failed to express on stimu-
lating feeder layer cells in the methods used, is only a
small percentage (< 1%) [55] of the peripheral blood
lymphocytes from unstimulated individuals. Inhibi-
tion of this small pool of progenitors at their very



early stage of activation would, therefore, be an ideal
model of selective inhibition of graft recognition by
the recipient immune system. Expansion of these al-
loreactive clone progenitors is under the control of
two major events:

1. Antigen activation through alpha, beta T-cell recep-
tors leading to transcription of a set of genes, includ-
ing those coding for growth factor receptors, among
which IL2 receptor plays a major functional role [28,
53], as well as those coding for specific ligands of
some of these receptors, such as IL2 [67], IFN gamma,
also regulating class II antigens [51, 64], and L4 [50].
Although virtually all mature lymphocytes can enter
this program, some operational dichotomy exists
since a number of lymphocytes express IL2-R and
produce IL2 (mostly CD4 +, a “helper” T cell geneti-
cally committed to recognition of MHC class II anti-
gens), whereas others are mainly restricted to 1L2-R
expression and require logistic “help” (ligand avail-
ability) for optimal growth (mostly CD8+, a cyto-
toxic T cell genetically committed to recognition of
MHC class I antigens). CyA [33] and CS[18] act part-
ly by inhibition of IL2 transcription, with selective in-
hibition of a cluster of growth factors that seem to be
under the control of a common promoter [16).

2. IL2/1L2-R interaction(via the high-affinity IL2-R)
then takes place and, although not unique as a growth-
triggering signal, appearsto be the major one initiating
mitosis and clonal expansion of the progenitors.

Host-donor-driven T-lymphocyte expansion s,
therefore, dependent upon this autocrine loop, in-
volving only specifically activated antigen-com-
mitted lymphocytes. At day 7 after kidney graft, acti-
vated peripheral lymphocytes bearing Tac chain
(R—=1L2+) might be dramatically increased in un-
modified monkey recipients [57).

IL2-receptors

IL2-R is composed of two major glycoproteins, P55
and P75. P55 (Tac chain), a 55 kDa glycoprotein [71]
with low affinity for IL2 (Kp-~30nM), was charac-
terized and cloned first [38]; it is virtually absent
from the surface of resting T-lymphocytes [53] and
upregulated after antigen activation [28, 53]. High
copy numbers (> 100,000) are expressed on alloreac-
tive T-cell clones [28] extracted from rejecting grafts
and stimulated with organ-donor Epstein-Barr virus
(EBV)-transformed cells [44]. IL2-R expression is
further regulated by 1L2 itself [28], as well as by other
cytokines [23]. However, IL2/P55 interaction per se
does not appear to initiate internalization of the
complex or trigger a mitogenic signal [73]. To obtain
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this effect, P55 must be combined with P75, a second
IL2-R chain, which, when expressed alone, exhibits
intermediate affinity for IL2 (Kp ~1 nM) [58, 59]. Al-
though not sequenced, P75 is believed to have a
larger intracellular domain than P35 since it is inter-
nalized after IL2 binding and can trigger entry into
the S stage of the cell cycle and mitosis [70). High-af-
finity IL2-R (Kp ~20 pM) requires the formation of a
P55/1L2/P75 complex, which is internalized and
then efficiently triggers cell division. At equilibrium,
high-affinity receptors are estimated to be approxi-
mately 10% of the number of P55 copies present on
activated alloreactive clones [28, 36]. High-affinity
interaction of P55/P75 IL2-R with IL2 is allowed to
occur by complementation of the rapid IL2 bind-
ing/dissociation properties of P55, with longer ones
characterizing P75 [60]. Indirect evidence suggests
that IL2/P55 binding takes place first and then
anchors the P75 chain to constitute the functional
complex. The availability of Mabs directed at P75
epitopes [65] will facilitate study of P75 expression.
Thus far, IL2 binding and crosslinking experiments
suggest that P75 is present at low density
(<1000 molecules/cell) on resting T-lymphocytes
and is also upregulated, but to a lesser extent than
P55, upon stimulation [59). Although the definitive
organizational complexity of IL2-R has not yet been
fully assessed (P75 could be polymorphic [24] and
other glycoproteins could be associated with the
complex [14]), it is widely understood that antibodies
directed at the “low-affinity” Tac chain can inhibit
IL2 high-affinity interaction with its receptor since
the 1L2/Tac binding site is involved in this high-af-
finity conformation. It is also noteworthy that the
Tac chain, or even the P75 chain, is not strictly
limited to T-lymphocytes. B-lymphocytes [4], macro-
phages and monocytes [23), as well as glial cells [2],
are also able to express low levels of IL2-R.

Finally, aside from its functional importance as
an activation marker in T-lymphocyte clonal expan-
sion, P55 may be of interest for its membrane ex-
pression levels in estimating the in vivo immune acti-
vation state. Moreover, a truncated, soluble form of
P55, shed from activated lymphocytes [29], may rep-
resent an informative marker of the size of the acti-
vated lymphocyte pool in various immune activation
states [66], including allograft rejections (O.Bouchot
et al., submitted for publication; [10]).

Monoclonal antibodies against IL.2-receptors
in animal organ transplantation

Injection of exogenous recombinant IL2 in umodi-
fied or CyA-treated rat recipient allografts shortens
graft survival time [49]. Mabs against Tac antigens of
rats [48), mice [31], and humans (crossreactive with
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monkeys) [46, 71] have been obtained by several
groups. More recently, Mabs immunoprecipitating
human P75 have also been produced [65], some of
which inhibit IL2 binding and functional IL2/IL2-R
interaction. However, only anti-P55 has thus far been
used in vivo. Rat and mouse immune repertoires
allow recognition of several human P55 epitopes [36,
46). These epitope clusters (or Mab clusters) can be
divided into at least two major clusters, according to
their capacity to inhibit (or not inhibit) labeled IL2
binding and IL2-driven proliferation of high-affinity
receptor bearing cells. Anti-P55 Mab (or polyclonal
sera raised against Tac chain peptides [13]), as well as
specific mutagenesis [54), have thus contributed to
mapping putative sequences involved in IL2/P55 in-
teraction. Obviously, as rat and mouse Mabs are not
cytotoxic in the presence of human complement {al-
though some can mediate antibody-dependent cell-
mediated cytotoxicity (ADCC)), those reacting with
1L.2-binding sequence (cluster 1) are ideal candidates
for in vivo testing. Kirkman et al. [31] first demon-
strated, in histoincompatible mouse heart allografts,
prolongation of graft survival associated with a de-
crease of graft infiltrating lymphocytes when
M7/20 Mab was given immediately after transplan-
tation. Similar results have been obtained in heart and
kidney allografts in rats [35], as well as in skin grafts in
mice, after the administration of low-grade radiation
also to recipients [20]. More recently, a mouse anti-
human PS5 chain [71] was used successfully to
increase kidney graft survival in monkeys [55]. Fewer
reports deal with the capacity of anti-1L2-R Mab to
reverse ongoing acute rejection [9], although this has
been shown to be possible in rat allografts {35].

In almost all documented studies, only anti-P55
rat Mabs able to interact with functional 1L2/1L2-R
interaction or '»I-1L2-binding assays have prolonged
allograft survival [68]. However, there has been a puz-
zling case in monkeys [22] in which a Mab that clearly
inhibited IL2-dependent T-cell growth was neverthe-
less ineffective. Moreover, some antibodies in cluster
2, such as ART6S, are unable to exhibit an in vivo ef-
fect when given alone in large doses (250 pg/rat per
day). They can nevertheless synergize at low doses of
another anti-IL2-R Mab (ART18, cluster 1) when
both Mabs are given at a low dose (25 png/rat per day),
one at which they are both ineffective alone [12).
These facts, which require further studies of the pre-
cise mapping of the epitope recognized (Mab crossin-
teraction in a binding study), may be difficult to
reconcile with the simple model based on IL2-bind-
ing inhibition and may indicate yet undocumented
negative signals delivered by the Mab per se to IL2-R-
bearing cells, a situation reminiscent of activation or
negative signals mediated by anti-CD2 [42] or anti-
CD4[52], according to the epitopes recognized. These

“illogical results” may also be linked to isotype char-
acteristics which, in some models, have beenshownto
be an important feature [5, 72].

Anti-IL2-R monoclonal antibody in human allegrafts

In humans, we have demonstrated in a pilot study [61]
that a rat IgG2 Mab (33B3.1) belonging to cluster 1
[36, 46] was efTicient in preventing early cellular rejec-
tion in kidney allograft recipients. In this pilot study,
an 8% incidence of early rejection during 33B3.1 ad-
ministration was observed when 10 mg/day 33B3.1
was used during the first 2 weeks after transplanta-
tion, as compared to a 67% incidence in the last “his-
torical controls” treated with CS and AZA in the same
center. Interestingly, virtually no side effects were no-
ticed [7]. In contrast, a dose of 5 mg/day was found to
be inefficient (three rejections in nine patients) with
low circulating Mab levels (~0.5 pg/ml) [61], whereas
10 mg daily doses were associated with serum Mab
concentrations that were about eight times higher.
This difference was probably due to the required satu-
ration of the aspecific IgG2a binding site. Such con-
centrations, which are 25 times higher than those re-
quired in vitro to displace S35-labelled 1L2 from its
high-affinity binding site [36], are probably able to in-
hibit in vivo IL2/1L2-R interaction completely. How-
ever, ligand concentrations in the organ microenvi-
ronment are impossible to assess, the concentration
of Mab in the graft is low in the animal model (see
below), and soluble circulating IL2-R is able to bind
to anti-IL2-R Mab [29].

A randomized study of 33B3.1 versus ALG has re-
cently confirmed 33B3.1 efficacy, with a rejection rate
at 1 month roughly similar to that of ALG-treated pa-
tients [9]. However, ALG treatment was associated
with a high rate of side effects, which resulted in with-
drawal of the drug in 16 of 49 patients. In addition,
the data suggested that infectious episodes in general,
and urinary tract infections in particular, were fewer
in anti-IL2-R-treated patients. Host immunization
rates - both IgM and IgG - against 33B3.1 were high
(86%) and usually associated with a drop in 33B3.1
circulating levels [63]. Indeed, five out of the six rejec-
tions which occurred during the Mab treatment peri-
od were associated with an early IgG and/or IgM
anti-33B3.1 recipient response and a drop - some-
times to undetectable levels - in Mab serum concen-
tration. This could suggest that, in the absence of an
early host-anti-Mab response, anti-IL2-R may be
fully protective. However, the dropin 33B3.1 level did
not precede the rejection, and we therefore favor the
hypothesis that the two phenomena are indicative of
a “high-responder” phenotype without any direct re-
lationship. In addition, as soluble Tac chain [29], con-
sistently found at low concentration in recipient sera,



may increase during rejection [10], it may also
counteract 33B3.1 effects by complex formation
through idiotype interaction. Interestingly, soluble
IL2-R (S-IL2-R) levels were always undetectable dur-
ing 33B3.1 therapy. Circulating S-IL2-R also present
a major drawback for the assessment of host anti-
idiotypic antibodies since they behave as competing
agents in the ELISA assay [37]. Recently, we elimi-
nated S-IL2-R from recipient sera by ion exchange
chromatography and were able to test them for the
presence of host anti-idiotype antibodies in a compe-
titive assay in which ELISA plates were coated with
33B3.1 complexed with soluble Tac chain. Chroma-
tographed sera were added secondarily to peroxi-
dase-labeled 33B3.1. Preliminary results indicate
that, although detected in almost all immune sera
tested, anti-idiotypic antibodies did not correlate with
rejection episodes (B.Le Mauff et al., manuscript in
preparation).

Neither IL2-R-bearing circulating lymphocytes
nor circulating 33B3.1-bearing lymphocytes were de-
tectable by flow cytometry using fluoresceinated anti-
IL2-R Mab {59, 63], thus indicating opsonization of
the target cells and/or an absence of IL2-driven ex-
pansion of alloreactive clones. Surprisingly, 33B3.1
treatment was associated with a 40% drop in circulat-
ing lymphocytes involving both CD4+ and CDS8 +
cells [7]. However, further studies of 33B3.1 adminis-
tered to patients undergoing acute rejection episodes
showed no lymphocyte drop [9]). As these patients
were under CyA monotherapy, while those preven-
tively treated also received CS and AZA, it would ap-
pear that the combination of CS and AZA was re-
sponsible for the lymphopenia. Recently, another
anti-1L2-R Mab (anti-Tac, cluster 1) [71], a mouse
IgGl directed at an epitope closely related to that rec-
ognized by 33B3.1 and with similar Kp and Kj in the
presence of ligand [36], has also been used in a
prophylactic protocol in human kidney graft recip-
ients [32]. In a short randomized series, anti-Tac
(20 mg/day) added to CyA and CS significantly de-
layed the first rejection episode as compared to a
regimen combining CyA and CS only. Preliminary
data suggest to the authors that better results could be
achieved with anti-Tac combined with low-dose CyA
[32). However, a larger recipient cohort is required to
reach a firm conclusion.

Only a few patients undergoing acute cellular
rejection episodes have thus far been treated with anti-
IL2-R [9]. In this study, two out of ten episodes were
reversed without using any other antirejection treat-
ment. However, in four out of ten recipients, even
though blood creatinine levels did not increase further
under 33B3.1treatment, the levels reverted to prerejec-
tion values after methylprednisolone (1 mg/kg) treat-
ment. Finally, four rejection episodes did not respond
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to Mab therapy and required methylprednisolone
pulses. These intermediate responses were not due to
anearlyriseinrecipientantibodiesagainst33B3.1orto
early low-circulating levels of the Mab since a dose of
20 mg/day for the first 2 days, followed by 10 mg/day
for 8 consecutive days, achieved high (and sustained)
33B3.1 serum concentrations (~5 pg/ml as early as
day 2 [9, 62]). Although this study did not include
enough patients to be conclusive, it suggests that anti-
IL2-R is not immediately effective once antidonor re-
cipient clones have expanded. These results are com-
patible with the fact that IL2 concentration increases
in the microenvironment during rejection. Moreover,
33B3.1 does not immediately interfere with cytotox-
icity or other effector functions, but rather acts by inhi-
biting the clonal expansion that normally takes place
early after allostimulation,

Mechanisms of action

Anti-IL2-R used in vivo are probably related to in-
hibition of functional IL2/IL2-R interaction, as pre-
viously discussed. Opsonization and sequestration of
antigen-reactive cells (ARC) may also operate, al-
though this is not suggested by the inefficacy of clus-
ter 2 Mab in vivo [68]. A combination of two anti-1L2-
R Mabs from clusters 1 and 2 (ART18 and ART65,
respectively) in low dosages has, however, been re-
ported to result in synergistic effect (described earlier)
in which isotype characteristics of the Mabs may be
involved [12]. Very little information about ADCC
mediation is available with regard to these antibodies,
which are not cytotoxic in vitro in the presence of
human complement. Stunkel et al. (personal com-
munication) found isotype-related ADCC capacity in
a series of mouse anti-rat IL2-R Mab, but its rele-
vance in vivo is unknown. In other models, antibodies
with high ADCC potency and CIQ complement frac-
tion binding capacity in vitro (mostly IgGl) were also
found to be most potent in vivo [S].

Sparing of suppressor cells has been reported in
rats treated with ART18, a cluster 1 anti-1L2-R, onthe
basis of a transfer experiment using splenocytes of
anti-IL2-R-treated animals secondarily injected into a
naive, syngeneic host [56]. However, several different
immunological manipulations, such as blood transfu-
sion [40], antibodies against MHC class I and II anti-
gens [21], and CyA [34], have also led to a tolerance
state that can be transferred to naive recipients by lym-
phocyte injection. Anti-IL2-R Mab might, therefore,
be another example of induction of such a state of ac-
tively maintained tolerance, something which appears
to be a common feature of rodent allografts in which
acute destruction of the graft has been prevented.

Biodistribution studies of a mouse anti-rat IL2-R
(OX39) injected into rejecting recipients have shown
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that only a low percentage of the injected '51-0X39
was localized in the rejected graft at day$5 after
transplantation [69]. At that time, around 70% of
0X19 (10% of OX1)-positive cells invading the graft
were IL2-R+ (A.Romaniuk and J.P.Soulillou,
manuscript in preparation). However, a majority of
0X39 molecules bound through the Fc fragment on
Fc receptor-binding cells invading the graft as evi-
denced by a similar distribution of an isotype-
matched control Mab. In contrast, '251-F(ab’)2 frag-
ments of OX39 located specifically in the allograft
but not in the syngeneic graft, while control (F(ab’)2
had a similar distribution in both allogeneic and
syngeneic grafts [69]. The low concentration of anti-
IL2-R antibodies in rejecting allografts may partly
account for their low effectiveness in ongoing rejec-
tion and suggests that the preventive regimen may
operate mainly on ARC circulating in the first days
following transplantation.

Other putative anti-1L2-R uses in transplantation

The presence of IL2-R-bearing cells (10% of OX1+
cells and 70% of OX19* cells) able to bind labeled
antibodies in rejected organs can be detected by
gamma scintigraphy in the early phase of rejection
(day 5) but not in syngeneic grafts in which some
OX1* cells are present but virtually no IL2-R positive
Iymphocytes are detected [69]. IL2-R expression, as a
marker of alloactivation, might thus lead to a new
means of rejection monitoring, particularly in heart
rejection, where endomyocardial histology is still
generally required. Furthermore, the truncated form
of IL2-R (P535), which, in vitro, is produced upon
antigeneic stimulation in amounts quantitatively re-
lated to those of the membranous form [29], increases
during rejection episodes [10]. Thus, aside from its use
as atarget in the treatment of graft recipients, S-IL2-R
might also be an interesting means of measuring the
T-lymphocyte activation state in vivo.

Future IL2/IL2-R interaction manipulation

Taken together, the data accumulated to date in ani-
mals and humans leave little doubt that at least some
Mabs - and perhaps all of cluster 1 - are efficient in
preventing graft rejection and that IL2-R is, in fact, a
major functional target in the modulation of alloreac-
tivity. Theoretically, this approach should spare non-
MHC-committed parts of the immune repertoire and
minimize the incidence of infectious episodes.
Whether this prediction will hold up is, however, un-
certain since some micro-organisms (e.g., CMV) are
inoculated with the graft. IL2/IL2-R interaction in-
hibition should, therefore, also operate at the CMV-
committed clone level. Interestingly, CMV infectious

episodes were not significantly fewer in 33B3.1-
treated patients than in ATG-treated patients in the
randomized study [8]. Moreover, if Mabs are useful in
defining functional targets with whichtointeractatthe
lymphocyte surface membrane, such as strong immu-
nogens, they are not likely to represent a suitable
means of immunomodulation. “Humanized” anti-
body molecules, natural or genetically produced “an
chor minus” soluble receptor molecules (mostly re-
stricted to the P75 chain owing to its higher affinity for
I1L2), able to complex IL2 before ligand/receptor in-
teraction, may also offer alternative tools in the future.
Mutated 1L2 molecules, still able to interact with P55
but not with P75, and therefore unable to transducein-
ductionsignals, have recently been obtained[17]. They
represent a model for the development of antagonists
that will benefit from precise knowledge of the effects
of interactive peptides on IL2, P55 and P75, and from
the tridimensional structure of the ligand/receptor
complex. Finally, hybrid gene constructs, using IL2 it-
self as a carrier of toxins (diphtheria or Pseudomonas)
totarget only high-affinity-bearing cells, have recently
been engineered [1, 39]. IL2 diphtheria toxin has al-
ready been shown to be extremely effective in vivo[30].
Although these compounds may not prevent host im-
munization against bacterial toxin determinants and
will require careful pharmacotoxic evaluation since
some nonlymphoid cells (such as glial cells [2]) bear
IL2-R, when used at concentrations that target only
high-affinity-bearing cells, they may lead to the devel-
opment of powerful bioreagents.
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