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Abstract. We investigated the in vitro immunosuppressive
effect of BT 563, a monoclonal antibody, against the o-
chain of the human interleukin-2 (IL-2) receptor (p 55),
which has been used to prevent transplant rejectioninsev-
eral clinical trials. We also measured the proliferative
T cell alloresponse and pCTL frequencies of BT 563-
treated kidney transplant patients. In mixed lymphocyte
cultures BT 563 caused a reduction of T cell proliferation
to about 50 %. This could not be reversed by the addition
of exogenous IL-2. A more effective reduction (80 % ) was
seen in the generation of cytotoxic T cells from CML cul-
tures and at the clonal level. The specific T cell response
after preincubation with antigen and BT 563 was not re-
duced so that BT 563 did not induce tolerance. The in
vitro findings indicated that BT 563 had a significant but
incomplete immunosuppressive effect. This correlated
with the clinical course and ex vivo analysis of PBL from
BT 563-treated patients after kidney transplantation.
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The human interleukin-2 (IL-2) receptor consists of two
glycoproteins, p55 and p75, which by themselves display
low and intermediate affinity for IL-2 and combine to
form a high affinity receptor complex.

BT 563 is an IgG1 mouse monoclonal antibody, de-
veloped by Wijdenes [6], which is directed against the p55
chain of the IL-2 receptor. It blocks ligand binding to both
low and high affinity receptors. Since only activated
T lymphocytes express p55 following organ transplanta-
tion, the suppressive effect should concentrate on trans-
plant reactive cells. In several clinical trials BT 563 has
been used to prevent rejection after solid organ transplan-
tation and to treat graft-versus-host disease after bone
marrow transplantation.
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Initial experiments have revealed that BT 563 does not
deplete target cells and that the blocking of IL-2 binding is
noncompetitive. To increase our understanding of the
clinically observed immunosuppressive effect, we investi-
gated the mode of action of BT 563 in various T cell assays
in vitro. Additionally, anti-donor T cell reactivity in kid-
ney transplant patients was measured before, during and
after BT 563 rejection prophylaxis.

Materials and methods

BT 563. BT 563 is a mouse IgG1 monoclonal antibody against the
human IL-2 receptor. It is produced and purified by Biotext Pharma
according to the guidelines of the European Communities: “On the
production and quality control of monoclonal antibodies of murine
origin intended for use in man”.

Cells. Peripheral blood lymphocytes (PBL) from healthy donors
were obtained by density gradient centrifugation of heparinized
blood.

MLR. One-way mixed lymphocyte reactions (MLR) were carried
out with PBL from different donors. We seeded 5 x 10* responder
cells and 5x10* irradiated stimulator cells per well into 96-well
round-bottomed microculuture plates in 200 ul RPMI 1640, sup-
plemented with 15% AB serum, glutamine and penicillin/strepto-
mycin. After 96 h the microcultures were pulsed with 37 kBg/well
3H-methylthymidine for 24 h and harvested onto glass fiber filters-
Tritium incorporation was measured by liquid scintillation spectro-

scopy.

CM L. CML assays were performed in a manner similar to MLR but
evaluated for cytotoxicity by *'chromium release on day 7.

Limiting dilution assays. Limiting dilution assays for donor-reactive
CTL precursors were performed according to the consensus proto-
col of the European pCTL Workshop [12]. Briefly, graded numbers
of PBL were cocultured with 5 x 10*irradiated kidney donor spleen
cells in round-bottomed microtiter plates as described above. W€
added 10 U/ml recombinant IL-2 in fresh medium on days 3 and 6-
On day 12%'Cr-labelled target cells were added directly to the micro-
cultures. The supernatant was removed after 4 h and the amount 0

SICr released was determined by gamma counting. Microcultures
were defined as positive when counts were higher than those of con”
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Fig.1. Reduction of the stimulation index in mixed lymphocyte cul-
tures by increasing concentrations of BT 563
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Fig.2. Influence of exogenous IL-2 on the suppressive effect of
BT 563 in mixed lymphocyte cultures
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Fig.3. Inhibition of cell-mediated lysis by BT 563 with and without
exogenous IL-2
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trols (spontaneous release, irradiated stimulators alone) plus 3-fold
standard deviation. Due to the assay setup, pCTL anti-donor fre-
quencies lower than 3 per million were not signfiicantly different
than zero. Frequenmes were calculated according to Taswell (Lau-
sanne) using the Strijbosch computer program distributed by
F.Claas, Eurotransplant, Leiden (Netherlands). By measuring the
proliferative response of the sequentially diluted PBL on day 10, ex-
pressed as *H-thymidine uptake, it was possible to calculate the fre-
quency of clonable T-cells.
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Fig.4. Reduction of pCTL frequencues by BT 563, measured in
limiting dilution cultures
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Results and discussion
Effects of BT 563 in vitro

BT 563 inhibited the MLR. The clinically adjusted concen-
tration of BT 563 was 2 pg/ml. In in vitro MLR we tested
the effect of the antibody up to 5 pg/ml. Asshownin Fig. 1,
as little as 0.25 pg/ml BT 563 reduced the stimulation
index to about 50 % . Higher concentrations did not, how-
ever, increase the suppressive effect.

IL-2 did not overcome the immunosuppressive effect. Fig-
ure 2 showed that IL-2 enhanced proliferation in MLR,
but that the proportional suppressive effect of pretreat-
ment with saturating concentrations of BT 563 was not in-
fluenced. This finding indicated that IL-2 and BT 563 do
not share the same epitope on the a-chain of the receptor
and that the inhibitory effect of BT 563 was not due to
competition.

BT 563 reduced the generation of cytotoxic T cells. The IL-
2 dependent differentiation of cytotoxic T cells was more
effectively influenced by BT 563. Figure 3 demonstrates
that 2 ug/ml BT 563 strongly reduced the in vitro develop-
ment of alloreactive T cells in the standard CML assay.
Also this suppressive effect could not be overcome by the
addition of exogenous IL-2. This finding could also be
demonstrated at the clonal level by performing limiting
dilution analysis. As shownin Fig.4, the frequency of clon-
able alloreactive cells from the peripheral blood was re-
duced to20 %. This appeared to indicate that the antibody
treatment left out a T cell population which proliferates
and differentiates in the presence of BT 563.

BT 563 did not anergize antigen-specific T cells. To deter-
mine whether BT 563 was able to induce anergy, we inves-
tigated the antigen-specific response of PBL after 1 week
of preincubation with antigen and BT 563. Compared to
fresh PBL, we could not detect a significant reduction of
the pCTL-frequency as shown in Fig. 5.

Concerning the proliferative response, similar results
were seen in secondary MLR (data not shown). These
findings indicated that BT 563 did not induce tolerance in
alloreactive T cells. Taken together, our in vitro data dem-
onstrated that BT 563 had a significant but limited immu-
nosuppressive effect on the alloreactive T cell response.
To investigate the clinical effect of BT 563, we analysed
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Fig.6. Mean stimulation index in MLR of nine kidney transplant pa-
tients before, during and after BT 563 treatment

PBL from kidney transplant patients before, during and
after BT 563 rejection prophylaxis.

Effects of BT 563 in vivo in a phase [ clinical trial

Nine kidney transplant patients were treated with BT 563,
10 mg per day, from day O until day 9 after transplanta-
tion, in addition to cyclosporin A (CsA) and predniso-
lone. One patient rejected the kidney in association with
CMYV infection on day 28, four patients had stable graft
function after episodes of rejection and four patients
showed no signs of rejection.

BT 563 treatment did not reduce MLC-reactivity and
pCTL frequency. PBL from the kidney transplant patients
were prepared from day 0, 10 and 90 after transplantation
and both proliferative activity and pCTL frequencies
were measured. The general allogeneic reactivity was
determined by coculturing with HLA-mismatched third-
party cells and compared to the specific reactivity against
HLA-matched donor cells, whichis generally lower due to
pretransplant typing. As shown in Fig. 6 the mean stimula-
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Fig.7. Mean pCTL frequencies of BT 563-treated kidney transplant
patients

tion index increased slightly between day 0 and day 10.
This correlated with an increase in the percentage of IL-2
receptor o-chains expressing T cells and the serum levels
of interleukin-6 IL-6 (Data not shown). On day 90 the
mean MLR stimulation index was at the pretransplant
level again, whereas the anti-third-party index was further
but not significantly increased.

In contrast to the MLR stimulation index, the mean
pCTL frequency was significantly reduced against donor
and third-party on day 10 and remained on this low level
until day 90 as shown in Fig.7. Since Kosugi et al. [8] have
demonstrated that CsA abrogates the development of
mature T cells, we interpreted this target-independent ef-
fect as CsA determined, rather than due to BT 563. How-
ever, a controlled clinical study is necessary to clarify this
important point.

In summary, in vitro, ex vivo and clinical data in kidney
transplantation indicated that BT 563 has an immunosup-
pressive effect. So far we are not able to support the hypo-
thesis that the antibody induces donor-specific nonreac-
tivity.
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