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Abstract. 0x39, a murine IgGl monoclonal anti- 
body (MoAb) that recognizes the 55 kDa alpha 
chain of the rat interleukin 2 receptor (R-IL2), was 
studied in vitro for its ability to interfere with IL2 
binding and IL2-induced proliferation on rat con- 
canavalin A (ConA) blasts and in vivo in a model of 
‘rat heart allografts. In vitro studies indicated that 
OX39 MoAb interacts with a single class of sites on 
the alpha chain of the rat R-IL2 with a high affinity 
(KD=0.8 nm) and competes with IL2 binding on 
this chain (KI-0.53 nm). In contrast, OX39 MoAb 
was found to be 10-20 times less efficient in com- 
peting with IL2 binding to the high-affinity R-IL2 
(KI-10 nm). It is proposed that the epitope recog- 
nized by OX39 on the alpha chain (low-affinity R- 
IL2) is modified on (or buried in) the high-affinity 
R-IL2 configuration. Accordingly, OX39 was found 
to be a weak inhibitor in vitro on IL2-induced pro- 
liferation and in vivo on allograft rejection. Allo- 
graft survival was unaffected by doses of OX39 of 
20 and 50 pg/rat for 9 days; only a borderline effect 
was noted when doses as high as 250 vg/rat were 
used. A significant, but restricted, effect of OX39 
could be further detected when combined with low 
doses of cyclosporine A (1.5 mg/kg), which were in- 
effective by themselves. Together, our data suggest 
that in order to be efficient in vivo, anti-R-IL2 
MoAbs must bind with high affinity to epitopes in- 
volved in the high-affinity IL2 binding site. 
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Activated T lymphocytes display a receptor for IL2 
(R-IL2) upon antigenic stimulation [4, 19, 201. The 
level of R-IL2 expression is also regulated by mono- 
kines [lo, 131 and lymphokines such as IL2 itself [l, 
7, 12, 16, 261. R-IL2/IL2 interaction is the major 
stimulus for the growth of activated lymphocytes. 
Two classes of R-IL2 have been characterized. The 
more numerous are low-affinity receptors 
(KD-30 nm). Binding of IL2 to low-affinity recep- 
tors does not trigger mitosis. Approximately 2%-5% 
of R-IL2 can bind IL2 with high affinity 
(KD -10 pm). This high-affinity receptor has been 
shown to require the association of an alpha chain 
(55 kDa) of low affinity for IL2 when expressed 
alone and of a newly characterized beta chain 
(75 kDa) component which, when complexed to the 
alpha chain, gives rise to high-affinity receptors [21, 
25, 28, 291. This binding is followed by an internal- 
ization of the IL2/R-IL2 complex and a triggering 
of the growth signal [17]. In addition, it has recently 
been shown that a truncated soluble R-IL2 (S-R- 
IL2) form is produced by activated Tcells [8, 18, 
221. This S-R-IL2 binds IL2 with low affinity only 
[8] and is of unknown biological relevance. 

Monoclonal antibodies that are directed against 
R-IL2 epitopes involved in the high-affinity site of 
IL2 have been produced in various species and 
have been shown to prevent the rejection process in 
rodents [9], monkeys [24], and, more recently, in 
man [2, 271. In this paper, we report on the effect of 
a murine antibody directed against the alpha chain 
of the rat R-IL2. This MoAb, with high affinity for 
its epitope on the alpha chain, was nevertheless un- 
able to prevent organ rejection and exhibited a low 
inhibitory effect on both IL2 high-affinity binding 
and IL2-driven lymphoblast growth. These results 
suggest that in order to be efficient in vivo, anti-R- 
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IL2 MoAbs must interact efficiently with an IL2 
high-affrnity binding site. 

Materials and methods 

Monoclonals 
Ascites of mice injected with OX39 hybridoma producing an 
IgGl MoAb directed against rat R-IL2 were kindly provided by 
Dr. Williams of the Medical Research Council (Oxford, UK) [15]. 
The MoAb was purified on Migel-Protein A column and kept at - 80°C until use. An "irrelevant" IgGl MoAb (anti-ficherichiu 
coli), kindly supplied by M. Him (Immunotech, Marseille. 
France), served as the control. 

Animals 
Lewis rats and (Lew x BN) F1 hybrids (-250 g) were purchased 
from the animal center of the Centre National de la Recherche 
Scientifique (Orleans, France) or obtained from P. Druet (H6pital 
Broussais, Paris, France). 

Cellular suspension 
Splenocytes were harvested from Lewis rats by perfusion of the 
spleen with 50 ml RPMI 1640 (Gibco, Glasgow, UK). Mononu- 
clear cells were obtained by centrifugation over a 65% Percoll 
Gradient (Pharmacia, Uppsala, Sweden). Concanavalin A (Con- 
Akactivated T lymphocytes were obtained by stimulating mono- 
nuclear splenocytes with 5 pg/ml ConA (IBF. Villeneuve La Ga- 
renne. France) for 4days in a culture medium composed of 
RPMl 1640 supplemented with 10% fetal calf serum (FCS) (Flow 
Laboratories, Puteaux, France) and 5 x 10-'M 2-mercaptoetha- 
no1 (Prolabo, Paris, France). 

Inhibition of IL2-driven proliJeration 
ConA blasts were washed twice in RPMI and seeded at a con- 
centration of 25,000 cells/well in 160 pI of culture medium in 96 
round bottom titer plates (Nunc, Roskilde, Denmark). The OX39 
MoAb and irrelevant IgGl MoAb were tested at concentrations 
ranging from 1500 to 0.7 nm in the presence of different concen- 
trations of recombinant 1L2 (r-IL2). After 48 h of incubation 
(37 "C, 5% CO2). cultures were pulsed with 0.5 pCi/well tntiated 
thymidine (3H-TdR) (TRK 61 Arnersham AS:22 Ci/mmol) for 
4 h. harvested, and counted for radioactivity. 

Binding of radioiodinated OX39 and IL2 
ConA blasts were washed twice for 2 h at 37°C in RPMl con- 
taining 10% FCS and resuspended in phosphate buffered saline 
containing 0.1% bovine serum albumin (BSA) (Sigma Chemical, 
St. Louis, Mo.). They were seeded (2 x l@ cells/well) in 96 round 
bottom titer plates with increasing concentrations of 12SI-labeled 
OX39 MoAb. OX39 was labeled with iodine-125 (Centre Energie 
Atomique. Saclay, France) by the Iodogen procedure at a specif- 
ic radioactivity of about 1500 cpm/fmol. The final volume was 
50 pl/well. After incubation for 40 min at 37 "C under agitation, 
the cells were collected; cell-bound and unbound fractions were 
separated on a layer of dibutylphtalate-paraffin oil and counted 
as described m. The equilibrium dissociation constant (KD) of 
OX39 for its binding site and its cellular density (BM) were calcu- 

lated by Scatchard analysis after substraction of nonspecific 
binding. Binding of 'zI-labeled IL2 (New England Nuclear 
Company, Boston, Mass.) was carried out in a similar way and 
analyzed; however, the cellular density was 2.106 cells/well. 1251- 
IL2 was used either undiluted in the picomolar range (specific 
radioactivity around 800 cpm/fmol and 15-min incubation at 
37 "C) or in the nanomolar range after isotopic dilution with un- 
labeled recombinant IL2 (specific radioactivity around 40 cpm/ 
fmol and 30-min incubation at 37 "C). 

Inhibition of labeled OX39 and IL2 binding 
Inhibition of labeled OX39 binding was carried out at a low sat- 
uration of cell receptors using a concentration of labeled OX39 
(0.36 nm) below its KD. The competitors (unlabeled OX39 or 
IL2) were added at the time of labeled OX39 addition to cells, 
and cell-bound and unbound fractions were determined after be- 
ing incubated for 40 min at 37°C. The true inhibition constant 
(KI) characterizing the competitor was calculated according to 
the equation 

KI 10.5 x Fo x (BM - Bo)/[Fo x BM + Bo x (BM - Bo/2)] 

where 10.5 is the concentration of the competitor, giving 50% inhi- 
bition of bound, labeled 0 x 3 9 ;  BM is the concentration of total 
receptors: and B, and F, represent the concentrations of bound 
and unbound 1yI-0X39 in the absence of a competitor. 

Conversely, inhibition of labeled IL2 binding was canied out 
either in the presence of a low concentration of lZsI-IL2 (100 pm) 
to label the high-affinity receptors or in the presence of a high 
concentration of '251-1L2 (14 nm) to label the low-affinity recep- 
tors. Unlabeled OX39 was added as a competitor at increasing 
concentrations. Incubation, processing of samples, and KI deri- 
vation were carried out as described for the inhibition of '2sl- 
OX39 binding. 

Heart transplantation 
Heterotopic heart grafts (Lew/BN heart into Lew) were per- 
formed according to Ono and Lindsey [14]. MoAbs were given 
IV for the first 3 days following surgery and IP thereafter until 
day9. Graft survival was monitored daily by heart palpation 
through the abdominal wall. Three experimental groups were 
formed according to the dose of OX39 injected per day to recip- 
ients (10, 50, and 250 pg). An additional group of 6 animals re- 
ceived 250 pg per day of the irrelevant control IgG1. Finally, an- 
other group of recipients was treated with varying doses of 
cyclosporin A (CyA) (1.5,3, and 10 mg/kg for 15 days), alone or 
in combination with 50 or 250 pg OX39 per day for 9 days or 
with 250 pg of the irrelevant control IgGl per day for 9 days. 

Results 

Interaction between OX39 and IL2 binding 
on membrane rat IL2-receptors 

As shown in Fig. 1 A, the '2SI-labeled OX39 MoAb 
bound to a single class of receptor sites on Cday-ac- 
tivated rat ConA blasts. Scatchard analysis (Fig. 1 B) 
gave a dissociation constant (KD) of 0.8 nm and a 
maximal capacity of binding (BM) of 70,000 sites/ 
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Flg.1 A-D. Binding of 12S1-labeled OX39 MoAb and 1251-labeled 
IL2 to rat ConA blasts. A Direct binding curve of 12SI-labeled 
OX39 after subtraction of nonspecific binding evaluated in the 
presence of 660 nm of unlabeled OX39 (less than 10% of total 
binding). B Scatchard plot analysis of A. C Specific binding of 
.1251-labeled IL2 used either in the picomolar ( -0-)  or the na- 
nomolar (-0-) range. Nonspecific binding was determined in 
the presence of 133 nm (picomolar range) or 1.3 F M  unlabeled 
IL2 (nanomolar range). D Scatchard plot analysis of C 

OX39 antibody Inml 

Fig.2. Inhibition of 12SI-labeled IL2 binding by unlabeled 0x39.  
'251-labeled IL2 was used at a concentration of 100 pm (-0-) or 
1 4 n m ( - 0 - )  

cell. In contrast (Fig. 1 C, D), 12SI-labeled human 
recombinant IL2 bound to at least two distinct 
classes of receptors on the same cells: a high-affini- 
ty component (K~=640 pm, BM = 3800 sites/cell) 
and a low-affinity component ( K ~ = 3 9  nm, 
BM = 92 000 sitedcell). 

OX39 MoAb was tested for its capacity to inter- 
fere with IL2 binding on high and low components 
(Fig.2). Binding of '"I-IL2 at a high concentration 

Fig.3. Inhibition of 1251-labeled OX39 binding by unlabeled 
OX39 (- 0 -) and IL2 (- 0 -). Nonspecific binding determined in 
the presence of 1.3 nm unlabeled OX39 (2% of total binding) was 
subtracted 

,.l ii 0 1 10 100 1000 
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Fig.4. Inhibition by OX39 MoAb of 112-induced proliferation 
of rat ConA blasts. Main panel: dose-response curve of OX39 on 
(3H)thymidine incorporation induced by increasing amounts of 
1L2: 16 pm (- 0 -), 62 pm (- 0 -), 125 pm (- A -), 250 pm (- A -), 
500 pm (- 0-), 2 nm (- W -). Inset: dose-response curve of IL2 
on (3H)thymidine incorporation in the absence of OX39 

(14 nm), which allowed for the almost selective la- 
beling of low-affinity IL2 receptors, was completely 
reversed when increasing concentrations of OX39 
were included in the binding test. The inhibition 
constant derived from this curve had a value of 
0.53 nm, a value compatible with the KD of OX39 
(0.8 nm). In contrast, when lZ5I-IL2 was used at a 
low concentration (100 pm), which allowed for the 
selective labeling of high-affinity receptors, OX39 
only partially (60%) inhibited this binding with 
a markedly increased inhibition constant (KI = 
8.4 nm). 

Conversely, unlabeled r-IL2 was tested for its 
ability to interfere with labeled OX39 binding 
(Fig.3). Inhibition by IL2 was complete with an in- 
hibition constant of 26 nm, a value compatible with 
the dissociation constant of IL2 for the low-affinity 
receptors (KD = 39 nm). Unlabeled OX39 also com- 
pletely displaced '2sI-labeled OX39 binding with a 
KI = 0.96 nm, a value compatible with its KD. 
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Effect of OX39 on IL2-induced prolferation 

As shown in the inset of Fig. 4, IL2 induced prolifer- 
ation of rat ConA blasts in a dose-dependent and 
saturable manner. Fifty percent of maximal prolifer- 
ation was achieved with IL2 concentrations around 
200 pm, a value compatible with the KD of interac- 
tion of IL2 with its high-affinity receptors. 

OX39 was analyzed for its ability to interfere 
with this proliferation at various concentrations of 
IL2 along its dose-response curve. The results 
(Fig.4), expressed in percentages of the maximal re- 
sponses observed in the absence of 0x39, indicate 
that OX39 inhibited IL2-driven proliferation dose- 
dependently,. but that the maximal extent of inhibi- 
tion was limited to about 60%, regardless of the 
concentration of IL2 used in the assay. In the pres- 
ence of low concentrations of IL2 (16-66 pm), the 
doses of OX39 necessary to induce half of the maxi- 
mal inhibition approach 10nm. As the concentra- 
tion of IL2 is increased, the doses of OX39 required 
to produce a similar inhibition are gradually in- 
creased to reach 300-500nm in the presence of 
2 nm IL2. 

ESfect of OX39 on the survival of allogenic heart 
transplantation 

Table 1 indicates that no significant prolongation of 
graft survival could be obtained when concentra- 
tions ranging from 20pg to 50pg/rat for 9days 
were used. Animals (-250 g) injected with a very 
high dose (250 pg/rat for 9 days) do, however, show 
a borderline, yet significant (P< 0.03, increase in 
graft survival when compared with recipients inject- 
ed with the same dose of irrelevant IgG1. Irrelevant 
IgGl MoAb did not affect graft survival in the same 
allograft combination. Table 1 also shows that when 
CyA was administered for 10 days after grafting at a 
very low dose (1.5 mg/kg, graft survival was not 
modified. This dose was nevertheless able to signifi- 
cantly increase allograft survival when OX39 was 
administered (2 50 pg/rat for 9 days); however, this 
effect remained of low magnitude. A low dose of 
CyA, combined with an irrelevant IgGl (250pg), 
did not affect graft survival. 

Discussion 

OX39 is a murine IgGl which has been shown to 
immunoprecipitate the alpha (55 kDa) chain of rat 
IL2 receptors [15]. In this study, we have demon- 
strated that OX39 binds to a single class of sites on 
activated ConA blasts with a high affinity: '2SI-la- 

Tablet Effect of OX39 on the survival time of ( L ~ w / B N ) ~ ,  
heart allografts grafted into Lew recipients. * Px0.05 (Wilcoxon 
test) compared to group 1 and ~ 0 . 0 1  compared to group 5, 
** P<0.05 (Wilcoxon test) compared to group 4, *** P<O.O1 

(Wilcoxon test) compared to group 3 

Treatment Graft survival in days X f  SD 
~ 

1. None 7,9,8,9,  11, 12, 12 9 . 6 f 2  
2.0X39 20 pg' 6, 7, 7, 8,8 7.2 f 0.8 
3.0X39 50 pg' 6 7 ,  7, 7,7 6.9 f 0.4 
4.0X39 250 pg 10, 11, 11,  14, 12, 15 12.2f1.9* 
5. Anti-E. coli (250 pg) 7.8 f 0.4 

6. CyA 7, 8, 10, 10, 11, 11 9.5f1.64 

7. CyA (3 mg/kgx 10 days) 12, 12, 12, 12.13, 13 12.3f0.52 
8. CyA 26, 33, 39, 39,41 35.6 f 6.2 

9. CyAs 13, 14, 14. 14, 15, 15 14.2f0.75** 

7, 8, 8, 8, 8 
(IgGI) control MoAbS 

(1.5 mg/kgx 10 days) 

(10 mg/kg x 10 days) 

(1.5 mg/kgx 10 days 
and OX39 250 pg) 

(1.5 mg/kgx 10 days 
and OX39 50 pg) 

and ir.-IgGl 250 pg) 

10. CyK 1 1 , l l .  11,11,12 11.2f 
0.45 * * * 

11. CyA' (1.5 mg/kg 9,9,9,  11,11 9 . 8 f l . l  

a MoAb is given daily at the indicated doses for 9 days 

beled OX39 binding occurs with a dissociation con- 
stant of 0.8 nm, and unlabeled OX39 competes with 
this binding with an inhibition constant of 0.96 nm. 

OX39 binding is related to OX39 interaction 
with the low-affinity configuration since IL2 com- 
petes for its binding with an inhibition constant of 
26 nm in the range of the KD of IL2 for low-affinity 
receptors (39 nm). Conversely, OX39 inhibits the 
binding of IL2 to IL2 receptors. However, the inhib- 
itory potency of OX39 is markedly different when 
IL2 is used to label the high-affinity configuration 
and when it is used to label the low-affinity configu- 
ration. While OX39 competes with IL2 binding to 
the low-affinity form with a Kl=0.53 nm that is 
compatible with its K D  for the 55 Kd Tac chain, it 
only partially (60%) inhibits IL2 binding to the 
high-affinity form and its Kr is markedly enhanced 
(8.4 nm). 

These results can be interpreted on the basis of 
recent data concerning the molecular structure of 
IL2 receptors as demonstrated in the human [21,25, 
28,291 and murine [23] systems. In these models, the 
IL2 receptors are comprised of at least two indepen- 
dent glycoproteic entities, the well-known alpha 
(55 kDa) chain (Tac antigen) and a novel beta 
(75 kDa) chain. Both chains alone are able to bind 
IL2, and their presence together in the membrane 
gives rise to the high-affinity IL2 receptor configu- 
ration. If this model holds for the rat system, our 
data suggest the following: 
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1.0X39 recognizes the alpha chain with a high af- 
finity (KD=0.8 nm) and competes with IL2 for 
binding on this chain. 0x39, therefore, probably in- 
teracts with an epitope close to the IL2 binding site 
on the alpha chain. 
2.0X39 does not interact with the beta chain as in- 
dicated by immunoprecipitation studies [15]. 
3. When the IL2 receptor is in the high-affinity al- 
pha/beta configuration, the epitope for OX39 on 
the alpha chain is more or less buried or has an al- 
tered conformation so that the affinity of OX39 for 
this epitope is reduced by a factor of 10-15. 
4. High concentrations of OX39 (100-1000 nm) dis- 
place IL2 binding from the alphalbeta conforma- 
tion receptor and, in doing so, may promote the dis- 
sociation of the alpha and beta chains. The residual 
40% binding that is not displaceable by OX39 is 
probably due to residual IL2 binding to the beta 
chain. 
Proliferation studies support this proposed mecha- 
nism. IL2-induced proliferation is driven at concen- 
trations corresponding to the saturation of high-af- 
hnity IL2 receptors. 0x39, by interfering with IL2 
binding to these receptors, inhibits this prolifera- 
tion. Furthermore, there are close relationships be- 
tween the pattern of inhibition of proliferation and 
that of inhibition of IL2 binding. In both cases, the 
maximal inhibition induced by OX39 is about 60%. 
This would support the observation that the beta 
chain alone is able to induce a proliferative signal 
[30]. Another possibility would be that another lym- 
phokine receptor pathway is involved in the residu- 
al proliferation. The concentration of OX39 re- 
quired to inhibit proliferation (at low IL2 concen- 
trations) is in the range of 10-20nm, a value 
corresponding to its apparent affinity for the alpha 
chain when the receptor is in the alphalbeta (high- 
affinity) Configuration. When the IL2 concentration 
used to promote proliferation is increased, concen- 
trations of OX39 necessary to inhibit proliferation 
are increased, due to the fact that IL2 and OX39 
compete for binding to the alpha chain. 

Monoclonal antibodies against R-IL2 have been 
shown to prevent allograft rejection in various ani- 
mal [9,24] and human [2,27] models. So far, this ef- 
fect has been related to the ability of MoAb to inter- 
fere with the binding of IL2 on its high-affinity 
receptor, although detailed molecular interaction 
has seldom been observed. Thus, the only border- 
line effect of OX39 in the prolongation of allograft 
survival - even when used at very high doses 
(250 pglrat per day) - was expected from the mo- 
lecular interaction. The same antibody, however, 

has recently been shown to protect animals from 
autoimmune encephalitis (AIE) [6]. Although the 
antibody in these experiments was administered on 
the basis of ascites dilutions and, as a result, no 
dose-effect relationships could be established, it is 
suggested that the delayed hypersensitivity reactions 
involved in AIE and the immune machinery leading 
to graft rejection may have different sensitivities to 
anti-R-IL2 reagents. Interestingly, the same low 
dose of CyA that was unable to prolong allograft 
survival by itself did potentiate 0x39. This phe- 
nomenon, which has previously been found with an 
anti-R-IL2 capable of interacting with the IL2/R- 
IL2 interaction and of preventing autoimmune dia- 
betes in rats [5], remained restricted to doses of 
OX39 that were L 50 pg/rat for 9 days. The low syn- 
ergistic effect which could be predicted from the 
low 0x39-R-IL2 functional interaction observed in 
vitro is most likely related to the inhibition of IL2 
production [ll] and R-IL2 expression [3], both of 
which are likely to facilitate the weak effect of 
OX39 on lymphocyte growth. 

Acknowledgement. We thank Alain Maisonneuve very much for 
his skillful technical assistance. 

References 

1. Birchenall-Sparks MC, Farrar WL, Rennick D, Kilian PL, 
Ruscetti FW (1986) Regulation of expression of the interleu- 
kin 2-receptor on hematopoietic cells by interleukin 3. 
Science 233: 455-458 

2.Cantarovich D, le Mauff B, Hourmant M, Peyronnet P, 
Jacques Y, Boeffard F, Him M, Soulillou JP  (1988) Prophy- 
lactic use of a monoclonal antibody (33B3.1) directed against 
interleukin 2 receptor following human renal transplantation. 
Am J Kidney Dis 11: 101-106 

3. Chabannes D, Le Mauff B, Hallet MM, Jacques Y, Soulillou 
JP (1988) Effect of cyclosporin A on interleukin 2 receptor 
expression in a human alloreactive T-cell clone. Transplanta- 
tion (in press) 

4. Greene WC, Robb RJ (1984) Receptors for T-cell growth fac- 
tor: structure, function, and expression on normal and ne- 
oplastic cells. Contemp Top Mol Immunol 10: 1-5 

5. Hahn HJ, Lucke S, Kltrting I, Volk HD, Baehr RV, Diamant- 
stein T (1987) Curing BB rats of freshly manifested diabetes 
by short-term treatment with a combination of a monoclonal 
anti-interleukin 2 receptor antibody and a subtherapeutic 
dose of cyclosporin A. Eur J Immunol 17: 1075-1078 

6. Hayosh NS, Swanborg RH (1987) Autoimmune effector cells. 
IX. Inhibition of adoptive transfer of autoimmune encephalo- 
myelitis with a monoclonal antibody specific for interleukin 2 
receptors. J Immunoll38: 3771-3775 

7. Jacques Y, L.e Mauff B, Godard A, Olive D. Moreau JF, Sou- 
lillou JP (1986) Regulation of interleukin 2 receptor T lym- 
phocyte clone. Synergism between alloantigenic stimulation 
and interleukin 2. J Immunoll36: 1693-1699 

8. Jacques Y, Le Mauff B, Boeffard F, Godard A, Soulillou JP 
(1987) A soluble interleukin 2 receptor produced by a normal 



63 

alloreactive human T cell clone binds interleukin 2 with low 
affinity. J Immunol 139: 2308-2316 

9. Kirkman RL, Barret LV, Gaulton GN, Kelley VE, Ythier A, 
Strom TB (1985) Administration of an anti-interleukin 2 re- 
ceptor monoclonal antibody prolongs cardiac allograft sur- 
vival in mice. J Exp Med 162: 358-362 

10. Lee JC. Truneh A, Smith MF Jr, Tsang KY (1987) Induction 
of interleukin 2 receptor (Tac) by tumor necrosis factor in YT 
cells. J Immunoll39: 1935-1938 

11. Leonard WJ, Kronke M, Peffer NJ, Depper JM, Greene W 
(1985) Interleukin 2 receptor gene expression in normal hu- 
man T-lymphocyte. Proc Natl Acad Sci USA 82: 6281 -6285 

12. Loughnan MS, Takatsu K, Harada N, Nossal GJV (1987) T- 
cell-replacing factor (interleukin 5)  induces expression of in- 
terleukin 2 receptors on murine splenic B cells. R o c  Natl 

13. Lowenthal JW, Cerottini JC, MacDonald HR (1986) Interleu- 
kin 1-dependent induction of both interleukin 2 secretion and 
interleukin 2 receptor expression by thymoma cells. J Immu- 
no1 137: 1226-1231 

14. Ono K, Lindsey ES (1968) Improved technic of heart trans- 
plantation in rats. J Thorac Cardiovasc Surg 57: 225-231 

15. Paterson DJ, Jefferies WA, Green JR, Brandon MR, Cortese 
P, Puklavec M. Williams AF (1987) Antigens of activated rat 
lymphocytes including a molecule of 50000 Mr restricted to 
CD4 positive T-blasts. Mol Immunol 24: 1281-1290 

16. Reem GH, Yeh N (1985) Regulation by interleukin 2 of in- 
terleukin 2 receptors and gamma-interferon synthesis by hu- 
man thymocytes: augmentation of interleukin 2 receptors by 
interleukin 2. J Immunoll34: 953-958 

17. Robb RJ, Greene WC (1987) Internalization of interleukin 2 
is mediated by the beta chain of the high-affinity interleu- 
kin 2 receptor. J Exp Med 165: 1201-1206 

18. Robb RJ, Kutny RM (1987) Structure-function relationships 
for the IL2-receptor system. 1V.Analysis of the sequence and 
Ligand-binding properties of soluble Tac protein. J Immu- 
no1 139: 855-862 

19. Robb RI, Munck A, Smith KA (1981) T cell growth factor re- 
ceptors. Quantitation, specificity and biological relevance. J 
Exp Med 154: 1455-1474 

A a d  SCi USA 84: 5399-5403 

20. Robb RJ, Greene WC, Rusk CM (1984) Low and high affini- 
ty cellular receptors for interleukin 2. Implications for the lev- 
el of Tac antigen. J Exp Med 160: 1126-1146 

21. Robb RJ, Rusk CM, Yodoi J, Greene WC (1987) Interleu- 
kin 2 binding molecule distinct from the Tac protein: analysis 
of its role in formation of high-affinity receptors. Proc Natl 
Acad Sci USA 84: 2002-2006 

22. Rubin LA, Kurman CC, Fritz ME, Biddison WE, Boutin B, 
Yarchoan R, Nelson DL (1985) Soluble interleukin 2 recep- 
tors are released from activated human lymphoid cells in 
vitro. J Immunoll35: 3172-3177 

23. Saragovi H, Malek TR (1987) The murine interleukin 2 recep- 
tor. Irreversible cross-linking of radiolabeled interleukin 2 to 
high affinity interleukin 2 receptors reveals a noncovalently 
associated subunit. J Immunoll39: 1918-1926 

24. Shapiro ME, Kirkman RL, Reed MH, Puskas JD, Mazoujian 
G. Letvin NL, Carpenter CB, Milford EL, Waldmann TA, 
Strom TB, Schlossman SF (1987) Monoclonal anti-12 recep- 
tor antibody in primate renal transplantation. Transplant 

25. Sharon M, Klausner RD, Cullen BR, Chizzonite R, Leonard 
WJ (1986) Novel interleukin 2 receptor subunit detected by 
cross-linking under high-afinity conditions. Science 234: 
859-862 

26. Smith KA, Cantrell DA (1985) Interleukin 2 regulates its own 
receptors. Roc  Natl Acad Sci USA 82: 864-868 

27. Soulillou JP, Peyronnet P, Le Mauff B. Hourmant M, Olive D, 
Mawas C, Delaage M, Him M, Jacques Y (1987) Prevention 
of rejection of kidney transplants by monoclonal antibody di- 
rected against interleukin 2 receptor. Lancet I: 1339-1343 

28. Teshigawara K, Wang HM. Kato K, Smith KA (1987) Inter- 
leukin 2 high-affinity receptor expression requires two dis- 
tinct proteins. J Exp Med 165: 223-241 

29.Tsudo M, Kozak RW, Goldman CK, Waldmann TA (1987) 
Contribution of a p75 interleukin 2 binding peptide to a 
high-afinity interleukin 2 receptor complex. Roc Natl Acad 

30. Wang HM, Smith KA (1987) The interleukin 2 receptor func- 
tional consequences of its bimolecular structure. J Exp 
Med 166: 1055-1064 

ROC 19: 594-598 

Sci USA 84: 4215-4218 




