
clonal selection, the presence of two dis- 
tinct TCRs on the same cell should have 
limited consequences. Because the signal to 
switch off the thvmocvte recombination , , 
machinery seems to be closely dependent 
on an interaction of the surface TCR with a 
specific thymic ligand during development 
(12), lack of genotypic exclusion of TCRa 
and TCRy chain genes should allow a given 
T cell to try several TCR chains until it 
expresses a functionally relevant (that is, 
selectable) TCR. Thus, if two surface a or 
y chains are expressed on the lymphocyte 
surface, one of these receptors, the one that 
was not selected for, should have little 
chance to encounter its nominal ligand in 
the periphery. However, many TCRs also 
have affinity for superantigens, which bind 
germline V-specific residues (1 3) and hence 
should be efficiently recognized by both 
selected and nonselected TCRs. In this 
context, the probability that a lymphocyte 
expressing two surface TCRs would en- 
counter ligands for each of its expressed Ag 
receptors becomes more significant. If one 
of these ligands is an autoantigen, one 
could imagine that such cells might initiate 
an autoimmune reaction. 
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Switch of CD8 T Cells to Noncytolytic CD8-CD4- 
Cells That Make T,2 Cytokines and Help 5 Cells 

Franqois Erard,* Marie-Therese Wild, Jose A. Garcia-Sanz, 
Graham Le Gros 

CD8' T cells are a major defense against viral infections and intracellular parasites. Their 
production of interferon-? (IFN-y) and their cytolytic activity are key elements in the immune 
response to these pathogens. Mature mouse CD8+ T cells that were activated in the 
presence of interleukin-4 (IL-4) developed into a CD8-CD4- population that was not 
cytolytic and did not produce IFN-y. However, these CD8- cells produced large amounts 
of IL-4, IL-5, and IL-10 and helped activate resting B cells. Thus, CD8 effector functions 
are potentially diverse and could be exploited by infectious agents that switch off host 
protective cytolytic responses. 

T h e  activation of resting CD4+ T cells bv 
antigens in the presence of IL-4 directs 
their development toward the production of 
IL-4, IL-5, and IL-10 cytokines (T,2 phe- 
notype) (1). We sought to establish wheth- 
er the ohenotvoe of CD8 cells could also be , L 

influenced by IL-4. The basic experimental 
outline consisted of activating CD8+ cells - 
(sorted with a fluorescence-activated cell 
sorter) for 6 davs in in vitro orimarv cultures 
in thk presende and abserice of IL-4 and 
then analyzing the resulting phenotype 
with respect to surface markers and expres- 
sion of functional activities. The low fre- 
quency of antigen-specific CD8 cells made 
the use of antigen-stimulated primary cul- 
ture systems impractical. Therefore, we 
used a primary culture system activated by a 
mitogen [phorbol 12-myristate 13-acetate 
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(PMA) + ionomycin + IL-21 to ensure a 
high efficiency of CD8 cell activation, con- 
firmed by limiting dilution analysis (2). 
Small numbers of CD8+ cells (800 cells per 
well) were seeded in the mitogen-activated 
primary cultures because this ensured that 
the activation and proliferation of the CD8 
cells were independent of accessory cells (2). 

Fluorescence flow cytometry-sorted 
CD8+ cells (>99% purity) were stimulated 
to grow in primary cultures that contained 
different combinations of PMA, ionomy- 
cin, IL-2, and IL-4 (3). After 6 days of 
culture, the cells were stained for the ex- 
pression of the af3 T cell receptor (TCR), 
Thy-1.2, CD2, CD4, CD8, CD44 (Pgpl), 
and CD45 (T200) surface markers. All cells 
(99%) from each primary culture condition 
expressed TCRaf3 and Thy-1.2, and ex- 
pression was not affected either by activa- 
tion or by the addition of IL-4 (Fig. 1). 
After activation, CD44 expression was in- 
creased to a similar degree in each culture 
condition. However, CD8 completely dis- 
appeared from cells cultured with PMA, 
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ionomycin, IL-2, and IL-4 (Fig. 1A) but tures treated with PMA, IL-2, and IL-4 
was normally expressed on cells from all the were positive for CD8. Northern (RNA) 
other primary culture conditions. The effect blot mRNA analysis revealed that the loss 
of IL-4 on CD8 expression was dependent of surface CD8 correlated with a decrease of 
on the presence of ionomycin because cul- mRNA encoding the CD8a chain (Fig. 1B). 

PMA + IL-2 + IL-4 

Fig. 1. Disappearance of CD8 D 
after activation in the presence 
of IL-4 and ionomycin. (A) Small 
CD8+ lymph node cells from 
C57BU6 mice were purified by 5 
fluorescence-activated ing and cultured (800 cells cell sort- Per z mrda I@ ,,l ,@ I@ I,. ,,I I@ ,@ I@ , I  I$ I@ 

well) for 6 days in 200 pI of 0 

mixed lymphocyte culture medi- 
um (2) containing PMA (10 ngl 3 
ml) and 11-2 (200 Ulml) with or 
without recombinant 11-4 (500 I 

Ulml) or ionomycin (lono.; 250 
nglml). After dayS Of 

l@ la' 11 lo, 1 1  ' 1@ 101 1 1  1 6  tion, the cells were harvested Fluorescence lntenslty 
and CD8 and CD4 expression 
determined by staining with fluorescein isothiocyanate (F1TC)-conjugated anti-CDB (53-6.7, Becton 
Dickinson, San Jose, California) and phycoerythrin (PE)-labeled anti-CD4 (GK1.5, Becton Dickin- 
son) and flow cytometry analysis (panels 1 to 4). CD4+ cells were prepared as above, cultured in 
PMA, ionornycin, 11-2, and 11-4, and analyzed for CD4 and CD8 expression (panel 5). Cell 
proliferation was followed for each culture condition and was similar, regardless of the presence or 
absence of 11-4 or ionomycin (3). (6) Total cellular RNA was prepared from cells cultured as 
described in panels 1 to 5 of (A) (here, corresponding to lanes 1 through 5) by the guanidinium 
isothiocyanate-CsCI, method. RNA was size-fractionated in 1.2% formaldehyde-agarose gel 
electrophoresis (10 &g per lane) and subjected to Northern blot analysis with a 32P-labeled Pst 
I-Xba I fragment of the a5 clone coding for CD8a complementary DNA (cDNA). For control 
purposes, the blot was washed and reprobed with the 1 .l-kb Pst I-Pst I fragment of the mouse 
p-actin cDNA clone PAL 41 ( 1  7). MW, molecular weight markers. (C) Time course (in hours) for the 
disappearance of CD8a and CD8p chains from the surface of CD8 cells. CD8+ cells were cultured 
with PMA, ionomycin. IL-2, and IL-4, and the expression of CD8a and CD8p chains was followed for 
5 days by staining with PE-labeled 53-6.7 (Pharmingen, San Diego. California) and FITC-labeled 
53-5.8 (Pharmingen) antibodies, respectively, and flow cytometry analysis (Becton Dickinson). (D) 
Phenotypic characterization of the CD8-CD4- subset. The broken lines represent treatment with 
PMA and 11-2; the solid lines show treatment with PMA, ionomycin, IL-2, and IL-4. The cells were 
stained with a panel of fluorescent antibodies (Pharmingen) and flow cytometry analysis. 
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The CD8- phenotype was not a result of the 
expansion of CD4+ cells; none were detect- 
ed in any of the primary cultures. Also, the 
CD8-CD4- cells were not derived from 
contaminating CD4+ cells because sorted 
CD4+ cells cultured with PMA, ionomycin, 
IL-2, and IL-4 did not lose expression of the 
CD4 molecule (Fig. 1A). 

A kinetics study indicated that surface 
expression of CD8a and CD8P chains both 
decreased gradually on all cells over a 5-day 
culture period (Fig. 1C). This, together 
with the observation that the cultures ei- 
ther containing or not containing IL-4 had 
equivalent doubling times (3), indicated 
that the CD8- cells were derived from 
activated CD8+ cells and did not represent 
the outgrowth of a minor CD8- subpopula- 
tion. The CD8- phenotype appeared to be 
stable because reexpression of CD8 did not 
occur when CD8- cells were cultured for an 
additional 6 days in the absence of IL-4. 
Therefore, activated, proliferating CD8+ T 
cells could be induced by IL-4 to undergo a 
phenotype switch to a CD8- cell that still 
expressed Thy-1.2, TCRaP, CD2, CD44, 
or CD45 (Fig. ID). 

To identify the functional potential of 
the IL-q-cultured CD8- cells, we analyzed 
cytolytic activity on lectin-coated P815 tar- 
get cells (Fig. 2A). The CD8- population 
from cultures treated with PMA, ionomy- 
cin, IL-2, and IL-4 had no detectable lytic 
activity, whereas CD8+ cells from the pri- 
mary cultures treated with either PMA and 
IL-2 or PMA, IL-2, and IL-4 lysed the target 
cells (Fig. 2A). The absence of CD8 expres- 
sion was not responsible for the decrease in 
lytic activity because cells cultured in PMA, 
ionomycin, and IL-2 had normal expression 
of CD8 but also had a low lytic response. 
The lack of lytic activity could be correlated 
with the absence of perforin mRNA induc- 
tion (Fig. 2B) (4). Northern blot analysis 
(quantified by phospho-imaging) indicated 
that perforin mRNA expression was reduced 
by 95% in the nonlytic CD8- population 
compared to cells activated with PMA and 
IL-2. The CD8+ cells from cultures treated 
with PMA, ionomycin, and IL-2 that also 
had reduced lytic activity had an 80% reduc- 
tion in perforin mRNA expression. As ex- 
pected, CD4+ cells activated under identical 
conditions expressed no detectable perforin 
mRNA. Thus, IL-4 and ionomycin can con- 
trol the induction of the lytic machinery at 
the mRNA level. 

To determine whether the IL-4-cultured 
CD8 cells had gained other T cell func- 
tions, we assayed cytokine production after 
restimulation of the CD8 cells for 24 hours 
with plate-bound antibody to CD3 (anti- 
CD3) ( I ) .  The cytokine pattern of the CD8 
cells cultured in PMA and IL-2 (5), PMA, 
IL-2, and IL-4 (5), or PMA, ionomycin, 
and IL-2 (Fig. 3A) was consistent with 
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previous work (6): production of large 
amounts of IFN--y (750 Ulml for lo5 cells) 
but no IL-4, IL-5, or IL-10 detected. The 
CD8- population from cultures treated 
with PMA, ionomycin, IL-2, and IL-4, 
however, produced a concentration of 
IFN--y of only 90 U/ml for lo5 cells, al- 
though it produced 2000 Ulml of IL-4, 
9000 Ulml of IL-5, and 5000 Ulml of IL-10 

(Fig. 3). This CD8- cell therefore repre- 
sents a T cell subset that can produce what 
is normally considered the TH2 pattern of 
cytokines (7). 

We tested whether these cells could pro- 
vide the necessary signals for the in vitro 
activation and differentiation of small rest- 
ing B cells into antibody-producing cells (8). 
CD8- or CD8+ cells were harvested from 

Flg. 2. Inhibition of CD8 cell cytolytic A B CD4' CDB' 
activity and perforin mRNA expres- P ~ ( A  + 11-2 - 
sion by culture in the presence of 

Imm$ 

ionomycin and 11-4. (A) CD8+ cells - 
were prepared and cultured as in 40 

Fig. IL-2; 1. A, A, treatment Treatment with with PMA., PMA IL-2. and 2 30 M i 7 2 8 S  - ! 
and IL-4; 0, treatment with PMA, 
ionomycin, and IL-2; H, treatment 2, 20 Ll 8s 

with PMA, ionomycin, IL-2, and IL-4. 5 
After 6 days, the cells were harvested $ 10 
and tested against 1000 51Cr-labeled ; 
P815 target cells in the presence of 
concanavalin A (2 pglml) in microtiter '50 12 3 0.8 0.2 P e r i o r i n  

plates in a final volume of 200 pI. Lymphocyte: target ratio 

After incubation at 37°C for 3.5 hours. 13-act~n 

the plates were centrifuged and 100 pI was removed for gamma counting. The percent specific lysis 
was calculated (18). (B) CD8+ and CD4+ cells were prepared and cultured as indicated. RNA, 
prepared as described in Fig. 1, was hybridized with a 32P-labeled Pst I fragment (nucleotides 143 
to 1289) of the perforin (19) cDNA and p-actin. Abbreviations are as in Fig. 1. 

Fig. 3. Cytokine secretion and B cell help by A 
cultured CD8 cells. Small CD8+ lymph node 

-lL4 cells from BALBIc mice were cultured for 6 - -  - - -  ~ - 

days with PMA, ihomycin, and IL-2 either with +l~-4C( , I 
or without IL-4. Cells were harvested from each 0 2 4 6 8 100 10 20 30 
culture, washed, and recultured (lo5 cells per 
200 w I )  on dates coated with a monoclonal -IL4 

antibody to C D ~ E  (20 pglml) in the presence of +1~-4 
IL-2 for 24 hours (1). (A) The supernatants were 

0 20 40 60 801000 20 40 60 
assayed for the cytokines IL-4, IL-5, IL-10, and Cytoklne (lo2 Ulml) 
IFN-y by enzyme-linked immunosorbent assay B 
(ELISA) with antibodies (Pharmingen) and stan- 
dardized to commercial cytokines (Genzyme) 
(1). The results shown are the mean of two 
independent cultures 2 SE. (B) The cultures 
were irradiated and cocultured with lo4 Percoll- 
purified B cells from nu/nu mice in the presence 10 1 DO loo0 

lgGl (nglml) 
of IL-4 for 7 days. immunoglobulin GI (IgG1) 
antibody production was quantified by ELISA with plates coated with goat antibody to mouse lgGl 
(5 pglml) (Southern Biotechnology Associates, Birmingham. Alabama). Bound IgGl was detected 
with alkaline phosphatase-coupled goat antibody to mouse IgGl and compared to standards. For 
comparison, similar experiments were performed with CD4 cells. The results are the mean of two 
independent cultures 2 SE. 

Flg. 4. Effect of IL-4 on 
the phenotype of alloan- 
tigen-stimulated CD8+ 
cells. Three thousand 
BALBIc (H-2d) CD8+ 
lymph node cells were 
cultured in the pres- 
ence of 5000 irradiated 
(50 gray) BW5147 (H- 
2k) thymoma cells defi- 
cient in TCRaP expres- 
sion (70) and IL-2 (200 U/ml) and with or without IL-4 (500 Ulml). Cells were cultured for 9 days, 
harvested, and analyzed for the expression of CD4 (GK1.5, Becton Dickinson), CD8 (53-6.7, Becton 
Dickinson), and TCRap (H57-597, Pharmingen). 

primary cultures, washed, restimulated on 
plates coated with anti-CD3, and cocultured 
with lo4 purified splenic B cells from nulnu 
mice in the presence of IL-4 for 7 days. The 
stimulated CD8- cells induced B cells to 
produce immunoglobulin G1 (IgG1) (300 to 
400 nglml), whereas the CD8+ cells from 
primary cultures treated with PMA and IL-2 
(9), PMA, IL-2, and IL-4 (9), or PMA, 
ionomycin, and IL-2 (Fig. 3B) failed to 
induce any detectable antibody production. 
CD4+ cells from similar primary cultures 
induced B cells to produce comparable quan- 
tities of antibodies. 

We investigated whether other condi- 
tions of CD8 cell activation would allow 
IL-4 to induce the CD8- phenotype. Pri- 
mary cultures of CD8+ cells were established 
with the allogeneic TCRaP- thymoma 
BW5147 (1 0) as a stimulator. Only primary 
cultures containing allogeneic cells and IL-4 
produced a noncytolytic (1 1) CD8- subpop- 
ulation that represented about 25% of the 
activated cells (Fig. 4). Staining with anti- 
bodies to the TCR showed that these CD8- 
cells were not contaminated with BW5147 
stimulator cells (1 0). 

The cell type described here could en- 
able a host to mount a class I-restricted 
"TH2-like" immune response. Still other 
CD8 phenotypes can be induced in this 
culture system: the addition of transforming 
growth factor-p (TGF-P) to cultures treat- 
ed with PMA, ionomycin, and IL-2 led to a 
CD8+ phenotype that was noncytolytic, 
produced no cytokines, and could not help 
B cells. If other T cell stimuli (anti-CD3) 
were combined with IL-4 in culture, cy- 
tolytic CD8+ phenotypes would develop 
that can produce IL-4, IL-5, and IL-10 and 
help B cells. Our data therefore indicate 
that CD8 effector cells can be divided into 
subsets with a potential for heterogeneity in 
class I-restricted CD8 immune responses 
that may be elicited by infectious agents or 
foreign stimuli. 

Our findings describe an IL-4-depen- 
dent mechanism where CD8 cytolytic re- 
sponses can be turned into IL-4, IL-5, and 
IL-10 cytokine responses. In situations 
where the CD8 cytolytic activity is protec- 
tive, the switch to IL-4, IL-5, and IL-10 
production would probably allow a patho- 
gen to escape elimination. In this regard, it 
is significant that Leishmania major infection 
is fatal in strains of mice that readily pro- 
duce IL-4 (12), possibly because of an 
IL-4-induced change in the protective CD8 
and CD4 immune response (13). IL-4- 
producing CD8 cells have also been irnpli- 
cated in the pathology of leprosy (14). 
Also, the phenomenon of intense IL-4- 
IL-5 cytokine activity that precedes the 
onset of acquired immunodeficiency syn- 
drome (AIDS) may reflect the switching of 
CD8 cells from a cytolytic phenotype to the 
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CD8- subset that produces IL-4 and IL-5 
(15). The observation that a proportion of 
alloreactive CD8 cells can be diverted by 
IL-4 from the normal cvtolvtic CD8 uheno- , , 

type suggests a possible therapy in the area 
of transplant rejection. Potentially graft- 
destructive CD8 lytic responses may be able 
to be turned into more tolerable or appro- 
priate lymphokine responses by the admin- 
istration of IL-4 (1 6). 
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LlFRP and gp130 as Heterodimerizing Signal 
Transducers of the Tripartite CNTF Receptor 

Samuel Davis,* Thomas H. Aldrich, Neil Stahl, Li Pan, 
Tetsuya Taga, Tadamitsu Kishimoto, Nancy Y. Ip, 

George D. Yancopoulos* 
The ciliary neurotrophicfactor (CNTF) receptor complex is shown here to include the CNTF 
binding protein (CNTFRa) as well as the components of the leukemia inhibitoryfactor (LIF) 
receptor, LlFRp (the LIF binding protein) and gp130 [the signal transducer of interleukin- 
6 (IL-6)]. Thus, the conversion of a bipartite LIF receptor into a tripartite CNTF receptor 
apparently occurs by the addition of the specificity-conferring element CNTFRa. Both 
CNTF and LIF trigger the association of initially separate receptor components, which in 
turn results in tyrosine phosphorylation of receptor subunits. Unlike the IL-6 receptor 
complex in which homodimerization of gp130 appears to be critical for signal initiation, 
signaling by the CNTF and LIF receptor complexes depends on the heterodimerization of 
gp130 with LIFRp. Ligand-induced dimerization of signal-transducing receptor compo- 
nents, also seen with receptor tyrosine kinases, may provide a general mechanism for the 
transmission of a signal across the cell membrane. 

Ciliary neurotrophic factor, named for its 
ability to maintain survival of ciliary neu- 
rons, is now known to have a much broader 
spectrum of activities; almost all of these 
activities, however, are restricted to cells of 
the nervous system (1). Molecular cloning 
of a CNTF binding protein (CNTFRa) (2) 
revealed that it was related to one of the 
two components of the IL-6 receptor (here 
designated IL-6Ra) (3, 4). The finding that 
CNTF and IL-6 bind related receptor pro- 
teins was consistent with the observation 
that CNTF is distantly related to a family of 
cytokines that includes IL-6 as well as LIF 
and Oncostatin M (5). It has recently been 
shown that CNTF and its distant cytokine 
relatives all share the use of a signal-trans- 
ducing receptor component, gp130, which 
was initially identified as the signal trans- 
ducer for IL-6 (6-1 1) .  A LIF binding pro- 
tein (here designated LIFRP) has been 
cloned (12) that, in combination with 
gp130, forms high-affinity binding sites for 
both LIF and Oncostatin M (9). Although 
the role of LIFRP as a partner of gp130 
appears to be similar to that of IL-6Ra and 
CNTFRa, its structure more closely resem- 
bles that of gp130 itself (12). Thus, LIFRP 
might have a signal-transducing role like 
that of gp130. 

Whereas gp130 is tyrosine-phosphoryl- 
ated in response to IL-6, both gp130 and 
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another protein the size of LIFRP are ty- 
rosine-phosphorylated in response to CNTF 
or LIF (8). We have therefore proposed 
that LIF and CNTF initiate signaling by 
inducing heterodimeriiation between 
gp130 and LIFRP and, by analogy, that 
IL-6 acts by inducing homodimerization of 
gp130 (8, 11). We also suggested that the 
signal transducers gp130 and LIFRP togeth- 
er could comprise a functional LIF receptor 
complex (8, 9) and that addition of the 
CNTFRa chain to this complex might be 
sufficient to convert this bipartite LIF re- 
ceptor into a tripartite CNTF receptor (8). 
The limited distribution of CNTFRa (pre- 
dominantly in the nervous system) appar- 
ently restricts CNTF to neuronal actions 
(13). 

To determine the composition of the 
CNTF receptor complex, we undertook 
reconstitution experiments in COS cells in 
which various combinations of CNTFRa, 
gp130, or LIFRP were expressed. The com- 
ponents were expressed as fusion proteins 
that contained epitope tags to allow for 
immunoprecipitation and detection. Cells 
were treated with either LIF or CNTF and 
then examined for the formation of com- 
plexes between the components, as defined 
by the ability of one component to co- 
immunoprecipitate with another in a li- 
gand-dependent manner. Functional acti- 
vation of the complex was assessed by the 
induction of tyrosine phosphorylation of 
gp130 and LIFRP (14). In cells transfected 
with gp130 and LIFRP, LIF triggered their 
association and tyrosine phosphorylation, 
but CNTF did not (Fig. 1). In cells trans- 
fected with all three components, CNTF 
triggered the association of gp130 with both 
LIFRP and CNTFRa and induced tyrosine 
phosphorylation of gp130 and LIFRP (Fig. 
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