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Interleukin (IL)-3, granulocyte-macrophage colony-stimulating factor, and IL-5 receptors 
(IL-3R, GMR, and IL-5R) are composed of  the a chain specific to each and the common [3 
chain, and both the a and [3 subunits are members of the cytokine receptor superfamily. We 
previously showed that the high-affinity human GMR reconstituted by cotransfecting the a and 
[3 chain cDNA clones transduces signals in response to hGM-CSF to activate transcription of  
c-fos, c-jun, and c-myc proto-oncogenes in mouse proB cell line BA/F3 or in mouse fibroblast 
NIH3T3 cells. These results indicated that molecules, such as tyrosine kinase, unique to 
hematopoietic cells are not essential to transduce signals. In this study, the function of the a 
subunit of GMR was compared with those of IL-3R and IL-5R by cotransfecting human 
cDNAs encoding the a subunit of  IL-3R or IL-5R and the common [3 subunit into BA/F3 or 
NIH3T3 cells. We found that the reconstituted human IL-3R, in response to hIL-3, transduced 
signals to activate transcription of c-fos promoter and induced DNA synthesis in both types of 
cells in a manner similar to hGMR. Likewise, hlL-5 activates c-fos promoter in transfected 
NIH3T3 cells expressing hIL-5R. These results indicated that the a subunits of IL-3R and 
IL-5R have properties similar to those of the GMR a subunit. In contrast, transfected human 
IL-4 receptor (hlL-4R) eDNA, which weakly activated c-fos promoter and induced DNA 
synthesis in BA/F3 cells, failed to elicit these activities in NIH3T3 cells in response to hIL-4. It 
is likely that NIH3T3 cells lack some component or components required for signal 
transduction by hIL-4R. (J ALLEI~aV CLIN IMMUNOL 1994;94:605-11.) 
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G r a n u l o c y t e - m a c r o p h a g e  co lony- s t imu la t ing  
factor  (GM-CSF)  and interleukin (IL)-3 act on  a 
wide variety of  hematopoie t ic  cells to stimulate 
prol i ferat ion and differentiation. 1'2 In  contrast ,  
the act ion of  1L-5 is more  restr icted and acts 
mainly on eosinophils,  some B cells, and baso- 
phils. 3'4 IL-3 and G M - C S F  act in a species-spe- 
cific manne r  be tween  mice and h u m a n  beings, 
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whereas  activities of  mouse  (m)IL-5 and h u m a n  
(h)IL-5 are interchangeable.  Molecular  cloning of  
c D N A s  encoding IL-3 receptor  ( IL-3R)  and GM-  
CSF receptor  ( G M R )  has revealed that  these two 
receptor  systems have the eL chain specific to each 
and the c o m m o n  [3 chain bo th  in the h u m a n  and 
the mouse  systems. 5 I t  was also shown that  the 
same [3 chain associates with the IL -5R  eL chain to 
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FIG. 1. Scheme for two distinct signal transduction path- 
ways controlled by the hGMR 13 subunit in BA/F3 proB 
cells. 

form the high-affinity IL-5R. The oL subunit of 
GMR, IL-3R, or IL-5R binds the specific ligand 
with low affinity. The ~ subunit does not bind any 
cytokine by itself but forms high-affinity receptors 
when complexed with the o~ subunits, In human 
beings only one 13 subunit common to GMR, 
IL-3R, and IL-5R has been recognized, whereas 
two distinct 13 subunits are found in mice (i.e., 
AIC2A, the 13 subunit for IL-3R, and AIC2B, the 
common [3 subunit [[3c] shared by GMR, IL-3R, 
and IL-5R. 6' 7 

GM-CSF or IL-3 induces mRNAs of several 
early response genes (e.g., c-fos, c-jun, c-myc), 
tyrosine phosphorylation of cellular substrates, 
and cell proliferation. Neither the a nor the 13 
subunit of IL-3R and GMR has structural fea- 
tures characteristic of a tyrosine kinase or a 
serine/threonine kinase domain, even though IL-3 
or GM-CSF induce rapid tyrosine phosphoryla- 
tion of several proteins including p140, p90, and 
p60 proteins. These results indicated that the 
tyrosine kinase activated by IL-3 or GM-CSF is 
distinct from IL-3R or GMR. In previous studies 
we have shown that both the a and 13 subunits are 
essential and sufficient to reconstitute high-affin- 
ity human (h)GMR on various mouse cell lines 
such as proB cell (BA/F3), T cell (CTLL2), and 
fibroblast (NIH3T3). 6"8 A BA/F3 cell prolifer- 
ates strongly in response to mIL-3 and weakly 
in response to mlL-4; however, CTLL-2 and 
NIH3T3 do not respond to either mIL-3 or 
mlL-4. Using tyrosine kinase inhibitors and cyto- 
plasmic deletion mutants of the 13c, we have 
shown that there are at least two distinct path- 
ways downstream of GMR in BA/F3 cells. 9' lo One 
is essential for proliferation, leads to c-myc and 
pim-1 gene activation, and is sensitive to herbimy- 

cin and genistein. Activation of this pathway de- 
pends on the cytoplasmic region between amino 
acid positions 455 and 517 of the 13c. The other, 
which leads to the activation of c-los and c-jun 
genes, depends on the region between amino acid 
positions 626 and 763 of the 13c. Activation of 
these genes is only partially sensitive to herbimy- 
cin, and is resistant to genistein. This region is 
also required for activation of ras, raf-1, MAP 
kinase, and p70 $6 kinase (Fig. 1). 

However, several important questions regarding 
the IL-3R/GMR/IL-5R system, such as the role of 
the eL subunit and the nature of the signals unique 
to each, remain unanswered. Inasmuch as the 
common signals are likely to be mediated by the 13 
subunit shared by all, the signals unique to each 
receptor may be mediated by the a subunit. How- 
ever, the structure of the active form of the 
receptors [i.e., (o~, 13), (a, 13)2, or other combina- 
tions] and the exact nature of the contribution of 
the o~ subunit in signalling are not clearly under- 
stood. In this study, we compared the properties 
of the eL subunits of the hIL-3R, hGMR, or 
hIL-5R by reconstituting a high-affinity receptor 
in a mouse proB cell line BA/F3 and the NIH3T3 
fibroblast after transfection of the cDNAs encod- 
ing the ~ and the 13 subunits. 

IL-4 is a cytokine that displays pleiotropic bio- 
logic effects. It functions as a costimulator of 
proliferation and differentiation of B cells, T cells, 
thymocytes, and mast cells; and it induces class II 
major histocompatibility antigens on resting B 
cells, stimulates IgG 1 and IgE secretion by acti- 
vated B cells, and regulates the expression of Fce 
receptors (CD23) and other cell surface mol- 
ecules on B and T cells. 1 The signal transduction 
pathway for IL-4 receptor (IL-4R) remains un- 
clear. In human B cells IL-4 has been shown to 
induce an immediate and transient rise in inositol 
1, 4, 5-triphosphate and Ca 2+ levels, followed by a 
sustained elevation of cAMP. Inositol 1, 4, 
5-triphosphate mobilizes an intracellular store of 
calcium and diacylglycerol, which is an activator 
of protein kinase C. In mouse B cells costimula- 
tion with IL-4 and nonmitogenic concentration of 
anti-IgM antibody induces protein kinase C trans- 
location from cytosol to membrane and drives 
resting B cells to DNA synthesis, whereas stimu- 
lation by either of them alone does not. IL-2, 
IL-3, or GM-CSF activates ras protein, whereas 
IL-4 has no effect on ras-bound guanosine diphos- 
phate/guanosine triphosphate. 11 Protein tyrosine 
phosphorylation is induced by IL-4 in the mouse 
T-cell line HT2,12 myeloid cell lines FDC-P1 and 
FDCP2, la and B cells. 14 However, no changes in 
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FIG. 2. A, Signal transduction by high-affinity hGMR reconstituted in BA/F3 cells and NIH3T3 
cells. B, Protocol for transient transfection assay of c-fos luciferase activity. 

phosphorylation have so far been detected in 
human cell lines, and IL-4, rather, caused rapid 
dephosphorylation from tyrosine residues of an 80 
kd phosphoprotein. 15 Deletion analysis of the cy- 
toplasmic domain of the hlL-4R in BA/F3 cells 
revealed that the region located between amino 
acid residues from 433 to 473 (counted from the 
C-terminus) is critical for cell growth. 16 Only few 
reports describe the induction of early response 
genes by IL-4 in mouse B cells. 17 These results 
indJLcate that the nature of the intracellular signals 
induced by IL-4R is substantially different from 
the nature of those induced by GMR. In this 
study, we also compared the properties of hlL-4R 
with those of hGMR, hlL-3R, and hlL-5R in 
hematopoietic cells and fibroblasts. 

EXPERIMENTS 
Activation of early response genes and 
proliferation by hGM-CSF in NIH3T3 cells 
transfected with hGMR 

GM-CSF plays a critical role in growth and dif- 
ferentiation of myeloid cells. High-affinity hGMR 
reconstituted in a proB cell line, BA/F3, by 
cotransfecting the a and [3 chain cDNAs was 

capable of transducing growth-promoting signals. 
It has been assumed that GMR requires a com- 
ponent or components unique to hematopoietic 
cells for signal transduction. However, by using 
NIH3T3 fibroblasts, which normally do not ex- 
press GMR, we found that the reconstituted 
hGMR transduces signals in NIH3T3 cells in 
response to hGM-CSF to activate transcription of 
c-fos, c-jun, and c-myc proto-oncogenes, hGM- 
CSF also induces protein tyrosine phosphoryla- 
tion and DNA synthesis in both cell types. The 
ability of hGMR to transduce signals was affected 
by inhibitors of tyrosine kinase. 9 These results 
indicated that the hGMR is functional in fibro- 
blasts, that signal transduction via the hGMR in 
fibroblasts involves tyrosine kinase(s), and that 
the association of hGMR with factor(s) specific to 
hematopoietic cell lineage is not essential to 
transduce growth-promoting signals (Fig. 2, A). 8 

hlL-3 or hlL-5 activates c-fos promoter in 
NIH3T3 cells expressing hlL-3R or hlL-5R 

The ability of the a subunit of hlL-3R or 
hIL-5R to transduce growth-promoting signals 
was compared in the same manner as of hGMR in 
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FIG. 3. Act ivat ion of c-fos promoter  by hlL-3, hlL-5, or 
hGMR in NiH3T3 f ibrobiasts transfected wi th the common 
13 subunit and the c~ subunit  o fh lL-3R (A), hlL-5R (B), and 
hGMR (C). The cDNA encoding the a subunit of hlL-3R, 
hlL-5R, or hGMR; the cDNA encoding the common 13 
subunit  (13c); and c-los promoter- luc i ferase reporter plas- 
mid were introduced into NiH3T3 cells by a transient 
transfection method. The cells were harvested, and lu- 
ciferase act ivi ty was determined as described previously. 8 

transient transfection assay. For this purpose, we 
cotransfected cDNA encoding the a subunit of 
hIL-3R, hIL-5R, or hGMR with the [3 subunit 
cDNA into NIH3T3 cells. After transfection, cells 

were cultured overnight in medium containing 
10% fetal calf serum (FCS), depeleted of FCS 
(0.2%) for 24 hours, and then stimulated with 
appropriate cytokine as indicated. After 5 hours, 
cells were harvested and assayed for luciferase 
activity (Fig. 2, B). We found that the high-affinity 
hIL-3R and hlL-5R, similar to hGMR, are ca- 
pable of activating c-los promoter linked to lu- 
ciferase reporter gene in NIH3T3 cells (Fig. 3) 
when saturated amounts of the 13 chain cDNA 
(5 mg for 4 x 106 cells) and hIL-3 (10 ng/ml) or 
hlL-5 (5 ng/ml) were used. The level of luciferase 
activity increased in a manner dependent on the 
amount of the a subunit DNA transfected. Under 
the standard assay conditions in NIH3T3 cells 
(4 x 106 cells), the amounts of the o~ subunit 
cDNA required to achieve maximum expression 
of the luciferase reporter gene were 2 mg, 5 mg, 
and 1 mg for hIL-3R (Fig. 3,A), IL-5R (Fig. 3, B), 
and GMR (Fig. 3, C), respectively. 

hlL-3 induces proliferation of NIH3T3 cells 
expressing high-affinity hlL-3R 

BA/F3 cells extensively proliferate in response 
to mlL-3, and likewise, hlL-3 stimulates DNA 
synthesis of BA/F3 cells expressing high-affinity 
hlL-3R (unpublished data). We next attempted to 
determine whether hlL-3 induces proliferation of 
NIH3T3 cells expressing high-affinity hlL-3R. We 
used stable transfectants of NIH3T3 fibroblasts 
expressing both high-affinity hlL-3R and hGMR. 
Cells were depleted of FCS for 24 hours, then 
exposed to hIL-3, hGM-CSF, or FCS; and the 
amount of tritiated-thymidine incorporated into 
DNA was determined. We found that hlL-3 in- 
duced cell proliferation in a manner similar to 
hGM,CSF. The extent of proliferation was 
slightly higher than that induced by hGM-CSF but 
loWer than that induced by FCS (Fig. 4). 

The ~ subunit of hlL-3R or hlL-5R has a 
function similar to that of hGMR 

Taken together, these results indicate that the 
high-affinity hIL-3R and hIL-5R reconstituted in 
NIH3T3 cells are functional and transduce signals 
similar to the reconstituted high-affinity hGMR. 
No significant difference was found among the oL 
subunits of GMR, IL-3R, and IL-5R in their 
ability to activate c-los promoter. Therefore it 
appears that NIH3T3 fibroblasts, like myeloid 
cells, contain signal-transducing molecules that 
can effectively interact with GMR, IL-3R, and 
IL-5R. Others reported that hGMR was capable 
of initiating signal transduction but did not induce 
significant proliferation in transfected NIH3T3 
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FIG. 4. Induction of cell proliferation by hlL-3 or hGM-CSF 
of NIH3T3 cells stably transfected with the common 
subunit and the a subunits of hlL-3R and hGMR. The 
plasmids that had neomycin and hygromycin genes and 
cDNAs encoding the a subunits of hGMR, hlL-3R, and the 
common 13 subunit were introduced by the calcium phos- 
phate method into NIH3T3 cells. The cells stably trans- 
fected with both hlL-3R and hGMR were selected with 0.6 
mg/ml G418 and 0.6 mg/ml hygromycin, e 

cells. 18 The reason for this discrepancy is unclear, 
but it is possible that the level of either the 
hGMR a subunit or the hGMR [3 subunit ex- 
pressed on stable transfectant was below the 
threshold required for cell growth, even though 
hGM-CSF induced c-fos and c-myc mRNAs and 
protein tyrosine phosphorylation. 

Role of the ~ subunits of GMR, Ik-3R, 
and IL-5R 

Deletion analyses have indicated that the cyto- 
plasmic domains of both (x and 13 subunits were 
required for GMR signal transduction. 9"1° We 
further analyzed the role of the cytoplasmic do- 
mains of the a and (3 subunits by constructing 
chimeric subunits of hGMR. Both subunits, 
hGMR(od[3) and hGMR([3/a), were generated by 
replacing the cytoplasmic domains of the a and 
subunits of hGMR with those of the ~ and a 
subunits, respectively. Reeonstitution studies have 
indicated that the high-affinity hGMR(a/[3,~) 
composed of the oL/[3 and 13 subunits, which carries 
no ,~Drtoplasmic portion of the ~ subunit, was 
functional. 19 Thus the cytoplasmic domain of the 
[3 subunit is sufficient to transduce growth-pro- 
moting signals, and the cytoplasmic domain of the 
e~ subunit is capable of forming a functional 
hGMR. On the basis of these observations, we 
proposed the following events for the activation of 
hGMR. First, hGM-CSF induces heterodimeriza- 
tion of the a and [3 subunits. Second, oligomer- 
ization of this ternary complex results in forma- 
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FIG. 5. Stimulation of cell proliferation by hlL-4 of BA/F3 
proB cells expressing hlL-4R, hlL-4R cDNA and the neo- 
mycin gene were introduced into BA/F3 cells, and cells 
stably transfected with hlL-4R cDNA were selected with 
0.8 to 1.2 mg/ml G418. Several independent clones were 
examined for their ability to grow in response to hlL-4. 

tion of the oligomeric [3 subunit. It is likely that 
the cytoplasmic domain of the a subunit is re- 
quired to support oligomerization of the [3 sub- 
unit. Third, growth-promoting signals are trans- 
duced through the cytoplasmic domain of the [3 
subunit in oligomeric form. If this is found to be 
the case, the results described in this article sug- 
gest that the cytoplasmic domains of the oL sub- 
units of GMR, IL-3R, and IL-5R have abilities in 
common to support oligomerization of the [3 sub- 
unit. This does not exclude the possibility that the 
cytoplasmic domains of the (x subunits of these 
receptors have functions unique to each. 

hlL-4 activates c-fos promoter and induces 
DNA synthesis in BA/F3 cells but not in 
NIH3T3 cells expressing hlL-4R 

Next, we examined signal transduction by hIL-4 
in BA/F3 ceils and NIH3T3 cells transfected with 
hlL-4R eDNA. In a transient transfection assay, 
hlL-4 weakly activated the c-los promoter trans- 
fected with hlL-4R eDNA in BA/F3 ceils (data  
not shown). BA/F3 cells proliferatd weakly in 
response to raiL-4. The ability of hIL-4R to 
promote cell proliferation in response to hIL-4 
was determined with several stable transfectants 
of BA/F3 cells expressing hIL-4R. All of the 
transfectants expressing hIL-4R proliferated in 
response to hlL-4 (Fig. 5: clones 1, 3, 4, 8). The 
extent of proliferation varied considerably be- 
tween clones. Some BA/F3 cells transfected with 
hIL-4R eDNA (Fig. 5, clone 2) but did not ex- 
press hIL-4R and failed to proliferate as ex- 
pected. Interestingly, in contrast to the hGMR 
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system, h lL-4  nei ther  activated c-fos promote r  
(Fig. 6, A) nor  induced D N A  synthesis (Fig. 6, B) 
in N I H 3 T 3  fibroblasts stably t ransfected with 
h l L - 4 R  c D N A .  hlL-4 also did no t  st imulate c-los 
promote r  in N I H 3 T 3  cells expressing h l L - 4 R  in a 
t ransient  t ransfect ion assay (data  not  shown). 
These  results suggest that  N I H 3 T 3  cells lack a 
certain componen t ,  which is present  in BA/F3 
cells and is required for signal t ransduct ion  by 
h lL-4R.  Alternatively, some inhibitor for signal 
t ransduct ion of  h l L - 4 R  exists in N I H 3 T 3  cells, 
which is absent  in BA/F3 cells. I t  should be  no ted  
that  we, as well as others,  z°" 2~ have recently shown 
that  I L - 4 R  and IL -2R  share the IL -2R  y subunit  
to suppor t  prol i ferat ion of  T cells. There fo re  it is 
tempt ing  to speculate tha t  one  of  the missing 
componen t s  in N I H 3 T 3  cells for  h l L - 4 R  signaling 
is the h l L - 2 R  y subunit.  In  BA/F3 pro-B cells, 
h l L - 4 R  may interact  with the m l L - 2 R  7 subunit  

to  fo rm an h l L - 4 R  complex with higher  affinity 
for the ligand. However,  h lL-4  was unable  to 
activate c-los promote r  in N I H 3 T 3  cells express- 
ing both  the h lL-4 and the h l L - 2 R  y subunit  
(Chen  et al. Unpubl i shed  results). I t  has also been  
suggested that  I L - 4 R  and IL-13R have some com- 
ponen t  or  componen t s  in common,  22 a l though the 
exact relat ionship be tween  the I L - 4 R  and the 
IL-13R systems is yet  to be  clarified. These  re- 
suits, along with the studies on IL-4-assoc ia ted  
proteins,  suggest that  the molecular  composi t ion 
o f  the I L - 4 R  system is complicated.  23' 2 4  Clearly, 
more  work  is necessary to elucidate the s tructure 
and funct ion of  the active form of  IL -4R  in 
various types of  cells. 
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