
Tsuj~moto, C. M Croce, Cell 49, 455 (1987)l w~th 
either a PGK-neo-poiyadenylate [poly(A)] cassette 
derived from pKJ-I [V. L. Tybulew~cz, C. E Craw- 
ford, P. K Jackson, R T. Bronson, R. C Muli~gan 
Cell 65 1153 (1991)l or a PGK-hyg-poiy(A) cas- 
sette ( 1  l ) ,  respectively. The targeting vectors con- 
tained 6.5 kb of homology 5' and 1 .I kb 3' of the 
drug-resstance marker The PGK-tk-poiy(A) cas- 
sette (V. L. Tybuiewicz etal., as above) was ligated 
Into a restriction site In a vector polyiinker at the 5' 
end of the insert E l 4  and D3 ES cell Ines were 
ma~ntained as described [E J. Robertson, Em- 
bryo-Derived Stem Cell Lines: Teratocarcinomas 
and Embryonic Stem Cells. A Practical Approach, 
E J. Robertson Ed (IRL Press, Oxford. 1987)l. A 
transfection was performed using pbKO-NEO, 
then homologous recombnants were further trans- 
fected w~th  pbKO-HYG G418 selection (300 pg l  
mi Gibco BRL Gaithersburg, MD) and gancyclo- 
vir selection (2 FM) at the frst-round transfection 
or G418 hygromycin B (150 kgimi; Sigma, St 
Louis. MO), and gancyciovr selection at the sec- 
ond-round transfection was started 24 hours later. 
Cell lvsate of the clones was used as a temolate for 
PCR amplf~catons w~th a bcl-2flank1ng pr~'mer (5'- 
ATTCGTTCTCTTTATACTACCMGG-3') and a 
PGK-promoter-specific primer (5'-TGCTAAAGCG- 
CATGCTCCAGACTG-3') Frequency of the homol- 
ogous recombnatlons was 25.7% wth pbKO-NEO 
at first-round transfection and 20.0% w~th pbKO- 
HYG at second-round transfecton. 
J. A. Ledbetter, J. W. Goding, T. T. Tsu, L. A. 
Herzenberg, lmmunogenetics 8, 347 (1 979). 
Thymocytes (4 x 1 07) from a knockout chimera or 
from a C57BV6 mouse (Ly-9.1- negative control) 
were mixed with magnetic beads coated with 
sheep antbodies to rat IgG (Dynai, Great Neck, 
NY) for 30 min on ice. After magnetc separaton, 
unbound thymocytes were mixed with anti-Ly-9.1 
(rat IgG,, mAb; PharMingen, San Diego, CA) for 
30 min on ice, washed twice, mixed with magnetic 
beads coated w~th  sheep anti-rat IgG for 30 min 
on ice then magnet~caliy separated Unbound 
celis were further processed as Ly-9.1- celis. The 
bound cells were resuspended and separated 

three more t~mes. The purity was estimated as 
>99%. DNA was prepared from the 3 x l o 6  
purifed Ly-9 1 - thymocytes or from the Ly-9.1- 
thymocytes p. Maniatis. E. F. Fritsch. J. Sam- 
brook, Molecular Cloning. A Laboratory Manual 
(Cold Spring Harbor Laboratory, Cold Spring Har- 
bor NY, 1982)l. RNA was extracted from 3 x 1 O6 
pur~fied Ly-9 1 + thymocytes or Ly-9.1- thymo- 
cytes by the APCG sngie-step method [P Chom- 
czynsk and N. Sacchi, Anal. Biochem. 162, 156 
(1987)l The resulting RNA preparation was then 
used as a template In a cDNA synthesis reaction 
using p(dN), random primers (Inv~trogen, San 
Diego, CA). Seral dliutions (fvefoid) of this cDNA 
were then used as templates for PCR ampl~fica- 
tlons, wlth prmers specific for the bcl-2 and the 
CD28 control. The PCR products were detected 
by hybridization of Southern transfers wth bcl-2or 
CD28-specif~c oligonucleotides (5'CAGCCTGA- 
GAGCAACCCAATG-3' or 5'-GTGGTAGATAGC- 
AACGAGGT-3' respectively) 
K.-i. Nakayama and D. Y Loh, unpublished ob- 
sewaton. 
J. Sprent, M. Schaefer, M. Hurd C. D. Surh, Y Ron, 
J. Exp. Med. 174, 717 (1991). M. Huesmann, B. 
Scott, P. K~sielow, H von Boehmer. Cell 66, 533 
(1991) 
S. W. Lowe. E. M Schm~tt, S. W. Smith B. A. 
Osborne. T. Jacks. Nature 362, 847 (1 993); A. R. 
Clarke et a/., ibid., p 849 
Assay was performed in 96-well, V-bottom plates 
(Costar, Cambrdge. MA) with 200 pi of RPMI-1640 
that contained 10% fetal calf serum (in triplicate). 
After the celis were harvested they were counted 
and staned for flow cytofluorometr~c analysis 
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Hynes for ES cell lines, H. Rayburn for techn~cal 
advice, A. Berns for the PGK-hyg-poly(A) cas- 
sette. and H. Nakauchi for helpful discussions. 
Supported by the Howard Hughes Medical insti- 
tute (D.Y.L, and F.W.A.). NiH grant Ai 15322 
(D.Y.L.). Uehara Foundation (1.N. and K.K.), and 
the Leukema Society of America (P J.L.). 

2 July 1993: accepted 25 August 1993 

immunoglobulin V,3 Gene Products: 
Natural Ligands for HIV gp 120 

Linda Berberianlk Lee Goodglick,* Thomas J. Kipps, 
Jonathan Braun? 

Infection with human immunodeficiency virus-type 1 (HIV-1) depletes T cells expressing 
CD4 and B cells expressing immunoglobulin (lg) VH3 gene products. A subpopulation of 
normal B cells from non-HIV-infected individuals was shown to bind to HIV gp120 by 
means of membrane Ig; most of these B cells expressed VH3 family lg. Serum VH3 IgM 
from uninfected individuals also avidly bound gp120. Finally, gp120 selectively induced Ig 
secretion by V,3 B cells, indicating that the binding of gp120 functionally activated these 
cells. These results indicate that naturally occurring VH3 Ig is a second ligand for gp120 
and a candidate superantigen for VH3 B cells. 

Acquired immunodeficiency syndrome T cells and B cells (1, 2).  CD4+ T cells are 
(AIDS) is characterized by dysfunction and selectively deleted as a result of a series of 
depletion of immune cells including CD4+ events initiated by the binding of HIV to the 

CD4 molecule by means of the viral enve- 

L. Berberan L. Goodgl~ck, J. Braun. Department of lope g1yc0protein gp12@ (3). The exact 
Pathology and Laboratory Medic~ne and Molecular mechanism by which binding leads to dele- 
Biology Institute, Unversity of California. Los Angeies, tion of this population is H ~ ~ ~ ~ -  
CA 90024 
T. J. Kipps, Department of Medicine, Un~vers~ty of er* have been proposed, in- 
California at San Deao. La Jolia CA 92093. cluding direct cytotoxicity (4), gpl20-in- - , 

"These authors contributed equally to the study. duced -polyclonal' apoptosis ( 5 ) ,  and oligo- 
tTo whom correspondence should be addressed, clonal superantigen-mediated deletion (6). 

We reported a clonal deficit of B cells 
bearing rearranged Ig VH3 genes in individ- 
uals with AIDS (7). VH3 is the largest 
family of Ig heavy chain variable regions 
consisting of 30 or more related gene seg- 
ments (8). Analogous to the situation with 
CD4+ T cells, a model for VH3 B cell 
depletion could involve direct binding of 
HIV to this B cell population. We therefore 
examined whether HIV gp120 bound to a 
subpopulation of normal B cells. Mononu- 
clear cells were obtained from fresh tonsil 
tissue from subjects aged 2 to 14 years as 
described (9). All of these patients were 
seronegative for HIV. Tonsil cells were 
incubated with recombinant gp120 from 
HIV- lSF2 [expressed in Chinese hamster 
ovary (CHO) cells], stained with antisera 
to HIV-I,,, gp120 and lineage-specific 
markers, and analyzed by flow cytometry 
(10). In all eight subjects, 3 to 6% of the B 
cell population (CD19+) bound gp120 
(Fig. 1A). T cells in the tonsil served as an 
internal control for gp120 binding. As ex- 
pected, 68% of the T cell (CD19-, CD3+) 
population bound gp120, consistent with 
the known abundance of CD4+ T cells 
(Fig. 1A). In some experiments, tonsils 
were initially depleted of T cells by eryth- 
rocyte rosetting (9). This procedure did not 
diminish the population of CD19+ cells 
binding gp 120. 

Although normal B cells do not express 
CD4, it was conceivable that this small 
population of B cells might express this 
molecule. However, we were unable to 
detect CD4 on the surface of CD19+ tonsil 
cells (i  1). Furthermore, pretreatment of 
tonsil cells with Leu3a, an antibody to CD4 
(anti-CD4) that blocks the binding of 
gp120 to CD4 (12), completely inhibited 
gp 120 binding by tonsil T cells (Fig. 1B). In 
contrast, Leu3a did not inhibit binding of 
gp120 to the subpopulation of CD19+ cells 
(Fig. lB), demonstrating that gp120 did 
not bind to the B cells by means of CD4. 
Consistent with these results, we observed 
that a similar B cell subpopulation also 
bound nonglycosylated HIV- I,,, gp 120 
produced in yeast (1 I ) ,  a form of gp120 that 
does not bind to CD4 (I 3). 

We postulated that gp120 bound to these 
normal B cells by means of membrane Ig. To 
address this idea, we selectively removed cell 
surface Ig by pretreating tonsil cells with 
antibodies to K and A Ig light chain (anti-K 
and anti-A) before the gp120 binding assay. 
Endocytosis of membrane Ig with antibody 
to Ig decreases surface Ig by > 90% (1 4) ; in 
the present experiments, such treatment re- 
moved 94% of membrane IgD (Fig. 1C). 
After removal of membrane Ig, a corre- 
sponding amount of gp120 binding was lost 
(Fig. ID), indicating that gp120 binding was 
associated with membrane Ig. 

To determine whether the B cells that 
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Fig. 1. (A) Detection of a minor population of A B 
CD19+ gpl20-bindlng cells Mononuclear h u -  
man tonsil cells were sequent~ally stained w~th ,$ 
HIV-IsF2 gp120 ( lo ) ,  goat antibody to gp120 iIQ swine anti-goat IgG-PE, and anti-CD19-FITC 
Bound to gp120 were 4% of B cells (CD1gf) & 
and 68% of T cells (CD19-). Sta~ning w~th anti- 
body to CD20 and antibody to CD3 confirmed 
the ~dent~ty of these cell types (CD2OflCD3- CD19 (FlTC) CD19 (FITC) 

and CD20-/CD3+, respectively) (31). Repre- 8 300 

sentative of eight subjects (B) Effect of anti-CD4 
pretreatment on gp120 bindlng Tons11 cells 3 200 

were pretreated with Leu3a (32 ng, 30 min at 
4"C), washed, then stained as in (A). T cell 100 

binding to gp120 (upper left quadrant), B cell I 
b~nd~ng to gp120 (upper right quadrant). Repre- O 

sentatlve of three experiments. (C and D) Effect ground treated anti-di. ground treated anti-di. 

of membrane lg endocytosis on gp120 binding. Tonsil cells were pretreated w~th anti-human K and X 
l~ght cha~n to elic~t membrane lg endocytos~s then washed and sta~ned for CD19 and either 
membrane IgD (C) or gp120 binding (D) .  Values are the mean fluorescence calculated from flow 
cytometric data on gated CD19+ cells. Background staining was determined with fluorochrome- 
labeled isotype control antibodies. Representative of three experiments. 

bound gp120 expressed VH3 Ig, we utilized 
four antibodies to the VH3 idiotype (anti- 
idiotype), B6, D12, BK2, and 1616 (1 @, 15). 
Together, these antibodies recognize about 
11 germline-encoded VH3 gene products 
(8). A n  overabundance of VH3 idiotope- 
positive B cells was detected in gpl20-bind- 
ing B cells, and these four idiotopes alone 
accounted for 77% of the gpl20-binding B 
cell population (Table I) .  In contrast, this 
population did not include cells positive for 
G6 (Table I ) ,  an antibody to an idiotope for 
a subset of VH1 gene products (1 5).  

For conhr~nation of the identity of this 
population of B cells, we examined the 
binding of gp120 by tonsil mantle zone B 
cells immortalized with the Epstein-Barr 
virus (EBV) (1 6). The EBV-immortalized B 
cells were stained ui th gp120 (1.51'0 
gp120+ cells) and sorted by a fluorescence- 
activated cell sorter (FACS) into gp120- 
binding and gpl20-nonbinding popula- 
tions. The gp 120-binding phenotype of 
these sorted populations remained stable 
after expansion for 3 weeks in  culture: the 
gpl20-nonbinding population still did not 
bind gp120, whereas 71% of the gp120- 
binding population remained gp120+ (18% 
brightly, 53% more dimly) (Fig. 2). EBV- 

Fig. 2. The b~ndlng of $ 
gp120 by FACS-sort- E 
ed EBV-~mmortal~zed z- 
B cells EBV-~mmortak zbbhi , - 
Ired mantle zone tons11 $ 
cells were FACS-sort- 3 ; " ed Into gpl20-blndlng 

102 103 104 and gpl20-nonb~nd- ~ ~ ~ 1 2 0  (PE) 
Ing populat~ons and 
then reanalyzed after expanslon ~n culture for 3 
weeks (16) The fluorescence h~stogram for sort- 
ed gp120+ B cells IS shown by the sol~d l~ne The 
gp120- B cells or background stalnlng (all re- 
agents except gpl20) were d ~ m  and superlmpos- 
able both are shown by the st~ppled l~ne 

immortalized tonsil germinal-center cells 
lacked detectable binding to gp120 ( I  I ) ,  
consistent with the normal deficit of VH3 B 
cells at this location (9). 

The preceding experiments suggested 
that an Ig prevalent in  normal individuals 
was capable of binding to gp120. T o  direct- 
ly test this idea in a cell-free system, we 
evaluated binding of soluble Ig to gp120 
with an enzyme-linked i~nmunosorbent as- 
say (ELISA) (1 7). Serum was collected 
from normal, seronegative individuals with 
no history of HIV contact (18). We ob- 
served a dose-dependent binding of serum 
IgM to gp120 (Fig. 3A). There was signif- 
icant binding to gp120 with as little as 5 to 
10 ng of serum IgM. Binding by IgM was 
about 10 times the binding by IgG (Fig. 
3A). We obtained similar results when we 
used a colnmercially available ELISA plate 
to detect antibodies against a total HIV-1 
lysate (Retro-tek HIV- 1 ELISA kit). With 
this ELISA plate, binding was readily de- 
tectable for normal serum IgM, but not for 
IgG; IgG is the isotype routinely assayed by 
this kit (1 I). 

We analyzed gp120 binding by IgM ftac- 
tions that had been enriched or depleted of 
VH3 Ig by means of Stuphylococcus aureus 

Table 1. Predominsnce of VH3 idiotopes in 
gpl20-binding B cells. Tonsil B cells from nor- 
mal subjects were sta~ned for CD19, gp120, and 
V,3. VH1, or VKllla idlotopes then analyzed by 
flow cytometry, gating on either all CD19+ cells 
(all B cells) or CD19+ gpl20-b~ndlng cells 
(gp120f B cells) (10) An example of one rep- 
resentative V reglon recognized by the anti- 
Idiotope is shown in parentheses. Results of one 
exper~ment are shown: similar results were ob- 
ta~ned in three separate experiments. 

V family Anti- Percent Percent 

(represent- of all of 

at~ve gene) idiotope cells gp120+ 
B cells 

V,3 (V,26) 1616 16 26 
V,3 ( 1 9/14 B6 and 12 46 

Dl 2 
V,3 (9-1) B K2 3 5 
",I G6 2 5  < 0 1  

(humvhl051) 
Vnllla IV 6 8 <O 1 

(humvk328) 

protein A. In addition to its well-known 
binding domain for IgG constant regions, 
protein A contains a second distinct do- 
main that binds to a conserved VH peptide 
present in  most VH3 Ig (1 9). Normal serum 
was first d e ~ l e t e d  of IeG with ~ r o t e i n  G - 
beads then fractionated with a protein A 
column (20). The gp 120-binding activity of 
IgM was enriched in the protein A-bound 
fraction and depleted in  the unbound frac- 
tion (Fig. 3A). It was significant that the 
IgM from the protein A-bound fraction 
avidlv bound 90120 from different HIV ". 
strains and different recombinant expres- 
sion systems (2 1).  This pattern distinguish- 
es them from the strain-specific antibodies 
present in HIV seropositive individuals. In 
addition, binding of both glycosylated and 
nonglycosylated gp120 indicated that the 
recognized epitope was peptide encoded. 

To  examine the binding of a monoclo- 
nal IgM to gp120, we utilized a set of 
monoclonal IgM purified from sera of pa- 
tients ui th  Waldenstrom's ~nacroglobulin- 
emia, a clonal lnalignancy of IgM-secreting 
B cells (22). Monoclonal IgM from patient 
HEA (VH3, VK3) bound gp120 with a 

Fig. 3. B~nding of soluble Ig to 1.5 
gp120. B~ndlng of lg to HIV-I,,, 
rgp120 was measured by ELISA d 1.0 (17). (A) Normal serum assayed 5 
with ant~body to IgM (open circles) g 
or antibody to IgG (closed c~rcles). 1 0.5 
Representative of sera from e~ght 
ind~v~duals IgG-depleted normal 
serum lg was separated Into frac- 0 

Serum lg (ng) 
0 20 40 60 80 100120 0 20 40 60 80 100 

tions enriched (closed boxes) or Monoclonal IgM (ng) 
depleted (open boxesj for protein A 
blndlng (20). Representat~ve of three fractionation experiments (6) Monoclonal IgM binding to 
gp120. HEA (square); SMI (circle), and normal serum (triangle). In both figures values are the mean 
of tr~plicate determinations and error bars indicate standard dev~ations. 

SCIEh'CE VOL. 261 * 17 SEPTELIBER 1993 1589 



similar dose-dependence as serum IgM (Fig. 
3B); this IgM also bound to protein A (1 1). 
The binding affinity of HEA to glycosylated 
HIV,,, gp120 was determined by the meth- 
od of Friguet et al. (23) yielding a dissocia- 
tion constant (Kd) of 8.6 x M. In 
contrast, the monoclonal IgM SMI (VH1, 
VK3) did not bind gp120 (Fig. 3B) or 
protein A (1 1). 

Because VH3 Ig binds gp120, we predict- 
ed that gp120 should successfully substitute 
as a conventional membrane Ig ligand for 
the VH3-expressing B cell population. We 
cultured tonsil B cells in an established 
system that is responsive to direct mem- 
brane Ig stimulation (24) to test the func- 
tional consequences of gp120 binding. In- 
cubation of the tonsil B cells with gp120 
induced a striking increase in Ig secretion 
by D12+ VH3 B cells, comparable in mag- 
nitude to the stimulation induced by anti- 
body to IgD (anti-IgD) (Fig. 4). In con- 
trast, whereas IV.6+ VKIIIa B cells were 
responsive to anti-IgD, gp120 failed to in- 
duce Ig secretion over basal amounts. This 
unresponsiveness was consistent with the 
paucity of gpl20-binding B cells in this 
clonal subpopulation and was also notable 
because the abundance of IV.6 and Dl2 B 
cells in tonsil is similar (Table 1). 

In this study, we have identified a sec- 
ond cellular ligand for gp120. The binding 
of gp120 to naturally occurring Ig has sev- 
eral features resembling a superantigen in- 
teraction. T cell superantigens characteris- 
tically bind to the P chain of the T cell 
receptor (TCR) and to major histocompat- 
ibility complex class I1 proteins outside the 
antigen-binding groove (25). Binding of a 
superantigen is also correlated with an ini- 
tial stimulation and subsequent depletion of 
a relatively large population of T cells that 
express specific TCR P chains (25). The 
idea of superantigens for B cells has been 
proposed from the observed VH-specific 
binding of S. aureus bacterial toxin protein 

Fig. 4. lg secretion by 3 
D12+ B cells stimulat- $15 
ed with gp120. Puri- @ 
fied tonsil B cells were ;lo 
cultured on mitomy- 
cin-treated CDw32 L 5 5 

cells for 6 days in a T 5 
cell-independent sys- 
tern supplemented =I V ~ 3  V~ l l la  (lv6) 
with recombinant hu- 
man interleukin-4 (3 nglml) and mAb to CD40 
G28-5 (50 nglml) as described (24). To some 
samples 100 ng of HIV-I,,, gp120 or anti-lgD 
(0.5 pglml) were added. We determined lg 
secretion by ELISA. Results are displayed as 
the fold increase above basal amounts (8.4 ? 

6.6 ng for D l2  and 1.1 2 0.3 ng for IV.6) of lg 
secretion. On gp120 stimulation, the D l2  de- 
tected 52% of the total lg secretion (basal 
amount of total lg = 34.0 -t- 8.0 ng). 

A (1 9) and certain autoantigens (26) and is 
consistent with the conserved structural 
motifs of framework regions in Ig families 
and clans (27). Analogous to these prece- 
dents, gp120 binds to a subpopulation of B 
cells sharing a restricted Ig V gene family 
(VH3) irrespective of light chain isotype 
(1 1). Although the VH3 genes detected in 
this population (homologs of 1.9111, VH26, 
and 9- 1 ) are highly diverse in their comple- 
mentary determining regions, they share 
conserved, surface-exposed peptide seg- 
ments in FR1 and FR3. This observation 
provides further evidence for the hypothe- 
sized role of these sites as an alternate 
antigen-binding site on the Ig molecule 
(27) possibly with multireactive features 
(28). Functionally, binding of gp120 acti- 
vates VH3 B cells in vitro. In AIDS pa- 
tients, there is a clonal deficit of VH3- 
expressing B cells; interestingly, this clonal 
deficit is preceded by an expansion of the 
VH3 B cell pool in earlier clinical stages of 
HIV infection (1 I ) ,  indicating that the 
seemingly polyclonal B cell stimulation that 
accompanies HIV infection (29) preferen- 
tially involves the VH3 B cell population. 

These findings may be relevant to HIV 
pathogenesis. The immunologic sequelae of 
receptor-mediated binding of HIV or solu- 
ble gp120 to the relatively large VH3 B cell 
population may contribute to HIV-associat- 
ed B cell derangements. Furthermore, ini- 
tial studies indicate that VH3-enriched IgM 
from non-HIV-infected individuals is neu- 
tralizing for HIV infection of T cells in a 
serum-free in vitro assay (1 1); in vivo, the 
concentrations of anti-gpl20 IgM and VH3 
IgM correlate with the clinical stage of HIV 
infection (1 1). These findings suggest a role 
for serum VH3 IgM in the course of HIV 
infection and, consequently, the potential 
importance of considering VH3 B cells in 
strategies for HIV vaccine development. 
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IRS- 1 : Essential for Insulin- and IL-4-Stimulated 
Mitogenesis in Hematopoietic Cells 

Ling-Mei Wang, Martin G. Myers, Jr., Xiao-Jian Sun, 
Stuart A. Aaronson, Morris White, Jacalyn H. Pierce* 

Although several interleukin-3 (IL-3)-dependent cell lines proliferate in response to IL-4 or 
insulin, the 32D line does not. Insulin and IL-4 sensitivity was restored to 32D cells by 
expression of IRS-I, the principal substrate of the insulin receptor. Although 32D cells 
possessed receptors for both factors, they lacked the IRS-I-related protein, 4PS, which 
becomes phosphorylated by tyrosine in insulin- or IL-4-responsive lines after stimulation. 
These results indicate that factors that bind unrelated receptors can use similar mitogenic 
signaling pathways in hematopoietic cells and that 4PS and IRS-1 are functionally similar 
proteins that are essential for insulin- and IL-4-induced proliferation. 

Insulin receptor substrate-1 (IRS-1) is a 
hydrophilic protein that undergoes tyrosine 
phosphorylation immediately after insulin 
stimulation (1). It contains 20 phosphoryl- 
ation sites for tyrosine and 30 for threonine 
and serine but possesses no apparent identity 
with other known proteins (2, 3). Tyrosine- 
phosphorylated sites within IRS-1 associate 
with high affinity to cellular proteins that 
contain Src homology 2 (SH2) domains, 
including phosphatidylinositol (PI)-3 ki- 
nase, growth factor receptor-bound protein 
2 (GRB2) (Sem-5), and SH2-containing 
protein tyrosine phosphatase-2 (SH-PTP2) 
(2, 4-6). PI-3 kinase is activated when the 
SH2 domains in its 85-kD regulatory subunit 
(p85a) bind to tyrosine-phosphorylated 
IRS-1 (7, 8). Overexpression of IRS-1 .in 
CHO cells enhances insulin- and insulin- 
like growth factor (IGF-1)-stimulated mito- 
genesis, and microinjection of recombinant 
IRS-1 into Xenopus oocytes mediates insu- 
lin-stimulated oocyte maturation (9). Insu- 
!in receptor mutants that are defective for 
mitogenic signaling are also incapable of 
inducing IRS- 1 phosphorylation (2, 10). 
Although these studies imply that IRS-1 is a 
component of the insulin signaling pathway, 
they do not provide direct evidence that 
expression of this protein is required for 
insulin action. 

Although the IL-3-dependent myeloid 
progenitor cell lines FDC-P1 and FDC-P2 

do not express IRS-1, in these cells IL-4, 
insulin, and IGF-1 stimulate potent tyro- 
sine phosphorylation of a protein, designat- 
ed 4PS (IL-+induced phosphotyrosine sub- 
strate) (1 1, 12). This substrate behaves like 
IRS-1 in that it strongly associates with 
p85a of PI-3 kinase after factor stimulation 
and migrates at 165 to 175 kD during 
SDS-polyacrylamide gel electrophoresis 
(1 1, 12). The 4PS protein is weakly recog- 
nized by a polyclonal antibody directed 
against IRS-1, and the phosphopeptide pat- 
terns generated by V8 digestion of the two 
proteins are similar but not identical (1 1). 
The concentrations of insulin and IL-4 
required to induce mitogenesis in the FDC 
lines correlate with those needed to stimu- 
late tyrosine phosphorylation of 4PS, which 
suggests that this IRS-1-like substrate 
might participate in IL-4- and insulin-me- 
diated signal transduction in hematopoietic 
cells. 

The 32D line has a myeloid progenitor 
phenotype and is IL-3-dependent like the 
FDC lines (13), but 32D cells did not 
proliferate upon exposure to IL-4 or insulin. 
Induction of DNA synthesis by IL-4 in 32D 
cells was negligible, and insulin had no 
detectable mitogenic effect at any concen- 
tration tested (Fig. 1). In contrast, IL-4 and 
insulin induced efficient DNA synthesis in 
the FDC-P2 line (Fig. 1). Receptor expres- 
sion was examined by saturation binding 
assav: 32D cells had -1200 IL-4 and -500 
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