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Abstract

The Insulin Receptor (IR) mediates metabolic, mitogenic and
differentiation effects. IR exists in two isoforms (IR-A and IR-
B) generated by alternative splicing of exon 11. IR-A and IR-B
have different binding characteristics and activate partially dif-
ferent intracellular pathways. IR-A, but not IR-B, binds with
high affinity IGF-2, a potent mitogenic and anti-apoptotic cy-
tokine. IR-B is the prevalent isoform expressed in differentiated
cells while IR-A is predominant in fetal and cancer cells.

In this study, to evaluate the role of IR isoforms in cell growth
and differentiation via IRS-3, a recognized mediator of cell dif-
ferentiation, we co-transfected 32D murine hemopoietic cells
with IRS-3 and either IR-A or IR-B. Both isoforms, when ac-
tivated by insulin, were able to activate cell growth and differ-
entiation programs even in the absence of IL-3, an absolute re-
quirement for 32D cell survival. IR-B was much more effective
than IR-A for both functions. IGF-2, although activating IR-A as
expected, was not able to stimulate growth via IRS-3 and only
minimally differentiation. Finally, to stimulate growth via IRS-3
insulin required for both isoforms the activation of both the ERK
and the p70S6K pathways, while to stimulate differentiation the
activation of only one pathway was required. In conclusion, via
IRS-3, IR-B is much more active than IR-A and IGF-2 has no
biological effect even when activating IR-A.
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Introduction

The Insulin Receptor (IR), is a heterotetrameric transmembrane
glycoprotein with two o subunits and two 3 subunits, linked by
disulfide bonds. The insulin receptor exists in two isoforms gen-
erated by alternative splicing of exon 11: The A isoform is the
“short” form generated by exon 11 skipping, and is character-
ized by the absence of 12 amino acid residues at the carboxyl
terminus of the IR a-subunit; the B isoform is the “long” form
containing the 12 amino acid residues encoded by exon 11. The
two IR isoforms have different functional characteristics. The A
isoform (IR-A) is predominantly expressed in de-differentiated
tissues (like fetal and cancer tissues), whereas the B isoform (IR-
B) is predominantly expressed in differentiated tissues that are
typical target of insulin (fat, muscle and liver) [1-6]. In agree-
ment with these characteristics, we also reported that A isoform
is associated with osteoblast precursor proliferation, whereas the
B isoform is the predominant isoform in mature osteoblasts and
is directly related to the differentiation process [7].

Our group for the first time discovered that IR-A binds with high
affinity not only insulin but also IGF-2 [1-4], a mitogenic and
anti-apoptotic hormone produced in adult life by stromal cells
and by epithelial cancer cells. Moreover, the two IR isoforms
bind with different affinity insulin analogs, and activate some-
what differently signaling pathways [8-11]. We also observed
that IR-A activates different effectors depending on the stimu-
lating ligand (insulin or IGF-2) [1]. When stimulated by IGF-2,
IR-A activates proliferation and inhibits cell apoptotis via path-
ways that are similar to those activated via the IGF-1R [2-4].
Moreover, in the mouse embryo cells with a targeted disruption
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of the IGF-1R gene, IR-A but not IR-B, induces IRS-1 nuclear
translocation [12].

In order to further investigate the role of the two IR isoforms in
cell differentiation we now used a peculiar cell model already
studied for investigating the differentiation process [13-15]. 32D
cells are murine hemopoietic cells with an absolute requirement
for Interleukin-3 (IL-3), showing massive apoptosis upon IL-3
withdrawal [16,17]. Parental 32D cells express low levels of
both insulin and IGF-1 receptors, and do not express the Insulin
Receptor Substrates (IRSs) [13,18], a family of proteins down-
stream of the IR that are phosphorylated in response to insulin
but also to IGF-1, IGF-2 and other hormones and cytokines. The
32D cell model has been used in the past to investigate the spe-
cific IGF-1 and insulin signaling effects via IRSs.

IR overexpression in engineered 32D parental cells has little or
no effect on 32D cell survival after IL-3 withdrawal [18,19] but
survival can be obtained by the simultaneous expression of ec-
topic IRS-1 and IR [18,19]. This effect is present both in cells
expressing IR-A or IR-B [20]. In contrast, when IRS-1 is absent
differentiation is activated by insulin but only in 32D/IR-B and
not in 32D/IR-A cells. Even in the 32D/IR-B cells, however, dif-
ferentiation cannot be completed because cells do not survive
long enough without IL-3 [20].

To better investigate the process of cell differentiation and the
signaling pathways involved by the two IR isoforms we used
IRS-3, an additional and less studied component of the IRS fam-
ily, that is maximally expressed during the early phases of em-
bryonic development [21] and is believed to play a major role in
the differentiation process [22]. IRS-3 is prevalently expressed
in liver and fat of rodents [23] while in humans it is believed
to be less essential than IRS-1 and IRS-2. Its loss, therefore, is
tolerated for cell growth or differentiation [23,24].

We used IRS-3 to study the role of IR isoforms in cell differen-
tiation, because this molecule is a major mediator of cell differ-
entiation in mice [22].

We engineered 32D cells to express only IR-A or IR-B with
IRS-3 and stimulated with either insulin or IGF-2. In these cell
models we evaluated: 1) cell survival and growth after IL-3
withdrawal; 2) cell differentiation; 3) intracellular signaling
pathways involved in cell proliferation and differentiation.

Materials and Methods

Plasmids

Hemagglutinin tagged IRS-3 (pHA-IRS-3) was generated from
pcDNA3HA in which mouse IRS-3 was cloned in BamHI and
EcoRI containing the neomycin gene resistance.

The pNTK2 expression vectors containing the cDNA for either
IR-A (Ex11-) or IR-B (Ex11+) were kindly provided by Dr. Axel
Ullrich (Munich, Germany) [1].

Antibodies

The following antibodies were purchased by Santa Cruz Bio-
technology (Santa Cruz, CA, USA): rabbit polyclonal anti IR-f3
subunit, polyclonal anti-IRS-3 antibody, polyclonal anti-HA,
monoclonal anti She. The following antibodies were purchased
by Cell Signaling Technology (Beverly, MA, USA): monoclonal
anti-PY, monoclonal anti-HA, polyclonal anti-ERK, polyclon-
al anti-phospho-ERK, polyclonal anti-p70S6K, polyclonal an-
ti-pospho-p70S6K. Polyclonal anti Shc was purchased by BD
Biosciences (San Jose, CA, USA).

Cell lines

32D murine hematopoietic cell line clone 3 was stably trans-
fected with a plasmid expressing the mouse cDNA for IRS-3.
32D/IRS-3 cells were subsequently stably co-transfected with
either human IR-A or human IR-B and a plasmid carrying puro-
mycin resistance. All these cell lines were mixed populations.
Cells were grown in RPMI 1640 medium supplemented with
10% heat-inactivated fetal bovine serum (Thermo Fisher Sci-
entific, Waltham, MA, USA), 10% conditioned medium from
WEHI (mouse myelomonocytic cells) as a source of IL-3, 2 mM
L-glutamine (Sigma-Aldrich Co., Saint Louis, Missouri, USA),
and the required antibiotic to maintain the selective pressure
(600 pg/ml G418 for 32D/IRS-3, 600 pg/ml G418 plus 0.3 pg/
ml puromycin for 32D/IRS-3/IR-A and 32D/IRS-3/IR-B cells).
For brevity, the WEHI cell-conditioned medium will be referred
to as IL-3.

Transfection

Cells were transfected by electroporation. Briefly, 10x10° cells
were suspended in electroporation buffer, a mixture of HEPES
20 mM, NaCl 137 mM, KCl 5 mM, Na,HPO, 0.7 mM, D-glu-
cose 6 mM, buffered to pH 7.0. The plasmids containing the
IR-A or IR-B ¢cDNA (20 mg of DNA) were mixed with the cell
suspension and placed in a 4 mm-gap electroporation cuvette
(Bio-Rad, Hercules, CA, USA). Cells were electroporated at a
fixed capacitance of 960 pF and 0.32 kV using a Bio-Rad Gene
Pulser instrument. The electroporated cells were transferred to
75 cm? flask containing complete medium and placed in the in-
cubator. The medium was replenished after 24 h. The antibiotic
selection was added after 48 h.

mRNA isolation and reverse transcription-PCR for
IR isoform measurement

mRNA was extracted from cells with Trizol RNA isolation rea-
gent (Thermo Fisher Scientific). Total RNA (5 ng) was reverse
transcribed into cDNA using a thermoScript RT-PCR Kit (Ther-
mo Fisher Scientific). Synthesised cDNA was then combined in
a PCR reaction using forward and reverse primers as previously
described [8].
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Cell number and viability

Exponentially growing cells were washed 3 times with PBS
and seeded 5x10*ml in IL-3 free medium (RPMI-1640 medium
containing 10% heat- inactivated FBS) supplemented with 10
nM Insulin (Sigma-Aldrich Co) or 10 nM IGF-2 (Merck Mil-
lipore, Billerica, MA, USA) at the indicated times. To evaluate
the effect on cell growth of either PD98059, a ERK pathway
inhibitor (Merck Millipore), or LY294002, a PI3K pathway
inhibitor (Merck Millipore), exponentially growing cells were
treated at the indicated times with 10 nM insulin and either 50
UM of the ERK inhibitor or 20 pM of the PI3K inhibitor. At each
time point, viable cells were counted by trypan blue exclusion
[19,25].

Differentiation studies

Exponentially growing cells were washed 3 times with PBS and
seeded 5x10%ml in IL-3 free medium supplemented with 10 nM
of either Insulin or IGF-2 for 24 h. ERK or PI3K pathway inhibi-
tion studies were carried out as indicated above. To evaluate the
degree of granulocytic differentiation, cytospins were stained
with Wright-Giemsa. Polymorphonuclear cells and/or granula-
tions in the cytoplasm were considered markers of differentiated
cells [13,14].

IR and signaling pathway studies

Exponentially growing cells were washed with PBS to remove
IL-3 and were incubated in serum-free medium supplemented
with 0.1% bovine serum albumin for 16-18 h before stimula-
tion with 10 nM of either insulin or IGF-2. Cells were lysed
with lysis buffer (50 mM HEPES pH 7.5, 150 mM NacCl, 1.5
mM MgCl1,, 1 mM EGTA, 10% Glycerol, 1% Triton-X-100,
100 mM NaF, 10 mM Na-Pyrophosphate, 0.5 mM Na-orthov-
anadate, 0.5 mM PMSF, protease inhibitors). Cell lysates were
resolved directly (50 pg of proteins) or after immunoprecipita-
tion with specific antibodies by SDS-polyacrylamide gel elec-
trophoresis and transferred to a nitrocellulose filter. To meas-
ure insulin receptor phosphorylation cells were lysed with 50
mM Tris Hel pH7.4, 150 mM NaCl, 5 mM EDTA, 1% NP-40,
0.1% Triton-X-100, 0.5 mM Na-orthovanadate, 0.5 mM PMSF,
protease inhibitors (Roche Diagnostics, Mannheim, Germany),
immunoprecipitated with the anti-IR B-subunit polyclonal anti-
body and blotted with an anti-PY monoclonal antibody. To eval-
uate IRS-3 content in transfected cells, 500 pg of proteins were
immunoprecipitated with an anti-HA monoclonal antibody and
blotted with an anti-HA polyclonal antibody. IRS-3 phosphoryl-
ation was measured in cell lysates immunoprecipitated with an
anti-IRS-3 polyclonal antibody and blotted with an anti-PY an-
tibody, while Shc phosphorylation was measured in cell lysates
immunoprecipitated with a Shc polyclonal antibody and blot-
ted with an anti-PY. ERK1/2 and p70S6K phosphorylation was
evaluated in cell lysates transferred to a nitrocellulose filter and
blotted with specific antibodies. Western blotting was carried out
by standard techniques [3,4].

Results
Cell models

Mixed populations of cells expressing mouse IRS-3 tagged with
Hemagglutinin (HA) (32D/IRS-3 cells) were generated from pa-
rental 32D cells. From these cells we obtained two additional
mixed cell population expressing at a similar level either the A or
the B isoform of the IR (32D/IRS-3/IR-A and 32D/IRS-3/IR-B,
respectively) (Figure 1).

To note that, at variance with the same parental cells (32D/IRS-
3), IRS-3 is more expressed in cells expressing also the IR iso-
forms (Figure 1A). Since a similar phenomenon also occurs in
32D cells transfected with IRS-1 when IGF-1R is co-transfected
[13], this may be the consequence of a stabilizing effect of the
co-expression of tyrosine kinase receptors (like IR or IGF-1R)
on IRS proteins.

Figure 1
< o
g o
o 5 05
A 2 2 2
o 8 a8 a
8 8 8 8
IRS-3
Blot: aHA
M
g <
B g 2 £
S 5 8
@ @
IR mRNA |  RB
- IR-A
IR protein “
Figure 1: IRS-3 and IR isoform expression in 32D-derived cells.
A) IRS-3 expression: Lysates of cells expressing HA-tagged-IRS-3
were immunoprecipitated with a monoclonal anti-HA antibody and
then blotted with a polyclonal anti-HA antibody; B) IR isoform
expression (MRNA and protein): 32D/IRS-3 cells were transfected
with plasmids containing either IR-A or IR-B isoform cDNA, to
generate mixed populations overexpressing only one insulin re-
ceptor isoform. Protein content in each lane was evaluated with an
anti-actin antibody.
Blots are representative of three separate experiments.
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Figure 2: 32D-derived cell number measured 24, 48, 72 and 96
h after IL-3 withdrawal in the presence of either insulin or IGF-2
(both a 10 nM).

Results are expressed as percent increase (or decrease) over the
number of plated cells and indicate the mean value of four separate
experiments. 32D/IRS-3, 32D/IRS-3/IR-A and 32D/IRS-3/IR-B
cells are shown in panels A, B and C, respectively.

32D cells grew well in serum supplemented with IL-3 and
promptly died in IL-3 deprived serum [19]. Cell death occurred
rapidly: by 24 h most cells did not survive, even when express-
ing IR-A or IR-B and with insulin or IGF-2 added in the medium
[20].

Also, 32D/IRS-3 cells grew in serum supplemented with IL-3
and died in IL-3 deprived serum, like parental 32D cells (Figure
2A). In the absence of IL-3 also 32D/IRS-3 cells died even when
the medium was supplemented with 10 nM of either insulin or
IGF-2 (Figure 2A).

To study cell differentiation: cells growing in the presence of
IL-3 were used as negative control (undifferentiated) and cells
stimulated with G-CSF 10 pg/ml were used as positive control
(differentiated) (Figure 3). Cells expressing only IRS-3 (32D/
IRS-3) differentiated 24 h after replacing IL-3 with G-CSF (Fig-
ure 3), but, as expected, did not differentiate in the presence of
insulin or IGF-2 in the lack of the relative receptors (Figure 3).

Figure 3

32D1RS-3 32D/IRS-31R-A 3I2DIRS-3INR-B

Figure 3: 32D/IRS-3 cell differentiation in the presence of either
IR-A or IR-B.

Undifferentiated cells have a large, homogeneous nucleus and a
thin cytoplasm (see arrows) while differentiated cells have a small
nucleus with granules (see arrowheads).

In the presence of IL-3 all 32D-derived cells grew well and did not
differentiate (Top row).

G-CSF (10 pg/ml) caused rapid differentiation (24 h) in all 32D-de-
rived cells (2nd row).

Exposure to insulin (10 nM) for 24 h in the absence of IL-3, induced
differentiation in 32D/IRS-3/IR-A and 32D/IRS-3/IR-B cells, but
not in cells lacking the IR (3rd row).

Exposure to IGF-2 (10 nM) in the absence of IL-3, caused differ-
entiation only in 32D/IRS-3/IR-A cells, but not in 32D/IRS-3/IR-B
and 32D/IRS-3 cells (Bottom row).

The figure 3 is representative of three separate experiments.

Cells expressing insulin receptor isoform A

In 32D cells expressing IRS-3 and IR-A, insulin stimulated
growth, in spite of IL-3 deprivation (Figure 2B). This effect,
however, was not observed when insulin was substituted with
IGF-2. In the presence of IGF-2 the cell number was similar
to that plated up to 24h and then decreased (Figure 2B). These
results were unexpected since IGF-2 binds with high affinity and
activates IR-A. Therefore, at variance with insulin, IGF-2 is un-
able to protect 32D/IRS-3/IR-A cells from apoptosis induced by
IL-3 withdrawal.

In 32D/IRS-3/IR-A cells IL-3 replacement with 10 nM insulin
induced also differentiation (Figure 3, Insulin). IL-3 replace-
ment with IGF-2 (10 nM) had less effect than insulin on dif-
ferentiation: 32D/IRS-3/IR-A cells survived for 24 h, but did
not grow and only few of them differentiated (Figure 3, IGF-2).
The different effects of insulin or IGF-2 occurred in spite of the
fact that both ligands induced a marked phosphorylation of the
B-subunit of IR-A isoform (Figure 4, panel A) indicating that the
signaling pathways stretch apart at post-receptor level.
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IGF-2 does not induce growth in these cells (Figure 2B). ERK
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Figure 4: Ligand-dependent (insulin or IGF-2 at 10 nM) IR, IRS-
3 and Shc phosphorylation in 32D/IRS-3/IR-A and in 32D/IRS-3/ 32D/RS-31R-B
IR-B cells.
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phosphorylated (Figure 4, lanes 1 and 4 panel B). When insulin AP DIRS.ANRA
or IGF-2 were added (10 nM, 5 min) a minimal, not significant,
p70S6K

increase of IRS-3 phosphorylation was observed (Figure 4, pan- Insulin IGF-2
el B, lines 2 and 3). On the contrary, insulin caused a stronger { ] I ]
phosphorylation of Shc, while the effect of IGF-2 was minor

(Figure 4, panel C). PReESEER > - "‘ l o
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Downstream these effectors, in 32D/IRS-3/IR-A cells insulin
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stimulated ERK1/2 phosphorylation with a peak at 5 min and a
short lasting effect (no longer detectable at 15 min) (Figure SA),
while IGF-2 had no effect (Figure 5A). Since ERK1/2 activa-
tion is a mayor mitogenic signal, these observations explain the — bGE-2
different effect of insulin or IGF-2 on 32D/IRS-3/IR-A growth

[ [ 1
(Figure 2B). Phospho-pT0S6K ’T‘l i e e

|

32D/IRS-3MR-B

In 32D/IRS-3/IR-A cells insulin stimulated p70S6 kinase phos- TORIPTISOR et 2o ; ——
phorylation with a peak at 5 min and then a slow decline (Figure p— o 5 &8 4% S0 3 & 48 %o

5B). A similar time course response was observed after IGF-2 Figure 5: Time-course of ERK1/2 and p70S6 kinase phosphorylation
but the effect was very small (Figure 5B). in 32D/IRS-3/IR-A and in 32D/IRS-3/IR-B cells.

In order to better understand the role of the post-receptor path- After16-18 h incubation in serum free medium cells were exposed

to either insulin or IGF-2 (10 nM) for the indicated times. Protein
content was measured in the same blots after membrane stripping.
Blots are representative of three separate experiments.

ways for growth stimulation in 32D/IRS-3/IR-A cells, we meas-
ured the changes of cell number in the presence or the absence
of the ERK inhibitor PD98056. Only insulin was tested since
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Figure 6: Effect of inhibition of either ERK or PI3K on insulin
stimulated proliferation of 32D-derived cells.

In 32D/IRS-3/IR-A and 32D/IRS-3/IR-B cells the number of cells
was measured 24, 48, 72 and 96 h after IL-3 withdrawal and sup-
plementation with either10 nM insulin alone or with the addition
of either PD98059 (PD, 50 uM) or LY294002 (LY, 20 uM). Results
are expressed as percent increase (or decrease) over the number of
cells plated, mean value of four separate experiments.
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Figure 7
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Figure 7: Effect of either ERK or PI3K inhibition on insulin stim-
ulated differentiation of 32D-derived cells.

Cell differentiation was evaluated 24 h after I1L-3 withdrawal and
supplementation with 10 nM of either insulin or IGF-2 in the presence
or absence of either PD98059 (PD, 50 uM) or LY294002 (LY, 20
uM). A) 32D/IRS-3/IR-A cells, B) 32D/IRS-3/IR-B cells.

Figure 7 is representative of three separate experiments.

Cells expressing insulin receptor isoform B

In 32D cells expressing IRS-3 and IR-B, results of insulin
stimulation were partially different than in 32D/IRS-3/IR-A
cells. IL-3 replacement with 10 nM insulin strongly stimulated
growth, with a maximum effect after 72 h which was more than
doubled in respect to 32D/IRS-3/IR-A cells (Figure 2C). In IR-B
expressing cells insulin also induced cell differentiation, again
much more pronounced than in IR-A expressing cells (Figure 3,

Insulin). IGF-2, as expected, had no effect in these cells for both
cell growth and differentiation (Figure 2C and 3, IGF-2) since
IGF-2 has low affinity for IR-B as confirmed by the lack of IR-B
phosphorylation (Figure 4, panel A, lines 5 and 6). Also in these
cells IRS-3 was tyrosine phosphorylated under basal conditions
and both insulin and IGF-2 induce a small, not significant, IRS-3
phosphorylation (Figure 4, panel B). As observed in 32D/IRS-3/
IR-A cells, also in cells expressing IR-B insulin caused phos-
phorylation of Shc much higher than IRS-3 phosphorylation and
higher that observed in IR-A expressing cells (Figure 4, panel C,
lines 5 and 2). IGF-2 had no effect.

In 32D/IRS-3/IR-B expressing cells insulin stimulated ERK1/2
phosphorylation with an effect that was much more prolonged
than in 32D/IRS-3/IR-A cells (still present at 30 min) (Figure
5A). IGF-2 effect on ERK1/2 phosphorylation was minimal and
not significant (Figure SA).

In 32D/IRS-3/IR-B cells p70S6 kinase phosphorylation was
markedly stimulated by insulin at 5 and 15 min and the effect
persisted at 30 min with values much higher than in 32D/IRS-3/
IR-A cells (Figure 5B). IGF-2 effect was insignificant (Figure
5B).

In cells expressing the IR-B isoform, cell proliferation was
markedly decreased (more than in IR-A expressing cells) by the
inhibition of either the ERK or the PI3K pathway. Insulin-de-
pendent cell growth was more inhibited by the use of the PI3K
inhibitor LY294002 (Figure 6). As in 32D/IRS-3/IR-A cells, also
32D/IRS-3/IR-B cell differentiation was not abrogated by either
only PD98059 or only LY294002 (Figure 7B).

Discussion

The insulin/IGF-1 system plays a pivotal role in many biologi-
cal events including cell metabolism, growth, differentiation and
cancer [26,27]. The resulting biological effect of this system ac-
tivation is finely modulated by the interplay between its different
components.

In the present study we investigated the biological effects of hu-
man IR-A or IR-B when stimulated with either insulin or IGF-2
on 32D cells, a murine hemopoietic cell line that expresses only
very low endogenous levels of (murine) IR and the cognate IGF-
1 receptors and does not express the IRS proteins. We already
reported that in engineered 32D cells the predominant effect of
insulin is on cell differentiation when 32D cells express only
IR-B (without IRS-1), whereas when IR-A (together with IRS-1)
is expressed the major insulin effect is on cell proliferation [20].

We now investigated the role of IRS-3, another member of the
IRS proteins family, on the effect of IR isoforms since its in-
volvement in IR signaling is poorly understood [28-31].

Although there are structural similarities between IRS pro-
teins, knockout mouse studies indicated that IRS have different
functions in development and metabolism, with IRS-1 mainly
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involved in growth effects [32-36]. The pleckstrin homology
domains of IRS-1, IRS-2 and IRS-3 bind with different speci-
ficity to the 3-phosphorylated phosphoinositides, and their lo-
calization is different in IRS-1 and IRS-2 in respect to IRS-3
[37]. IRS-3 is able to mediate phosphatidylinositol-3-kinase-de-
pendent metabolic actions of insulin in adipose tissues [38] but,
when introduced in IRS-1-deficient brown adipocytes, it is able
to restore the PI3K/AKT pathway but not MAPK activation and
consequent mitogenesis [39]. Although IRS-3 is not expressed
in humans, it is believed to play a role in cell differentiation [22]
and protection from apoptosis [40,41]. We transfected IRS-3 in
32D cells in order to investigate the effects and mechanisms of
IR isoforms in this cell line growth and differentiation.

The results obtained in the present study may be summarized as
follows (Table 1):

1. Via IRS-3 both IR isoforms, when activated by insulin, are
able to stimulate 32D cell growth in the absence of IL-3,
which is an absolute requirement for this cell line surviv-
al and proliferation. IR-B is more effective than IR-A, al-
though IR-A is known to have an increased mitogenic ac-
tivity.

2. IGF-2 is not able to replicate the effect of insulin on 32D/

IRS-3/IR-A cell growth. While this result is expected for
32D/IRS-3/IR-B cells due to the low affinity of IGF-2 for
IR-B, it is unexpected for 32D/IRS-3/IR-A cells.

3. Both IR isoforms, when activated by ligands, stimulate
32D/IRS-3 cell differentiation in the absence of IL-3. For
this effect IR-B is much more effective than IR-A. In 32D/
IRS-3/IR-A cells IGF-2 has a limited effect on cell differen-
tiation, although this action is not fully evaluable due to the
short cell survival in the absence of IL-3.

4. The post-receptor signaling molecules IRS-3 and Shc are
both phosphorylated after insulin binding to both IR iso-
forms, with IR-B always more effective than IR-A, and Shc
markedly more activated than IRS-3.

5. Also, intracellular pathways, represented by ERK and
p70S6K, are stronger and more prolonged activated after
insulin binds to IR-B than to IR-A. IGF-2 is without effect
on the ERK pathway even in 32D/IRS-3/IR-A cells and this
can explain why it does not stimulate growth in these cells.

6. Studies with inhibitors of the PI3K and ERK suggest that
both the PI3K and the MAPK pathways must be activated in
order to have the IR/IRS-3 stimulated effect on engineered
32D cell growth, while only either one pathway alone is
sufficient to elicit the effect on cell differentiation.

Biological Effects Cell Proliferation after inhibition of: | Cell Differentiation after inhibition of:
Proliferation | Differentiation | MEK PI3K MEK PI3K

32D/IRS-3/IR-A

+ Insulin (10 nM) ++ + + +/- + +

+1IGF-2 (10 nM

GE-2 (10 nM) /- I I I I

32D/IRS-3/IR-B

+ Insulin (10nM) | 144 HH+ ++ + + +
Table 1: Proliferation and differentiation of 32D-derived cells stimulated with either insulin or IGF-2 (left panel). The effect of inhibition
of either the ERK (PD98059) or the PI3K (LY294002) pathways on proliferation (middle panel) or on differentiation (right panel) is indi-
cated.

Taken together these results suggest that IRS-3 can transduce the
proliferation effect of insulin via both IR isoforms but IR-B is
much more effective. This growth effect requires both the ERK
and the PI3K pathways to be activated. The IR-A isoform, al-
though is equally phosphorylated as IR-B by insulin or IGF-2, is
unable to transfer the signal via IRS-3 to the ERK pathway and,
therefore, in this cell type IGF-2 does not promote cell growth.
Data also indicate that in this cell type both IR-A and IR-B can
transduce the insulin differentiation signal via IRS-3. Again, this
effect is much more marked when IR-B is activated. Moreover,
the differentiation program seems to require only the activation
of only one intracellular pathway since this effect is not abro-
gated by the inhibition of either the ERK or the PI3K pathway.

In conclusion these studies indicate that, in the model studied,
IR-B when stimulated by insulin, is much more effective than

IR-A for stimulating mitogenic and differentiation pathways via
IRS-3.
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