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In mammary epithelia, a differentiated phenotype can be recapitulated in
vitro by culturing cells on basement membrane (BM) in conjunction with the
stimulation of lactogenic hormones (prolactin, insulin and hydrocortisone). One
explanation for the duel requirement of hormone and BM for mammary function
s that cell adhesion to BM renders these cells full responsiveness to hormones.
Indeed, a preference for cell adhesion to BM is observed for prolactin and
insulin signaling in mammary cells. Likewise, optimal signal transduction of
insulin-like growth factor I (IGF-I), another important growth factor for
mammary cell differentiation and survival, also relies on cell adhesion on BM.
Regulation of IGF-I signaling by the extracellular matrix (ECM) takes place at
the level of tyrosine phosphorylation of insulin receptor substrate-1 (IRS-1),
similar to the control for insulin signaling, left the receptor tyrosine
phosphorylation unaffected. Here we further investigated into the mechanism for
BM-dependent modulation of IGF-I signaling,

The homeostasis of protein tyrosine phosphorylation is controlled by
tyrosine phosphatases and tyrosine kinases. Regarding IRS-1, its recruitment to
IGF-IR in response to IGF-I determines its accessibility to the receptor tyrosine
kinase. Interference of this process might be due to the association of protein
molecules with either IRS-1 or IGFIR, thereby creating steric obstruction for
IRS-1/IGF-IR interactions. Incorrect localization of IRS-1 is another cause to
terminate IGF-1 signaling prematurely. We have found that IGF-I-induced
recruitment of IRS-1 to IGF-IR is substantially reduced in mammary cells
cultured on plastic, indicating that inhibitory molecule(s) is involved in

ECM-mediated regulation of IGF-1 signaling. A number of molecules have been
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demonstrated to bind IRS-1 or IGF-IR. Nucleolin, PKC{ and ROK« target to
IRS-1, whereas SOCS, RACK and Grb14 (possibly Grb7 and Grb10 as well)
interact with the receptor. 14-3-3 protein interacts with both IGF-IR and IRS-1.
Thus, we examined the association of PKC(E, SOCS-3, RACK and Grb14 with
either IRS-1 or IGF-IR in mammary cells cultured on plastic and BM by
immunoprecipitation. PKC{ and SOCS-3 were not detected in IRS-1 and
IGF-IR immunoprecipitates, respectively. While RACK and Grb14 were found
to bind to IGF-IR, there was no significant variation in the extent of association
under different culture conditions. Interestingly, higher amount of ROKa were
bound to IRS-1 in cells cultured on plastic, suggesting that ROKa might be
responsible for the defectiveness of IGF-I signaling in these cells.

ROKa, a downstream effector of Rho GTPase, is a serine/threonine kinase.
It has been shown to bind to IRS-1 but its inhibitory effect on IGF-I signaling is
probably attributed to its serine/threonine kinase activity that promotes IRS-1
serine phosphorylation. This type of phosphorylation, in turn, exerts detrimental
effect on insulin/IGF-I signaling. To further investigate into the involvement of
ROKa in the inhibition of IGF-I signaling, we examined the effect of Y27632,
an inhibitor of ROKa, on restoring IRS-1 tyrosine phosphorylation.
Pretreatment with Y27632 for 1h prior to IGF-I stimulation enhanced the level
of IRS-1 tyrosine phosphorylation in cells cultured on plastic, whereas no
obvious effect was observed in cells cultured on BM. Thus, ECM-mediated
modulation of IGF-I is mediated, at least in part, by ROKa activity.

A number of serine/threonine kinases have also been shown to
phosphorylate IRS-1, including PKCC, PI3K, Erk, JNK and IKKp. The effect of
the inhibitors of PI3K, Erk and IKKP on insulin/IGF-I signaling was previously
tested, and except for the PI3K inhibitor, others did not affect IGF-I-induced
tyrosine phosphorylation of IRS-1. Treatment of the PI3K inhibitor wortmannin
augmented IRS-1 tyrosine phosphorylation irrespective the substrata that cells
were cultured on. Whether PI3K is involved in the ECM-mediated regulation of
IGF-I signaling or simply just exerts a feedback inhibition requires further
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studies. In parallel with the binding assay, the role of PKC( in IGF-I signaling
was examined by a cell-permeable myristoylated PKCC pseudosubstrate
inhibitor (Myr-SIYRRGARRWKRL). This inhibitor was not able to restore
IRS-1 tyrosine phosphorylation; it inhibited the phosphorylation instead. Based
on these results, we believe that PKCC does not play a part in the impairment of
IGF-I signaling in cells cultured on plastic.

ECM influences cellular physiology through the signaling pathways
triggered by its binding to cell surface receptor. This should apply for the
differential regulation of IGF-I signaling observed in mammary cells cultured on
different substrata. Thus, seeking out the differences in signaling pathways
triggered by cell adhesion to plastic or BM may help to spot the player involved
in the crosstalk with the IGF-1-stimulated pathways. Here we examined the Rho
GTPase activity by pull-down assay since mammary cells cultured on plastic
and BM adopt distinct types of morphology. Greater extent of Rho GTPase
activity was detected in cells cultured on plastic. This was in consistent with the
result whereby tyrosine phosphorylation of p190RhoGAP was lower in these
cells. Taken together, a potential conclusion was drawn for the failure of IGF-I
signaling in cells cultured on plastic. The exhibited higher Rho GTPase activity
in these cells causes the activation of ROKa, which then raises the extent of
IRS-1 serine phosphorylation. Accordingly, tyrosine phosphorylation of IRS-1
and the subsequent signaling relay is, at some degrees, hindered.

Other signaling events triggered by cell adhesion to substrata were also
examined. We have found that cells cultured on plastic led to elevated
expression of B1 integrin, paxillin and p130cas and c-Src, as well as elevated
levels of tyrosine phosphorylation of FAK, paxillin, pl30cas. Here we further
demonstrated that this differential expression of paxillin, p130cas and c-Src in
response to different substrata occurs shortly after their adhesion and is
regulated by a mechanism involving protein turnover. The likely protease
responsible for their degradation was calpain which has been shown to affect the
cell spreading and migration. By contrast, expression of p1 integrin was
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controlled at the transcriptional level. Thus, cells adopt different mechanisms to
control their interaction with the surrounding ECM. Expression of certain cell
surface receptor is modulated at the transcriptional level, whereas levels of the
downstream signal/cytoskeletal molecules are regulated at the
posttranscriptional level. Whether these differences affect IGF-I signaling will
be investigated in the near future.

Examination of the role TGF-B1 in the regulation of IGF-1 signaling is
another focus of this study since it has been shown to be upregulated in
mammary cells cultured on plastic, and to confer inhibitory effect on B-casein
gene expression. However, conditioned medium collected from cells cultured on
plastic did not inhibit IGF-I-induced tyrosine phosphorylation of IRS-1 in cells
cultured on BM; neither did exogenous addition of TGF-B1. Thus, the
possibility that TGF-B1is a potential mediator to deliver the “inhibitory signals”
elicited by cell adhesion on plastic to block IGF-I signaling is excluded.

In summary, we identified a potential mechanism for ECM-mediated
regulation of IGF-1 signaling. ROKa activity, controlled by cell
adhesion-induced activation of Rho GTPase, promotes serine phosphorylation of

IRS-1, thereby inhibiting tyrosine phosphorylation of IRS-1.
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