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Abstract

Extracellular matrix (ECM) influences
cellular responses by affecting growth
factor-activated signaling. Our previous
work has shown that mammary cell
adhesion to basement membrane (BM)
confers  better signa propagation
downstream of insulin receptor.
Investigation into the mechanisms for
BM-dependent modulation of insulin
signaling was the major focus of this study.
We have found that cells cultured on plastic
led to enhanced expression of B1 integrin,
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paxillin and p130cas and c-Src, as well as
elevated levels of tyrosine phosphorylation
of FAK, paxillin, p130cas. 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 proteases responsible for their
degradation are calpains which have been
shown to affect the cell spreading and
migration. By contrast, expresson of Bl
integrin is 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.
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Célls in multicellular organisms are in
contact with an intricate meshwork of
extracellular macromolecules composed
largely of glycoproteins and proteoglycans.
This meshwork is collectively known as the
extracellular matrix (ECM). Basement
membrane (BM) is one type of ECM; itisa
dense, sheet-like structure that is mainly
made up of laminin, collagen IV, nidogen
and proteoglycans. ECM provides a
mechanical framework for tissue
architecture with supportive, adhesive and
barrier functions. Moreover, it affects cell
proliferation, differentiation, migration and



survival by interacting with cell surface
receptors. One well-studied receptor is
integrin, which are  transmembrane
heterodimers composed of o and 3 subunits.
Adhesive interactions between the ECM and
integrin result in occupancy and clustering
of integrins, leading to cytoskeleton
reorganization and signal transduction.
Numerous proteins have been shown to
target to focal contact regions, including
structural proteins (tesin, talin, vinculin,
a-actinin, actin, etc) and signaing
molecules (FAK, c-Src, PI3K, paxillin, Grb2,
pl30cas, etc). Accompanied with these
events is the activation of the Rho family
proteins (Cdc42, Rac and Rho) and several
downstream signals such as Erk and JNK.
Thus, cell adhesion to ECM promotes actin
filament  reorganization and initiates
cascades of signals, leading to a wide
spectrum of cell behavior and gene
expression (1).

Mammary epithelial cells reside on
basement membrane (BM) in vivo.
Expression of the milk protein -casein, the
hallmark of mammary cell differentiation,
requires the presence of lactogenic
hormones (prolactin, insulin and
hydrocortisone) and BM (2, 3). Moreover,
both insulin and BM confers mammary cell
survival (4). One explanation for duel
requirement of growth factor and BM for
mammary functions is that cell adhesion to
BM renders these cells full responsiveness
to growth factors (5). Indeed, we found that
insulin signaling propagates better in cells
cultured on BM than in those cultured on
collagen | or tissue culture plastic (6).
Although tyrosine phosphorylation of
insulin receptor (IR) takes place irrespective
to substrata, greater extents of tyrosine
phosphorylation  of  insulin  receptor
substrate-1 (IRS-1) and its association with
PI3K as well as PKB activation occur in
cells cultured on BM (4, 6). In the absence
of BM, insulin-induced the recruitment of
IRS-1 to the receptor was impaired.
Moreover, higher extent of PTP is
associated with the receptor. These might
explain why insulin signaling is disrupted in
mammary cells cultured on plastic.

The crosstak between ECM- and

growth factor-triggered signaling has been
previously demonstrated to lead to the
ultimate cellular responses (1). Several lines
of evidence have shown that ECM regulates
insulin/IGF-1 signaling at different levels. It
affects IR endocytosis, IRS-1 expression
and tyrosine phosphorylation of signaling
molecules, thereby altering the intensity or
duration of signaling. Regarding receptor
endocytosis, IR internalization has been
shown to be decreased in cells adhered on
galectin-8 compared with those cultured on
fibronectin, collagen or laminin, and this
difference is probably due to the distinct
organization of actin filaments in these cells
(7). IRS-1 expression is also modulated by
cell adhesion. It occurs at the transcriptional
level and is primarily mediated by FAK
activation (8). A number of mechanisms
have been shown to be responsible for
ECM-mediated regulation of insulin
signaling at the level of protein tyrosine
phosphorylation. One mechanism involves
the association of IR with integrin whereby
cell adhesion-triggered integrin
oligomerization could consequently induce
the aggregation and activation of IR.
Various integrins have been identified to be
associated with IR or [GF-I receptor
(IGF-IR). In response to insulin, IR
co-immunoprecipitates with avp3 integrin
in Rat-1 fibroblast cells (9, 10). Crosstalk
between o5B1 integrin and IR signaling
pathways has aso been documented in
Chinese hamster ovary cells overexpressing
IR (11, 12). A recent study shows that
interactions between tyrosine
phosphorylated IGF-IR and a6 integrin
occurs in  developing lens, further
demonstrating the compartmentalization and
collaboration of integrin and insulin/IGF-I
signaling pathways (13). The other
mechanism for ECM-provoked control of
insulin signaling is mediated by the tyrosine
kinases downstream of integrins. It has been
shown that FAK directly associates with
IRS-1, and activation of FAK and c-Src
restores insulin-induced tyrosine
phosphorylation of IR and IRS1 in
suspended cells (14-17). In addition to
promoting tyrosine phosphorylation, ECM
plays a role in preventing the



dephosphorylation of signaling molecules.
In smooth muscle cells, avp3 integrin is
responsible  for  prolonging  tyrosine
phosphorylation of IGF-IR through a control
on the rate of recruitment of SHP-2 to the
activated IGF-IR (18).

We have examined the signaling
pathways triggered by cell adhesion to
plastic and BM, and found that cells
cultured on plastic exhibit higher levels of
p130cas, paxillin and B1 integrin. Here we
further explore the regulatory mechanisms
for it. Moreover, a microarray analysis was
performed to compare the gene expression
profiles in cells cultured on different
substrata in order to identify the critical
proteins involved in BM-regulated insulin
signaling.

Differential expresson of paxillin,
pl30cas and c-Srcin response to different
substrata occurs shortly after their
adhesion. Due to the critical role of ECM in
the regulation of insulin signaling, we were
especially interested in the delineation of
signaling pathways elicited by cell adhesion
on different substrata. We started with the
examination of the expression of a number
of molecules  involved in cell
adhesion-activated signaling and found that
except for FAK whose expression was not
influenced by the substrata that cell resided
on, expression levels of B1 integrin, paxillin,
pl130cas and c-Src were elevated in cells
cultured on plastic. Moreover, tyrosine
phosphorylation of FAK, paxillin and
p130cas were higher in cells cultured on
plastic.

A long-term culture of mammary
epithelial cells has been used in this study
whereby cells had established stable
cell-matrix interactions over severa days,
thus mimicking the types of interactions
they would experience in vivo. Here we
performed a short-term culture in order to
find out how soon the differential expression
of paxillin, p130cas and c-Src in response to
different substrata could be observed.
Primary mouse mammary epithelial cells
cultured on collagen | were trypsinized and

replated on either collagen I- or BM-coated
dishes for varying periods of time. Cell
lysates were then collected and subjected to
immunoblotting. Levels of paxillin, p130cas
and c-Src in cells cultured on collagen |
remained fairly constant throughout the time
course of examination, whereas those in
cells cultured on BM began to drop 4-8 h
after initial plating (Fig.1). Thus, cells alter
their protein expression to adjust their
immediate environment. Regarding these
proteins involved in the formation of focal
contact, it does not take too long to make
such changes.

Differential regulation of the expression
of paxillin, p130cas and c-Src by ECM
does not occur at the transcriptional level.
In order to know whether altering the
expression of these molecules is controlled
at the transcriptional level, RT-PCR was
performed. Levels of FAK, paxillin and
p130cas MRNA were indiscernible in cells
cultured on plastic, collagen | and BM (Fig.
2A), suggesting that ECM-mediated
regulation of these molecules takes place at
the post-transcriptional level. By contrast,
expression of B1 integrin mRNA is higher in
cells cultured on plastic and collagen | (Fig.
2B), which is in consistent with other
observation (19). We have aso examined
other receptors for BM, a3 integrin, a6
integrin and dystroglycan, and found that
their mMRNA expression is comparable
irrespective of the substrata (Fig. 2B).
Another critical cell surface receptor
involved in interaction with BM is B4
integrin which dimerizes with o6 integrin to
form hemidesmosome. Examination its
expression under different culture conditions
IS undergoing now.

Turnover of paxillin, p130casand c-Srcis
more rapidly in cells cultured on BM.
Based on the observation that the expression
of paxillin, pl30cas and c-Src was not
regulated at the transcriptional level, we
then examined their turnover in cells
cultured on different substrata. Mammary
cells cultured on plastic and BM were
treated with cycloheximide and harvested
after varying periods of time. As shown in



Figure 3, levels of these proteins decreased
more rapidly in cells cultured on BM,
suggesting that some proteases might be
involved in the degradation of these
proteins.

Capains are a large family of
intracellular proteases which have been
implicated in enabling cells spreading by
modifying adhesion sites and in promoting
cell migration by facilitating rear-end
detachment (20). Thus, the possibility that it
is responsible for the degradation of paxillin,
pl30cas and c-Src in mammary cells
cultured on BM was examined. Inclusion of
ALLN, a capan inhibitor, in cultures
resulted in an increase of expression of these
proteins, athough its effectiveness was
varying among different proteins (Fig.4).
Similar results were obtained when another
calpain inhibitor calpeptin was used (data
not shown). The involvement of other
proteases such as proteasome, caspases and
MMP were also examined, but no obvious
effect was observed (data not shown). Taken
together, expression of paxillin, p130cas and
c-Src in response to different substrata is, at
least in part, controlled by protein turnover,
although the possibility that trandational
control may have aroleinit is not excluded.

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.
It is not clear why cells develop different
strategies to cope with the ateration of
environment. Since cell surface receptors
are the molecule directly interacting with the
ECM and this engagement then triggers the
subsequent formation of focal contact,
cut-down  their expresson by a
transcriptional mechanism is probably more
efficient and economic.

In this study, cells cultured on plastic
seemed to behave similarly to those cultured
on collagen |. Since most experiments were
conducted in along-term culture, we believe
that cells cultured on plastic synthesize and
deposit matrices on dishes. This speculation
is supported by our results of microarray

analysis in that expression of fibronectin
MRNA is greatly upregulated in cells
cultured on plastic (Table 1). We wonder
whether the differentia  regulation of
paxillin, p1l30cas and c-Src in mammary
cells is due to the types of ECM or the
physical nature of the matrix that cells are
interacting with. To be noted that the most
dramatic feature between cells cultured on
plastic/collagen | and those cultured on BM
is their morphology. The former forms
monolayer, while the latter adopts an
alveolar shape. Dimension (2D vs 3D) or
rigidity or the matrix probably account for
this difference. Indeed, a recent paper
studying the rigidity of matrix has
demonstrated that cells cultured on
malleable collagen | gel have decreased
expression of the protein involved in the
formation of focal contact (21). We are
currently investigating into this mechanism
in our system.

Gene expression profilein mammary cells
cultured on plastic and BM. Our previous
data have shown that the intensity of
insulin-stimul ated IRS-1 tyrosine
phosphorylation increases as the time of cell
adhesion to BM persists. Maximal induction
is reached when cells are in contact with
BM for one to two days. Since two days is
such a long period, we suspect that de novo
protein synthesis is required for optimal
insulin signaling.

In order to unravel the gene products
involved in promotion of insulin signaling,
DNA microarray anaysis was performed.
Primary mammary cells cultured on plastic
or BM for 4 days were harvested for total
RNA, and then subjected to microarray
analysis using Agilent mouse oligo chips.
Around four hundread genes were found to
be upregulated in cells cultured on BM,
including caseins, prolactin receptor, and
proteins involved in redox reactions (Table
1). Fewer genes were upregulated in cells
cultured on plastic. Among them the most
notable ones are MMPs and some matrix
proteins such as fibronectin and tenascin C
(Table 1). Protein tyrosine kinases or
phosphatases that have been reported to be
involved in modulation of insulin signaling



were not revealed by this analysis, neither
were the known regulatory proteins
controlling the recruitment of IRS-1 to
IR/IGF-IR. This could be due to that the
time chosen for harvesting cells is not
adequate, or the proteins truly responsible
for regulation of insulin signaling in
mammary cells are not those previously
reported. However, the results of microarray
analysis are consistent with our RT-PCR
data whereby regulation of paxillin, p130cas
and c-Src in response to different substrata
does not occur at the transcriptiona level.
Moreover, our previous observation that
MMP-9 is upregulated in cells cultured on
plastic is also confirmed by this analysis.

We have accomplished aimost 90% of
the experiments proposed in this project.
Preparation of two manuscripts are
undergoing at the moment.
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Figure 1. Kinetic analysis of the effect of cell adhesion to ECM on the expression of FAK, c-
Src, p130cas and paxillin., Primary mammary cells were trypsinized and plated on collagen | (CI)
and BM for 1, 4, 8, 16, 24, 36 and 48 h. Total cell lysates were subjected to immunoblotting and
the blots were probed with antibodies to FAK, ¢-Src, p130cas and paxillin.
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Figure 2. mRNA expression of the protein moleculesinvolved in formation of focal contact in
response to different substrata. Primary mammary cells were cultured on plastic (PL), collagen |
((?g) and BM, and total RNA were purified and subjected to RT-PCR analysis.
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Figure 3. Turnover of c-Src, pl30cas and paxillin in cells cultured on plastic and BM.
y

Primary mammary cells cultured on plastic (PL) and BM were treated with 10 pg/ml
cycloheximide for 0-28 h, and total cell lysates were then collected for immunobl otting.
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Figure 4. Effect of ALLN on the expression of ¢-Src, p130cas and paxillin in cells cultured on

BM. Primary mammary cells cultured on BM were treated with 10 mM ALLNfor 0-4 h, and total
cell lysates were then collected for immunoblotting analysis.



Table 1. Microarray analysis of gene expression in cells cultured on plastic and BM

gene fold change gene fold change
(BM versus plastic) (plastic versus BM)
cytochromeP450, 53.54 MMP10 10.00
%fe%a-casei n 37.85 MMP12 7.69
keppa-casein 26.31 fibronectin 7.69
Lactoferrin 15.94 MMP9 5.88
Integrin alpha 8 6.34 tenascin C 4.76
MMP-3 5.89 integrin beta 6 3.23
prolactin receptor 5.24 integrin alpha 2 3.13
nidigen 2 4.61 IGFBP2 3.03
procollagen, type IV 3.85 syndecan 1 2.70

alpha 6




