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Abstract

Estrogen is known to participate in growth
and development in various tissues. And all
these cellular functions are mediated through
estrogen receptor (ER) that is a nuclear
transcription factor. Estrogen binding to the
ER triggers a series of molecular events
culminating in the activation or repression of
target genes.  All the physiological
functions of estrogen can be attributed to the
activated ER that acts as a transcription
factor as well as the signaling pathways that
are induced or activated by estrogen.
However, to date, the effects of estrogen on
cellular signaling pathways are still unclear.
Previously, it was demonstrated that tyrosine
kinase inhibitors could block _
estrogen-induced mitogenesis. And upon
estrogen stimulation, enhanced tyrosyl
phosphorylation of total cellular proteins was
detected. There were reports indicating the
activation of c-Src enzymatic activity, the
enhancement of tyrosyl phopsphorylation of
Shc and the activation of Ras/MAPK in
response to estrogen. However, what
happened to the other important tyrosine



kinase, FAK, was still obscure. In the
process of investigating the signaling
pathways induced by estrogen, we
unexpectedly observed that FAK was
induced after estrogen treatment. To further
study the phenomenon and its implicated
significance, we are interested to design
mammalian DNA expression constructs and
generate cells overexpressing FAK to
investigate the participation of FAK in
estrogen-induced signaling.
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Estrogen, an ovarian steroid hormone,
regulates the growth and development of
normal human mammary tissue and also is
involved in the progression of breast tumor
(1). Unlike the receptors of peptide growth
factors that are receptor tyrosine kinases, the
receptor for estrogen is a nuclear
transcriptional activator (2). To date, two
estrogen receptors (ERs), ER- @ (3) and ER-
£1{4,5) were observed. They were
encoded by two different mRNAs. Upon
estrogen binding, the ER was subjected to
conformational changes that resulted in
dimers that recognized the estrogen-resonsive
elements (EREs) located upstream of target
genes. Through the interaction of the ER
with components of the cellular transcription
machinery, the transcription of estrogen
responsive genes was regulated (6,7).

Tyrosyl phosphorylation is an important
post-translational modification. Multiple
protein substrates are phosphorylated on
tyrosine in response to various cell stimuli,
including growth factor activation (8), cell
transformation induced by oncogene-encoded
tyrosine kinases (9,10), platelet activation
(11), agonist-stimulated secretion (12), cell
cycle alterations (13,14}, and cell migration
(15). Although the identities of these
protein substrates are not completely known,
accumulating evidence indicates that the
majority is involved in signal transduction
pathways.

Focal adhesion kinase (FAK) was
initially identified as a v-Src substrate (16).

Later studies indicated that it was also
involved in integrin signal transduction (17).
Because it was localized at the site of focal
contact, it was thus designated as focal
adhesion kinase (18). Structural analysis
revealed that the kinase domain was localized
at the central part of the protein, while the
C-terminal region, FAT (focal adhesion
targeting sequence), was responsible for its
cellular localization (19). In response to the
engagement of fibronectin to the integrins,
FAK became tyrosyl phosphorylated and
activated (20,21). Interestingly, FAK
N-terminal portion could interact with the
cytoplasmic tail of integrin B1 subunit and
overexpression of ( subunits (i.e. B1, 2 and
B3) could lead to the activation of FAK
(22,23). With these findings and other
biochemical evidence, FAK has been
speculated to involve in cellular growth, cell
adhesion, cell mobility and tumor formation.

Proliferation is one of the important
functions of estrogen in target tissues.
Interestingly, the reduction of
estrogen-induced proliferation by tyrosine
kinase inhibitors implicating the requirement
of functional tyrosine kinase pathways in
estrogen action (24). Enhancement of protein
tyrosyl phosphorylation was detected in
ER-expressing human breast tumor cells,
MCF7. And this estrogen-dependent tyrosyl
phosphorylation was blocked by antiestrogen
(25). Further analysis revealed that ¢-Src was
activated in response to estrogen that could
lead to tyrosy! phosphorylation of She and
triggered Ras/MAPK cascade (26). Based
on the activity of FAK could be regulated by
c-Src (27,28) and the activity of ¢-Src was
increased in response to estrogen, we would
like to study the possible involvement of
FAK in estrogen-induced mitogenesis.
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Enhancement of FAK expression in

response to estrogen. To determine
whether the expression of FAK will increase
in response to estrogen stimulation, MCEF7
cells stimulated with 10 nM for different
periods of time were analyzed by FAK
immunoblotting. As shown in Figure 1,
significant increase of FAK expression was



observed after 15 min estrogen stimulation.

Generation of the DNA constructs
encoding wt- or mutant FAK. Due to the
activity of c-Src¢ was increased in response to
estrogen, and Src could mediate FAK
phosphorylation, generation of cell lines
expressing wt- or mutant FAK is our
imminent goal. To accomplish this
objective, mammalian DNA expression
constructs encoding wt- and mutant FAK
need to be made. Since Tyr-397 is the FAK

autophosphorylation site whose
phosphorylation can provide the binding site
for Src, Tyr-576, -577 and -863 are

Src-mediated sites whose phosphorylation
will influence the enzymatic activity of FAK,
therefore, in addition to wt-FAK, we propose
to generate the DNA constructs encoding
these mutant FAKs. Through RT-PCR,
appropriate FAK primers were utilized to
obtain the DNA fragments of interest and
they were further cloned into the mammalian
expression vector, pcDNA. The schematic
drawing of the DNA constructs generated is
demonstrated in Figure 2 to Figure 5.
Establishment of cell lines expressing these
various FAK is underway now.
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Figure 1. Increased FAK expression in response to estrogen.
Total lysates prepared from non-stimulated and estrogen
stimulated MCF7 cells are analyzed by western immunoblot
with FAK aniibody.
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Figure 2. The schematic illustration of the mammalian expression construct

encoding wild type FAK.



FJB‘.' YSJﬁYSTP 1(!uj
— 1 1
307F-FAK _ Kinase

PCR

363

Yi'.‘ Y:".‘T Y

I l I Myc
. Kinase =

pcDNA-FAK(397F)myc

Figure 3. The schematic illustration of the mammalian expression construct
encoding 397F-FAK.
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Figure 4. The schematic illustration of the mammalian expression construct
Encoding 576F/577F-FAK.
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Figure 5. The schematic illustration of the mammalian expression construct
encoding 863F-FAK.



