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The overall interest of the laboratory is to better understand
how the molecular machinery that controls cell attachment
influences the ability of cells to divide, and how this machinery
differs in normal versus cancerous cells. Through understand-
ing these processes, we hope to improve our knowledge of the
essential lesions underlying tumor metastasis, thereby allow-
ing therapeutic targeting of these lesions.
HEF1: Building a new signaling pathway 
directly linking adhesion and division. 
Pugacheva, Dadke, Bluestein, Moyer, Gao, 
in collaboration with Nicolas,§ Canutescu,§ 
Longmore,a Gladsonb

The adaptor protein HEF1 belongs to the family
of Cas proteins, consisting of three defined
members p130Cas, HEF1/Cas-L and Efs/Sin1.
Our work in progress has identified a fourth
potential family member, HEPL, but its ongo-
ing characterization remains at an early stage.
The Cas proteins have a well-defined function
in the integrin-dependent signaling cascade,
transducing signals from the integrin receptor
to downstream effector molecules. Recently, we
have shown that HEF1 is directly involved in
the control of mitosis (1), elucidating a novel
mechanism for adhesion-dependent regulation
of cell division in normal cells versus in
tumors. 

HEF1 is localized at two distinct places in
the cell. One pool of HEF1 associates with focal
adhesion sites on the basal cell surface. Upon
integrin engagement, this pool of HEF1
becomes activated through phosphorylation by

FAK and Src kinases, transmitting adhesion
signals to the cytoskeleton and nucleus, in turn
activating effectors such as Crk, Ras and the
JNK1/2 kinases. We have now established that
a second pool of HEF1 resides at the cen-
trosome and mitotic spindle. While a subpopu-
lation of HEF1 is constantly localized at
centrosome, the amount of HEF1 in this struc-
ture increases dramatically at the G2/M bound-
ary of cell cycle, as focal adhesions disassemble.
Upon formation of the mitotic spindle, the
major pool of HEF1 moves along the spindle
microtubules, accumulating towards the mid-
zone at the end of mitosis. 

We have found that overexpression of HEF1
causes accumulation of cells with supernumer-
ary centrosomes, arising as the consequence of
defective cytokinesis (Figure 1). We have
shown that this defective cytokinesis occurs
because HEF1 overexpression induces hyperac-
tivation of Aurora A (AurA) kinase, and RhoA
GTPase. HEF1 directly interacts with AurAs
and stimulates activation of AurA at the begin-
ning of mitosis. HEF1 is also an AurA substrate:
phosphorylation of HEF1 by AurA upon
Fox Chase Cancer Center 2005 Scientific Report 1



                              
mitotic entry causes it to dissociate from the
AurA complex.

HEF1 also sustains mitotic activation of
RhoA, an important stimulator of mitotic cell
rounding. HEF1 directly interacts with a RhoA
activating protein, Ect2 (a GDP-GTP exchange
factor), and overexpression of this complex
causes constitutive activation of RhoA, which is
normally inactivated at the end of mitosis to
allow cytokinesis and cell abscission. Depletion
of HEF1 in human cell lines, using siRNA tech-
nology, causes accumulation of cells in the G1
phase of cell cycle, and is characterized by
centriole splitting. We have shown that the
Nek2 kinase, which promotes centrosome dis-
junction and migration to opposite poles of
cell, was prematurely activated in HEF1-
depleted cells. These results taken together sug-
gest HEF1 and potentially other basal adhesion
proteins are directly involved into control of
cell cycle progression.

In vivo studies of Cas proteins. Tikhmyanova, 
Dadke, in collaboration with Godwin,§ Wu,§ 
Nicolas,§ Roegiers§

The data that we and others have accumulated
on HEF1 and the Cas protein family suggests

that deregulation of these proteins may contrib-
ute to cancer development, by affecting the pro-
cesses of apoptosis, migration (metastasis), and
genomic instability. Our ongoing work charac-
terizes the expression of HEF1, p130Cas, and
other proteins with which they are functionally
associated (such as AurA) in primary tumors and
normal tissue of the breast and ovary. Prelimi-
nary studies indicate that Cas levels vary in
tumors in a manner that may correlate with
tumor prognosis. Besides AurA, we are focusing
on potential cross-regulation between the Cas
proteins and E-cadherin, a biomarker of epithel-
ial cell differentiation, which is commonly
down-regulated in aggressive tumors. 

Study of Cas proteins in animal models is
complicated by the fact that there are 3 paralo-
gous members of the family in mammals. How-
ever, Drosophila melanogaster has only one Cas
gene, which makes it a convenient genetic
system to study CAS function. We are in the
process of knocking out fly Cas, by inducing
imprecise P-element excision in a fly stock in
which a P-element is inserted immediately 5′ of
the Cas gene. In addition, we are generating an
RNAi-producing Snapback construct targeted
to Cas. Injection of embryos with this con-
struct, strain selection, and appropriate follow-
up matings will allow us to deplete Cas in
specific somatic tissues in Drosophila. We will
characterize the phenotypes of the knockouts,
and use them for genetic experiments with
other fly strains to test interactions predicted in
cell culture experiments.

Mapping and analysis of Shc-Cas interactions. 
Izumchenko, Serebriiskii, in collaboration with 
Wolfsonc

The Shc family of proteins (ShcA, ShcB, and
ShcC) are candidate regulators of the shift from
normal to pathological brain cell growth in
both adult and childhood brain cancers. The
Shc proteins are multidomain adaptor proteins,
with structural features to allow protein inter-
actions with multiple partners. Although struc-
turally similar, some evidence suggests that the
three Shc proteins may assemble non-identical
protein complexes, with different cellular func-
tions. Recent work has determined that the
ratio of Shc paralogs produced in normal brain
tissue versus in brain tumors is totally sub-
verted. Some, but not all, of the Shc proteins
have also been shown to contribute to other

Figure 1. MCF7 (human breast adenocarcinoma) cells
treated for 48h with siRNA to HEF1 were immuno-
stained with antibodies against γ-tubulin (red), and α-
tubulin (green). DNA was stained with TOTO3 (blue).
(Interphase cells shown have decreased adhesion, and
mitotic cell has a monopolar spindle. Confocal micros-
copy was performed using a Radiance 2000 laser scan-
ning confocal microscope coupled to a Nikon Eclipse
E800 upright microscope in the Microscopy Facility.
Scale bar, 10 µm.
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types of tumors, such as ovarian tumors. The
Shc proteins take part in activation of mitogenic
MAPK signaling, pro-survival signaling (through
PI3K, Akt, and NF-kappaB), and in signaling
involving focal adhesion kinase (FAK) and Src
that impacts both cell motility and cell survival.
These Shc-associated signaling molecules have
been shown to interact directly or indirectly with
Cas family members, making Cas proteins prime
candidates to mediate Shc functions. 

We wish to better understand the role of
ShcC versus ShcA signaling in cancer develop-
ment, with particular emphasis on the role of
Cas proteins in this process. As a tool to orga-
nize existing data about Shc protein inter-
actions, we have adapted the Cytoscape
bioinformatics toolset to assemble a map of
potential protein partners for each of the Shc
proteins. ShcA has been documented as physi-
cally interacting with more than 70 other pro-
teins. These fall into a number of functionally
related groups, including proteins related to
receptor tyrosine kinase signaling, to anti-
apoptotic response, and to cytoskeletal control.
In contrast, although ShcC is functionally con-
nected to many pathways, few physical interac-
tions have been reported for this protein.
Pursuing the hypothesis that Shc proteins may
directly communicate with the cellular attach-
ment apparatus, we have also determined that
at least ShcC forms complexes with HEF1,
which has recently been described as a regula-
tor of brain cell migration (2). We have assem-
bled a series of constructs expressing truncated
der iva t ives  o f  ShcC,  ShcA,  HEF1,  and
p130Cas, and have begun to perform a series of
co-transfections and co-immunoprecipitations
to allow structure-function analysis. We are now
comparing the interaction profiles of HEF1,
p130Cas, ShcA, and ShcC. Our goal is to com-
pare the ability of ShcA and ShcC to interact
with a panel of defined interacting signaling pro-
teins known to be important for ShcA or ShcC
promotion of tumor invasion, based on the
hypothesis that Cas proteins are important for
Shc-dependent cell transformation.

The HEI10 cell cycle modulator negatively 
regulates cell motility. Singh, Gao, in collabo-
ration with Lessin,§ Wu,§ Nicolas§

HEI10 is a RING finger protein that regulates
the passage through G2 in both yeast and in
vertebrates. Previously, we have shown that it

functions as an E3 ubiquitin ligase to promote
the proteolysis of cyclin B, such that over-
expression of HEI10 extends the G2 phase of
cell cycle. HEI10 is itself subject to cell-cycle-
controlled changes in expression and locali-
zation, and is an in vitro substrate for cyclin
B/cdc2, implying feedback between the HEI10
protein and the cell cycle machinery. (Toby
et al., Mol. Cell. Biol. 23:2109, 2003). With col-
laborators, we have also determined that HEI10
interacts with Merlin, encoded by the tumor
suppressor neurofibromatosis 2 (NF2), alter-
ation of which is known to be associated with a
number of tumors of neuroectodermal lineage,
and to induce both cell proliferation and migra-
tion. Given that HEI10 was also reported to be
abundant in aggressive melanomas (Smith et. al.,
Cancer Biol. Ther. 3:104, 2004), we wished to
delineate the functional role of HEI10 with fol-
lowing aims: 1) Is HEI10 more abundant in
aggressive versus non-aggressive tumors, and if
so, is this difference specific to melanoma, and
2) Does direct manipulation of HEI10 cause
changes in cell migration and attachment?

We have analyzed numerous primary tumor
cell lines of diverse stages, as well as multiple
cancerous and primary cell lines, using real
time RT-PCR to measure HEI10 mRNA levels.
Based on this analysis, we conclude that HEI10
is not specifically upregulatd in malignant
melanomas, contradicting earlier reports. How-
ever, we have found that depletion of HEI10 by
RNA interference increases cell motility and cell
invasion. Using a Boyden chamber assay, this
was demonstrated in both the U2OS (osteo-
sarcoma) and MCF7 (breast adenocarcinoma)
cell lines. Separately, HEI10-depleted U2OS
cells traveled faster than control cells in a plate-
based wound-healing assay. The motility of
HEI10-depleted cells increased within 2–3 days
of siRNA treatment, preceding a subsequent
inhibition of cell proliferation observed at
4 days following depletion, suggesting complex
action.

We are currently establishing the molecular
mechanism for the increased motility pheno-
type in HEI10 depleted cells. Pilot studies did
not demonstrate HEI10-dependent changes in
the expression or activity of canonical pro-
motility factors such as Pak1, and small Rho-
class GTPases. Intriguingly, a recent publication
has shown that increased activity of cyclin B
and Cdk1 can promote increased motility in
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prostate cancer cell lines, modulating actin
cytoskeletal organization through phosphoryla-
tion of caldesmon (Manes et al., J. Cell Biol.
161 :  817, 2003). Since we have already
shown cyclin B is a substrate in a HEI10-
induced ubiquitin proteasome pathway, we
investigated this possible mechanism for the
increased motility of HEI10-depleted cells,
and we have confirmed levels of cyclin B and
Cdk1 are significantly elevated. We are work-
ing to refine this proposed model for HEI10
function. 

The role of extracellular matrix in regulating 
tumor response to therapeutic agents. 
Serebriiskii, Lamb, in collaboration with 
Cukierman,§ Godwin§

Our studies described above, and many
examples in the scientific literature, have
demonstrated numerous connections between
proteins that mediate cell communications to
the extracellular environment and core pro-
cesses of cell cycle and cell survival controls. A
practical implication of this work is that extra-
cellular environment may not only influence
the ability of tumors to progress and become
metastatic, but may also influence the internal
response of the tumor cells to therapeutic

agents. If so, better understanding the process
may significantly improve preclinical drug
development, by allowing the creation of cell
culture screening systems for new drugs that
more closely simulating the in vivo environment
in which a tumor will be treated. 

The Cukierman group is expert in the devel-
opment of three-dimensional extracellular
matrix-based cell culture systems. In collabora-
tive experiments, we have used 12 different
human tumor cell lines, plating these in parallel
within NIH-3T3 fibroblast-derived matrices or
on tissue culture plastic, then measuring a
series of growth parameters including prolifera-
tion, shape, and survival following treatment
with a panel of cytotoxic or protein-targeted
drugs. We have found that tumor cell lines dis-
play discrete individual profiles of response to
matrix: the ability of matrix to strongly influ-
ence cell proliferation does not correspond to
ability to influence shape, and vice versa.
Importantly, the effectiveness of some but not
all drugs in limiting cell proliferation was influ-
enced by the growth of tumor cells on matrix.
Ongoing work will address the underlying
mechanistic differences important for matrix-
based drug response, with particular emphasis
on ovarian tumor models. 
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Fox Chase infusion room staff members win the dog-owner look-alike contest 
at the Center’s 7th Annual “Paws for the Cause” dog walk.
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