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Purpose: The purpose of this study is to investigate the potential role of ERBB3 in cancer
cell proliferation, chemosensitivity, and multidrug actions. ERBB3, also called Her3 (human
epidermal growth factor receptor 3) in humans, is a type I transmembrane glycoprotein that is
a member of the ERBB family of tyrosine kinase receptors.

Methods: Cancer cell proliferation was assessed in three different cancerous cell lines (Hela,
CM, and MCF7) transfected with the control or ERBB3 siRNA (small inhibitory ribonucleic
acid, a short sequence of RNA which can be used to silence gene expression). A high-throughput
screening (HTS) system with siRNA knockdown was developed to investigate the effect of
ERBB3 on chemosensitivity and multidrug actions of United States Food and Drug Adminis-
tration (FDA) approved drugs.

Results: ERBB3 knockdown by siRNA significantly reduces the proliferation of Hela cells
but not CM or MCF7 cells. Among the 30 tested FDA-approved anticancer drugs, all three
types of cancer cells (Hela, CM, and MCF) are completely killed by nine common drugs and
are completely resistant to seven common drugs. Furthermore, Hela, CM, and MCF7 cells are
sensitive to six, nine, and two additional drugs, respectively, while they are partially sensitive to
four, four, and one other drugs, respectively. ERBB3 knockdown enhances the sensitivity of Hela
cells to seven drugs and only enhances the sensitivity of MCF cells to one drug (aclarubicin).
In contrast, ERBB3 knockdown does not enhance chemosensitivity of CM cells to any tested
drugs, but desensitizes these cells to erlotinib treatment. Our results also indicate that troglitazone
(TRG), a peroxisome proliferator-activated receptor (PPARY) agonist and potentially useful agent
to reduce multiple drug resistance, potently inhibits the proliferation of Hela but not MCF7 or
CM cells. Furthermore, TRG and other drugs have complex interactions that depend, at least
partially, on the expression levels of ERBB3.

Conclusion: The effect of ERBB3 on cancer cell proliferation, chemosensitivity, and multidrug
actions depends on the types and combination of cancer cells and drugs. Therefore, when ERBB3
is targeted for cancer therapy, careful consideration must be paid to each patient’s individualized
characteristics to select the most beneficial drug or drug combination.

Keywords: ERBB family, anticancer drugs, siRNA, drug resistance, high-throughput screening,
FDA-approved drugs

Introduction

ERBB is a family of epidermal growth factor receptor (EGFR) tyrosine kinases, which
regulate signaling for the maintenance of cell division, proliferation, differentiation,
migration, and other normal cell processes.! ERBB3, a unique member of EGFR
family, is a glycoprotein of 180 kDa which consists of an extracellular domain followed
by a transmembrane-spanning helix and an intracellular cytoplasmic kinase domain.
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Unlike other ERBB receptors, ERBB3 lacks intrinsic tyrosine
kinase activity and cannot autophosphorylate due to the
evolutionary acquisition of several changes within the kinase
domain.?* The primary ligands for ERBB3 are the members
of the neuregulins (NRG) family. After NRG activation, the
tyrosine residue of the kinase domain of ERBB3 is trans-
activated by physical association with other ERBB family
members, to form highly potent heterodimers or higher-order
oligomers.* ERBB3 may also be transactivated by cellular
stress and cytokines including tumor necrosis factor o
(TNF-0) and interferon o, (INF-).> Activated ERBB3 has
the highest binding affinity for phosphoinositol 3-kinase
(PI3K) among the ERBB receptors.*” Consequently, activa-
tion of ERBB3 downstream prominently reacts with PI3K/
AKT, a strong mitogenic signal.

In addition to regulating signaling for normal cell processes,
accumulating evidence has suggested that ERBB3 plays a
critical role in cancer and other diseases. Overexpression of
ERBB3 has been frequently detected in a variety of cancers,
including those of the breast, colon, stomach, ovary, and pan-
creas.®1* ERBB3 is implicated in coupling ERBB1 to the PI3K/
AKT pathway in nonsmall cell lung cancers (NSCLCs) that are
sensitive to EGFR inhibitors such as gefitinib.!” The PI3K/AKT
signal is a critical oncogenic stimulus whose aberrant activity
leads to apoptosis resistance in a wide range of cancers.>'®
In ERBB2-driven cancers, ERBB3 functions as an intimate
signaling partner that promotes the transforming potency
of ERBB2, usually by activating the PI3K/AKT pathway.
Intestine-specific ERBB3 ablation resulted in almost complete
absence of intestinal tumors in the Apc™® mouse model of
colon cancer,” suggesting that the ERBB3 pseudo-kinase has
essential roles in supporting intestinal tumorigenesis (ApcMn
[Min = multiple intestinal neoplasia] is a point mutation in
the murine homolog of the APC gene). Therefore, ERBB3
may be a promising target for the treatment of cancers. Small-
interfering RNA (siRNA) to ERBB3 recently tested in vivo
appears to have significant reducing effects on human lung
adenocarcinoma.'” Recent evidence has suggested that ERBB3
is also responsible for tumor resistance to therapeutic agents.
It may contribute to tamoxifen-resistance in breast cancer
cells.?*22 There are compelling results showing that ERBB3
activity up-regulation is a means of escape from therapeutic
suppression by several tyrosine kinase inhibitors in breast
cancer.?'?? In our present study, we investigated the potential
impact of ERBB3 on cancer proliferation, sensitivity to a large
number of United States Food and Drug Adminstration (FDA)
approved drugs and drug interactions using a high-throughput
screening (HTS) approach.

Material and methods

Reagents

Human ERBB3 siRNA and control siRNA were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA). All anti-
bodies used for fluorescent activated cell sorting (FACS)
analysis were from R&D system (Minneapolis, MN).
Reagents for intracellular staining were purchased from
eBioscience (San Diego, CA). Cell counting kit-8 (CCK-8)
was purchased from Dojindo Molecular Technologies, Inc
(Rockville, MD).

Cell culture and siRNA knockdown

MCF7 and Hela cell lines were obtained from the American
Type Culture Collection (ATCC, Rockville, MD). The CM
cell line is a human insulinoma cell line kindly provided by
Dr Palo Pozzilli at the London School of Medicine and Den-
tistry.?2* All the cell lines were grown at RPMI 1640 medium
containing 10% fetal bovine serum (complete medium) and
cultured in a 37°C humidified atmosphere containing 95%
air and 5% CO,. Cells were split twice a week. Specific
ERBB3 siRNA or control siRNA were transfected into
cultured cells with Lipofectamine™ 2000 reagent (Invit-
rogen, Carlsbad, CA) according to the procedures provided
by manufacture. Cells were used for assays 24 hours after
siRNA transfection.

Drug library and screening

A library of 640 FDA-approved drugs was purchased
from BIOMOL International (Philidelphia, PA, USA). All
BIOMOL compounds are selected to maximize chemical
and pharmacological diversity, and have known and
well-characterized bioactivities. One-hundred nanoliters of
each drug (at a final concentration of 2 ng/mL) was roboti-
cally transferred into 50 UL of culture medium in 96-well
plates. Cancer cells were then added into the wells at a density
of 5,000 cells/well.

FACS analysis

Cells were incubated with human Fc fragment for 15 min
at 4°C then labeled for 30 min at 4°C with antibodies
against human EGFR, ERBB2, ERBB3, ERBB4, or isotype
controls (R&D system). For intracellular staining, cells were
permeabilized according to the manufacturers’ instructions
using intrastaining kit (eBioscience) followed by stain-
ing with anti-human ERBB3 antibody for 30 min at 4°C.
Thereafter, cells were washed and resuspended in phosphate-
buffered solution (PBS) with 0.1% fetal bovine serum (FBS).
Fifty thousand cells were collected and analyzed using
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FACSCalibur (BD Biosciences, San Jose, CA) and the FACS
CellQuest pro software (version 5.0.1; BD Biosciences).

Cell proliferation assay

Cell count kit-8 was used to determine cell viability. Briefly,
after 72 hours of culture, reagents were added to the plates
and the plates were read at 490 nm with a microplate reader
(Nexcelom, Lawrence, MA). Cell numbers were derived by
comparing optic density of the experimental wells to a cell
standard with known cell numbers. Cell viability (percentage
of surviving cells) was calculated by comparing cell numbers
in experimental groups to the controls, which are defined as
having 100% cell viability. All experiments were repeated
three times. Means and standard deviations were presented in
the figures. Statistical tests were performed using two-sided
Student’s #-test.

Results

ERBB3 promotes Hela cell proliferation

Since up-regulation of ERBB family members (EGFR,
ERBB2, ERBB3, and ERBB4) has been frequently observed
in many types of tumors, we examined their surface
expression in three cancer cell lines: Hela, MCF-7, and CM.
All four ERBBs were expressed on MCF7 and CM cells
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(Figure 1A). However, ERBB3 was not detectable on the
surface of Hela cells (Figure 1A). Since previous studies
showed that the ERBB3 protein is predominantly localized
in the cytoplasm of ovarian cancer cells,” we performed
intracellular staining for ERBB3 and found weak levels of
intracellular ERBB3 in Hela cells (Figure 1B).

To investigate the potential role of ERBB3 in cancer cell
proliferation, we determined the proliferation rates of the cancer
cell lines after transfection with ERBB3 siRNA or control
siRNA. The ERBB3 siRNA can efficiently knockdown ERBB3
(Figure 1C). Cell proliferation assays indicate that ERBB3
knockdown significantly inhibited the proliferation of Hela
cells (P < 0.0001), but had no effect on the proliferation of
MCEF7 or CM cells (Figure 2). Previous studies have already
shown that ERBB3 knockdown did not alter the proliferation
of MCF7 cells?' and another pancreatic cancer cell line.?® Taken
together, our results suggest that ERBB3 knockdown reduces
cell proliferation only in certain types of cancer cells.

ERBB3 knockdown largely sensitizes, but
can desensitize, cancer cells to treatment
To assess the effect of different drugs on the proliferation/sur-
vival of the three cancer cell lines, the cells were treated with
160 FDA-approved drugs (arrayed on two 96-well plates)

ERBB3

Isotope control ERBB3

(@)

ERBB3

ERBB3 knockdown,
intracellular staining

Figure | Expression of ERBB family members in cancer cell lines. A) Fluorescent activated cell sorting (FACS) analysis of surface ERBB expression in three cancer cell lines.
Blue = isotype control, red = ERBB family member labeled on the left of the panels. B) Intracellular staining for ERBB3 in Hela cells. Blue = isotype control, red = ERBB3.
C) Intracellular staining of ERBB3 protein after knockdown by ERBB3 siRNA (blue) or control siRNA (red).
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Figure 2 ERBB3 knockdown reduces Hela cell proliferation. Three different types
of cancer cells were transfected with control siRNA (siCon) or ERBB3 siRNA
(siERBB3). Twenty-four hours post-transfection, transfected cells were plated onto
96-well plates and cultured for 72 hours, and cell numbers were then measured
with the CCK-8 kit. The means and standard deviations of relative cell viability are
calculated from three independent experiments.

including 30 anticancer drugs. As shown in Figure 3, these
cells have different chemosensitivity to anticancer drugs. CM
and Hela cells appear to be sensitive to more drugs compared
to MCF7 cells. CM cells are sensitive to 18 of the 30 drugs,
partially sensitive to four other drugs, and resistant to eight
drugs (Figure 3). Hela cells are sensitive to 15 drugs, partially
sensitive to four drugs and resistant to 11 drugs. MCF7 cells
are sensitive to only 11 drugs and partially sensitive to another
drug but resistant to the remaining 18 drugs. It is interesting
to note that all three lines are sensitive to nine common drugs
and resistant to seven common drugs. The sensitivity for the
remaining 14 drugs differs between cell lines.

To determine the potential impact of ERBB3 on the
chemosensitivity of cancer cells to different drugs, we
treated the three cancer cell lines transfected with ERBB3 or
control siRNA and compared cell viability. ERBB3 had no

detectable impact on drug sensitivity for 22 of the 30 cancer
drugs studied here. Figure 4 presents data on the remaining
eight drugs which have differential efficacy depending on
ERBB3 expression in at least one cell line. ERBB3 knock-
down increases the sensitivity of Hela cells to four drugs
(camptothecin, hydroxycamptothecin, tanshinone IIA, and
gemcitabine) (P = 0.003), while its effect on the 8th drug
(aclarubicin) cannot be assessed because it completely
killed Hela cells in our assay conditions. ERBB3 knockdown
enhances the sensitivity of MCF7 cells to only one drug
(aclarubicin) (P = 0.007). Interestingly, ERBB3 knockdown
does not enhance sensitivity of CM cells to any drug but
desensitizes CM cells to the tyrosine kinase inhibitor erlotinib
(P =0.0007) (Figure 4).

ERBB3 knockdown has variable effect

on the action of drug combinations

Troglitazone (TRG) is a peroxisome proliferator-activated
receptor (PPARY) agonist that is capable of downregulating
multiple drug resistance protein (MDR-1) and restoring
sensitivity of MCF7 cells to drug treatment.?’” Therefore
TRG is being explored as a drug to overcome drug resis-
tance. Our results indicate that TRG is a potent inhibitor
of Hela cell proliferation, while it has no impact on the
proliferation of MCF7 and CM cells (Figure 5). Interest-
ingly, when TRG is combined with other drugs, Hela cells
are not completely killed (Figure 6A), suggesting a complex
interaction between TRG and other drugs. The interaction
between TRG and other drugs also depends on the expres-
sion levels of ERBB3 (Figure 6). TRG enhances the activ-
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Figure 3 Efficacy of 30 anticancer drugs on the proliferation of three cancer cell lines. Identical number (5,000/well) of cells was plated onto 96-well plates and cultured with
one of the 160 FDA-approved drugs for 72 hours. The means and standard deviations of relative cell viability are calculated from three independent experiments. Results for
30 anticancer drugs are presented here. Hydroxycamptothecin = 10-hydroxycamptothecin.
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Figure 4 ERBB3 knockdown modulates chemosensitivity of some cancer drugs.
Three different types of cancer cells were transfected with control siRNA (siCon)
or ERBB3 siRNA (siERBB3). Twenty-four hours post-transfection, transfected cells
were plated onto 96-well plates and cultured for 72 hours, and cell numbers were
measured with the CCK-8 kit. The means and standard deviations of relative cell
viability are calculated from three independent experiments.

ity of 10-hydroxyxamptothecin and tanshinone ITA, but
decreases the activity of camptothecin and gemcitabine,
while it has no major effect on the activity of mevastatin,
fosinopril, and erlotinib to ERBB3 siRNA-treated Hela
cells (Figure 6B).

Discussion

Two of the ERBB family members, EGFR and ERBB2, have
been extensively targeted for cancer drug development. EGFR
is being targeted with the monoclonal antibody cetuximab and
with two small molecule tyrosine kinase inhibitors, gefitinib
and erlotinib.”® ERBB2 has been successfully targeted
by the monoclonal antibody trastuzumab (Herceptin®) in
breast cancers, where it is often overexpressed.” In contrast,
efforts at targeting ERBB3 in cancers have lagged behind,
due in part to its impaired kinase activity.*® It has becoming
increasingly clear that ERBB3 plays a critical role in cancer
progression. Intestine-specific ERBB3 ablation resulted in
almost complete absence of intestinal tumors in the APCMin
mouse model of colon cancer.” A siRNA-based therapy has
also been attempted in lung cancer.!” A number of previous
studies have addressed the importance of ERBB3 in cancer
cell proliferation. It has become apparent that the role of
ERBB3 depends on the other ERBB family members.*!*? For
example, overexpression of EGFR and ERBB3 in NIH3T3
cells does not result in tumorigenesis, while overexpression
of ERBB2 and ERBB3 does.**** This study suggests that
knockdown of ERBB3 may not necessarily alter the prolif-
eration ability of two tumor cell lines (MCF7 and CM) that
have high levels of surface expression of all 4 ERBB proteins.
Similar results have already been published for MCF7 cells.!
In contrast, knockdown of ERBB3 in the Hela cells, which
have high levels of surface EGFR, ERBB2, and ERBB4, but
no detectable surface ERBB3, dramatically reduces Hela
cell proliferation. The mechanism underlying the different
outcome of ERBB3 on cell proliferation is still unclear and
deserves further investigation.
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Figure 5 Troglitazone (TRG) inhibits Hela cell proliferation in an ERBB3-dependent manner. Three different types of cancer cells were transfected with control siRNA
(siCon) or ERBB3 siRNA (siERBB3). Twenty-four hours post transfection, transfected cells were plated onto 96-well plates and cultured for 72 hours, and cell numbers were
measured with the CCK-8 kit. The means and standard deviations of relative cell viability are calculated from three independent experiments.
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