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Abstract

Triple negative breast cancer (TNBC) is a heterogeneous disease and has a higher rate of recurrence and distant metastasis. African-American (AA) women have a
higher frequency of BRCA1 mutations and TNBC compared to other populations. Basal-like tumors have a higher rate of brain, lung and distant nodal metastasis
more than other TNBC subtypes, contributing to higher mortality rate. Our previous work suggested Ubc9,a SUMO E2-conjugating enzyme to induce proliferation
and migration of BRCA1-incompetent TNBC cells and TNBC cell lines established from the pleural effusion metastasis of a woman with TNBC. To understand the
downstream signaling axis involved in distant metastasis we have used clinically relevant BRCA1 mutant and lung metastatic TNBC cell lines and our results show
deregulated expression of caveolin-1, VEGF and SIRT1 in these cells compared to normal mammary epithelial cells by immunofluorescence analysis. We observed
SIRT1 to be induced by wild type BRCA1a and BRCAla I26A mutant unlike the disease associated Ubc9 binding mutants in TNBC cells. Knock down of Ubc9
induced SIRT1 expression in TNBC and ER-a expression in breast cancer cells. This is the first report demonstrating a role for Ubc9 in repressing both SIRT1 and
ER-o expression in BRCA1 associated TNBC cells. It also suggests that the BARD-dependent E3 Ubiquitin ligase and HR (homologous recombination) activity
of BRCA1 may not be required for inducing SIRT1 expression. Our results suggest for the first time that in BRCA1 mutant TNBC Ubc9-mediated induction of
VEGTF, inhibition of caveolin-1, SIRT'1 and ER-a expression as a novel molecular mechanism underlying TNBC EMT (epithelial mesenchymal transition) leading
to lung metastasis with pleural effusion. Drugs that target Ubc9 to both induce SIRT1 and ER-o or using SIRT1 agonists in combination with chemotherapy can
be used as a promising targeted therapeutic approach for treating basal-like metastatic BRCA1-linked TNBC thus reducing the mortality in patients with TNBC.

Abbreviations: TNBC: triple negative breast cancers; ER: estrogen
receptor; AA: african american; Cav-1: Caveolinl; VEGF: vascular
endothelial growth factor; EMT: epithelial mesenchymal transition;
HGSOC: high grade serous ovarian cancer; SIRT1: Sirtuinl

Introduction

Breast cancer is the most frequently diagnosed cancer in females in
America, and it is the second leading cause of cancer deaths in America
with 40,610 women expected to die from breast cancer in 2017 [1]. The
breast cancer five-year survival rate drops dramatically to only 26.3% if
distant metastasis occurs [2]. Triple Negative Breast Cancer (TNBC) is
a heterogeneous disease that accounts for 10-20% of all breast cancers
worldwide [3]. TNBC is notable for being an aggressive cancer with
higher mean tumor size, higher grade tumors, higher rates of node
positivity, high likelihood of recurrence, distinct metastasis patterns
and poorer survival compared to other breast cancers [4]. TNBCs
do not express estrogen receptor, (ER), progesterone receptor (PR)
and human epidermal growth factor receptor 2 (HER2) [4]. Because
they do not express these receptors, TNBC’s lack targeted therapies
that other breast cancers, such as ER+ breast cancer, have [4]. The
Lehmann’s group classified TNBC into six molecular subtypes based
on their gene expression profiles: Basal-Like-1 (BL1), Basal-Like-2
(BL2), Luminal Androgen Receptor (LAR), Mesenchymal Stem-Like
(MSL), Mesenchymal (M), and Immunomodulatory (IM) [3-5]. Most
TNBC with BRCAI mutations fall into the basal-like subtypes (BL1
and BL2), which have high rates of recurrence and distant metastasis,
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especially to the lungs and brain, contributing to higher mortality.
African-American and Hispanic women are disproportionally affected
by TNBC Basal-Like cancers with BRCA1 mutations, meaning they
also have worse outcomes than women of other ethnicities. BL1 and
BL2 subtypes with BRCA1 mutation are usually treated with platinum-
based chemotherapy like cisplatin [5], but recurrence and metastasis
are still an issue [6,7]. There is thus a critical need to obtain druggable
targets so as to develop targeted therapy for TNBC. BRCA1 is a tumor
suppressor gene located on the long arm of chromosome 17 that is
either mutated, expressed at low levels, or localized abnormally in
TNBC [4,8]. We have cloned two major splice variants of BRCAI,
namely BRCAla/p110 and BRCA1b/p100 [9,10], both are expressed
at lower levels in breast tumors as opposed to normal cells [11-14].
We have found BRCAla protein to induce apoptosis and inhibit in
vivo tumor growth of TNBC cells [15,16]. BRCA1 proteins contain
several functional domains, an N-terminal RING finger domain
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that interacts with multiple proteins and two-BRCA1 C-terminal
domains involved in transcriptional activation. BRCA1, BRCAla and
BRCAL1Db proteins are nuclear-cytoplasmic shuttling proteins that are
also localized in the mitochondria [9,14,17,18]. The action of nuclear
localization signals (NLS) and nuclear export signals (NES) located
in the RING domain that via association with BARDI also regulate
BRCAL1 nuclear transport [19]. The BRCA1 delta isoform, which lacks
NLS, also enters the nucleus via the BARD1 import pathway [19]. The
RING domain of BRCAL, in complex with BARD1, mediates an E3
Ubiquitin ligase activity on ER-a in-vitro [20, 21]. Using an Ubiquitin
ligase-deficient BRCA1 I26A mutant some groups have found that
the Ubiquitin ligase activity is expendable for both, genomic stability
and homology-directed repair of double-strand DNA breaks, however
the Ubiquitin ligase activity is essential for repression of ER-a activity
[22,23]. The SUMO pathway was shown to be involved in BRCA1
response to DNA damage and transcriptional repression [24,25]. We
have shown the amino-terminal domain of BRCAI, BRCAla and
BRCA1Db proteins to bind to SUMO-E2-conjugating enzyme Ubc9 and
activate ER-a activity by promoting its degradation in vivo [26]. This
work suggested for the first time a new biochemical activity of BRCA1
as a putative SUMO-1 and Ubc9-dependent E3 Ubiquitin ligase for
ER-a [26]. The cancer-predisposing mutation in BRCA1l (C61G),
disrupted the ability to regulate Ubc9-mediated estrogen-induced
ER-a transcriptional activity in breast cancer cells [26] suggesting for
the first time a molecular mechanism for TNBC development due to
BRCA1 mutation. Both BRCA1/BRCAla K109R and C61G mutants
that are localized mostly in the cytoplasm, fail to inhibit the growth
of TNBC cells [27]. Ubc9 plays a critical role in breast cancer cell
migration, tumor progression and resistance to chemotherapy [28-33].
Ubc9 expression has also been found to correlate with poor clinical
outcome in Nigerian black women with breast cancer [34]. Our recent
results suggests knockdown of Ubc9 in BRCA1 mutant TNBC and
HGSOC cells to inhibit proliferation and migration suggesting a role
in epithelial to mesenchymal transition (EMT) of TNBC [35]. EMT
is a biological phenomenon wherein epithelial cells gain the ability to
migrate to distal sites, playing a key role in cancer metastasis. Similarly
we have also observed elevated expression of Ubc9 in HGSOC with
BRCA1 mutation which resulted in loss of caveolin-1 and induction
of VEGF suggesting a pathway linking BRCA1 mutation to HGSOC
with peritoneal permeability and ascites formation [36]. Sirtuin 1
(SIRT1), a nicotinamide adenine dinucleotide (NAD)-dependent
histone deacetylase linked to longevity, metabolism, stress responses,
genomic stability, energy homeostasis and ER-a repression [37, 38].
Dr. Deng's group demonstrated SIRT1 expression to be reduced in
BRCA1-associated breast cancers and BRCA1 was shown to bind to
the SIRT1 promoter and increase its expression which inhibits Survivin
levels [39]. These studies clearly suggest BRCAI to play a tumor
suppressor role through regulation of SIRT1 expression [40]. Recently
hypoxia, a promoter of EMT was shown to repress SIRT1 expression
in a SUMOylation-dependent manner [41]. This data suggests SIRT1
to function as a tumor suppressor in breast, ovarian and lung cancer
cells [37-41]. In this study we have identified the underlying molecular
mechanism of BRCAI -associated TNBC metastasis to the lung so
as to discover novel biomarkers for developing targeted therapies for
TNBC. We have found reduced levels of caveolin-1 and SIRT1 and
elevated expression of VEGF in both BRCA1 mutant TNBC cells as
well as TNBC cells established from a pleural effusion lung metastasis.
Ubc9 knockdown induced both SIRT1 and ER-a expression in breast
cancer cells. Furthermore, these results suggested that Ubc9 binding
but not BARD-dependent E3 Ubiquitin ligase activity and HR activity
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of BRCA1 is required for SIRT1 induction. Both BRCA1 and SIRT1
induced ER-a expression in BRCA1 mutant TNBC cells. Our data
provides for the first time a novel mechanism as to how BRCA1 by
tethering Ubc9 a tumor promoter induces SIRT1, caveolin-1 and ER-
-a expression inhibiting TNBC metastasis to lung.

Materials and methods

Cell culture

MCFI10A, CAL51, T47D, HCC1937, and HCC1937 BRCAI1 cells
were obtained from American Type Culture Collection (Rockville,
MD, USA), CAL51 cells were obtained from CD Biosciences Inc. and
cultivated as described previously [26-28]. MCF10A were grown in
50% RPMI and 50% MEGM (CC-3150, Lonza), supplemented with 3%
fetal bovine serum. CAL51 were grown in DMEM medium with 10%
FBS, 0.6pg/ml Insulin, 5X10° pg/ml transferrin and 1% PS. T47D were
grown in DMEM medium with 10% FBS, 0.2 units/ml Insulin and 1%
PS. HCC1937 cells were grown in RPMI 1640 medium with 10% FBS
and 1% PS.

Expression plasmids

The BRCA1/1la expression plasmids BRCAla, BRCAla Mut#1
(K109R), BRCAla Mut#4 (C61G), BRCAla Mut#9 (I126A), EGFP-AS
Ubc9, Flag SIRT1 were cloned as described previously [27, 35].

Western blot analysis

CALS5I cells were seeded into 10 cm Petri-dishes with a density of
2 x 108 Cells were transfected with EGFP or EGFP-Antisense Ubc9
plasmids. After 48 hours of transfection, cells were collected and the cell
pellets were lysed in RIPA lysis buffer (50 mm Tris-HCI, (pH7.8) 150
mm NaCl, 5 mm EDTA, 0.5% Triton X-100, 0.5% NP40, 0.1% sodium
deoxycholate) and the proteins were separated on 4-20% gradient
SDS-PAGE and transferred to nitrocellulose membrane. The primary
antibodies for Ubc9 (Santa Cruz, N-15, 1/150) and SIRT1 (Santa Cruz,
H-300, 1/150) and p-Actin (Santa Cruz, C4, 1/1000) were used to probe
the proteins of interest. The protein bands were visualized using HRP
labeled secondary antibody to mouse or rabbit or goat and developing
solution (GE Healthcare) by Image Reader LAS-3000 (FUJIFILM). The
values were standardized with the internal control B-Actin.

Antibodies and reagents

The antibodies used in this study were primary polyclonal Rabbit
anti-caveolin-1 antibody (Santa Cruz biotechnology), primary
polyclonal Rabbit anti-VEGF antibody (Santa Cruz Biotechnology),
primary polyclonal Rabbit anti-SIRT1 antibody (Santa Cruz
Biotechnology), primary polyclonal Goat anti-Ubc9 N-15 antibody
(Santa Cruz Biotechnology), primary monoclonal mouse anti- -Actin
antibody (Santa Cruz Biotechnology), primary monoclonal mouse
anti- ER-a antibody (Santa Cruz Biotechnology).

Immunofluorescence analysis

MCF10A, HCC1937, HCC1937 BRCA1 and CAL51 cells were
cultured alone or transfected with pPCDNA3, BRCAla, BRCAla Mut#1,
BRCAla Mut#4, BRCAla Mut#9 or EGFP-Antisense Ubc9 for 24
hours in six-well plates onto glass coverslips overnight. The cells were
washed and fixed in icy methanol for 5 minute, and blocked using 10%
BSA for 60 min, followed by primary polyclonal Rabbit anti-caveolin-1
antibody 1:150, primary polyclonal anti-SIRT1 antibody (Santa
Cruz),1:150 diluted in 1.5% BSA made in PBS at 25°C for 1hr and Alexa
488 goat anti-Rabbit/Alexa 568 goat anti-mouse (Molecular Probes)
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diluted in 1.5% BSA/PBS for 50 min and stained (Hoechst 33258,
Pentahydrate, Life technologies). The cover slips were mounted with
Vectashield mounting medium for fluorescence (H-1000 from Vector).
The stained cells were examined by LSM 700 Confocal Microscope,
equipped with 63X oil Ph immersion objectives. Composite filter cubes
were used for the 488-405 as described previously [27].

siRNA transfection and western blot analysis

T47D cells were maintained in DMEM medium, supplemented with
10% fetal bovine serum. Before transfection, cells were digested with
0.25% of Trypsin-EDTA solution and seeded into 10 cm diameter petri
dishes with a density of 1.5 x 10°/well. Twenty-four hours later, dilute
Ubc9siRNA and control siRNA (Qiagen) in the culture medium without
serum (final concentration is 50 nM), HiPerFect Transfection Reagent
(Qiagen) was added to the diluted siRNA and mixed by vortexing. The
mixture was incubated for 5-10 min at room temperature (15-25°C)
to allow the formation of transfection complexes. The complexes were
added drop-wise onto the cells and gently swirled to ensure uniform
distribution of the transfection complexes. The cells were incubated for
48 hours and subjected to western blot analysis using Ubc9 and ERa
antibodies as described previously [26,27].

Results
Caveolin-1 expression is reduced in BRCA1 mutant TNBC cells

Wild Type BRCA1 protein stimulates caveolin-1 expression by
binding to the caveolin-1 promoter and caveolin-1 also induces BRCA1
protein expression [42,43]. To examine whether this occurs in a
physiological relevant BRCA1 mutant cell line in vivo, we have studied
the expression of caveolin-1 in normal human mammary epithelial cells
MCF10A and a Basal-Like TNBC cell line HCC1937 obtained from a
patient with germ line BRCAI mutation using immunofluorescence
analysis. Our results show reduced levels of expression of caveolin-1 in
HCC1937 but not in MCF10A cells (Figure 1). These results suggest
BRCAL protein to induce caveolin-1 expression in normal mammary
epithelial cells and BRCAL1 dysfunction results in down regulation of
caveolin-1 in BRCA1 mutant TNBC cells. These results support our
previous observation in BRCA1 mutant HGSOC cells and what was
observed by others [35,43].

VEGF is expressed at elevated levels in BRCA1 mutant TNBC
cells compared to normal mammary epithelial cells

BRCA1 was shown to inhibit VEGF expression and protein
secretion through the estrogen signaling pathway in breast cancer
cells [44] and increased VEGF levels were found in tumor tissue of
BRCA1/2 carriers [45]. To examine whether the same scenario is true
in BRCA1 mutant TNBC cells we have studied the expression of VEGF
using immunofluorescence analysis. Our results show elevated levels
of VEGF in HCC1937 cells compared to normal mammary epithelial cells
MCF10A (Figure 2). These results indicate a role for BRCA1 in regulating
angiogenesis as previously observed by us in BRCA1 mutant HGSOC cells
[35,36] and by others in BRCA1/2 -related breast tumors [45].

BRCAL1 induces expression of endogenous SIRT1 in TNBC cells

BRCALI -associated breast cancers have lower levels of SIRT1 than
their normal controls [40]. SIRT1 expression was found to be down-
regulated by hypoxia which promotes EMT and lung cancer metastasis
[41]. To study whether low levels of SIRT1 expression is responsible
for BRCA1 -associated Basal-Like TNBC tumors to have higher rate
of metastasis to the lung and brain we studied the expression of SIRT1
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Figure 1. Caveolin-1 is expressed at reduced levels in BRCA 1 mutant TNBC cells HCC1937
compared to normal mammary epithelial cells MCF10A using immunofluorescence
analysis. MCF10A and HCC1937 cells were cultured in six-well plates onto glass cover
slips overnight. cells were washed and fixed in icy methanol for 5 minute, and blocked
using 10% BSA for 60 min, followed by primary polyclonal Rabbit anti-caveolin-1
antibody (Santa Cruz) 1:150 diluted in 1.5% BSA/PBS at 25°C for 1hr and Alexa 488 goat
anti-Rabbit (Molecular Probes) 1:100 diluted in 1.5% BSA/PBS for 50 min, in combination
with Hoechst staining (Life technologies). The cover slips were mounted with Vectashield
mounting medium for fluorescence analysis. The stained cells were examined by LSM 700
Confocal Microscope, equipped with 63X oil lenses.
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Figure 2. VEGF is expressed at elevated levels in BRCA1 mutant TNBC cells
HCC1937 compared to normal mammary epithelial cells MCF10A. VEGF proteins
were detected by immunostaining using VEGF antibodies. MCF10A, HCC1937 cells were
cultured in six-well plates onto glass cover slips overnight. cells were washed and fixed in
icy methanol for 5 minute, and blocked using 10% BSA for 60 min, followed by primary
Polyclonal Rabbit anti-VEGF antibody (Santa Cruz) 1:150 diluted in 1.5% BSA/PBS at
25°C 1hr and Alexa 488 goat anti-Rabbit antibody (Molecular Probes) 1:100 diluted in
1.5% BSA/PBS for 50 min, in combination with staining with Hoechst (life technologies).
The cover slips were mounted with Vectashield mounting medium for fluorescence
(Vector). The stained cells were examined by LSM 700 Confocal Microscope, equipped
with 63X oil immersion objectives.

in BRCA1 mutant TNBC cells HCC1937 and a sporadic TNBC cell
line CAL51 established from the pleural effusion metastasis of a 45-
year —old woman with progressive breast adenocarcinoma (after radio-
chemotherapy and surgery) using immunofluorescence analysis. Our
results show low level of expression of SIRT1 in both the TNBC cell
lines compared to BRCALI reconstituted HCC1937 cells (see Figure 3).
These results suggest a role for SIRT1 in metastasis by regulating EMT
as shown by others in lung cancers [41].

BRCAla pathogenic mutants fail to induce SIRT1 expression
unlike wild type BRCA 1a and E3 Ubiquitin ligase deficient BRCAla
mutant in TNBC cells established from lung pleural effusion

Wildtype BRCA1/1a proteins were shown by us to bind to SUMO
conjugating enzyme Ubc9 and inhibit the tumor growth of TNBC cells
unlike the disease associated pathogenic mutants [27]. To test whether
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Figure 3. CALS1 and BRCA1 mutant TNBC HCCI1937 cell lines were found to
express lower levels of SIRT1 compared to BRCAI reconstituted HCC1937 cells using
immunofluorescence analysis. Cal51, HCC1937, HCC1937+BRCA1 Cells were cultured
in six-well plates onto glass cover slips overnight. cells were washed and fixed in icy
methanol for 5 minute, and blocked using 10% BSA for 60 min, followed by primary
monoclonal anti-Sirtl antibody (Santa Cruz) 1:150 diluted in 1.5% BSA/PBS at 25°C 1hr
and Alexa 488 goat anti-Mouse antibody (Molecular Probes) diluted in 1.5% BSA/PBS for
50 min, in combination with staining with Hoechst (Life technologies).The cover slips were
mounted with Vectashield mounting medium for fluorescence (Cat# H-1000 from Vector).
The stained cells were examined by LSM 700 Confocal Microscope, equipped with 63X
oil Ph immersion objectives.

HCC1937
BRCAla

the various BRCAla mutants (BRCAla Mut#1, BRCAla Mut#4, and
BRCAla Mut #9) can induce SIRTI similar to wild type BRCA1/
BRCAla proteins, we have studied the expression of SIRT1 in CAL51
cells using immunofluorescence analysis. Our results show BRCAla
Mut#1 and Mut#4 to express low levels of SIRT1 compared to wild
type BRCAla and BRCAla Mut#9 (Figure 4). These results suggest
that Ubc9 binding may be required for inducing SIRT1 expression by
BRCA1/1a in TNBC cells. BRCA1/1a proteins by tethering Ubc9 may
prevent it from inhibiting SIRT1 activity in a SUMOylation dependent
manner [41]. These results also indicate that the E3 Ubiquitin ligase
activity and HR activity is not required for inducing SIRT1 expression.

Knockdown of Ubc9 restores SIRT1 expression in TNBC cells
established from lung pleural effusion

BRCAL has been shown to bind to the SIRT1 promoter and induce
its expression in HCC1937 cells [39]. We have previously used wound
healing assay to show that knockdown of Ubc9 in HCC1937 and CAL51
cells inhibits migration of these cells [35]. To test whether knockdown
of Ubc9 can restore SIRT1 expression in CAL51 TNBC cells which
express high levels of Ubc9, we suppressed Ubc9 expression in CAL51
cells by using antisense Ubc9 and measured SIRT1 expression by
western blot analysis. As shown in Figure 5A and B, Ubc9 knockdown
resulted in increased expression of SIRT1 compared to control vector
transfected cells. Together, these results indicate that Ubc9 is essential
for TNBC cell migration and downregulation of Ubc9 may facilitate an
inhibitory effect of SIRT1 on TNBC cell migration.

Ubc9 knockdown induces ER-a expression in ER- a positive
breast cancer cells

BRCAL proteins have been found by us to induce ER-a expression
by tethering Ubc9 and BRCA1 pathogenic mutants do not bind Ubc9,
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form colonies in soft agar and are transforming [27]. Based on these
findings we developed a BRCAl-function based assay [26] and a
patent has been issued for this work (Number 8, 372,580). If Ubc9 is
responsible for repressing ER-a expression then knockdown of Ubc9 in
breast cancer cells should reactivate ER-a. To test this we knockdown
Ubc9 expression in T47D breast cancer cells using Ubc9 siRNA and
studied ER-a protein expression by western blot analysis. As shown
in Figure 5C, Ubc9 downregulation using Ubc9 siRNA resulted in
increased expression of ER-a protein compared to control siRNA
transfected T47D cells. These results clearly indicate that Ubc9 inhibits
ER-a activity in breast cancer cells. Ubc9 was shown to inhibit ER-a
activity in the presence of SUMO-1 and this was thought to be due to
extensive SUMOylation of ER-a and/or its cofactors which could result
in this repression [46]. This could be a scenario one sees in TNBC where
there is mutation in the BRCA1 gene and ER-a is not expressed [26].

BRCA1 and SIRT1 induce ER-a expression in BRCA1 mutant
TNBC cells

SIRT1 regulates ER-a expression and SIRT1 knockout reduces
ER-a protein in mouse mammary gland [47]. BRCAI was shown to
inhibit the ligand dependent and independent transcription activity of
ER-a [38,48]. We have previously shown that BRCA1 disease associated
mutants were defective in their ability to bind Ubc9 causing ER-a
repression and thus promoting tumorigenesis [26,27,35]. We therefore
tested whether SIRT1 and BRCA1 can activate ER-a expression in
BRCA1 mutant TNBC cell line HCC1937. As shown in figure 6A and B
SIRT1 and BRCA1 induced ER-a expression in HCC1937 cells. Taken

Hoechst
Cal 51 pCDNA3

Hoechst
Cal 51 BRCA1la

Hoechst
Cal 51
BRCAla Mut#l

Hoechst Merge
Cal 51
BRCAla Mut#4
Hoechst
Cal 51

BRCAla Mut#9

Figure 4. Wild type BRCAla and BRCAla I126A mutant but not the C61G and K109R
mutants induce SIRT1 expression in CAL51 TNBC cells as detected by immunofluorescence
analysis.CAL51 cells were seeded into six-well plates and transfected with pcDNA3 or
pcDNA3 BRCAla or BRCAla Mut#1, BRCAla Mut#4 or BRCAla Mut#9 as described
in Figure 3. The stained cells were examined by LSM 700 Confocal Microscope, equipped
with 63X oil Ph immersion objectives.
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Figure 5. Ubc9 knockdown increases SIRT1 and ER- o expression in CALS1 cells
established from the pleural effusion metastasis of a patient with TNBC and T47D ER- o
positive breast cancer cells. (A). CAL51 cells were seeded into 10cm Petri dishes overnight.
Following the transfection with AS Ubc9 plasmid or control plasmid for 48hrs the cells
were collected and lysed in RIPA buffer. The cell lysates were probed with primary
antibodies either Ubc9 (Santa Cruz N15, 1/100) or B Actin (Santa Cruz C4, 1/2000 or 10009
(Santa Cruz, 1/100). The proteins were visualized using HRP labeled secondary antibody
to goat (Ubc9) or mouse (B Actin) and developing solution (GE Healthcare) through Image
Reader LAS-3000 (FUJIFILM). (B).The stoichiometry of SIRT1 protein levels shown in
A. The signal of SIRT1 protein band was quantified using software Multiguage. The values
were standardized with the internal control B Actin, CALS1 is defined as 1. (C). T47D
cells were seeded into the Petri dishes of 10 cm diameter 24 hours before transfection.
HiPerFect Transfection Reagent (Qiagen) was used to mediate either Ubc9 or control
siRNA transfection. Following 48 hours of siRNA transfection, the cells were lysed and
subjected to Western blot analysis using Ubc9 and ERa antibodies.

together the data indicates that both SIRT1 and BRCA1 are able to
independently induce ER-a expression in BRCA1 mutant TNBC cells.

Discussion and conclusions

Metastatic TNBC is a very aggressive type of breast cancer and
has the highest mortality rate in comparison to other breast cancers.
BRCAI mutation carriers belong to the TNBC Basal-like subtype and
lack effective targeted therapies [3,4]. Hence treatments are limited to
surgery, radiotherapy and chemotherapy [5]. There is thus an urgent
need to develop novel targeted therapy for metastatic TNBC. Tumor
VEGF expression is significantly higher in TNBC compared to non
TNBC [49]. In this study we have found high levels of VEGF, reduced
levels of caveolin-1, SIRT1 in highly migratory BRCA1 mutant TNBC
cells and TNBC cells established from a pleural effusion metastasis
of a women with TNBC (after radio-, chemotherapy and surgery)
compared to normal mammary epithelial cells. This agrees with our
earlier work showing reduced expression of caveolin-1 and higher
levels of VEGF in BRCA1 mutant HGSOC cells suggesting a role for
VEGTF in cancer metastasis (35). Sun et al. [41] have found activation of
SIRT1 to result in inhibition of migration of lung cancer cells in vitro
and lung metastasis in vivo. Our previous published results showed
SUMOylation enzyme Ubc9 to play a key role in migration of BRCA1
mutant TNBC and HGSOC cells [35] which agrees with our findings.
We observed BRCA1/BRCA1la proteins but not the disease associated
pathogenic BRCA1 mutants, which do not bind Ubc9 to induce
endogenous SIRT1 expression in TNBC cells. Another BRCA1 mutant
126 A which lacks both E3 Ubiquitin ligase activity and HR activity was
found to induce SIRT1 expression in TNBC cells. Knockdown of Ubc9
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in TNBC cells resulted in expression of SIRT1 in these cells suggesting
inhibition of SIRT1 activity by SUMO E3 conjugase Ubc9. These results
suggest a role for Ubc9 in promoting EMT of TNBC cells causing
lung metastasis which is consistent with a recent study showing a
SUMOylation-dependent pathway to regulate SIRT1 transcription and
lung cancer metastasis [41]. We have identified SIRT1 as a new target
thatis downregulated in BRCA1 mutant TNBC cells. BRCA1 was shown
previously to induce SIRT1 expression by binding to its promoter [39].
Our results suggest yet another novel mechanism whereby BRCA1 by
binding Ubc9 activates SIRT1 expression. BRCA1 and SIRT1 both also
repress ER- a -mediated transcriptional activity and proliferation in
estrogen responsive breast cancer cells [38]. Knock down of Ubc9 in
ER- a positive breast cancer cells T47D resulted in induction of ER- a
expression, once again suggesting a role for SUMOylation in repressing
ER-a activity in breast cancer cells. To our knowledge this is the only
mechanism that can explain how BRCA1 mutation can result in TNBC
[26]. Based on these findings a BRCA1 function-based cellular assays
patent has been issued on this work (patent number 8, 372,580). These
studies suggest a novel Ubc9-caveolin-1-VEGF-SIRT1- ER- a axis that
when perturbed due to BRCA1 dysfunction results in TNBC EMT
and distant lung metastasis (Figure 7). Our findings along with that of
others indicate BRCA1 and it downstream target SIRT1 to play a major
role in inhibiting metastasis of TNBC. Future studies will be geared
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Figure 6. Wild type BRCA1, BRCA1 Mut#9 (I126A) and SIRT induce expression of ER-a
in HCC1937 TNBC cells as seen by immunofluorescence analysis. (A) HCC1937 cells
were seeded into six-well plates and transfected with pPCDNA3, BRCA1, BRCA1 I26A, (B)
CMV Flag and Flag SIRT1 as described in Figure 3. The nuclei were visualized with DNA
staining dye Hoechst 33258. Cells were fixed and probed with ER-a (Santa Cruz, 1/250)
followed by Alexa Fluor 568 labeled secondary antibody (Invitrogen, 1/200) staining.
The images were taken using LSM 700 confocal microscope (100X, oil Ph immersion
objectives).
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towards targeting Ubc9 to both induce SIRT1 and ER- a expression or
using SIRT1 agonists in combination with chemotherapy to provide
a novel next- generation targeted therapy to treat Basal-like BRCAI-
associated TNBC metastasis to lung.
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