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. Introduction

The cause of triple negative breast cancer (TNBC) has not yet been identified. Therefore,
many researchers focused about breast cancers features, such as gene mutation or abnormal
expressed proteins. Classically, breast cancer is classified into three groups based upon the
expression pattern of three receptor proteins [1]. The first type is estrogen receptor (ER)
positive breast carcinoma, which is overexpressed ER. Second, progesterone receptor
positive (PgR) breast carcinoma refers to a condition in which PgR is overexpressed [2]. It
is reported that about 50% patient's breast tumor samples, which have on both
premenopausal and postmenopausal statues, had high levels of ER and PR expression [3].
Indeed, ER positive breast cancer respond to hormone therapy, such as tamoxifen [4].
Tamoxifen acts a competitive inhibitor of ER [4]. When tamoxifen binds to ER,
tamoxifen-ER complex is blocked from active transformation and then inhibit abnormal the
gene expression of ER downstream [5]. The third group is human epidermal growth factor
receptor 2 (HER2) positive breast carcinoma, which is characterized by overexpression of
HER2 receptor in breast cancer cells [6]. HER2 belongs to the receptor tyrosine kinase
(RTK) of transmembrane receptors, which also include HER1 (EGFR), HER3 and HER4
[7]. They combine with each other for homo/hetero dimerization. HER2 homo/hetero dimers
activates RTK pathway, such as MAPK and ATK signaling pathways, resulted in increased
abnormal proliferation and differentiation of the cancer cells [7]. Two drugs are currently
approved for HER2 positive breast cancer. First, trastuzumab (Herceptin) is a monoclonal
antibody, which has specific antigenicity against HER2 receptors. Second, lapatinib (Tykerb)
is a dual tyrosine kinase inhibitor HER2 and EGFR [8]. They are often used in
combination for the treatment of HER2 positive breast cancer, with a significantly enhanced
therapeutic efficacy [9]. However, the chemotherapies have negligible effects on TNBC,
because ER, PgR and HER2 receptors were not overexpressed [10, 11]. Recent study has
reported that breast carcinoma is more detailed, which was identified by microarray
profiling [12]. However, TNBC has not found the target proteins abnormally expressed, and
thus the effective therapies [13]. Alternatively, TNBC was treated with cytotoxic

chemotherapeutic agents such as cisplatin, but the side effects were very severe [11].
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Furthermore, TNBC clinical trials of single kinase inhibitors generally failed, because it was
activation of other survival pathways [14]. Therefore, discovering the new molecular marker
in TNBC was important for efficient therapies. Recently, the research was reported that in
230 breast cancer samples were observed using for immunohistochemistry. Of the 230
breast cancer samples, 30 cases (13%) were detected B-RAF V600E mutant, and of the
132 cases of TNBC samples, 14 (10.6%) cases were showed B-RAF V600E mutation [15].
Indicating that B-RAF mutation maybe a significant marker of TNBC.

The RAF family consist of A-RAF, B-RAF and C-RAF, which activate mitogen-activated
protein kinase (MAPK) signaling pathway [16]. Activation of MAPK signaling induces cell
survival and proliferation [17]. Therefore, the RAF-MEK-ERK signaling pathway cascade,
which is relevance in tumor carcinogenesis, has been the focus of cancer therapy [18].
Among them, the B-RAF isoform is mutated at a high frequency in human cancer [19]. In
addition, the mutation B-RAF V600E increases the abnormal phosphorylation of the MAPK
proteins and inhibits apoptosis and increases cell proliferation, thereby increasing
carcinogenesis [20]. Although, researchers developed RAF inhibitor, sorafenib, sorafenib did
not specifically target to the mutant B-RAF V600E, and therapeutic response was
insignificant [21]. Accordingly, a specific inhibitor of B-RAF V600E mutant, one of which

is vemurafeinb, is needed.

Vemurafenib (PLX4032), which is specific targeting to mutant B-RAF V600E, has used
to melanoma neoplasm [22]. It is competitive small-molecule serine-threonine kinase
inhibitor that binds to the ATP-binding domain of mutant B-RAF V600E [22]. Vemurafenib
significantly improved the survival of melanoma patients over 6 months [23]. However, the
use of vemurafenib in patients 6-8 months later had a poverty effect despite clinical
success [24]. The present study aimed to elucidate the mechanism of the anti-tumor effects
of noble B-RAF V600E inhibitors, M7 and MS8. Here, we demonstrate that M7 and M8
treatment inhibit MEK-ERK signaling pathway, and AP-1 and c-fos promoter activity, and
thereby inhibiting the progression of triple negative breast cancer cells, MDA-MB231 cells.
Also, M7 and M8 were inhibited EGF-induced normal epidermal cell transformation of JB6

Cl141 cells in soft agar matrix and tumor progression of 4T1 cells in BALB/c mice.
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. Materials & Methods

1. Materials
1.1 Regents and antibody

PLX4032(Vemurafenib) was kindly provided from korea institute of science and
technology (KIST, seoul, south korea). The phospho-specific and total antibodies against
MEK1/2, ERK1/2, c-Fos, caspase3 and P53 and the phospho-specific antibodies against
phospho-P53 (ser 6) and phospho-MEK, phospho-ERK, and phospho-c-Fos and cleaved
antibodies against cleaved PARP and caspase3 were acquired from cell signaling technology
Inc. (Beverly, MA, USA); and total antibodies against PARP and mouse IgG were acquired
from santa cruz biotechnology (Santa Cruz, CA, USA).

1.2 Cell culture

MDA-MB231 and 4Tl breast cancer cells were grown in eagle’s minimal essential
medium (MEM) and roswell park memorial Institute medium (RPMI) supplemented with
10% fetal bovine serum, respectively. All cell lines were cultured and maintained at 37 °C

in humidified air containing 5% CO,.

2. Methods
2.1 Cell proliferation assay

MDA-MB231 cells were seeded (5000 cells per well) in 96-well plates in 100ul of 10%
FBS-modified eagle's medium. After 24h, the cells were treated with M7, M8 and
PLX4032 (Vemurafenib) for 48h, labeled with 10ul/well BrdU-labeling solution and then
reincubated for additional 4h at 37°C in a 5% CO2 atmosphere. After sucked the media,
FixDenat solution was added in each well, incubated at RT for 30 min and then removed.
Anti-BrdU-POD-working solution was added in each well and incubated for further 90min

at RT. The cells were then washed with washing solution for three times and 100 ulof
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substrate solution was added in each well and incubated for 30min. Cell proliferations was

estimated by measuring the absorbance at 370 nm.

2.2 Immunoblot assay

The cells were disrupted in RIPA lysis buffer [SOmM Tris (pH7.5), 150mM NaCl, 0.5%
sodium deoxycholate, 0.1% Nonidet P-40, 0.1% SDS, 0.2 mM phenylmethylsulfonyl
fluoride, and 1X protease inhibitors cocktail]. The proteins were resolved by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto
polyvinylidene difluoride (PVDF) membranes. The membranes were blocked and hybridized
with the appropriate primary antibody overnight at 4C. The protein bands were visualized
using a chemiluminescence detection kit (Amersham HRP ChemiluminescentSubstrates,
Amersham Biosciences, Piscataway, NJ) after hybridization with HRP-conjugated secondary
antibody from rabbits or mice. A LAS4000-mini(GE healthcare, little Chalfont, England)

imaging system used.

2.3 Reporter gene assay

The roporter gene assay for firefly luciferase activity was performed using lysates from
AP-1-luc or c-fos-luc transfected MDA-MB231 cells. In addition, the reporter gene vector
pRL-TK-luciferase plasmid (Promega) was co-transfected into each cell line and the renilla
luciferase activity generated by this vector was used to normalize the results for
transfection efficiency. Cell lysates were prepared by first washing the transfected
MDA-MB231 cells once with phosphate-buffered saline (PBS) at RT. After removing the
PBS completely, passive lysis buffer (PLB, Promega) was added, and then cells were
incubated at RT for 1h with gentle shaking. The supernatant fraction was used to measure
firefly and renilla luciferase activities. Cell lysates (501l) were mixed with 50ul of
luciferase assay II reagent, and firefly luciferase light emission was measured by
GloMax®-Multi detection system (Promega). Subsequently, 50nl of renilla luciferase
substrate was added in order to normalize the firefly luciferase data. The c-Fos-luc

promoter (pFos-WT GL3) constructs were kindly provided by Dr. Ron Prywes (Columbia
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University, New York, NY). The AP-1 |luciferase repoter plasmid (-73/+63
collagenase-luciferase) was kindly provided by Dr. Dong Zigang (Hormel Institute,

University of Minnesota, Austin, MN).

2.4 Anchorage-independent cellular transformation assay

The effect of M7 and M8 in the transformation was investigated in JB6 C141 cells.
Briefly, 8X103 cells were exposed to different doses of M7 or M8 in 1ml of 0.3% basal
medium Eagle (BME) agar containing 10% FBS, 2mM L-glutamine, and 25ug/mL
gentamicin. The cultures were maintained at 37°C in a 5% CO2 incubator for 14-20 days,
and cell colonies were scored using an Axiovert 200 M fluorescence microscope and Axio

Vision software (Carl Zeiss Inc., Thornwood, NY).
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. Results

1. Structure of M7 and M8

Vemurafeinb (PLX4032) is synthetic molecule which was potent inhibitor of oncogenic
B-RAF kinase activity in melanoma [25]. Vemurafeinb only works in melanoma patients
whose cancer has a V600E B-RAF mutation [26]. Thus, we had analyzed new synthetic
compounds M7 and MS8. M7 and MS8 are derivatives of vemurafenib, which target to

B-RAF V600E mutant (Figure 1A, 1B).
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Figure 1.

M7 M8
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Figure 1. Structure of M7 and MS.

(A) Chemical structure of M7 (B) Chemical structure of M8
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2. M7 and M8 inhibits of EGF-induced MAPK signaling.

TNBC patient samples were observed mutation of B-RAF gene, whereas these were not
find mutations of KRAS or EGFR [27]. First, we examined the anti-proliferation effect of
tamoxifen, vemurafenib, and new B-RAF V600E mutant inhibitors, M7 and MS, in
MDA-MA231 cells, using Brd-U assay. We showed that tamoxifen treatment didn't
decrease cell proliferation, whereas vemurafinb, a B-RAF V600E mutant inhibitor, reduced
cell proliferation. Moreover, the newly synthesized B-RAF inhibitors, M7 and MS, were
more effective in suppressing cell proliferation than vemurafenib. Thus, we hypothesized
that the inhibition of mutant B-RAF ware effective for down-regulation of growth or
proliferation in TNBC cells (Figure 2A). Next, we examined whether M7 and M8 regulated
the phosphorylation of MAPK signaling cascade. The results showed that M7 and M8
dose- and time- dependently inhibited phosphorylation of MEK, ERK and c-Fos signaling
pathway (Figure 2B, 2C). We next investigated the effect of M7 and M8 on the
EGF-induced RAF down-stream signaling. The result showed that phosphorylations of MEK,
ERK, and c-Fos induced by EGF were inhibited by M7 and M8 (Figure 2D).
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Figure 2. Effects of M7 and M8 on cell proliferation and phosphorylation of
MAPKs in MDA-MB231 cells.

(A) The cells were treated with M7 and M8 and vemurafenib dose-dependently as
indicated. Cell proliferation was measured by Brd-u assay, as described in Materials and
Methods. (B and C) Cells were incubated 37 °C for 48 h, treated with M7 and M8 at the
indicated concentrations for 24 h (B) or with 20 xM of M7 and MS8 for indicated times
(C). The levels of phosphorylated and total proteins related with MEK-ERK and c-Fos
signaling cascades in whole cell lysates were determined by immunoblotting analysis using
specific antibodies against the corresponding proteins, respectively. (D) The cells were
treated with M7 and M8 at the indicated concentrations for 24 h with 10 ng/mL. EGF and
harvested. The levels of phosphorylated and total proteins related with MEK-ERK and
c-Fos signaling cascades in whole cell lysates were determined by immunoblotting analysis

using specific antibodies against the corresponding proteins, respectively.
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3. M7 and M8 inhibits EGF-induced c-fos and AP-1 transcriptional
activity.

c-Fos protein is in part of transcription factor of AP-1, which was expressed by
activation of MAPK signaling pathway [28]. And the increased activity of AP-1 induces
invasive and proliferative properties in TNBC cells [29]. So, we investigated whether M7
and M8 regulated c-fos transcriptional activity. The results showed that M7 and MS
treatment inhibited c-fos promoter activity in MDA-MB231 cells (Figure 3A). Given that
AP-1 promoter activity was regulated by fos family proteins, such as c-Fos, which was
up-regulated by EGF-induced MAPK signaling pathway [14], we examined whether AP-1
transcriptional activity were inhibited by dose dependently treatment with M7 and MS8. The
results showed that AP-1 transcriptional activity was inhibited by M7 and M8 (Figure 3B).
In addition, the treatment with M7 and MS8 suppressed EGF-induced AP-1 or c-fos
transcriptional activity (Figure 3C, 3D). The results suggested that the inhibition of the
AP-1 and c-fos promoters by EGF is one of the mechanisms on the anti-proliferative effect

of M7 and MS.
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Figure 3.
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Figure 3. Effects of M7 and M8 on transcriptional activity of c-Fos and AP-1
in MDA-MB231 Cells.

(A and D) Cells were transfected with a plasmid mixture containing c-fos-luc (A and C)
and AP-1-luc promoter gene (B and D) with the pRL-TK vector. At 24 h after
transfection, cells were serum-starved for 12 h, and then treated with the indicated
concentration of M7 and M8 and then either exposed (C and D) or not exposed (A and
B) with 10 ng/mL. EGF for 24h. In all of the promoter assays, the firefly luciferase
activity was determined in cell lysates and normalized against renilla luciferase activity, and

these luciferase activities are expressed relative to control cells, respectively.
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4. M7 and M8 suppressed tumor progression of MDA-MB231 cells in
vitro.

DNA damage is an important cause of cancer cells and damaged cells try to recover
DNA in cell cycle arrest by P53 protein [30]. Thus, activation of P53 indicates the cell
cycle arrest at G1 in DNA damaged cancer cells. Therefore, we analyzed whether M7 and
M8 affected on the phosphorylation of P53. The result showed that the phosphorylation of
P53 was increased by M7 and M8 in dose-dependent manner (Figure 4A). Also, we
examined whether M7 and MS8 induced cell cycle Gl arrest in MDA-MB231 cells. We
observed that M7 and MS8 significantly induced cell cycle arrest during Gl in
dose-dependent manner (Figure 4C). Recently, it was reported that the inhibition of mutant
B-RAF increased apoptotic activity and cell cycle arrest, resulted in increased nuclear
PARP cleavage and caspase activation [17]. Therefore, we investigated the effects of M7
and M8 on apoptosis and cell cycle regulation. The results showed that M7 and M8
increased cleaved caspase-3 and PARP dose-dependently manners (Figure 4B). Next, the
TUNEL assay was performed to examine the apoptotic signal in MDA-MB231 cells. The
result showed that the treatment of M7 and MS significantly increased the apoptosis signal
in the MDA-MB231 cells (Figure 4D). The results suggest that M7 and M8 may have

critical effects on the apoptosis or cell cycle phases in MDA-MB231 cells.
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Figure 4 Effects of apoptosis and cell cycle arrest in MDA-MB231cells.

(A and B) Cells were incubated 37 °C for 48 h, treated with M7 and M8 at the indicated
concentrations for 24 h, and harvested. (A) The levels of phosphorylated and total proteins
related with p-P53 (Ser6), P53 and B-actin cascades or (B) cleaved and total proteins
related with cleaved PARP, PARP, cleaved caspase-3, caspase-3 in whole cell lysates were
determined by immunoblotting analysis using specific antibodies against the corresponding
proteins, respectively. (C) MDA-MB231 cells were treated with 20 uM M7 and MS, and
was measured by Muse cell cycle assay, as described in Materials and Methods. (D)
MDA-MB231 cells were treated with 20 uM M7 and M8 or nothing for 24h and use to

cell death kit (tunnel assay).
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5. M7 and MS8 suppresses epithelial cells transform and carcinogenesis in

vitro or in vivo.

The c-Fos/AP-1 complex and MAPK pathway induced cell transformation and
proliferation [31]. Therefore, we investigated whether M7 and MS8 can prevent normal
epithelial cell transformation and in vivo carcinogenesis. MDA-MB231 cells were treated
with M7 and M8 followed by incubation at 37°C in a 5% COsincubatorfor48hours, and the
cell proliferation assay was performed. The results showed that M7 and MS8 can
significantly suppress the cell proliferation induced by EGF (Figure 5A). Next, we observed
whether M7 and M8 prevented abnormal transformations by EGF using a soft agar matrix.
Our results showed that M7 and MS8 significantly inhibited the EGF-induced cell
transformation of JB6 cells in a dose-dependent manner (Figure 5B, 5C). These data
strongly suggest that M7 and MS inhibits the neoplastic cell transformation in epidermal
mouse skin cell stimulated with EGF. Furthermore, we demonstrated that whether M7 and
M8 can suppress tumor development in vivo. The effect of M7 and M8 on tumor suppress
in vivo were studied in a syngeneic mouse 4T1 breast tumor metastasis model. M7 and
M8 treatment significantly inhibited 4T1 cells in a dose- dependent manner. And,
representative tumor images demonstrated that M7 and MS significantly suppress mammary
gland tumor development (Figure 5D). The results, therefore, suggest that M7 and M8
significantly inhibits EGF-induced cell proliferation and suppresses normal epithelial cell

metastasis.
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Figure 5. In vitro and in vivo effect of M7 and M8 on tumorigenicity of JB6
and 4T1 cells.

(A) The cells were treated with M7 and M8 dose-dependently with/without EGF 10ng/mL
as indicated. Cell proliferation was measured by Brd-u assay, as described in Materials and
Methods. (B and C) MDA-MB231 cells were treated with 20uM M7 and M8 with/without
treatment of 10ng/mL EGF as indicated in soft agar matrix, and incubated at 37°C in a
5% CO2 atmosphere for 14 days. (D) 4T1 cells were injected into the mammary gland of
BALB/c mice in the presence or absence of M7 and M8 50uM and allowed to grow until

tumors formed (14 days).
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V. Discussion

There is a significant unmet medical need for the high efficacious cure of chemotherapy
on TNBC. A clinically relevant subtype classification is generally determined by
immunohistochemistry analysis of the tumor expression, such as ER, PgR and HER2
positive subtype [32]. Triple negative breast cancers, which didn't express estrogen receptor,
progesterone receptor and ErBB2 (Her2) proteins, show bad prognosis even when treated or
medicines are consumed [33]. TNBC accounts for about 15% of all breast cancer diagnosis,
which showed high proliferation rate, high metastasis and necrosis [34, 35]. Microarray
analysis has confirmed the type of breast cancer in more detail : normal breast like,
luminal A, luminal B, HER2 and basal like [12]. There is overlap between TNBC and
basal like tumors, but they have differences of status, which is oncogene expression such
as BRCA1 [36]. BRCA responds to DNA damage with poly (ADP-ribose) polymerase
(PARP), which repairs single strand DNA break [37]. In cancer, the lacking of functional
BRCA1 perpetuated cellular proliferation in the setting of potential oncogene activation
[38]. PARP target treatment on BRCA-defective TNBC was demonstrated by the ability of
BRCA deficiency to sensitize tumor cells to PARP inhibition [39, 40]. Through the reports,

we thought that the finding of new character in TNBC was important for TNBC treatment.

Recently studies reported that triple negative breast cancer tissue samples have mutant
B-RAF V600E positive [15]. And, the inhibition of mutation of B-RAF V600E had a good
clinical effect in B-RAF mutant cancers [25, 41]. Thus, we predicted that B-RAF is the
key protein, when targeted therapy is performed on TNBC. Thus, we tried to treatment
B-RAF inhibitor, such as vemurafenib, in MDA-MB231 cells, which are TNBC cell lines.
However, the results showed that vemurafenib had just a little effect on EGF-induced
phosphorylation inhibition of proliferation of MDA-MB231 cells (Figure 2A). It is
speculated that vemurafenib is too specific for human melanoma cancers [42]. In particular,
when a B-RAF mutation melanoma patient took vemurafenib, the previously treated breast
cancer recurred [43]. These results are indicated that B-RAF mutation inhibitor, M7 and

M8, may be the possible candidates for TNBC therapy as an alternative to vemurafenib.
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Mutant B-RAF V600E can enhance the phosphorylation to MAPK cascade that increase
proliferation and decrease apoptosis [44]. The B-RAF inhibitor vemurafenib inhibits MAPK
signaling and tumor cell proliferation rate [45]. Therefore, we anticipated that M7 and MS8
are an alternative inhibitor of vemurafenib, that inhibits TNBC through MAPK signaling
phosphorylation. Our data showed that M7 and MS8 inhibited phosphorylation of MAPK
downstream signaling and also inhibited EGF-induced MAPK phosphorylation. This result
can be expected that M7 and M8 regulated the progression of TNBC through inhibition of
MAPK signaling in mutant B-RAF. Furthermore, MDA-MB231 have gene mutation of
B-RAF G464V and KRAS. In future studies, it will be important that TNBC could be
induced by amino acid substitution mutation of B-RAF and M7 and M8 show a therapeutic

effect by specifically acting on B-RAF mutations, or simply by blocking RAS downstream

signaling.

AP-1 was discovered in human cells, which binds to selective enhancer elements in cis
control region of the SV40 virus [46]. AP-1 is dimeric transcription factors consist of Jun,
Fos or activating transcription factor (ATF) subunits that bind to the AP-1 binding site, a
common DNA region [47] [48]. Fos and jun enhance the activity of both AP-1 complex
and DNA-binding site to regulate transcriptional regulation [49]. The AP-1 protein
modulates the expression and function of cell cycle-regulating proteins such as cyclin DI,
p53 and p21 to regulate cell death [50]. In addition, AP-1 is mainly regulated by MAPK
signaling, and then AP-1 regulates cell growth or proliferation rate [51]. Expletively,
estrogen induce to c-Fos expression in human breast cancer cells [52]. ER acts at the AP-1
active site, since activation of ER is required for binding to AP-1 and Jun or Fos [53]. In
this study, M7 and M8 inhibited AP-1 or c-fos transcriptional activity in MDA-MB231
cells, and this inhibition of the AP-1 and c-fos promoter activity led to the suppression of
cell cycle of G1 phase. Moreover, arrested G1 induced phosphorylation P53 or activation of
apoptosis signaling. These results indicated that the inhibition of mutant B-RAF V600E by
M7 and M8 might be responsible for M7 and MS8's strong inhibition of AP-1 or c-fos
promoter activity in TNBC through inhibition of MAPK phosphorylation. In summary, M7
and M8 inhibited EGF-induced cell proliferation and neoplastic transformation of JB6 C141
through its inhibiting with B-RAF V600E mutation. This inhibition was increased mainly
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through the suppressing of the MAPK signaling pathway, including the AP-1 and c-fos
promoter activity, and increased apoptosis and cell cycle arrest at G1 phase via increase
phosphorylation P53 and cleaved caspase3 and PARP. Furthermore, M7 and MS
significantly inhibited the tumor progress in mice. Collectively, these data suggeseted that
B-RAF V600E mutation is the most potent molecular target of M7 and M8 for treatment
TNBC.

25

Collection @ chosun



V. References

I. Bauver, K.R., et al., Descriptive analysis of estrogen receptor (ER)-negative,
progesterone receptor (PR)-negative, and HER2-negative invasive breast cancer, the
so-called triple-negative phenotype. Cancer, 2007. 109(9): p. 1721-1728.

2. Horwitz, K.B. and W. McGuire, Estrogen control of progesterone receptor in
human breast cancer: correlation with nuclear processing of estrogen receptor.
Journal of Biological Chemistry, 1978. 253(7): p. 2223-8.

3. Osborne, C.K., et al., The value of estrogen and progesterone receptors in the
treatment of breast cancer. Cancer, 1980. 46(S12): p. 2884-2888.

4. Fisher, B., et al., 4 randomized clinical trial evaluating tamoxifen in the treatment
of patients with node-negative breast cancer who have estrogen-receptor—-positive
tumors. New England Journal of Medicine, 1989. 320(8): p. 479-484.

5. Perry, R., Y. Kang, and B. Greaves, Relationship between tamoxifen-induced
transforming growth factor beta 1 expression, cytostasis and apoptosis in human
breast cancer cells. British journal of cancer, 1995. 72(6): p. 1441.

6. Spigel, D.R. and H.J. Burstein, HER2 overexpressing metastatic breast cancer.
Current treatment options in oncology, 2002. 3(2): p. 163-174.

7. Dean-Colomb, W. and F.J. Esteva, Her2-positive breast cancer: herceptin and
beyond. European Journal of Cancer, 2008. 44(18): p. 2806-2812.

8. Geyer, C.E., et al., Lapatinib plus capecitabine for HER2-positive advanced breast
cancer. New England Journal of Medicine, 2006. 355(26): p. 2733-2743.

9. Blackwell, K.L., et al., Randomized study of Lapatinib alone or in combination
with trastuzumab in women with ErbB2-positive, trastuzumab-refractory metastatic
breast cancer. Journal of Clinical Oncology, 2010. 28(7): p. 1124-1130.

10. Chen, X., et al., TNBCtpe: a subtyping tool for triple-negative breast cancer.
Cancer informatics, 2012. 11: p. 147.

11. Stockmans, G., et al., Triple-negative breast cancer. Current opinion in oncology,
2008. 20(6): p. 614-620.

12. Perou, C.M., et al., Molecular portraits of human breast tumours. Nature, 2000.

26

Collection @ chosun



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

406(6797): p. 747-752.

Foulkes, W.D., LE. Smith, and J.S. Reis-Filho, Triple-negative breast cancer. N
Engl J Med, 2010. 363(20): p. 1938-48.

Duncan, J.S., et al., Dynamic reprogramming of the kinome in response to
targeted MEK inhibition in triple-negative breast cancer. Cell, 2012. 149(2): p.
307-321.

Jung, Y.Y., W.H. Jung, and J.S. Koo, BRAF mutation in breast cancer by BRAF
V600OE mutation-specific antibody. INTERNATIONAL JOURNAL OF CLINICAL
AND EXPERIMENTAL PATHOLOGY, 2016. 9(2): p. 1545-1556.

Hatzivassiliou, G., et al., RAF inhibitors prime wild-type RAF to activate the
MAPK pathway and enhance growth. Nature, 2010. 464(7287): p. 431-435.

Erhardt, P., E.J. Schremser, and G.M. Cooper, B-Raf inhibits programmed cell
death downstream of cytochrome c release from mitochondria by activating the
MEK/Erk pathway. Molecular and Cellular Biology, 1999. 19(8): p. 5308-5315.
Zebisch, A. and J. Troppmair, Back to the roots: the remarkable RAF oncogene
story. Cellular and Molecular Life Sciences CMLS, 2006. 63(11): p. 1314-1330.
Garnett, M.J. and R. Marais, Guilty as charged: B-RAF is a human oncogene.
Cancer cell, 2004. 6(4): p. 313-319.

Gray-Schopfer, V., C. Wellbrock, and R. Marais, Melanoma biology and new
targeted therapy. Nature, 2007. 445(7130): p. 851-857.

Wilhelm, S.M., et al., BAY 43-9006 exhibits broad spectrum oral antitumor
activity and targets the RAF/MEK/ERK pathway and receptor tyrosine kinases
involved in tumor progression and angiogenesis. Cancer research, 2004. 64(19): p.
7099-71009.

Sosman, J.A., et al., Survival in BRAF V600—-mutant advanced melanoma treated
with vemurafenib. New England Journal of Medicine, 2012. 366(8): p. 707-714.
Luke, JJ. and F.S. Hodi, Vemurafenib and BRAF inhibition: a new class of
treatment for metastatic melanoma. Clinical Cancer Research, 2012. 18(1): p. 9-14.
Sullivan, R.J. and K.T. Flaherty, Resistance to BRAF-targeted therapy in
melanoma. European journal of cancer, 2013. 49(6): p. 1297-1304.

Bollag, G., et al., Clinical efficacy of a RAF inhibitor needs broad target blockade

27

Collection @ chosun



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

in BRAF-mutant melanoma. Nature, 2010. 467(7315): p. 596-599.

Maverakis, E., et al., Metastatic melanoma - a review of current and future
treatment options. Acta Derm Venereol, 2015. 95(5): p. 516-24.

Secq, V., et al, Triple negative breast carcinoma EGFR amplification is not
associated with EGFR, Kras or ALK mutations. British journal of cancer, 2014.
110(4): p. 1045-1052.

Karin, M., The regulation of AP-1 activity by mitogen-activated protein kinases.
Journal of Biological Chemistry, 1995. 270(28): p. 16483-16486.

Zhao, C., et al., Genome-wide profiling of AP-1-regulated transcription provides
insights into the invasiveness of triple-negative breast cancer. Cancer research,
2014. 74(14): p. 3983-3994.

Kastan, M.B. and J. Bartek, Cell-cycle checkpoints and cancer. Nature, 2004.
432(7015): p. 316-323.

Angel, P. and M. Karin, The role of Jun, Fos and the AP-1 complex in
cell-proliferation and transformation. Biochimica et Biophysica Acta (BBA)-Reviews
on Cancer, 1991. 1072(2-3): p. 129-157.

De Laurentiis, M., et al., Treatment of triple negative breast cancer (TNBC):
current options and future perspectives. Cancer treatment reviews, 2010. 36: p.
S80-S86.

Bertucci, F., et al., How basal are triple-negative breast cancers? International
Journal of Cancer, 2008. 123(1): p. 236-240.

Arslan, C., O. Dizdar, and K. Altundag, Pharmacotherapy of triple-negative breast
cancer. Expert opinion on pharmacotherapy, 2009. 10(13): p. 2081-2093.

Pal, SK. and J. Mortimer, Triple-negative breast cancer: novel therapies and new
directions. Maturitas, 2009. 63(4): p. 269-274.

Nofech-Mozes, S., et al., Patterns of recurrence in the basal and non-basal
subtypes of triple-negative breast cancers. Breast cancer research and treatment,
2009. 118(1): p. 131-137.

Rouleau, M., et al., PARP inhibition: PARPI and beyond. Nature Reviews Cancer,
2010. 10(4): p. 293-301.

Annunziata, C.M. and S.E. Bates, PARP inhibitors in BRCAI/BRCA2 germline

28

Collection @ chosun



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

mutation carriers with ovarian and breast cancer. F1000 Biol Rep, 2010. 2(1): p.
1-4.

Bryant, H.E., et al., Specific killing of BRCA2-deficient tumours with inhibitors of
poly (ADP-ribose) polymerase. Nature, 2005. 434(7035): p. 913-917.

Farmer, H., et al., Targeting the DNA repair defect in BRCA mutant cells as a
therapeutic strategy. Nature, 2005. 434(7035): p. 917-921.

Mercer, K.E. and C.A. Pritchard, Raf proteins and cancer: B-Raf is identified as a
mutational target. Biochimica Et Biophysica Acta (BBA)-Reviews on Cancer, 2003.
1653(1): p. 25-40.

Huang, M., et al., Molecularly targeted cancer therapy: some lessons from the
past decade. Trends in pharmacological sciences, 2014. 35(1): p. 41-50.

Novik, A.V., et al., Vemurafenib-induced progression of breast cancer: a case
report and review of the literature. Targeted oncology, 2016. 11(2): p. 235-238.
Montagut, C. and J. Settleman, Targeting the RAF-MEK-ERK pathway in cancer
therapy. Cancer letters, 2009. 283(2): p. 125-134.

Joseph, E.W., et al, The RAF inhibitor PLX4032 inhibits ERK signaling and
tumor cell proliferation in a V600E BRAF-selective manner. Proceedings of the
National Academy of Sciences, 2010. 107(33): p. 14903-14908.

Angel, P., et al., Phorbol ester-inducible genes contain a common cis element
recognized by a TPA-modulated trans-acting factor. Cell, 1987. 49(6): p. 729-739.
Curran, T. and B.R. Franza Jr, un: The AP-1 Connection inireview. Cell, 1988.
52: p. 705712.

Bohmann, D., et al., Human proto-oncogene c-jun encodes a DNA binding protein
with structural and functional properties of transcription factor AP-1. Science,
1987. 238(4832): p. 1386-1392.

Rauscher, F.d., et al, Fos and Jun bind cooperatively to the AP-1 site:
reconstitution in vitro. Genes & development, 1988. 2(12b): p. 1687-1699.

Shaulian, E. and M. Karin, AP-1 in cell proliferation and survival. Oncogene,
2001. 20(19).

Karin, M., Z.-g. Liu, and E. Zandi, AP-1 function and regulation. Current opinion
in cell biology, 1997. 9(2): p. 240-246.

29

Collection @ chosun



52. Duan, R., W. Porter, and S. Safe, Estrogen-Induced c-fos Protooncogene
Expression in MCF-7 Human Breast Cancer Cells: Role of Estrogen Receptor Spl
Complex Formation 1. Endocrinology, 1998. 139(4): p. 1981-1990.

53. Kushner, P.J., et al., Estrogen receptor pathways to AP-1. The Journal of steroid
biochemistry and molecular biology, 2000. 74(5): p. 311-317.

30

Collection @ chosun



ABSTRACT

The mechanistic study of noble compounds on the inhibition
of epithelial cell transformation and tumorigenesis in triple

negative breast cancer

By Kim Min su
Advisor : Prof. Choi Hong Seok, Ph.D.
Department of Pharmacy,

Graduate School of Chosun University

As triple negative breast cancer (TNBC) does not have a marker for treatment, general
chemotherapy has little effect on patient treatment. Therefore, it is very important to find
the new target for therapy. Recent studies have reported that B-RAF is a notable protein
for targeting TNBC. In this study, we demonstrated that the proliferation and progression
of MDA-MB231 cells induced by endothelial growth factor (EGF) were inhibited by noble
B-RAF mutant inhibitors, M7 and MS&8. Moreover, the M7 and MS8 inhibited
mitogen-activated protein kinase/extracellular signal-regulated kinase kinases (MEK)1/2
induced by EGF in MDA-MB231 cells. In addition, the M7 and M8 inhibited associated
activator protein-1 (AP-1) as well as c-fos promoter activity, and thus colony formation in
MDA-MB231 cells. Consistent with these results, in vivo tumorigenicity assay showed that
the M7 and MS8 suppressed tumor growth in BALB/c mice. Also, the M7 and M8
inhibited the neoplastic cell formation of JB6 cells in soft agar and induced a cell cycle
arrest at G1 phase in MDA MB231 cells. In conclusion, these results shows that M7 and
M8 might produce chemotherapeutic effects through the inhibition of MAPK signaling
pathway, and inducing the arrest of cell cycle at G1 phase, suggesting that B-RAF V600E

mutant may be a key molecular marker of TNBC for therapy.
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