PHBAHLHTT I ESSFL
B xiFL

MATLA S B2 o) 85 R RS > £ AT 6 £ T HDIEARH Ay

oo oW BEAE

3 F % % ¢ MOST 104-2629-B-006-001-
HoF B R : 104#087 01p 2105&07% 31p
%*JL = 5 = ﬂiq\lﬂ—’agiggfigp%%
FEAEL D EER

PELEAR D ALy A - J T @ AR IR E

& 3 g 105 & 10 v 31 B




N
P B A
o4 R

PRBAFTP T APREZAFT e 0 DERARERS 2

ATLS Ty w5 48~ | BN v = 5Vl i 5 45 76 30 4055 o o
SEHOAR,AEL R PLEHE NFAIMAEE T BT
FHRE EFRF S LT R 24 RRIT 0 BB KM R R
2 Jp e el o T A TATIS R e R P AP 2 R
FaS T HRL LM 0 2) 1% DPN (ERB &) -
PHTPP(ER B 4:4#]) £ ERGB ShRNA it & # 22fp B2 58k 54 K3
B BLEATI ez 4 & 2§ hote cof#5 o &2 6w § e v

c R E RS CERB Ym0 (T o B B2 B o )
s T EE 1A (Taxol) ~ # -k ih% ( colchicine )#5 35\ w2
moeficE (microtubule)$+ER B 4vid fe {72 5% 484& » 3) Befs &
U IEESLE SRR RD Sl b s 1 E A R W S - T L I
 RE CRERESRERE. BT RS R ET 0 E2{-DHEAY ¥
7 VER B ER o ve PR 2 Rt A S o e B % BT
75 (- TRPVL 1 19 8 sm ¥ 3] fi R % 5 Wil ~ e 4T3 R R 3%
B LR fpiw e T TR P H e o R F AR HER B ACTRPVL A F 2 e
o twre F By % B o TRPVIdE#u# (CapZicRHC) € #r41E24c
DHEA# i“ER B # 3% thim?e 3| fh s % ~ lm¥e N 4T3 )R & 11 & Jfplmbe
wizfcp o ER B 4E4uE (PHTPP) 7 € B2 F0AGf-Capi# i* TRPV] ¥ 3%
em e A LT S dm e AT R R U R Jplm e R (TP o B R
B 'z % Ko o TRPV14:+uAl (CapZ) ¢ #7#|E2{-DHEA i ER B % 5% e
Tl e PpACIE A 5 o AT F Sk % 4R DHEA & in i 12 45-55 &
SRR E Y PE - BRAER 4 o E2{-DHEAS “ERB R E
MFC R e PEACT A 5od TRPVI ehfesk B4 fE F e i o

I AR, EEELERIE, PRES, Wi, fty, B
BRBE % BH 4L

[t is known that cortisol and dehydroepiandrosterone (DHEA)
are increased with urban stress. Prolonged elevation of
cortisol causes drug resistance of breast tumor cells.
However, 1t 1s not clear whether the prolonged elevations
of DHEA affect breast tumor formation.

Since DHEA is a precursor of testosterone and an endogenous
ligand for ER/5, we hypothesized that the activation of

ER 8+ by DHEA accelerates the development of ER 3+ breast
cancer. Today, 1t 1is known that the activation of TRPV1
increases the formation of tyrosinated tubulin, and
accelerates dynamics of tubulin networking. Since dynamics
of tubulin nextworking facilitates cell migration, our
working model in this proposal is that activation of ERS+
by DHEA in a unique host compartment facilitates cell
migration and accelerate spontaneous metastasis of

ERa ?/ER S+ breast cancer via the interaction between TRPV1
and tubulin. Accordingly, three specific aims are proposed:
AIM 1: to explore the involvement of estrogen and ERS in
DHEA-induced tumor metastasis of 4Tl breast tumor

AMI 2: to investigate the mechanism of ER /5 -induced
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migration, tubulin dynamics, and TRPV1 activation,

AIM 3: to determine the involvement of TRPVI in DHEA-
mediated metastasis of 4Tl-containg breast cancer. The first
aim was to assess whether DHEA played a role in hormone
imbalance as in the perimenopausal period which accelerated
the formation of ER 3+ breast cancer in chapter 2. The
second aim was to determine whether activation of ERS by
DHEA caused the migration of 4T1/Luct breast tumor cells
via TRPVI.

DHEA, estrogen receptor beta, tumor metastasis, cell
migration, microtubules, TRPVI
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Abstract

Both incidence and mortality of breast cancer are much lower in Asia than those in the
West. However, the onset of peak age for Asian women between 40 and 50 years old
is much earlier than that for Western women between 60 and 70 years old. Although
more estrogen receptor (ER)-positive breast tumors (about 70% out of breast tumor
cases) are found in the Taiwan’s patients than that in American women, conventional
breast cancer therapies are more effective for Western women in controlling the
mortality rate than those for Taiwan’s women. Therefore, the mortality rates of breast
cancer in Taiwan are continuously increased in the past decades. Current studies show
a positive correlation between urbanization and breast cancer mortality. It is known
that cortisol and dehydroepiandrosterone (DHEA) are increased with urban stress.
Prolonged elevation of cortisol causes drug resistance of breast tumor cells. However,
it is not clear whether the prolonged elevations of DHEA affect breast tumor
formation.



Since DHEA is a precursor of testosterone and an endogenous ligand for ERf}, we
hypothesized that the activation of ER+ by DHEA accelerates the development of
ERp+ breast cancer. Today, it is known that the activation of TRPV1 increases the
formation of tyrosinated tubulin, and accelerates dynamics of tubulin networking.
Since dynamics of tubulin nextworking facilitates cell migration, our working model
in this proposal is that activation of ERB+ by DHEA in a unique host compartment
facilitates cell migration and accelerate spontaneous metastasis of ERa—/ERB+ breast
cancer via the interaction between TRPV1 and tubulin. Accordingly, three specific
aims are proposed:

AIM 1: to explore the involvement of estrogen and ERf} in DHEA-induced tumor
metastasis of 4T1 breast tumor

AMI 2: to investigate the mechanism of ERB-induced migration, tubulin dynamics,
and TRPV1 activation,

AIM 3: to determine the involvement of TRPV1 in DHEA-mediated metastasis of
4T1-containg breast cancer. This study will demonstrate the importance of ERp in
accelerating cell migration and invasion which contributes to the aggressiveness of
ERa-/ERB+ breast cancer. In vivo imaged indicated that E2 and DHEA-induced
metastasis is ERB-dependent. Analysis of both cell morphology and intensity of
calcium fluorescence showed, a positive association with Cap (TRPV1
activator)-increased migrated cells. CapZ (TRPV1 blocker) and RHC (DAG lipase
inhibitor) decreased the number of migrated cells by E2 and DHEA. However,
PHTPP did not inhibit the number of migrated cells by Cap and OAG (TRPV1
endogenous activator). Thel0-day treatment with E2 and 14-day treatment with
DHEA promoted the breast cancer metastasis and enhanced the relative abundance of
ERp protein. CapZ inhibited the increase of cancer metastasis and ER expression by
an ERP activator. Taken together, these results suggest that alterations of both cell
morphology and intracellular calcium concentrations are involved in ERf-mediated
and TRPV1-induced breast cancer progression. Abnormal elevation of DHEA in
perimenopausal period may activate ER3, open TRPV1, and accelerate
calcium—dependent tumor development.

Introduction

Breast cancer is the leading cause of cancer death in females worldwide (Jemal et al.,
2011) but its risk profiles are different between Western and Asian women. Both
incidence and mortality of breast cancer are much lower in Asia than those in the West.
The onset of peak age for Asian women between 40 and 50 years old is much earlier
than that for Western women between 60 and 70 years old (Leong et al., 2010).
Current therapies for breast cancer decrease the mortality rate in Western countries
but do not effectively control the rate in Asian countries. The differences in risk



profiles and therapeutic outcome between Asian and Western women suggest a unique
pathogenic mechanism responsible for the development of breast cancers in Asian
women at the age of 40-50 years old.

Since breast cancer mortality is positively correlated with urbanization, it is of
importance to review current studies of prolonged elevations of cortisol and DHEA on
cancer growth. Activation of glucocorticoid receptor by dexamethason (a long-lasting
cortisol) enhances the expression of genes related to the suppression of
chemotherapy-induced apoptosis in tumor cells (Herr et al., 2003; Wu et al., 2004;
Melhem et al., 2009). The increase of glucocorticoid receptor for cortisol is positively
correlated with rapid recurrence of ER-independent breast cancers (Pan et al., 2011).
These reports suggest the indirect effect of cortisol in accelerating the recurrence of
breast cancers by interfering with chemotherapy-induced tumor cell death. Relatively,
the role of DHEA in cancer development is not explored in depth. DHEA inhibits
spontaneous formation of breast cancers in female C3H mice (Schwartz, 1979),
ZR-75-1-containing breast tumors in nude mice (Couillard et al., 1998), and
1,2-dimethylhydrazine (DMH)-induced tumors in Balb/c mice (Nyce JW et al., 1984)
but causes hepatocarcinogenesis in F-344 rats (Hayashi et al., 1994). More
interestingly, DHEA induces the growth of hepatic tumor to a greater extent in male
than female mice (Rao et al., 2002). The question is why DHEA induces hepatic
cancer in a gender-dependent manner.

DHEA derived from pregnenolone is an important precursor for both testosterone and
estrogen. The physiological concentration of DHEA is about 30 nM. Physiological
concentrations of DHEA are higher in males than females. Today, two ERs (ERa and
ERP) have been identified. ERa is mainly expressed in female sex organs (such as
breast and uterus), whereas ERP is expressed in both sex organs (such as lung and
adrenal cortex) and male sex organs (such as prostate) (3). The EC50 of DHEA to
ERp was about 200 nM (Chen et al., 2005). DHEA stimulated reporter activity in ER
transfected HepG2 cells (human liver carcinoma cells). The increased activities by
DHEA was reversed by an ERB-selective antagonist (R,R-THC (R,R-cis-diethyl
tetrahydrochrysene) (Miller et al., 2013). Since ERP exists in non-nuclear
compartments of hepatic tumor cells, higher levels of DHEA in males may trigger a
unique mechanism other than cell proliferation to induce a gender-dependent effect on
hepatocarcinogenesis.

It is well documented that 4T1 cells do not contain ERa. Estrogen cannot induce 4T1
proliferation. Although elevation of estrogen for two weeks accelerates lung



metastasis of 4T1 breast tumors (Banka et al, 2006), accelerated metastasis of
4T1-containing tumor cannot be suppressed by ICI 182, 780, an antiestrogen receptor
antagonist (Yang et al., 2013). It becomes clear that activation of ERB by DHEA
causes tumor formations through the mechanism other than cell proliferation.
Migration, essential for tumor expansion (Geho et al., 2005), may be responsible for
DHEA-induced tumor formation. Therefore, our Aim Il is to determine whether
DHEA-induced tumor formation is though activation of cytoskeleton rearrangement.
It is known that the driving force for cell migration is thought to be provided by
dynamic re-arrangement of actin and microtubules (Ballestrem et al., 2000). How can
dynamic changes of cytoskeleton (actin and microtubules) be regulated? Elevation of
intracellular calcium oscillation accelerates dynamic changes of cytoskeleton.
Activation of capsaicin receptor (TRPV1), a non-selective cation channel, increases
intracellular calcium, accelerates disassembly of tubulin, and then enhances dynamic
networking of tubulin without altering the dynamic networking of actin in neurons
(Goswami et al., 2006). Storti et al. in 2012 showed a direct association between
TRPV1 and tubulin (Storti et al., 2012). Without altering ion flow and electrical
current, estrogen activates TRPV1 via a PKCe-dependent pathway, destabilizes
tubulin networking via the interaction of TRPV1 with tubulin, and then sensitizes pain
sensation (Goswami et al., 2011). If DHEA is an endogenous ligand for ERp, our Aim
II is to further investigate whether activation of ER3 by DHEA enhances cell
migration and tubulin dynamics through a TRPV1-dependent pathway and Aim 111 is
to determine the involvement of TRPV1 in DHEA-mediated metastasis of
4T1-containg breast cancer in vivo.

Material and methods

Reagents and antibodies

Reagents used were: 17-Estradiol (E2; Sigma Aldrich, MO, USA);
4-[2-phenyl-5,7-bis(trifluoromethyl)pyrazolo[1,5-a]pyrimidin-3-yl]phenl (PHTPP;
Tocris Bioscience, Ellisville, MO) ; diarylpropionitrile (DPN; Cayman Chemical, Ann
Arbor, MI) ; Paclitaxel (Taxol; Sigma Aldrich, MO, USA) ; Colchicine (Sigma
Aldrich, MO, USA). Antibodies used were: B-actin (Chemicon, CA ) ; a-tubulin
(Santa Cruz, CA) ; B-tubulin (Epitomics, CA) ; Pyruvate kinase (AbD Serotec, UK)) ;
ERo(Santa Cruz, CA ) ; ERB (Upstate, NY ) ; Acetyl a-tubulin (Sigma Aldrich, MO,
USA).

Cell line and cell culture
MCEF7 cells, a human breast tumor cell, were maintained in phenol red-free
Dulbecoo’s Modified Eagle’s Media-F12 (Sigma-Aldrich, MO, USA) supplemented



with 1.3 g/L sodium bicarbonate, 10 % fetal bovine serum (Gibco, CA, USA) and 100
units/ml penicillin-streptomycin (Gibco, CA, USA). MDA-MB-231 cells, a human
breast tumor cells, were obtained from Ph.D. Chun Hei Antonio Cheung in National
Cheng Kung University, Taiwan. 4T1 cells, a mouse breast tumor cell transfected with
luciferase (4T1/Luc+), were obtained from Dr. Ming-Lung Guo in National Taiwan
University, Taiwan. MDA-MB-231 and 4T1 cells were maintained in phenol red free
RPMI-1640 medium (Sigma-Aldrich, MO, USA.) with 2 g/L sodium bicarbonate,
10% fetal bovine serum (Hyclone, CA, USA), 100 units/ml of penicillin and
streptomycin (Gibco, CA, USA). All cells were incubated at 37 °C, 5 % CO2.

Animal care

BALB/c mice (18-20 g) at the age of 4 weeks were obtained from the National
Cheng-Kung University Laboratory Animal Center, Tainan, Taiwan, in a controlled
environment (temperature 24+1°C, humidity 50% at a photoperiod of 12 light : 12
dark, from 7 A.M. to 7 P.M. ), and fed ad libitum with standard rat chow (PMI
Nutrition International, Inc., Missouri, U.S.A.). Experimental protocols of animal
studies in this study were proved by Animal Committee and animal experiments were
performed according to the “Guide for the Care and Use of Laboratory Animals” of
National Cheng-Kung University.

In vivo tumor xenograft model

4T1/Luc+ cells (1x105 cells/mouse) were transplanted into the subcutaneous region
of dorsal flask of intact male, intact female, and ovariectmoized female mices at the
age of 4-5 weeks .One day after transplantation, all mice studied received daily
injections of E2 (20 pg/kg/day) or E2 with PHTPP (400 pg/kg/day), an ERf3
antagonist intraperitoneally for 2 weeks.

In vivo imaging

One day after the last injection, the mice were anesthetized with 4% isoflurane
(AErrane®, Guayama, USA) inhaled through the Soft Lander® (Shin-Ei Industry Co.,
Taiwan) at a flow of 2 L/min (mixed with air). Luciferin (100 mg/kg, Cold Spring
Harbor Laboratory, USA) was injected intraperitoneally. The mice were scanned
using an IVIS Spectrum (Caliper Life Sciences, Alameda, CA). Bioluminescent
signals were quantified using Living Image 3.0 (Caliper Life Sciences, Alameda,
CA).Quantified bioluminescence consisted of averaged photon radiance on the animal
and was expressed as photons/sec/cm2/sr (sr = steradian). Quantified bioluminescence
covered area on the animal and was expressed as tumor area (cm2).



Cell counting assay

2x104 cells were seeded onto a 24-well plate and incubator for 24 hr. Cells were
treated with E2 at different dose in serum-free medium for 24 hr. after they were
starved for 12 hr. DMSO was a vehicle control. After treatment, cells were trypsinized
and harvested. Cell population was determined by trypan blue exclusion assay and the
number of cell were counting by using hemocytometer.

Counting of cell with morphological changes and measuring the cell area

Cells in serum free medium were treated with vehicle (0.1 % DMSO) or E2 (10 nM)
for 3 or 24 hr. A cell was counted as “morphological changes” with more than 2
polarized protrusions or counted as the elongated cell which the ratio of long/wide
was more than 2 were measured by using Motic Image Plus 2.0 software (Motic
Instruments Inc., Canada). The number of protrusion cells and elongated cells were
calculated and expressed as percent of total cells. The area of cells was measured by
using Motic Image Plus 2.0 software.

MTT assay

5x103 cells were seeded onto a 96-well plate and treated with 5g/ul of
3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- phenytetrazoliumromide (MTT,
Sigma-Aldrich, MO, USA) in a final volume of 200 pl for 4 h. After the conversion of
MTT to formazan by mitochondrial dehydrogenases in living cells, the purple
precipitates were dissolved in dimethyl sulfoxide and detected by ELISA reader
(Sunrise, Tecan, Switzerland) at 490 nm.

Migration assay

Migration of tumor cells was analyzed by Boyden chamber (48 well, 8 mm2 area,
Neuro probe Inc, MD, USA). Trypsinized cells were washed with PBS, resuspended
in RPMI, and placed into the upper chamber with a polycarbonate filter (8 um pore
size, Neuro probe Inc, MD, USA). The lower chamber was filled with medium
containing 10% FBS as a chemoattractant. After a 12-h treatment, cells in the upper
chamber were removed with a cotton swab. Cells present on the lower surface of the
filters were fixed in methanol for 10 min. Filters were then stained with hemataxylen
(Vector Laboratories Inc, CA, USA). These images were obtained with the 20x
objective lens. For statistical purposes, the total number of cells migrated in 20
microscopic fields per well were counted.

Data analysis and statistical evaluation
Data are expressed as the mean £ SEM (standard errors). Survival rate and necrosis



percentage of mice were analyzed by chi-squire tests on SPSS 17.0 (SYSTAT 17.0,
SPSS Science, CA, USA). Time-dependent change in tumor development for multiple
comparisons was analyzed by two-way ANOVA analysis of variance followed by
Bonferroni's test or Dunnett's T3 test for post hoc comparison on SPSS 17.0.
Statistical analysis for one factor was performed by T’test or one-way ANOVA
analysis and Bonferroni's or Dunnett's T3 test hoc test for multiple comparisons or
with t-tests for two-group comparisons on SPSS 17.0. P < 0.05 was considered to be
statistically significant.

Results

To fully characterize the role of ERp in the metastasis of 4T 1-containing tumor, we
studied the effect of E2 and DHEA on 4T1 cell proliferation and migration in vitro
first. Furthermore, we examined the effect of E2 and DHEA on 4T1-containing tumor
metastasis in vivo. E2 and DHEA from 10-6-10-9 M did not affect cell number and
cell viability. PHTPP from 10-7-10-9 M did not affect the cell number and cell
viability whereas 10-7 M decreased the cell number (Fig. 7). To examine the role of
ERp activation on 4T1 cell migration, an ERP blocker, PHTPP, were used in Boyden
chamber migration assay. Migration assay showed that 10-8 M E2 and 10-8 M DHEA
increased the number of migrated cells. 10-7 M PHTPP (Fig. 8) and knockdown of
ERp (Fig. 9) inhibited the E2- and DHEA-increased number of migrated cell. The
results suggested that E2 and DHEA induced 4T1 breast tumor cell migration through
ERp but was not involved in cell proliferation.

To further examine the effects of E2 and DHEA on cancer metastasis from primary to
secondary sites, tumor tissues in the primary site (breast tissue) and secondary site
(liver) were isolated for luminescence detection 10 days and 14 days after
transplantation. A 10-day treatment with E2 (20 ug/mouse/day) (Fig. 10) and 14-day
treatment with DHEA (20 pg/mouse/day) (Fig. 11) increased the total density and
metastasized ratio of 4T1 breast tumors at the primary sites, which was inhibited by
PHTPP (10 pg/mouse/day). These results indicated that the induction of
4T1-containing tumor metastasis by E2 and DHEA.

3.3.3. Activated TRPV1 causes cell migration via tumor cell morphological changes
and the elevation of intracellular calcium

Tumor cell morphological changes and the elevation of intracellular calcium
contribute to cell migration. To fully characterize the role of TRPV1 on 4T1 cell
migration, we studied the effects of Cap (TRPV1 activator) on 4T1 cell proliferation,
morphological changes, intracellular calcium levels and migration. Cap and CapZ
(TRPV1 blocker) from 10-6-10-9 M did not affect the cell number and cell viability
(Fig. 12). 10-9 M Cap increased the ratio of length / width, the intensity of calcium



fluorescence and number of migrated cells. 10-8 M CapZ inhibited the ratio of length
/ width, the intensity of calcium fluorescence and number of migrated cells by Cap
(Fig. 13).

To further confirm the incrase of intracellular Ca2+ concentrations induced cell
migration, cell morphology and intracellular calcium wereassessed. EGTA
(extracellular Ca2+ chelator) and ionomycin (Ca2+ transporter across cell membranes)
were used to modulate intracellular calcium concentrations. 10-8 M ionomycin
increased the migrated cell number and intensity of calcium fluorescence (Fig. 14). 1
mM EGTA inhibited the increased number of migrated cells and intensity of calcium
fluorescence by ionomycin and Cap (Fig. 15).

To exclude the possibilities that the increase of migrated cells is due to
inonomycine-induced cell proliferation, MTT assay was used. 10-8 M ionomycin did
not affect the cell viability (Fig. 16). The migrated cell number did not change (Fig.
17) although 1 mM EGTA decreased the cell viability. The results suggested that Cap
induced 4T1 breast tumor cell migration through TRPV1 induced-cell morphological
changes and extracellular Ca2+ influx but did not involved in cell proliferation.
3.3.4. Activated ERP accelerates cell migration via TRPV 1

To determine the role of TRPV1 in E2- and DHEA- induced cell migration, calcium
concentration image and Boyden chamber migration assay were used. 10-8 M E2 and
10-8 M DHEA increased the ratio of length / width, the intensity of calcium
fluorescence and number of migrated cells. 10-7 M CapZ inhibited the ratio of length
/ width, the intensity of calcium fluorescence and number of migrated cells by 10-8 M
E2 (Fig. 18) and 10-8 M DHEA (Fig. 19).

To further determine whether activation of TRPV1 by E2 or DHEA requires the
presence of diacylglucerol (DAG) which activates protein kinse C, a DAG analogue
(OAG) and diacylglucerol lipase inhibitor (RHC) were used. 10-9 M OAG increased
the ratio of length / width, the intensity of calcium fluorescence and number of
migrated cells. 10-8 M RHC inhibited the ratio of length / width, the intensity of
calcium fluorescence and number of migrated cells by OAG treatment (Fig. 20). To
exclude the possibility that the increased of migrated cells is due to cell proliferation,
MTT assay was used. 10-9 M OAG did not affect the cell viability (Fig. 21).
Moreover, 10-7 M RHC lowered the ratio of length / width, the intensity of calcium
fluorescence and number of migrated cells by E2 (Fig. 22) and DHEA (Fig. 23). 10-8
M PHTPP did not inhibit the ratio of length / width, the intensity of calcium
fluorescence and number of migrated cells by OAG (Fig. 24) and Cap (Fig. 25)
treatments. Knockdown of ER did not inhibit the number of migrated cells by OAG
and Cap (Fig. 26). These results suggested that activated ER accelerates cell
migration via TRPV1.



3.3.5. Acceleration of tumor metastasis by activated ERP is TRPV1-dependent

To confirm the role of TRPV1 in E2-and DHEA-induced 4T1 spontaneous metastasis
from primary to secondary sites, tumor tissues in primary and liver were isolated for
luminescence detection 10 days or 14 days after transplantation. A 10-day treatment
with E2 (20 pg/mouse/day) and a 14-day treatment with DHEA (20 pug/mouse/day)
increased the total density and metastasized ratio of 4T1 breast tumor at primary sites,
which was inhibited by CapZ (10 pg/mouse/day) (Fig. 27). In addition, E2 and DHEA
increased ERP expression in tumor tissues. CapZ inhibited the increased expression of
ERp by E2 and DHEA (Fig. 28). These results indicated that acceleration of tumor
metastasis by activated ER is TRPV1-dependent.

Discussion

In line with previous study, activation of ERp alone is positively associated with
tumor aggressiveness; the present study demonstrated that activated ERp by DHEA
facilities breast cancer metastasis. In this study, daily injection of E2 for 10 days
promoted the breast cancer development, increasing the size of uterus and ERa
expression in uterus on mature OV X female mice. However, DHEA treatment for 14
days just accelerated the breast cancer development which did not affect the uterus
size and ERa expression in uterus. One possible explanation is that E2 activates both
ERa and ER and DHEA may activate only ERp alone because of different binding
affinity. E2 shows similar physiological binding affinity to ERa and ERp ; whereas
DHEA shows 2 folds greater physiology binding affinity of ERp compare to ERa.
Moreover, it is known that E2 enlarged the uterus and increased the uterus ERa
MRNA expression in ERf knockout mice. Thus, E2 may activate both ERa, which
resulted in increasing the uterus size and ERa expression and ERB, which induced
breast cancer spreading. While DHEA may just activate ERp alone, thus just
facilitating the breast cancer progression. In summary, DHEA is a better candidate to
activate ER to enhanced breast cancer cell migratory ability and breast cancer
metastasis.

Previous studies indicated that TRPV6 channels are positively associated with
aggressive breast cancer and TRPV1 channels regulate non-invasive MCF-7 breast
tumor cell proliferation. However, whether TRPV1 plays a role in aggressive 4T1cells
remain unknown. According our data, TRPV1 expressed in 4T1 cells and regulated
the migratory ability. Activation of TRPV1 induced 4T1 cell migration. Cell
morphological changes and extracellular Ca2+ influx contribute to cell migration.
Although the morphological changes and Ca2+ pattern vary from different cell line,
they still share familiar points. The cytoskeleton is associated with protruding cellular
structures that form morphological changes of migrating cells. Ca2+ influx facilitate
focal adhesion turnover and actomyosin contractility. In brief, our data indicated that



expression and functionality of TRPV1 channels in 4T1 cells.
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