Epithelial-mesenchymal transition and estrogen receptor-dependent pathway are linked with
ovarian cancer cell growth and migration caused by cigarette smoke extracts in human ovarian

cancer cells
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ABSTRACT Figure 2. Effects of CSEs on the protein expressions of cell cycle related

genes. Effects of CSEs on the expression of cell cycle related genes

Figure 5. Alteration of EMT related gene expression by CSEs
treatment in protein levels Effects of CSEs treatment on the
expression of EMT-related genes were investigated by western blot in
the translational levels. Data showed the alterations in (A) E-
cadherin, (B) N-cadherin, (C) Snail and (D) Slug after 48 h of
treatments in BG-1 cells. Data were quantified using Gel Doc 2000.
Each protein level was normalized against GAPDH expression.

Cigarette smoke contains over 60 well established carcinogens. were examined by western blot in the translational levels. Data
And there are strong links between some of these carcinogens and showed the alterations in (A) cyclin D1, (B) cyclin E1, (C) p21 and (D)
various types of smoking-induced cancers. In this study we p27 after 48 h (.)f treatments in BG-1 c.ells. All. experiments were done
investigated whether cigarette smoke extracts (CSEs) affects the at lea.St three times. Data. Were qflantlﬁed using Gel ]?OC 2000. Each

. . . . . . .. . protein level was normalized against GAPDH expression. Values are
cell proliferation, migration and invasion activity by alteration of the means = SD. * P<0.05 , **P<0.01 and *** P<0.001 compared to
epithelial-mesenchymal transition (EMT) in BG-1 human ovarian vehicle (PBS).
cancer cells. We confirmed that CSEs increased the ovarian
cancer cell viability in a dose-dependent manner. Also the protein Ci‘rm . . erm . .
expression of cyclin D1 and cyclin E1 was increased while p21 and B [ em OB A G e | Ll [ w e = W
p27 expression was decreased by treatment of all CSEs (3R4F and Y ——————=
two-domestic cigarettes). Additionally the alteration of EMT PRS 3R4F CSE1 CSE2 PRS R4F CSF] CSE2 PS 3R4F CSE1 CSE2 PBS 3R4F CSE] CSE2
markers such as E-cadherian and N-cadherin was examined. The "
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expression of E-cadherin was reduced by the treatment of CSEs
while its reverse transition marker N-cadherin was increased.
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And EMT-associated transcriptional factors, Snail and Slug were ot g RAEAEES
up-regulated by CSEs treatment too. These results indicate that b com———
CSEs can increase the processing of EMT in BG-1 ovarian cancer GATDE  EEEEEE——
- e S T
cells. In general, the EMT process is associated with cancer cell PBS JR4F CSE1 CSE2 PBS JR4F CSEI CSE2
migration, so we examined the migration activity through scratch £ T
assay and fibronectin coated trans-well invasion assay too. Our 2"
results demonstrated that CSEs increased cancer cell migratory E 1 _
CEES LSS

propensity. These functional alterations were associated with

changes in the metastasis-related genes. Upon CSEs stimulation, Figure 3. Alteration of apoptosis related gene expression by CSEs treatment

the expression of the MMP-9 and cathepsin D was increased too. in protein levels Effects of CSEs treatment on the expression of apoptosis-
From this study we confirmed that CSEs increased the growth of related genes were investigated by western blot in the translational levels.
human ovarian cancer cells and the development of cancer Data showed the alterations in (A) Bax, (B) BCL-2, and (C) p53 after 48 h

metastasis. CSEs treatment leads to the process of EMT through of treatments in BG-1 cells. Data were quantified using Gel Doc 2000.
the up- and down- regulation of a multiple cellular markers and Each protein level was normalized against GAPDH expression. Values
signaling proteins. Based on the results of this study CSEs are the means = SD. = P<0.05, #%P<0.01 and *** P<0.001 compared to

hicle (PBYS).
exposure might have a higher risk of ovarian cancer than vehicle (FB5)
nonsmokers. It is hoped that this study provide new insights for -
the prevention and cure of cigarette smoked induced cancers. A Control e o o
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Figure 1. Effects of CSEs on cell proliferation in BG-1 cells. The eftects of E: E
0 T T

CSEs on BG-1 cell viability were measured at the various concentrations of O e & & P

three Kinds of CSEs based on the concentration of nicotine. BG-1 cells were Al A il <IN/

seeded at 5,000 cells per well in 96 well plates in phenol-red free DMEM Figure 4. Altered migration activity of BG-1 cells by treatment with CSEs.
containing 5% CD-FBS. After 2 days, the medium was replaced by phenol BG-1 cells were seeded and then incubated until 80% of confluent
red-free DMEM (+5% CD-FBS) containing PBS and (A) 3R4F, (B) CSE1 and growth. (A) Altered cell migration by the treatment of CSEs was

(C) CSE2 for 9 days. The cell viability was determined by MTT assay. Values investigated using scratch assay. The protocol was described in Materials
are the means + SD. * P<0.05, **P<0.01 and *** P<0.001 compared to and Methods. Each image was observed by microscope under 4x

control ) magnifications. (B) Quantification of uncovered areas was conducted by
using an eXcope Lite program. All experiments were done at least three
times. Values are the means £ SD. * P<(0.05 , **P<0.01 and *** P<0.001
A B compared to control (PBS).
Conc.(uM) 0.3 2.1 Conc.(uM) 0.3 2.1 ]
cyclin D1 " _— m ocnE] IS T S w A B
PBS 3R4F CSE1 CSE2 PPBS 3R4F CSE1 CSE2 PBS 3R4F CSE1 CSE2 PBS 3R4F CSE1 CSE2 Cone.(pM) 0.3 11 Cone.(uM) 0.3 11
GAPDH CAPDH oo e -
E-cadhenn L & =1 & 5% = Ncadherin | T — — e S SN S
PBS 3R4F CSE1CSE2 PBS 3R4F CSE1CSE2 PBS 3R4F CSE1CSE2 PBS 3R4F CSE1CSE2
» > PBS 3R4F CSE1CSE2 PBS 3R4F CSE1 CSE2
T 150 z 1% GAPDH GAPDH st e s s sy . s s
% 3 — > = PBS IR4F CSE1CSE2? PBS 3R4F CSE1CSE2
= 1004 e X - 1004 Bl E
£ ol |8 £ w ? 3
- - ] :
E oll LI y £ o, % ; E
. e & &3 ﬁ\ oé;» & ‘g.& f\ oé;» e & &3 ﬁ\ oé} & 4‘3 ﬁ'\ oé? :
C D
Conc.(uM) 0.3 2.1 Conc.(uM) 0.3 2.1 E
L D 2
p2l D S . — N — — p27 T ——— N — — — Conc.(pM) Conc.(uM) 0.3 21
PBS 3R4F CSE1CSE2 PBS 3R4F CSE1CSE2 PBS 3R4F CSE1CSE2 PBS 3R4F CSE1CSE2
CAPDH e e e e e CAPDH e e s < oo Sug [T e e
PES 3R4F CSE1CSE2 PBS 3R4F CSE1 CSE2 PBS 3R4F CSE1CSE2 PBS 3R4F CSE1 CSE2
PBS 3R4F CSE1 CSE2 PBS 3R4F CSE1CSE2 PRS 3R4F CSE1 CSE2 PBS 3R4F CSE1CSE2 GAPDH GAPDH
120 £ 120 PBS 3R4F CSE1CSE2 PES AR4F CSE]1 CSE? PBS IR4F CSE1 CSE2 PBS 3R4F CSE1 CSE2

E 8 E »
18 ENK £ 40 4% axn

A

R
1

p2* expression / GAPOH %)
e

p27 expression / SAPDH
Eronslan fGAPTHH (%]

s
RABE L BTN,

CLEPELES EFF s S

Control 0.3

SR4F CSE1 CSE2

2.1

Control 3R4F CSE1 CSE2

B

0.3 M 2.1 M

3.0=10% - 1.0=107 - it

W

k2
T
B

R

Lol gt

i ‘ \ = 1.0x10° - .
T T 0 -

‘1’# n?'# r,fg:i ::f}? & -'?& -:."F Lé:h

Figure 6. Altered cell invasive ability of BG-1 cells in the response of
CSEs. Invasion assay was conducted to estimate BG-1 cells
invasion in the presence of diverse treatments of CSEs. (A) Images
captured by using microscope represent the lower chamber
membrane of fibronectin-coated transwells after removing all
non-invasive cells. (B) Invaded cells were quantified using the
Image J software. To quantify cells that invaded from the upper
chamber the cells were stained with DAPI.
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Figure 7. Effects of CSEs on the metastasis-related protein
expression in BG-1 cells The eftects of CSEs on expression of
cathepsin D in BG-1 cells were investigated at each time point (24,
48 h) by western blot assay. Data showed the alterations in (A, C)
cathepsin D (B, D) MMP-9 after 24 and 48 h of treatments in BG-
1 cells. Data were quantified using Gel Doc 2000. Each protein
level was normalized against GAPDH expression. Values are the
means = SD. * P<0.05, **P<0.01 and *** P<0.001 compared to
vehicle (PBS).

CONCLUSION

In conclusion, CSEs increased proliferation and
metastatic potential of BG-1 human ovarian cancer cells
by stimulating the growth, migration and invasion of BG-
1 cells. In parallel, CSEs affected the expression of cell
cycle related genmes in a way to promote cell cycle
transition as well as inhibited the expression of pro-
apoptotic genes, leading to a decreased apoptosis. Also
CSEs treatment promoted the EMT process through the
up- and down- regulation of a multiple cellular markers
and signaling proteins. These functional alterations were
associated with changes in the metastasis-related genes
such as MMP-9 and cathepsin D. Based on the results,
CSEs exposure might have a higher risk of ovarian cancer
than nonsmokers. Also it is hoped that this study provide
new insights for the prevention and cure of CS induced
cancer.
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