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HAFEMNE (XPIXHEXET)

This proposed research project is the extension of our previous grant proposal (2015-2018). The
findings from our previous studies of “interaction between female sex hormones and folic acid (FA)” by
MOST 104-2320-B-038-030-MY 3 have been published in three papers in Scientific Reports (Kuo et al.,
2015), Cancer Letters [Kuo and Lee, 2016] and Acta Physiologica [Lee et al., 2017], respectively, and
one manuscript is under review.

FA has been frequently used as a nutritional supplement for folate. Folate deficiency has been related
to various human diseases, including atherosclerosis, anemia, neural tube defects, neuropsychiatric
disorders, and cancer. We previously uncovered a novel action of FA with an anti-angiogenic activity
[Lin et al., 2012; Hou et al., 2013]. Inhibitions of angiogenesis as well as cancer cell proliferation and
migration are important strategies for cancer therapy. We also showed that FA can reduce proliferation
of cultured COLO-205 and cause regression of COLO-205 tumor bearing SCID mice [Kuo et al., 2015].
Surprisingly, we found that Org 31710, a progesterone receptor (PR) specific antagonist, can prevent the
FA-induced anti-proliferation in colorectal cancer cell lines [Kuo and Lee, 2016]. These findings
suggest that the expression of PR might affect the actions of FA on cancer cell behaviors. Our recent
studies showed that female sex hormone receptors formed a complex with FA receptor (FR) and cSrc,
and female sex hormones can interfere with the FA-induced anti-angiogenesis [Lee et al., 2017].
Accordingly, the aims of this new grant proposal will be focused on the study of how PR might affect
the FA’s action on cancer growth and metastasis. Three specific aims of the new grant proposal are
shown as below:

Specific Aim 1: In vitro studies of the involvement of PR in the FA-induced proliferation and migration
inhibition in cancer cell lines

Specific Aim 2: Molecular mechanisms underlying PR-regulated FA’s effects on cancer cell
proliferation and migration

Specific Aim 3: In vivo studies of the involvement of PR in the FA-affected tumor growih and
metastasis
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EXPERIMENTAL DESIGN

Specific Aim 1: In vifre studies of the involvement of PR in the FA-induced
proliferation and migration inhibition in cancer cell lines

Rationale: Our previous studies have shown that blockade of the PR activity using Org 31710, a

cancers is still unclear. Accordingly, the aim of this study is to address this issue.

Experimental design: Three specific issues will be addressed in the study.
(1) Expression of FR and PR in cancer cell lines

Initially, we will perform RT-PCR to examine the expression of FR and PR in various
cancer cell lines (colorectal, lung, liver, prostate, breast, and brain cancer cell lines).
Our preliminary data showed that the PR mBNA was detected in COLD-205, HT-29,
LoVo, PC3, DUL4S, LNCaP, T47D, Ca922, and PCY9, but not DLD-1, HCT-116,
Hep-(i2 and Hep-3B (Figure 1). The expression of PR will be confirmed by Western
blot analyses. Since the antibodies for detecting the isoforms of FR are still not
available, the expression of FR isoforms in cancer cell lines will be identified using
RT-PCR technigue.

(2) Correlation between PR expression and cancer cell proliferation and migration

# CMO03

We will also examine the effects of FA on cancer cell proliferation and migration
using MTT assay and Transwell or wound healing assay, respectively. The results will
be correlated with the expression of PR in cancer cell lines. As shown in Figure 2, our
preliminary data demonstrated that FA at a concentration of 10 pM can reduce the
proliferation of PR-positive colorectal cancer cell lines (COLO-205, HT-29 and LoVo),
prostate cancer cell lines {(DU-145, LNCaP and PC3), breast cancer cell line (T47D),
and gingival squamous cell carcinoma (Ca%22), but not PR-negative colorectal cancer
cell lines {DLD-1 and HCT-116) and hepatoma cell lines {Hep-G2 and Hep-3B). Our
preliminary data also showed that FA (10 pM) reduced the migration activity of
COLO-205, HT-29 and LoVo, which are PR-positive colorectal cancer cell lines, but

¥ 6 R

not DLD-1, a PR negative colorectal cancer cell line (Figure 3). These findings
strongly suggest that FA-inhibited proliferation and migration of cancer cell lines only
occurred in the PR-positive, but not PR-negative, cancer cell lines. We will further
examine the effect of FA on cell proliferation and migration in more PR positive and
negative cancer cell lines. In particular, we have only examined the effect of FA on the
cell migration in one PR negative cell line so far.

PR specific antagonist, abolished the FA-induced proliferation inhibition in COLO-205  (3) ppfects of PR activity on the FA-induced proliferation and migration inhibition in
cell line [Kuo and Lee, 2016). Blockade of PR activity or knockdown of PR expression

using PR antisense oligonucleotide also abolished the FA-induced activation of the
signaling pathway involved in proliferation mhibition in colorectal cancer cell lines.
These findings suggest that PR is required for FA-induced anti-proliferation in colorectal
cancer cell lines. However, this i1s a general phenomenon or specific for colorectal

cancer cell lines

Our previous research findings suggest that PR activation is required for FA-induced
anti-proliferation in colorectal cancer cell lines. To verify whether this is a general
phenomenon or specific for colorectal cancers, we will conduct similar experiments in
some other PR positive and negative cancer cell lines. [n this study, Org 31710, a PR
specific antagonist, will be used to block the PR receptor activity, whereas PR
antisense oligonucleotide will be applied to knock-down PR expression. The effect of
blockade of PR action or expression on the FA-induced proliferation and migration
inhibition in cancer cell lines will be examined using MTT assay and Transwell assay
or wound healing assay, respectively. The role of PR activation on the FA-induced
proliferation and migration inhibition i cancer cell lines will be confirmed by
over-expression of exogenous PR in PR negative cancer cell lines. As illustrated in
Figure 4, our preliminary data demonstrated that the anti-proliferation effect induced
by FA in OOLO-205, HT-29, PC-9, PC-3, DU-145, T47D and Ca%22 can be abolished
by pre-treatment with Org 31710, suggesting that PR activation is required for
FA-induced proliferation inhibition in these cancer cell lines. We will confirm our
assumption that PR activation is required for the FA-induced proliferation and
migration in cancer cell lines. To achieve this goal, PR will be knocked-down in some
PR positive cancer cell lines and over-expressed in some PR negative cancer cell lines,
and then FA's effects on the proliferation and migration of these cell lines will be
examined. We would expect that FA will not cause any significant effects on the
proliferation and migration of these PR knocked-down cancer cell lines. On the other
hand, FA will inhibit the proliferation and migration of PR over-expressed cancer cell
lines.
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Specific aim 1: In vitro studies of the involvement of PR in the FA-induced
proliferation and migration inhibition in cancer cell lines

Rationale: Our previous studies have shown that blockade of the PR activity
using Org 31710, a PR specific antagonist, abolished the FA-induced
proliferation inhibition in COLO-205 cell line [Kuo and Lee, 2016]...These
findings suggest that PR activation is required for the FA-induced anti-
proliferation in colorectal cancer cell lines. However, this is a general
phenomenon or specific for colorectal cancers is still unclear. Accordingly, the
aim of this study is to address this issue.

Experimental design: Three specific issues will be addressed in the study

(1) Expression of FR and PR in cancer cell lines

(2) Correlation between PR expression and cancer cell proliferation and migration

(3) Effects of PR activity on the FA-induced proliferation and migration inhibition in
cancer cell lines
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Expression of FR and PR in cancer cell lines

Experimental design

Initially, we will perform RT-PCR to examine the expression of FR
and PR in various cancer cell lines (colorectal, lung, liver, prostate,
breast, and brain cancer cell lines). Our preliminary data showed that
the PR mRNA was detected in COLO-205, HT-29, LoVo, PC3, DU145,
LNCaP, T47D, Ca922, and PC9, but not DLD-1, HCT-116, Hep-G2
and Hep-3B (Figure 1). The expression of PR will be confirmed by
Western blot analyses. Since the antibodies for detecting the isoforms
of FR are still not available, the expression of FR isoforms in cancer
cell lines will be identified using RT-PCR technique.
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GENERAL PROCEDURES

Cancer cell lines: In this study, colorectal cancer cell lines (COLO-205, HT-29, DLD-1 and
HCT-116), prostate cancer cell lines (PC3 and DU143), lung cancer cell lines (A549 and HT1299),
brain cancer cell lines (UR7 and U373), liver cancer cell lines {Hep-G2 and Hep-3B), and breast
cancer cell lines (T47D, MCF-7, and MB231) will be used.

Protein preparation and Western blot analysis: The protein extraction and Western blot analyses
will be performed as deseribed previously [Lee at al, 1998; Lin et al, 2001). Briefly, the cells will
be washed with PBS (pH 7.4), incubated with extraction buffer (Tris 100 mM, pH 7.0, NaCl 140 mM,
PMSF 2 mM, DTT 5 mM, NP-40 0.5%, pepstatin A 0.05 mM and leupeptin 0.2 mM) with gentle
shaking, and then centrifuged at 12,500 X g for 30 min. The cell extract will then be boiled in a
ratio of 1:1 with sample buffer (Tris 100 mM, pH 6.8, glycerol 20%, SDS 4% and bromophenol
blue 0.2%). Electrophoresis will be performed using 10-12% SDS-polyvacrylamide gel (2 h, 110V,
40 mA, 50 pg protein per lane). Separated proteins will be transferred to PVDF membranes (3 h, 40
W, treated with 3% fat-free milk powder to block the nonspecific 1gGs, and incubated for 1 h with
specific primary antibody. The blot will be then incubated with anti-mouse or -rabbit 12G linked to
alkaline phosphatase (1:1000) for 1 h. Subsequently, the membrane will be developed with
NBT/BCIP as a substrate. The quantitative data will be obtained by using a computing densitometer
with Image-Pro plus software.

Plasmid and transient transfection: The transfection of siIRNA or cDNA into cancer cell lines
will be performed as previously described with minor modification [Lin et al, 2012]. Briefly,
cancer cell lines will be seeded onto a six-well plate and transfected with siRNA or cDNA of
candidate signaling molecules. After 48 h of transfection, the cell will be used for experiments
indicated, and then processed for MTT assay or protein extraction and Western blot analysis.
hPR1/pSGS (form B) and hPRY/pSGS (form A) are from Prof. Hinrich Gronemeyer (Laboratoire de
Genetique Moleculaire des Euvcaryotes du CNRS, Unite 184 de Biologie Moleculaire et de Genie
Genbdtique de I'INSERM, Institut de Chimie Biologique, Faculte de Medecine, 11 rue Humann,
6T08S Strasbourg Cedex, France).

Generation of stable PR-knocked-down HT-29 and PR-overexpression DLD-1: At least three
clones of the HT-29 cell line stably expressing the siRNA or the DLD-1 cell line stabling
expression the hPR1/pSGS and hPR2/pSGS were generated. All experiments were performed using
multiple subclones of each cell line with consistent results. The PR-5i or PR-NT plasmids were
transfected mto HT-29 and the hPR1/pPSGS and hPRZPSGS, or PR-NT were transfected into
DLD-1, and stable integrants were selected at 72 h later with Geneticin (G418, 4 mg/mL). After 30
days in selective medium, three Geneticin (G418 )-resistant clones, referred to as PR-5i or PR-Exp,
were isolated.
Mo £M47 RBITH
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Preliminary results
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Figure Legends

Effects of FA on cancer cell proliferation. Treatment
with FA (10 uM) for 4 days inhibited the proliferation
of PR positive, but not PR negative, cancer cell lines.
The cell number was examined using MTT assay.
Values represent the means * s.e.mean. (n = 4). * p <
0.05 different from control group. Con, control; FA,
folic acid; PR, progesterone receptor.
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Novelty

This proposed research project is the extension of our
previous grant proposal. The findings from our previous
studies of the effect of folic acid (FA) on angiogenesis
sponsored by NSC 97-2320-B-038-033-MY3 have been
published In Angiogenesis (Lin et al., 2012) and in
Biochemical Pharmacology (Hou et al., 2012), respectively.
Demonstration of the anti-angiogenic activity of FA Is a
novel finding for the FA’s action...These findings suggest
that female sex hormones might interfere with the actions of
FA. Accordingly, the aims of this new grant proposal will be
focused on studies of the interaction between female sex
hormones and FA on their biological actions and treatment
for diseases.

21



Significance

* IHARBLFAKRFERFH
REEARLEGE 2%

*BEARAHHER G HHB LA T
it



tEEHT i
* IMAABHMRAGHIXTRA
° A5 2 7869Preliminary data
* BIEGHO R BRI
* WA E MR AT RIEH
*HABETHRBAIME T IFA



Preliminary data

* IFHENFTGT L
* XHt & &R & ¢HData



2 XK &K K % preliminary data



3 A GHH 5
° AL B 9E K HreHPublications

* ABERHARBRIHE 2 HFA



HEABIHA
%83t € 6HNa )4 45
o X HKBITE 2O A
* RF B BB AL R

*REKRKZARBIHA BABLIH
X5 4%



A AAR
* @WXRAHH

* HEEINATE



W XR A
RXBRARGEAE
HFA 3698 A it
b7 69 % 1%



BXRROATAE

c HIBEFLOEERBABYXFR
HER BB ETHIAOITLA

"HARXRFAXFOHHAEHTLXK



BXIAHEAN

c BIFREZLHVETRGTREHXF
FRAEANGER 1255 %HEHX
T B Honyr il P

CHRFEEXTIAGEARBER

‘R BHALYIA  RFBALL
s9Rationale ~ Preliminary data ~ &
Some related publications



bt 7 69% 1%

* HIRFAUWEEXRTRETARLE
BAREAXT  WATHIPEF

*HERXRFECTRZRLXFHBIRIEA

*REAKZOHARB L —RBRIEA
(B ZFXFHARBRFEARLTAR)



it EeIMATE
@ &M B3t T 6HARF
* WARK
° ¥4



A EMB)EAHE R
- LELE Y
FEXLUET e
* RAL 1 61K H



T AR 28

FHAWREREHBKLEE G
BIFIEIE I IFARKLB T I/HFA £
BEHBFHYBANLIFF XKL E
(%)¢9ée %o - QB E 2 & BT
FFAE B FEOLIFF K -



o G
c Z#RATNTALEFTY Rt H

* R R ZFHHERELF
B+ LEDPH  SRAL
ZHHE TREREH K
Préyla



HEAKMA
KT REE
RBYIREEE




FEPAHRA
cREHENWEXRSF
* 2 B K ¥ (hypothesis)
* X AR

* :Z A preliminary data



