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Abstract

The Peroxisome proliferator-activated receptor-gamma (PPARY) is a member of the nuclear receptor family of transcription factors. In addition to its role in lipid and
glucose metabolisms, PPARYy has possible roles in tumor suppression. One of the most common variations in PPARYy is the Prol2Ala polymorphism. It is the change of
proline amino acid to alanine amino acid by the conversion of cytosin (C) to guanine (G) at 34th nucleotide of the 12th codon PPARY gene. Several recent studies have
shown that Prol12Ala polymorphism may be associated with many diseases, such as obesity, diabetes, and some types of cancer. Moreover, Prol2Ala polimorphism has
been shown to affect PPARyY mRNA expression in the context of obesity. However, there have been no studies investigating the relationship Prol2Ala polymorphism and
PPARy mRNA expression in cancer. In this study, Prol2Ala polymorphism in PPARY gene was investigated in cancer and normal cell lines via using restriction fragment
length polymorphism and Sanger Sequencing. Depending on the Prol12Ala status, the effect of the polymorphism on PPARy mRNA expression was investigated via using
Real Time Polymerase Chain Reaction. In conclusion; amongst 13 cell lines that were screened, heterozygous Prol2Ala polymorphism was detected only in AGS and
Caki-1 cancer cell lines. PPARy mRNA expression in these cell lines was found to be lower than PPARy mRNA expression in cell lines without Pro12Ala polymorphism
such as MCF10A, SK-BR-3, MDA-MB-468. Taken together, Pro12Ala polymorphism may modulate the mRNA expression level of PPARy. The role of this modulation
in cancer should further be investigated.
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Introduction

Peroxisome proliferator-activated receptor-gamma (PPARY)
is a member of nuclear receptor family of ligand-dependent
transcription factors. It is highly implicated in adipogenic
regulation. Due to its important role in adipogenic differentiation
and lipid storage, it is mainly expressed in adipose cells [1]. In
addition to adipocytes, it is expressed in a variety of tissues
such as liver, muscle, mammary gland where it performs several
different functions extending from regulation of glucose and lipid
metabolism to inflammation control [2].

The human PPARY gene is located on the chromosome 3p25
(OMIM: 601487). It encodes for four different transcripts, namely
PPARy1, PPARY3, PPARy4 and PPARYy2 [3]. Two alternatively

*Coresponding Author: Hande Kocak, Demiroglu Bilim University, Faculty of
Medicine, Department of Medical Biology and Genetics, Istanbul, Turkey,
E-mail: hande.kocak@demiroglu.bilim.edu.tr

spliced protein isoforms, PPARy1 and PPARYy?2 are expressed from
these transcripts [4].

Several sequence variants of PPARy have been identified. One of
the most common of these variants is a C to G transition at 34th
nucleotide of the 12th codon PPARY gene leading to a proline to
alanine exchange at amino acid position 12 (Pro12Ala)(rs1801282)
[5]. This variant is located on the ligand-independent activation
domain of PPARy. Therefore, it is thought that the proline to
alanine exchange in this domain may cause a conformational
change in the protein resulting in reduced DNA binding affinity
and consequently reduced transcriptional activity [6].

Inadditiontoseveral diseases including obesity and diabetes, PPARy
is also implicated in the pathology of cancer. PPARY is thought
to play possible anti-carcinogenic roles in a number of different
cell types depending on its anti-proliferation, pro-differentiation
and pro-apoptotic properties [7]. There are several studies on the
association of Prol2Ala polymorphism with different cancer types

841



doi: 10.5455/medscience.2019.08.9096

such as breast cancer and gastric cancer. However, there is still
some controversy among different studies, i.e. colorectal cancer,
on whether there is any association or which allele is protective
over the other in terms of cancer risk [8]. Although there seems
to be differential effect of Pro12 and Alal2 alleles of PPARy gene
on the risk of different cancer types, this effect highly depends on
the ethnicity of the populations in the studies. The exact molecular
mechanism of these allele specific effects is yet to be elucidated.

In a relatively recent study, a correlation between Prol2Ala
polymorphism and PPARy mRNA expression was demonstrated in
obesity patients. According to this study, in obesity patients Pro12
allele is associated with high expression of PPARYy in comparison
with patients with Alal2 allele [9]. These data led us to think
whether PPARy Prol12Ala polymorphism and its possible effect
on PPARy mRNA expression polymorphism may have a role in
carcinogenesis. To the best of our knowledge, there are no studies
on the relationship between Pro12Ala polymorphism and PPARy
mRNA expression in cancer cell lines.

In this study, we aimed to investigate the presence of Prol2Ala
polymorphism in PPARy gene in cancer and normal cells lines and
to determine the effect of this polymorphism on the PPARy mRNA
expression in cancer cell lines.

Material and Methods

Cell Culture

In our study; HUVEC (ATCC® CRL-1730 ™), MCF10A (ATCC®
CRL-10317 ™) Caki-I (ATCC® HTB-46 ™), Jurkat (ATCC®
TIB—152 ™) SK-BR-3 (ATCC) ) ® HTB-30 ™), HeLa (ATCC®
CRM-CCL-2 ™) MCF7 (ATCC® HTB-22 ™) Ishikawa (Aydin
University, Istanbul, Turkey), THP-1 (ATCC® TIB-202 ™), Caco-
2 (ATCC® HTB-37 ™) AGS (ATCC® CRL1739 ™) MDA-
MB-468 (ATCC® HTB-132 ™) and MDA-MB-453 (ATCC®
HTB-131 ™) cell lines were used. Ingredients of growth media of
each cell line are listed in Table 1. Cells were incubated at 37 ° C,
under 5% CO, and 1 atm pressure.

Table 1. Table of ingredients of complete growth medium for each cell line

Cell Lines Growth Medium Added Ingredients
HUVEC DMEM F12-Ham %10 FBS %]1 Antibiotics
%95 DMEM FlZ:Ham, EGF 945 Horse Serum
MCF10A 20u1,' Hydrocortizon 0,5pl, %1 Antibiotics
Insulin 274ul (per 100 ml)

Caki-1 DMEM F12 %10 FBS %]1 Antibiotics
Jurkat RPMI-1640 Medium %10 FBS %]1 Antibiotics
SK-BR-3 DMEM F12 %10 FBS %]1 Antibiotics
HeLa DMEM F12 %10 FBS %1 Antibiotics
MCF7 DMEM F12 %10 FBS %]1 Antibiotics
Ishikawa RPMI-1640 Medium %10 FBS %]1 Antibiotics
THP-1 RPMI-1640 Medium %10 FBS %]1 Antibiotics
Caco-2 DMEM F12 %10 FBS %]1 Antibiotics
AGS DMEM F12 %10 FBS %]1 Antibiotics
MDA-MB-468 DMEM F12 %10 FBS %]1 Antibiotics
MDA-MB-453 DMEM F12 %10 FBS %]1 Antibiotics
MDA-MB-468 DMEM F12 %10 FBS %]1 Antibiotics
MDA-MB-453 DMEM F12 %10 FBS %]1 Antibiotics
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DMEM F-12-Ham (Dulbecco’s Modified Eagle Medium / Nutrient
Mixture F-12 Ham), RPMI 1640 (Roswell Park Memorial Institute
1640), EGF (Epidermal Growth Factor), Hydrocortisone, Insulin,
PBS (1x Phosphate Buffered Saline) were used in the study .
FBS (Fetal Bovine Serum), Horse Serum, Penicilin-Streptomyci
n(Antibiotics), Trypsin-EDTA (Ethylenediaminetetraacetic Acid)
andDMSO (Dimethyl Sulfoxide) were commercially available.

All the experiments were performed with 80% confluency. As
they reached 80% confluency, growth medium was discarded
and cells were washed with PBS three times. After washing, cells
were incubated with 0.25% Trypsin-EDTA (ImL/25 cm?2 flask) to
detach adherent cells from the flask surface. After the cells were
detached, Trypsin-EDTA was inactivated by adding FBS. Cells
were collected in a centrifuge tube and centrifuged at 1000 rpm
for 5 minutes. Supernatant containing trypsin-EDTA-FBS was
removed from the cells. The pellet was washed 3 times with PBS
at 1000 rpm for 5 min. The supernatant was discarded. The pellet
was stored at -20 ° C for DNA and RNA isolation.

DNA isolation

DNA isolation from each cell line was performed with Quick-
DNA Miniprep Plus Kit (Zymo, Cat No: D4068) according to the
manufacturer’s instructions. Quality of DNA samples was assessed
via using NanoDrop.

Polimerase Chain Reaction (PCR)

DNA samples were amplified with PPARy (NG _011749.1)specific
primers (Table 2) according to PCR conditions indicated in Table
3. Product size is 270bp.

Table 2. Primer Sequences for PCR [10]

Primers Sequence (5°-+3’)

Forward Primer GCC AAT TCA AGC CCA GTC

Reverse Primer GAT ATG TTT GCA GAC AGT GTATCA GTG AAG GAA
CVrse FImer tcG eTT TCC G

Table 3. PCR Conditions

Step Temperature Time Cycle
Initial Denaturation 94°C 8 min 1
Denaturation 94°C 50 sec 35
Annealing 59°C 50 sec 35
Elongation 72°C 1 min 35
Final Elongation 72°C 5 min 1
Hold 4°C 0

RFLP (Restriction Fragment Length Polymorphism)

PCR products (expected size: 270bp) were cut by using BstU-I
enzyme (incubation at 60°C for 15 minutes). Restriction enzyme
cutting products was checked via running an agarose gel. Band from
homozygous WT (Prol12/Prol2) is expected to be 270bp because
of lack of BstUI cut site. However, samples with homozygous
Prol12Ala polymorphism (Alal2/Alal2) are expected to show two
bands (227 bp and 43 bp). Samples from heterozygous Prol2Ala
polymorphism (Prol2/Alal2) are expected to show three bands
(270bp, 227 bp and 43 bp)
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Sanger Sequencing

RFLP results were validated via Sanger sequencing by using ABI
3100 Sequencer. Primer Sequence is 5°-GCC AAT TCA AGC
CCA GTC-3’. Data were analyzed via SnapGene Software.

RNA Isolation

RNA isolation from each cell line was performed with
NucleoSpin® RNA Kit (Bioline, Cat No: BIO-65053) according
to the manufacturer’s instructions.

cDNA Synthesis

cDNA synthesis was performed with SensiFAST™ cDNA
Synthesis Kit (Macherey-Nagel, Ref No: 740955.10) according to
the manufacturer’s instructions.

Quantitative Real-time PCR and Data Analysis

SYBR Green was used in quantitative Real-time PCR. Primers
were indicated in Table 4 and Real-time PCR conditions are
indicated in Table 5.

Table 4. Primer Sequences in Quantitative Real-Time PCR. *NM_001101.5,
**NM_001354670.2

Primer Sequence (5’-3’) Time
B -actin * Forward Primer TGAAGTGTGACGTGGACATC

151bp
B -actin * Reverse Primer GGAGGAGCAATGATCTTGAT
PPARy ** Forward Primer AATCAAAGTGGAGCCTGCAT

169bp
PPARYy ** Reverse Primer ACCCTTGCATCCTTCACAAG
Table 5. Quantitative Real-Time PCR Conditions
Step Temperature Time Cycle
Inital Denaturation 95°C 5 min 1
Denaturation 95°C 10 sec 45
Annealing 55°C 10 sec 45
Elongation 72°C 30 sec 45
Final Elongation 95°C 10 min 1

Normalization was performed against f-actin. AACt value was
calculated by using delta cycle threshold (ACt). Fold changes in
expression was calculated via using 224 formula. Error bars were
calculated according to standard deviation value of biological
replicates. Statistical analysis was performed via Student's t-test.
p<0.05 was considered statistically significant.

Results

In order to analyze presence/absence of PPARy Prol2Ala
polymorphism, RFLP method was used. The polymorphism
creates a BstU-1 cut site on the DNA by the conversion of C to
G. Therefore, PPARY specific PCR followed by BstU-1 restriction
enzyme cut were used for polymorphism analysis.

The target region of PPARy in 13 different cell lines ( HUVEC,
MCF10A, AGS, Caki-1, MDA-MB-468 MDA-MB-453, SK-
BR-3, MCF7, Jurkat, THP-1, Caco-2 Ishikawa, HeLa cell lines)
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were amplified via using specific primers. The target amplicon is
known to be 270 bp long [11]. In order to check PCR reaction,
PCR products were run in agarose gel (Figure 1)

1000bp =
900bp —>
800bp —>
700bp —>
600bp —>

500bp -
400bp =

300bp =

200bp >

Figure 1. PCR results from HUVEC, MCF10A, AGS, Caki-1, MDA-MB-468
MDA-MB-453, SK-BR-3, MCF7, Jurkat, THP-1, Caco-2 Ishikawa, HeLa cell
lines (Lane #2 to Lane #14). Last lane (#15) shows negative control as (-). First
lane shows DNA ladder (GeneRuler 100 bp DNA Ladder) where lowest band

corresponds to 200bp

PCR products from Figure 1 were cut by BstU-1 restriction
enzyme. According to this restriction enzyme cut, only AGS and
Caki-1 cell lines carry heterozygous Prol2Ala polymorphism.
The other cell lines are homozygous WT (Prol12/Pro12) (Figure
2). Although samples with heterozygous Prol2Ala polymorphism
(Prol12/Alal2) are expected to show three bands (270bp, 227 bp
and 43 bp), depending on technical difficulties, i.e. presence of
primer dimer and small size of 43bp band, two bands (270bp, 227
bp) were shown in the figure.

1000bp

270 bp
227 bp

«— 270 bp

Figure 2. RFLP results from HUVEC, MCF10A, AGS, Caki-1, MDA-MB-468
MDA-MB-453, SK-BR-3, MCF7, Jurkat, THP-1, Caco-2 Ishikawa, HeLa cell
lines. Two bands (270bp, 227 bp) represent samples with heterozygous Prol2Ala
polymorphism (Pro12/Alal2), due to restriction enzyme cut. One band (270bp)
represents samples with homozygous WT (Prol12/Pro12). First lanes show DNA
ladder (GeneRuler 100 bp DNA Ladder) where lowest band corresponds to 200bp.

RFLP results from all 13 cell lines were validated with Sanger
Sequencing. PCR products from Figure 1 were sequenced with
specific primers. As shown in RFLP, only at AGS and Caki-1 cell
lines were found to carry heterozygous Prol2Ala polymorphism.
Figure 3 shows chromatograms of AGS and Caki-1 and MCF-10A
(Pro12/Pro12) cell line.
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Figure 3. Chromatogram representations of Sanger sequencing results from AGS,
Caki-1 and MCF10A cell lines. Het C>G represents heterozygous Prol2Ala
polymorphism (Pro12/Alal2); Homo C represent homozygous WT (Pro12/Pro12)

In order to investigate whether presence of Pro12Ala polymorphism
has an effect on PPARy mRNA expression, RNA from cell lines
with heterozygous Prol2Ala polymorphism(AGS and Caki-1)
and cell lines carrying homozygous Prol12/Prol2 (SK-BR-3 and
MDA-MB-468 ) were isolated and cDNA from these samples
were synthesized. Real-time PCR was performed to assess
expression differences with respect to SK-BR-3 as control. As
shown in Figure 4, PPARyY mRNA expression is lower in cell lines
with heterozygous Prol2Ala polymorphism (AGS and Caki-1)
compared to WT cancer cell lines including SK-BR-3 and MDA-
MB-468.
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Figure 4. PPARy expression in different cell lines. A)Normalized PPARy mRNA
expression in cell lines with different Pro12Ala polymorphism status. Normalization
was done against § actin mRNA expression. SK-BR-3 cell line, rather than MCF-
10A, was used as control in the data analysis in order to assess the effect of the
polymorphism in cancer background. * denotes significance in expression level
differences where p<0.05( p=0.02 for Caki-1 vs SK-BR-3; p=0.02 for AGS vs SK-

BR-3) B) PCR gel image of quantitative real-time PCR showing PPARY expression
levels. First lane indicates marker. Amplicon size is 169bp
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Discussion

In this study, we aimed to investigate PPARy Prol2Ala
polymorphism in different cell lines and to understand whether
this polymorphism has an effect on PPARy mRNA expression.
Prol12Ala polymorphism has been shown to be associated with
many diseases such as obesity, diabetes, and some types of
cancer [2]. However, to the best of our knowledge, there are no
studies examining the relationship between cancer and Pro12Ala
polymorphism, at the cellular level. The relationship between
Prol12Ala polymorphism and PPARy mRNA expression has been
studied in obesity patients [9] but this relationship has never been
investigated in cancer. Moreover, Prol2Ala polymorphism that
we identified in AGS and Caki-1 cell lines could not be found in
cancer cell line databases including GEMICCL database. Thus,
our study has novel aspects that can contribute to the field.

There are several studies investigating the association between a
polymorphism and cancer. Blood samples from patients and normal
individuals in the population are commonly used to investigate
this association. Even if any kind of association is found between
the variant and disease, these types of studies fail to explain the
underlying mechanism of these possible associations. Using cell
lines will be more useful to see the effects of variants at the cellular
level. In addition to providing ease of use in terms of technical
difficulties and ethical considerations, using cell lines confers
the opportunity of elucidating cell-specific effects by keeping the
extracellular variables constant. These properties make cell lines
a suitable working model. In the literature, polymorphism studies
in cell line models are not very common, but SNPs are found in
the genome of certain cell lines [12]. These studies are important
for understanding the effects of different variants of genes on
cellular phenotype such as mRNA and protein expression, protein
localization as well as the function of the gene product. In addition,
by screening cell lines for the variants, it is possible to get an idea
about specific properties of cell lines in order to select correct cell
lines in further studies.

In our study, two different approaches were used to analyze the
effect of PPARy Prol2Ala polymorphism on mRNA expression.
In the first approach, gene expression analysis was performed
by taking the normal breast cell line MCF10A as control. The
comparison between cancer cells and normal breast cell line
MCF10A would be useful to obtain information about both
Prol2Ala polymorphism and PPARy mRNA expression between
cancer and normal cells. In this analysis, three different breast
cancer cell lines (MDA-MB-453, MDA-MB-468, MCF-10A,
SK-BR-3) were compared with normal breast line MCF10A and
PPARy mRNA expression of these breast cancer cells were found
to be lower compared to PPARy mRNA expression in normal
breast cell line. In Caki-1 and AGS cell lines where Pro12Ala
polymorphism was detected, PPARy mRNA expression showed
a higher decrease compared to cell lines without Prol2Ala
polymorphism (data not shown). This decrease can be attributed
both to the expression difference between cancer and normal cells
and to the effect of polymorphism. In order to exclude the effect
of differences between cancer and normal cell lines and to see the
effect of the polymorphism in cancer cell lines, the second analysis
was performed by taking SK-BR-3 as control (Figure 4). In this
analysis, while PPARy mRNA expression did not change much
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in the cell lines where Pro12Ala polymorphism was not detected,
there seems to be a significant decrease PPARy mRNA expression
in Caki-1 and AGS cell lines with Prol2Ala polymorphism.
Therefore, it was concluded that the decrease in PPARy mRNA
expression might be due to the Prol2Ala polymorphism. The
next step would be to investigate the PPARy expression levels
in the absence of Prol2Ala polymorphism in cancer cell lines
originating from the same tumor type as Caki-1 and AGS cell
lines compared to Caki-1 and AGS, respectively ; so that one can
exclude the possibility that this expression difference might be due
to the difference between the cancer types.

As indicated above, PPARy mRNA expression was found to be
one of the lowest among other cancer cell lines in AGS. Although
we speculated that this low expression might depend on Prol12Ala
polymorphism, Sato et al. compared PPARy mRNA expression
and protein levels in different gastric cancer cell lines including
AGS and found that both mRNA and protein levels of PPARy
were lowest in AGS cell lines [13]. AGS cell line in our study
also has a very low PPARy mRNA expression compared to
other cancer cell lines. To examine whether this low expression
is due to the Prol2Ala polymorphism or not, it is necessary to
determine whether the other gastric cell lines carry the Pro12Ala
polymorphism.

There are several studies showing the association between
Prol2Ala polymorphism and breast cancer. Although some of the
studies demonstrate controversial data from different populations,
it is generally thought that Prol2Ala polymorphism may be
protective against breast cancer [14-16]. In our study, five different
breast cancer cell lines (MCF-7, MDA-MB-453, MDA-MB-468,
SK-BR-3) and normal breast cell line (MCF-10A) were screened in
terms of Prol12Ala polymorphism status. Prol12Ala polymorphism
could not be detected in any of these cell lines. Therefore, no
conclusions have been reached regarding the effect of Prol2Ala
polymorphism in breast cancer. As indicated above, when the
breast cancer cell lines were compared among each other in terms
of PPARyY mRNA expression PPARy, mRNA expression in cancer
cell lines was found to decreased compared to normal breast cell
line(data not shown). Elstner et al. found that PPARy protein
expression in breast adenocarcinoma cells from breast cancer
patients is higher in comparison to PPARy protein expression of
normal epithelial cells. [17]. Although it seems controversial to our
data, mRNA expression and protein expression may not always be
comparable in cells depending on possible post-transcriptional and
post-translational modifications. One of our future perspectives is
to study PPARY protein expression to further elucidate the role of
Prol2Ala in cancer cells.

Conclusions

In conclusion, PPARY gene Prol12Ala polymorphism was detected
only in AGS and Caki-1 cell lines in 13 different cell lines. PPARy
mRNA expression was found to be low in those cell lines with
Prol2Ala polymorphism compared to cancer cell lines without
Prol2Ala polymorphism. Our data suggest that the presence
of Prol2Ala polymorphism in cancer cells may reduce PPARy
mRNA expression which might contribute carcinogenesis at the
cellular level.

Conflict of interest
The authors declare that there are no conflicts of interest.

Med Science 2019;8(4):841-6

Financial Disclosure
All authors declare no financial support.

Ethical approval
Before the study, permissions were obtained from local ethical committee.

Hatice Kurnaz ORCID:0000-0002-7777-6857
Gunnur Demircan ORCID:0000-0001-7355-9065
Ayyub Ebrahimi ORCID:0000-0003-4683-5102
Hande Kocak ORCID:0000-0002-5424-2895

References

1.

10.

11.

12.

13.

Schoonjans K, Martin G, Staels B, et al. Peroxisome proliferator-activated
receptors, orphans with ligands and functions. Curr Opin Lipidol. 1997;8:159-
66.

He W. PPARgamma2 polymorphism and human health. PPAR Res.
2009;2009:849538.

Aprile M, Ambrosio MR, D’Esposito V, Beguinot F, Formisano P, Costa V,
et al. PPARG in Human Adipogenesis: Differential Contribution of Canonical
Transcripts and Dominant Negative Isoforms. PPAR Res. 2014;2014:537865.

Gimble JM, Pighetti GM, Lerner MR, et al. Expression of peroxisome
proliferator activated receptor mRNA in normal and tumorigenic rodent
mammary glands. Biochem Biophys Res Commun. 1998;253:813-7.

Yen CJ, Beamer BA, Negri C, et al. Molecular scanning of the human
peroxisome proliferator activated receptor gamma (hPPAR gamma) gene in
diabetic Caucasians: identification of a Prol2Ala PPAR gamma 2 missense
mutation. Biochem Biophys Res Commun. 1997;241:270-4.

Deeb SS, Fajas L, Nemoto M, et al. A Prol2Ala substitution in PPARgamma2
associated with decreased receptor activity, lower body mass index and
improved insulin sensitivity. Nat Genet. 1998;20:284-7.

Michalik L, Desvergne B, Wahli W. Peroxisome-proliferator-activated
receptors and cancers: complex stories. Nature Reviews Cancer. 2004;4:61-
70.

Wei Z, Han G, Bai X. Effect of Proliferator-Activated Receptor-gamma
Prol2Ala Polymorphism on Colorectal Cancer Risk: A Meta-Analysis. Med
Sci Monit. 2015;21:1611-6.

Berhouma R, Kouidhi S, Ammar M, Abid H, Ennafaa H, Benammar-Elgaaied
A. Correlation of peroxisome proliferator-activated receptor (PPAR-gamma)
mRNA expression with Prol12Ala polymorphism in obesity. Biochem Genet.
2013;51:256-63.

Xita N, Lazaros L, Georgiou I, et al. The Prol2Ala polymorphism of the
PPAR-gamma gene is not associated with the polycystic ovary syndrome.
Hormones (Athens). 2009;8:267-72.

Chao CT, Chen YC, Chiang CK, et al. Interplay between Superoxide
Dismutase, Glutathione Peroxidase, and Peroxisome Proliferator Activated
Receptor Gamma Polymorphisms on the Risk of End-Stage Renal Disease
among Han Chinese Patients. Oxid Med Cell Longev. 2016;2016:8516748.

Saifullah, Tsukahara T. Genotyping of single nucleotide polymorphisms
using the SNP-RFLP method. Biosci Trends. 2018;12:240-6.

Sato H, Ishihara S, Kawashima K, et al. Expression of peroxisome proliferator-
activated receptor (PPAR)gamma in gastric cancer and inhibitory effects of
PPARgamma agonists. Br J Cancer. 2000;83:1394-400.

Mao Q, Guo H, Gao L, et al. Peroxisome proliferator-activated receptor
gamma2 Prol2Ala (rs1801282) polymorphism and breast
susceptibility: a meta-analysis. Mol Med Rep. 2013;8:1773-8.

cancer

Vogel U, Christensen J, Nexo BA, et al. Peroxisome proliferator-activated
[corrected] receptor-gamma2 [corrected] Prol2Ala, interaction with alcohol

845



doi

16.

: 10.5455/medscience.2019.08.9096

intake and NSAID use, in relation to risk of breast cancer in a prospective
study of Danes. Carcinogenesis. 2007;28:427-34.

Wu MH, Chu CH, Chou YC, et al. Joint effect of peroxisome proliferator-
activated receptor gamma genetic polymorphisms and estrogen-related risk
factors on breast cancer risk: results from a case-control study in Taiwan.

Med Science 2019;8(4):841-6

Breast Cancer Res Treat. 2011;127:777-84.

Elstner E, Muller C, Koshizuka K, et al. Ligands for peroxisome proliferator-
activated receptorgamma and retinoic acid receptor inhibit growth and induce
apoptosis of human breast cancer cells in vitro and in BNX mice. Proc Natl
Acad Sci U S A. 1998;95:8806-11.



