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Abstract: Background: The association between the peroxisome proliferator-activated receptor-y (PPARy) Pro12Ala
polymorphism and colorectal cancer (CRC) risk was inconclusive. We conducted a meta-analysis to evaluate the
association between PPARy Prol12Ala polymorphism and CRC risk. Material and Method: We searched Pubmed,
EMBASE, and China National Knowledge Infrastructure databases. Data were extracted and pooled odds ratios
(OR) with 95% confidence intervals (Cl) were calculated. Results: A total of 17 case-control studies with 12635 and
15803 controls were included in this meta-analysis. Overall, PPARy Pro12Ala polymorphism was associated with
CRC risk (OR = 0.84, 95% Cl 0.75-0.94, P = 0.003, I? = 35%). In the subgroup analysis by ethnicity, a significant as-
sociation was found among Caucasians (OR = 0.85, 95% Cl 0.75-0.96, P = 0.007, I?> = 38%) but not among Asians
(OR = 0.76, 95% Cl 0.51-1.12, P = 0.17, I> = 28%). In the subgroup analysis by CRC site, a significant association
was found among colon cancer (OR = 0.81, 95% Cl 0.66-0.98, P = 0.03, I? = 16%) but not among rectal cancer (OR
=0.83, 95% Cl 0.57-1.21, P = 0.34, I? = 63%). The sensitivity analysis did not influence the result by omitting low-
quality studies (OR = 0.76, 95% Cl 0.63-0.93, P = 0.006, I? = 51%). Conclusions: In conclusion, this meta-analysis
suggested that PPARy Pro12Ala polymorphism was significant associated with CRC risk.
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Introduction nomas, and colon cancer cell lines [4, 5]. PPARy
activation also may provide a molecular link
between a high-fat diet and increased risk of
CRC, since studies in mice have shown that

mice treated with a PPARYy ligand had greater

Colorectal cancer (CRC) was diagnosed in 1.2
million persons worldwide in 2008, and it
accounted for close to 10% of all cancers. Risk

factors for CRC include advanced age, medical
history of benign adenomatous polyps and
inflammatory bowel diseases, family history of
CRC, low intake of vegetables and fruits and
high intake of dietary fat (particularly animal
fat) and processed meat [1, 2]. Several lines of
evidence indicate that inherited genetic factors
influence the development and progression of
CRC [3].

Peroxisome proliferator-activated receptor-y
(PPARy) is part of a family of transcription
factors. The PPARYy gene is expressed in many
tissues, including high levels of expression in
normal colonic mucosa, colorectal adenocarci-

number of polyps in the colon [6]. A relatively
common variant of the PPARy gene (substitu-
tion of Ala for Pro at codon 12) has been found,
which was associated with improved insulin
sensitivity, smaller body size, and reduced risk
of type-2 diabetes [7]. Several studies investi-
gated the association between PPARy Prol12Ala
polymorphism and CRC risk. However, the
results remained inconclusive [8-24]. Meta-
analysis is an useful method for investigating
associations between genetic factors and dis-
eases, because a quantitative approach is
used to combine the results from different stud-
ies on the same topic, thereby providing more
reliable conclusions. Thus, we performed a
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PPARy and CRC

Table 1. Main characteristics of selected studies

Author Year Ethnicity  CRC location Cases Controls Source of controls
Landi 2003 Caucasian Rectal, colon 377 326 Population-based
Gong 2005 Caucasian Rectal, colon 163 212 Hospital-based
Jiang 2005 Asian Rectal, colon 301 291 Hospital-based
McGreavey 2005 Caucasian NR 484 738 Hospital-based
Murtaugh 2005 Caucasian Rectal, colon 2371 2972 Population-based
Siezen 2005 Caucasian NR 384 403 Population-based
Gunter 2006 Caucasian NR 244 231 Hospital-based
Koh 2006 Asian Rectal, colon 362 1164 Population-based
Kuriki 2006 Asian NR 128 238 Hospital-based
Theodoropoulos 2006 Caucasian NR 222 200 Hospital-based
Vogel 2007 Caucasian NR 355 753 Population-based
Kary 2008 Caucasian NR 1023 1121 Population-based
Slattery 2009 Caucasian NR 1839 2014 Population-based
Hawken 2010 Caucasian NR 1257 1336 Population-based
Abuli 2011 Caucasian NR 515 515 Hospital-based
Crous-Bou 2012 Caucasian NR 812 1479 Hospital-based
Sainz 2012 Caucasian NR 1798 1810 Population-based

meta-analysis to assess the association of
PPARYy Pro12Ala polymorphism with CRC risk.

Methods
Publication search

In this meta-analysis, we searched the articles
using the search terms “Colorectal cancer”,
“Peroxisome proliferator-activated receptor-y”
and “polymorphism” in the PubMed, EMBASE
and Chinese National Knowledge Infrastructure
(CNKI) databases, and the last search updated
on October 2014. Additional studies were iden-
tified by a hand search of references of original
studies or review articles on the association
between PPARy Prol2Ala polymorphism with
CRC risk. No publication date or language
restriction were imposed.

Inclusion and exclusion criteria

The following inclusion criteria were used: (1)
evaluation of the PPARy Prol2Ala polymor-
phism with CRC risk, (2) using a case-control or
cohort design, and (3) genotype distributions in
both cases and controls should be available for
estimating an odds ratio (OR) with 95% confi-
dence interval (Cl).

Studies were excluded if one of the following
existed: (1) not relevant to CRC or PPARYy poly-
morphism, (2) not designed as case-control or
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cohort design studies, (3) genotype frequen-
cies or number not offered, (4) animal studies,
and (5) editorials, reviews and abstracts. If
more than one study used the same cases, the
one with the most comprehensive population
were included.

Data extraction and quality assessment

The following data were collected from each
study: first author’s surname, year of publica-
tion, ethnicity, CRC location, sample size, and
source of controls. To assess the quality of the
included studies, the Newcastle-Ottawa Scale
was adopted. The studies were judged by 8
items of 3 aspects. The highest quality studies
were awarded a maximum of one star of each
item, except that the item of comparability
allowed a maximum of two stars. Studies that
controlled for age received one star, whereas
studies that controlled for other important fac-
tors received an additional star. The Newcastle-
Ottawa Scale score ranged from zero up to nine
stars. And the high-quality study was defined >
7 stars.

Statistical analysis

The strength of the associations between the
PPARy Prol2Ala polymorphism and CRC risk
was measured by ORs and 95% Cls. The ran-
dom-effects model was used. The statistical
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Table 2. Methodological quality of the included studies

PPARy and CRC

Selection Comparability Exposure
Adequate defini- Representative- Selection of  Definition of Control forim-  Ascertainment of Same method of ascertain- Non- re- Total
Author vear tion of cases ness of cases controls controls portant factors exposure ment for cases and controls ~ sponse rate  stars
Landi 2003 * - Ad " PAg e PAS * PAq 8
Gong 2005 * * AS * Pige PAS Y pAq 9
Jiang 2005 - - A A Hedte A A - 5
McGreavey 2005 Ad }Ad - PAS Yeve IAd * PAS 8
Murtaugh 2005 * - hAq * - - pie < 5
Siezen 2005 * PAS PAS PAGAS PAS - PAY 7
Gunter 2006 PAS PAq Y S PAe PAS PAq 7
Koh 2006 - PAq * w PAgke PAS PAS PAq 8
Kuriki 2006 A * - A PASie e - PA 6
Theodoropoulos 2006 PAd PAd o PAS — PAd PAY PAY 7
Vogel 2007 * - Y " PAgke PAd PAS — 7
Kiiry 2008 PA PA - Y PASHe e PAS e 8
Slattery 2009 * IAd IAd — S - PAq 5
Hawken 2010 IAd PAq - PAY PAgke Yo * PAq 8
Abuli 2011 - - PAY PAS Yeve - AY - 5
Crous-Bou 2012 * * - * PAgAe * w PAS 8
Sainz 2012 PAS PAq AS DAY RAS Yo * PAq 8
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Odds Ratio Odds Ratio
_Study or Subgroup  log[Odds Ratio] SE Weight V. Random.95%Cl IV, Random,95%CI
Abuli 2011 -0.4155 09142 0.4% 0.66 [0.11, 3.96]
Crous-Bou 2012 -0.0101 0.1417  9.8% 0.99 [0.75, 1.31] i
Gong 2005 -0.4308 0.2606 41% 0.65 [0.39, 1.08] - T
Gunter 2006 0.1823 0275 3.7% 1.20 [0.70, 2.086] = -
Hawken 2010 -0.4713 0.3521 2.4% 0.62[0.31, 1.24] - |
Jiang 2005 -0.0408 0.2069 5.9% 0.96 [0.64, 1.44] N
Koh 2006 -0.6349 0.2904 3.4% 0.53 [0.30, 0.94] -
Kuriki 2006 -0.2744 04743 14% 0.76 [0.30, 1.93] ==
Kury 2008 -0.6875 0.4955 1.3% 0.50 [0.19, 1.33] -
Landi 2003 -0.5798 0.2114 5.7% 0.56 [0.37, 0.85] A
McGreavey 2005 -0.0202 0.5401 1.1% 0.98 [0.34, 2.82] - ]
Murtaugh 2005 -0.0408 0.0681 17.8% 0.96 [0.84, 1.10] o
Sainz 2012 -0.0202 0.0726 17.2% 0.98 [0.85, 1.13] &
Siezen 2005 -0.3285 0.5605 1.0% 0.72 [0.24, 2.16] = &
Slattery 2009 -0.1393 0.0826 16.0% 0.87[0.74, 1.02] =
Theodoropoulos 2006 -0.5798 0.1717 7.7% 0.56 [0.40, 0.78] N
Vogel 2007 0.0583 0.5102 1.2% 1.06 [0.39, 2.88] - 1
Total (95% Cl) 100.0% 0.84 [0.75, 0.94]
e 2 — . Chiz = - = .12 = 359, t 4 + +
Heterogeneity: Tau? = 0.01; Chi* = 24.53, df = 16 (P = 0.08); I* = 35% 02 05 1 2 5

Test for overall effect: Z = 3.02 (P = 0.003)

Decrease CRC risk Increase CRC risk

Figure 1. Meta-analysis of the association between between PPARy Pro12Ala polymorphism and CRC risk.
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Figure 2. Galbraith plot of associations between PPARy Pro12Ala polymor-

phism and CRC risk.

significance of summary OR was determined
with Z test. The Q statistic and the I? statistic
were used to assess the degree of heterogene-
ity among the studies included in the meta-
analysis. The source of heterogeneity was
detected by using Galbraith plot. Subgroup
analyses were carried out by ethnicity and CRC
location. Sensitivity analysis was performed by
excluding low-quality studies. The potential
publication bias was examined visually in a fun-
nel plot of log [OR] against its standard error
(SE), and the degree of asymmetry was tested
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Fitted values

using Egger’s test [25]. All sta-

tistical tests were performed

using STATA 11.0 software

(Stata Corporation, College

Station, TX, USA) and Reviewer
T Manager 5.1. A P value < 0.05
was considered statistically
Murtaugh significant.

Results
Study characteristics

Atotal of 17 case-control stud-
TTT— ies with 12635 and 15803
14.6843 controls on the association
between PPARy Prol2Ala
polymorphism and CRC risk
were included for this meta-
analysis. There were 3 studies
of Asians and 14 studies of
Caucasians. The characteristics of each case-
control study are listed in Table 1. Quality
scores of each study were summarized in Table
2. The study scores ranged from 5 to 9 stars.

Overall and subgroup meta-analysis results

TheresultsuggestedthatPPARyPro12Alapolymorph-
ism was associated with CRC risk (OR = 0.84,
95% Cl 0.75-0.94, P = 0.003, I? = 35%, Figure
1). In the subgroup analysis by ethnicity, a sig-
nificant association was found among
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association was found in
Caucasians. It was possible
that different lifestyles, diets,
and environments may acco-
unt for this apparent discrep-
ancy. These issues should be
investigated in the future stud-
ies. Only three studies with
Asians were included in this
meta-analysis. Thus, more stu-
dies with Asians should be
conducted to determine the
association between PPARy
Prol12Ala polymorphism and
OR risk of CRC. In the subgroup
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Figure 3. Funnel plot for associations between PPARy Pro12Ala polymor-

phism and CRC risk.

Caucasians (OR = 0.85, 95% CI 0.75-0.96, P =
0.007, I = 38%) but not among Asians (OR =
0.76, 95% Cl 0.51-1.12, P = 0.17, > = 28%). In
the subgroup analysis by CRC site, a significant
association was found among colon cancer (OR
= 0.81, 95% Cl 0.66-0.98, P = 0.03, > = 16%)
but not among rectal cancer (OR = 0.83, 95%
Cl10.57-1.21, P=0.34, I> = 63%). The sensitivity
analysis did not influence the result by omitting
low-quality studies (OR = 0.76, 95% Cl 0.63-
0.93, P = 0.006, I’ = 51%). The Galbraith plot
was used to find the source of the heterogene-
ity. As shown in Figure 2, two studies were the
outliers. After excluding these studies, the
between-study heterogeneity effectively de-
creased and there was no obvious heterogene-
ity among the remaining studies (I’ = 0%, P =
0.65). Besides, the result was still statistically
significant (OR = 0.92, 95% Cl 0.86-0.99, P =
0.04).

Funnel plot and Egger’'s test were both per-
formed to access the publication bias of this
meta-analysis. The shape of the funnel plot
seemed symmetrical (Figure 3). Egger’s test
showed no evidence of publication bias (P =
0.110).

Discussion

The main finding of this meta-analysis was that
PPARy Prol12Ala polymorphism was a potential
protective factor for developing CRC In the sub-
group analysis of ethnicity, no significant asso-
ciation was found in Asians, while a significant
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s analysis by CRC site, we found
that there was a significant
association between PPARy
Prol12Ala polymorphism and
risk of colon cancer, suggest-
ing that PPARy Prol12Ala polymorphism might
influence the etiology of colon cancer.

Laboratory studies have indicated a complex
role of PPARYy at the cellular level through regu-
lation of cell growth, differentiation, and apop-
tosis [26]. A persistent state of inflammation
might lead to colon cancer, as exemplified by
the high risk of colon cancer associated with
ulcerative colitis [27]. Chemically induced
colonic inflammation and aberrant crypt foci
have been diminished in animal models by
administration of PPARy ligands [28]. The
Prol2Ala polymorphism of PPARy gene has
been associated with altered lipid profiles,
lower fasting insulin concentrations, improved
insulin sensitivity and a reduced risk of type I
diabetes and the metabolic syndrome [29].
This amino acid was located in the PPARy
domain that enhanced ligand-independent
activation [30]. The Pro to Ala change may
cause a conformational change in the protein,
thus affecting its activity and CRC risk.

Some limitations should be acknowledged.
First, only published studies that were included
in the selected electronic databases were iden-
tified. It was possible that some relevant pub-
lished or unpublished studies may have been
missed. Second, the effects of gene-gene and
gene-environment interactions were not add-
ressed in this meta-analysis, because of limit-
ed available data. Third, there was moderate
heterogeneity in this meta-analysis. However,
when the main source of heterogeneity was
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excluded, the result was still statistically
significant.

In conclusion, this meta-analysis found signifi-
cant associations between PPARy Prol2Ala
polymorphism and CRC risk.
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