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ABSTRACT. PPARD encodes for peroxisome proliferator-activated
receptor delta, which plays a significant role in controlling lipid
metabolism, atherosclerosis, inflammation, cancer growth, progression,
and apoptosis. Accumulated evidence suggests that the polymorphism
rs2016520 in PPARD 1is associated with lipid metabolism, obesity,
metabolic syndrome, and type 2 diabetes mellitus. The aim of this
study was to determine whether the single nucleotide polymorphism
+294T/C (1rs2016520) in PPARD is associated with colorectal cancer
(CRC) in the Mexican population. Genomic DNA from 178 CRC
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patients and 97 healthy blood donors was analyzed. The polymorphism
was identified by the polymerase chain reaction-restriction fragment
length polymorphism method. Results demonstrated that patients with
the T/C genotype for the +294T/C (rs2016520) polymorphism present
a protective role against CRC [odds ratio (OR) = 0.39; 95% confidence
interval (CI) = 0.22-0.69; P = 0.0008]. This association was also
evident for the T/C genotype in the stratified analysis by tumor-node-
metastasis stages [+1I (OR = 0.26, P = 0.0332) and III+IV (OR = 0.44,
P =0.0067). However, in the stratified analysis by tumor location, we
observed an increased risk of rectal cancer (OR = 7.57, P = 0.0403)
vs colon cancer (OR = 4.87, P = 0.234) in patients carrying the C/C
genotype and under the dominant and recessive models of inheritance.
In conclusion, for the first time, the association between the +294T/C
(rs2016520) polymorphism and colorectal cancer has been studied in
Mexican patients. Our results reveal that variations in PPARD may play
a significant role in genetic susceptibility to colorectal cancer.

Key words: PPARD; 1s2016520 polymorphism; Colorectal cancer;
TNM staging; Mexican population

INTRODUCTION

Colorectal cancer (CRC), at present, is one of the most common causes of cancer
mortality, ranking second in females, third in males, and fourth in the world. Furthermore,
the rate of incidence of CRC is on the rise worldwide (Jemal et al., 2011). The pathogenesis
of CRC is complex and still not fully understood. However, it has been reported that genetic
susceptibility to CRC is associated with genes related to cell proliferation, differentiation, and
transformation, causing failure of apoptosis and abnormalities in multiple signaling pathways
(Fearon and Vogelstein, 1990; Ticha et al., 2013; Wang et al., 2014).

The Wnt/p-catenin pathway has been associated with colon cancer since it was reported
that abnormalities in the chromosome 5q are early events in the tumorigenic processes of
sporadic and hereditary (familial adenomatous polyposis, FAP) tumors and that FAP resides at
this chromosomal location (Arnold et al., 2005; Markowitz and Bertagnolli, 2009). Mutations
in genes involved in the Wnt signaling pathway, most of which inhibit the APC (adenomatous
polyposis coli) function, are found in close to 90% of sporadic colon cancers (Markowitz
and Bertagnolli, 2009). Activation of Wnt/B-catenin target genes depends on the recruitment
of B-catenin into the nucleus. 7CF7L2 forms a protein complex with the lymphoid factor 1.
Interaction of LEF/TCF with the B-catenin protein results in the formation of a transcription
complex that regulates the expression of target genes participating in colorectal carcinogenesis,
such as CCND1, PPARD, and c-Myc (He et al., 1999; Krausova and Korinek, 2014; Rennoll
and Yochum, 2015). He et al. (1999) identified the peroxisome proliferator-activated receptor
O (PPARD) gene as a target of APC through the analysis of global gene expression profiles
in human colorectal cancer cell lines (He et al., 1999). Consequently, considerable attention
has been given to the role of PPARD in CRC development. PPARD encodes for a ligand-
activated transcription factor that belongs to the nuclear hormone receptor superfamily. This
gene has nine exons, five of which are coding, and spans around 85 kb of the region 6p21.2
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(Skogsberg et al., 2003a,b). PPARD is expressed in diverse tissues with very high expression
levels in the gastrointestinal tract (Park et al., 2001; Barak et al., 2002; Lee et al., 2003; Gupta
et al., 2004; Harman et al., 2004; Foreman et al., 2011; Peters et al., 2011; Yang et al., 2006,
2008, 2010, 2011; Fucci et al., 2012; Wang et al., 2006, 2014; Zuo et al., 2009, 2014). Several
PPARD polymorphisms have been involved in regulation of lipid and glucose metabolism and in
disorders related to these processes, including cardiovascular disease (Skogsberg et al., 2003a,b),
atherosclerosis (Chen et al., 2004), insulin resistance (Hu et al., 2006), diabetes (Villegas et
al., 2011), and recently in cancer (Ticha et al., 2013; Yang et al., 2014). Notably, the PPARD
+294 T/C (rs2016520) polymorphism, which is located in exon 4 at 87 nucleotides upstream
of the start codon (5’ untranslated region), influences the binding of Spl transcription factor
resulting in higher transcriptional activity when the rare C allele is present (Skogsberg et al.,
2003a). This suggests that Sp1 acts together with another, yet unidentified, factor in the allele-
specific regulation of PPARD (Skogsberg et al., 2003b). Spl is a member of the gene family
with sequence-specific DNA-binding C-terminal zinc-finger motifs. It plays a critical role in the
regulation of expression of mammalian genes lacking a TATA box by binding to GC/GT boxes
to activate transcription (Raynaud et al., 2008; Dong et al., 2009). It has been reported that Sp1
is involved in the development and progression of several types of cancers, including colorectal
cancer (Dong et al., 2009). At present, CCND1, PDEGF, p21, VEGF, TGFp, E2F1, c-fos, OPN,
and TGFa are the cancer-related Sp1 targets that have been identified (Gartel et al., 2000; Zhu
et al., 2002; Takami et al., 2007; Dong et al., 2009). There has been one study on the association
of PPARD gene variants with upper aero-digestive tract cancers in patients from Los Angeles,
CA, USA (Yang et al., 2014) and another on their association with colorectal cancer in patients
from Switzerland (Ticha et al., 2013). However, no association of the +294 T/C (rs2016520)
polymorphism with colorectal cancer development was found in patients from Sweden (Ticha et
al., 2013). To our knowledge, this is the first report on the association between the PPARD gene
polymorphism +294T/C (rs2016520) and colorectal cancer in Mexican patients.

MATERIAL AND METHODS
Study population

The study included 178 individuals (83 females and 95 males) diagnosed with
colorectal adenocarcinomas according to the clinicopathological criteria of Specialty Hospital
in Centro Medico Nacional of Instituto Mexicano del Seguro Social (IMSS) in Guadalajara,
Jalisco, México. CRC diagnosis was established according to the tumor-node-metastasis (TNM)
classification. The control group consisted of 97 healthy volunteers (32 females and 65 males).
These volunteers did not match in age with the patient group. All the subjects included in this
study, between 2012 and 2014, were from the metropolitan area of Guadalajara. Signed informed
consent forms were obtained from all study participants. We used a standard epidemiological
questionnaire to collect personal data, including age, gender, family history, drinking, and
smoking status. Individuals with a previous history of cancer were excluded from the control
group, while those who had undergone chemotherapy or radiotherapy were excluded from the
patient group in the study. Information about the clinical and pathological characteristics of the
patients was obtained from hospital records. This study was approved by the Ethical Committee
1305 (R-2012-1305-10) of Centro de Investigacion Biomédica de Occidente, IMSS. This study
was conducted by adhering to national and international ethical standards.
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Genotyping

Genomic DNA was extracted from peripheral blood using standard methods
(Miller et al., 1988). The polymorphism +294 T/C (rs2016520) in PPARD was genotyped
by the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
method, using the primers: +294-F: 5'-CATGGTATAGCACTGCAGGAA-3' and +294-R:
5'-CTTCCTCCTGTGGTCGCTC-3' (Skogsberg et al., 2003a). PCR was performed for 30
cycles and with a total volume of 10 pL containing 100 ng DNA, 10X buffer (500 mM KClI,
100 mM Tris-HCl, and 0.1% Triton TMX-100), 2.0 mM MgCl,, 200 uM dNTPs, 1 pM each
primer, and 1 U Tag DNA Polymerase. Denaturation was carried out at 95°C, annealing at 62°C,
and elongation at 72°C for 1 min each. Five microliters of the PCR products were digested
with 3 U Bs/l enzyme, according to the manufacturer instructions. The digested products
were separated on 6% polyacrylamide gels (Figure 1). Bands observed by electrophoresis
corresponded to 167 and 102 bp for the polymorphic allele (C) and 269 bp for the wild-
type allele (T). Quality control for these assays was performed by randomly selecting several
samples that were re-genotyped by an independent technician. The observed concordance
between genotyping assays was 100%.
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Figure 1. Polyacrylamide gel (6%) dyed with AgNO,. The gel represents the results of the enzymatic digestion
procedure with Bs/l enzyme, performed to identify the genotypes for the rs2016520 polymorphism in PPARD. Lane
2 =50-bp molecular marker. Lane 11 = 25-bp molecular marker. Lanes 1, 3,4,6,7,9, 10, 12,13, 15, 16, 18, and 19
= fragment of 269 bp corresponding to the T/T genotype (wild homozygous). Lanes 5, 8, 14, and 17 = fragments of
269 + 167 + 102 bp corresponding to the T/C genotype (heterozygous).

Statistical analysis

Allele and genotype frequencies were estimated by direct counting in both groups.
Hardy-Weinberg equilibrium (HWE) was assessed by the chi-square test. Differences in allele
and genotype distribution between patients and controls were established by the chi-square test
or the Fisher exact test. To evaluate the association of CRC with the presence of genotypes, the
odds ratio (OR) and corresponding 95% confidence intervals (CI) were calculated using the
SPSS v17.0 software package (SPSS, Inc., Chicago, IL, USA). For all statistical analysis, P <
0.05 was considered statistically significant.
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RESULTS

Table 1 shows epidemiological and clinical data for the CRC patients and controls.
There were no significant differences between the controls and CRC patients concerning
gender, smoking status, and drinking status. We observed important differences in age
distribution between the case and control groups (P =0.0001). In the CRC group, the observed
average age was 59.03 years (ranging from 18 to 91 years); in contrast, in the control group,
the observed average age was 36.88 years (ranging from 29 to 59 years).

Table 1. Epidemiological characteristics of the patients and controls in this study.

Mean Age (years) CRC patient group (N = 178) Control group (N =97) P value
59.03 36.88 0.0001

Gender

Female 88 (49.44%) 50 (51.55%) 0.7383

Male 90 (50.56%) 47 (48.45%)

Drinking status

Have ingested alcoholic drinks 65 (36.52%) 32 (32.99%) 0.5148

Never ingested alcoholic drinks 111 (62.36%) 65 (67.01%)

NA 2 (1.12%)

Smoking status

Smokers 54 (30.34%) 24 (24.74%) 0.2855

Non-smokers 121 (67.98%) 73 (75.26%)

NA 3 (1.68%)

Family history of cancer

Yes 30 (16.85%)

No 125 (70.23%)

NA 23 (12.92%)

Tumor localization

Colon 80 (44.94%)

Rectum 18 (10.12%)

NA 80 (44.94%)

Clinical TNM stages

1-11 25 (14.04%)

1-1v 131 (73.60%)

NA 22 (12.36%)

TNM = tumor-node-metastasis; NA= not available; CRC = colorectal cancer; P values were calculated by the chi-
square test.

Table 2 shows the genotype and allele frequencies of the PPARD +294 T/C
(rs2016520) polymorphism. For the control group, the HWE was calculated, and the
results for the SNP rs2016520 were in equilibrium (data not shown). The genotype C/C
of the rs2016520 polymorphism was observed in 6.74% (12/178) of the CRC patients
and 3.09% (3/97) of the controls; this difference was not statistically significant. The
genotype T/C was observed in 23.03% (41/178) of the CRC patients and 44.33% (43/97)
of the controls; this difference was statistically significant with an OR of 0.39 (95%CI =
0.22-0.69, P =0.0008). We observed statistically significant results with an OR of 0.54 in
the distribution of allele frequencies (95%CI = 0.34-0.86, P = 0.0055). The risk analysis
showed a decreased cancer risk under the dominant and overdominant inheritance patterns
of allelic interactions with an OR of 0.47 (95%CI = 0.27-0.81, P = 0.0035) and 0.38
(95%CI = 0.21-0.66, P = 0.002), respectively.
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Table 2. Genotype and allele frequencies of the +294T/C (rs2016520) polymorphism in PPARD in the patient

and control groups.

Genotype Frequencies OR (95%CTI) P value
Patient group Control group
[N =178 (%)] [N =97 (%)]
T/T 125 (70.23) 51 (52.58) 1.00 (Reference)
T/C 41(23.03) 43 (44.33) 0.39 (0.22-0.69) 0.0008
C/C 12 (6.74) 3(3.09) 1.63 (0.40-7.63) 0.6581
C/C+T/C vs T/IT 53 (29.78) 46 (47.42) 0.47 (0.27-0.81) 0.0035
T/T+T/C vs C/C 166 (93.26) 94 (96.91) 2.27(0.58-10.39) 0.2037
T/T+C/C vs T/C 137 (76.97) 54 (55.67) 0.38 (0.21-0.66) 0.0002
Allele
T 250 (0.81) 102 (0.74) 1.00 (Reference)
C 65 (0.19) 49 (0.26) 0.54 (0.34-0.86) 0.0055

OR = odds ratio; CI = confidence interval; P values were calculated by the chi-square test. Numbers in bold
represent the results that showed statistical significance.

Analysis of the rs2016520 polymorphism by TNM staging is shown in Table 3. We
divided the colorectal cancer patients into two groups according to their TNM statuses. The
association among the TNM groups and the rs2016520 polymorphism was not under a single
pattern of allelic interactions by OR analysis (data not shown). However, when the two groups
of TNM staging were compared with the control group, we observed a decreased risk of cancer
in patients with the rs2016520 T/C genotype for stages [+1I and III+IV (OR = 0.26, 95%CI =
0.07-0.92, and P = 0.0332; and OR = 0.44, 95%CI = 0.24-0.81, and P = 0.0067, respectively).
We also found a decreased cancer risk under an over-dominant model for the stages I+II
with an OR of 4.18 (95%CI = 1.23-15.6, P = 0.0180) and under dominant and over-dominant
models for the stages III+IV with an OR of 2.59 (95%CI = 1.24-5.42, P = 0.0092) and 2.36
(95%CI=1.30-4.32, P = 0.0038), respectively.

Table 3. Association analysis of TNM stages with the distribution of genotypes for the +294T/C (1rs2016520)
polymorphism of PPARD.

Genotypes Stage I+11 Stage III+IV Stage I+11 vs P value Controls Stage [+II CRC | P value | Stage III+IV CRC | P value
CRC patients | CRC patients Stage ITI+IV [N =97 (%)] vs Controls vs Controls
[N=25(%)] | [N=131(%)] OR (95%CI) OR (95%CI) OR (95%CI)
T/T 18 (72) 89 (67.94) 1 (Reference) 51 (52.58) 1 (Reference) 1 (Reference)
T/C 4(16) 33(25.19) 1.67 (0.48-6.32) | 0.5411 43 (44.33) 0.26 (0.07-0.92) | 0.0332* | 0.44 (0.24-0.81) | 0.0067*
C/C 3(12) 9 (6.87) 0.61 (0.13-3.16) | 0.0601 3(3.09) 2.83(0.41-19.9) | 0.4369 1.72 (0.40-8.43) 0.6314
Dom 7(28) 42 (32.06) 1.21(0.43-3.49) | 0.8683 46 (47.42) 0.43 (0.15-1.22) | 0.1283 2.59 (1.24-5.42) | 0.0092*
Rec 22 (88) 122 (93.13) 1.85 (0.36-8.35) | 0.6365 94 (96.91) 0.23 (0.03-1.58) | 0.1875 0.43 (0.09-1.81) 0.3355
Over-Dom 21 (84) 98 (74.81) 0.57 (0.15-1.92) | 0.4632 54 (55.67) 4.18 (1.23-15.6) | 0.0180* | 2.36(1.30-4.32) | 0.0038*

CRC = colorectal cancer; OR = odds ratio; CI = confidence intervals; Dom = dominant model; Rec = recessive
model; Over-Dom = over-dominant model; P values were calculated by the chi-square test. *Significant P values.

Analysis of the rs2016520 polymorphism by tumor location is shown in Table 4.
Our stratified analysis revealed an increased cancer risk, with a statistical significance for
colon and rectal cancers for patients carrying the homozygous C/C genotype, with an OR
of 4.87 (95%CI = 1.19-19.80, P = 0.0234) and 7.57 (95%CI = 1.27-45.07, P = 0.0403),
respectively. Additionally, we observed a significantly increased cancer risk under the
dominant model of inheritance for colon cancers with an OR of 1.98 (95%CI = 1.08-3.61,
P =0.0347) and under the recessive model of inheritance for rectal cancers with an OR of
6.46 (95%CI = 1.19-35.05, P = 0.0449).
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Table 4. Association analysis of PPARD +294 T/C (1rs2016520) genotypes by tumor location.

Genotype Controls Colon cancer | Rectal cancer Colon cancer vs controls P value Rectal cancer vs controls P value
[N=97 (%)] | [N=80(%)] [N=18 (%)] OR (95%CI) OR (95%CI)

T/T 51 (52.58) 29 (36.25) 7(38.89) 1 (Reference) 1 (Reference)

T/C 43 (44.33) 43 (53.75) 8 (44.44) 1.78 (0.96-3.31) 0.0866 1.37 (0.46-4.09) 0.5901

C/C 3(3.09) 8 (10) 3(16.67) 4.87 (1.19-19.80) 0.0234* 7.57 (1.27-45.07) 0.0403*

Dom 46 (47.42) 51 (63.75) 11 (61.11) 1.98 (1.08-3.61) 0.0347* 1.77 (0.63-4.94) 0.3131

Rec 94 (96.91) 72 (90) 15 (83.33) 3.59 (0.92-14.01) 0.0639 6.46 (1.19-35.05) 0.0449*

Over-Dom 54 (55.67) 37 (46.25) 10 (55.55) 1.39 (0.77-2.53) 0.2926 1.10 (0.37-2.79) 1.0000

OR = odds ratio; CI = confidence intervals; Dom = dominant model; Rec = recessive model; Over-Dom = over-
dominant model; P values were calculated by the chi-square test. *Significant P values.

DISCUSSION

PPARD is the most widely expressed member of the PPAR ligand-activated
transcription factor family in human cells. These receptors modulate many critical cellular
functions, including fatty acid metabolism, wound healing, apoptosis, and inflammation.
Therefore, PPARD could be involved in the development of several chronic diseases like
diabetes (Villegas et al., 2011), cardiovascular disease (Skogsberg et al., 2003b; Lee et al.,
2003), and cancer (Glinghammar et al., 2003; Peters et al., 2011; Ticha et al., 2013; Wang et
al., 2014; Yang et al., 2014; Nath and Chan, 2016).

In this study, we investigated the influence of the +294 T/C (rs2016520) SNP of PPARD,
a target of Wnt/B-catenin signaling pathway, on genetic susceptibility to colorectal cancer
in Mexican patients. Interestingly, our results revealed a decreased risk of CRC in patients
bearing the heterozygous genotype T/C for the rs2016520 polymorphism. Moreover, this
decreased cancer risk was evident under dominant and over-dominant models of inheritance.

Comparing the TNM stage I+11 with I[II+1V, we did not find any statistically significant
differences between them under any pattern of allelic interactions. However, when comparing
the TNM stages [+1I and III+1V with the control group, we observed a decreased cancer risk
in patients bearing the heterozygous genotype T/C. In contrast, an increased risk was found
for the TNM stage III+IV under the dominant model of inheritance and for the TNM stage
I+II and II+IV under the over-dominant model of inheritance. Stratified analysis by tumor
location revealed an increased cancer risk in patients with the homozygous genotype C/C,
mainly for rectal cancer. This increased cancer risk was also observed under the dominant and
recessive models of inheritance.

Recently, several studies have reported that PPARD is upregulated in human colorectal
adenomas and cancers (Chen et al., 2004; Takami et al., 2007; Dong et al., 2009; Peters et al.,
2011; Rennoll and Yochum, 2015). Barak et al. (2002) observed a non-statistically significant
but reduced expression of PPARD and a decreased incidence of intestinal tumorigenesis in a
knockout APC deleted mouse model (Hu et al., 2006). However, Harman et al. (2004) observed
an increased incidence of intestinal tumorigenesis. In another study, Wang et al., (2006) found
inhibition in intestinal tumorigenesis. In another study conducted by Zuo et al. (2014), a mouse
model with targeted intestinal PPARD overexpression was used to clearly demonstrate the
strong potential of PPARD overexpression in the enhancement of the colorectal tumorigenesis.

Although the majority of studies have addressed PPARD expression, some have
examined genetic variants in the gene. These genetic variants have been found to be associated
with regulation of lipid and glucose metabolism and disorders related to these processes.
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The study by Ticha et al. (2013) was the only study to include the analysis of the rs2016520
polymorphism in order to determine its clinicopathological significance in colorectal cancer;
the study results did not demonstrate any association between the rs2016520 SNP and
colorectal cancer risk (Chen et al., 2004).

The role of 152016520 polymorphism in PPARD in Mexican patients with colorectal
cancer has not been investigated previously. Although the association between the rs2016520
polymorphism and cancer is presently unknown, the PPARD variants at 5’UTR are of particular
interest owing to their hypothesized regulatory role in mRNA expression (Chen et al., 2004).

CONCLUSION

To our knowledge, this is the first study demonstrating a statistically significant
association between the +294 T/C (1rs2016520) polymorphism in PPARD and colorectal cancer
in Mexican patients. The study results suggest that the T/C genotype has a protective role
in susceptibility to CRC or an attenuating effect on colorectal carcinogenesis. Nevertheless,
additional studies with larger sample sizes, more diverse populations, and that include a
functional analysis of this polymorphism are necessary to confirm and extend our findings.
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