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Abstract
Introduction: Peroxisome proliferator-activated receptors (PPARs), PPARα, PPARγ, and PPARδ, 
are nuclear ligand-activated transcription factors which presumably contribute to a broad 
range of pathophysiological processes, such as tumorigenesis. Nevertheless, their exact role 
as tumor suppressors or promoters is not straightforward in colorectal cancer (CRC). There-
fore, expression values of these PPARs and their relation with tumor progression and prog-
nosis were examined in CRC patients. Methods: In this work, the relative expression values of 
the PPARs were measured by real-time polymerase chain reaction in 100 CRC tumor tissues 
paired with adjacent normal tissues. After that, the association between relative expression 
values of the PPARs in tumor tissues and the cancer progression-related clinicopathological 
characteristics as well as overall survival of patients were assessed. Results: While PPARα and 
PPARδ seemed to be overexpressed, PPARγ was suppressed in CRC tumor tissues compared 
with paired adjacent normal tissues (p = 0.0001). The relative expressions of PPARα and PPARδ 
were negatively associated with tumor size, tumor grade, TNM stage, metastasis, lymphatic 
invasion, and decreased overall survival time (p < 0.05). The same associations, but in reverse 
direction, were found for PPARγ. Conclusions: It was found that PPARα and PPARδ were over-
expressed while PPARγ was suppressed in CRC tumor tissues, and these deregulations are 
associated with cancer progression and poor prognosis. © 2019 The Author(s)
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Introduction

Colorectal cancer (CRC) was estimated to account for over 1.8 million newly diagnosed 
cancer cases and approximately 881,000 deaths in 2018, making it the second lethal malig-
nancy in 185 countries [1]. Although the emergence of sophisticated diagnostic and thera-
peutic methods has critical effects on the treatment of CRC, the 5-year survival rate for the 
disease still remains low [2, 3]. The presence of high inherent heterogeneity in the tumors of 
CRC has complicated decisions on diagnostic and treatment strategies [4]. Therefore, finding 
potential surrogate biomarkers involved in the tumorigenesis and progression of CRC may 
improve detection, prognosis, and treatment of the disease. 

Peroxisome proliferator-activated receptors (PPARs), consisting of 3 distinct isoforms, 
PPARα, PPARγ, and PPARδ, have been well known as nuclear ligand-activated transcription 
factors that promote the proliferation of peroxisomes and are essentially involved in many 
physiological processes, including glucose and lipid metabolism, inflammation, and adipo-
genesis [5]. PPARs have also been implicated in other biological processes, including athero-
sclerosis, cell differentiation, proliferation and apoptosis, and tumorigenesis [6]. There is a 
growing interest in the biological relevance of PPARs in gastrointestinal cancer, but their 
exact functions in gastrointestinal oncogenesis demand further studies [6]. In a recent study, 
the higher expression of PPARα in pancreatic cancer patients and its association with adverse 
prognosis provided robust evidence for the oncogenic effect of this receptor [7]. It has been 
elucidated that PPARα, in cooperation with the enzyme HMGCS2, enhances the transcrip-
tional activity of the oncogene Src, which consequently results in cancer cell invasion and 
metastasis in CRC and oral squamous cell carcinoma [8]. In addition, antagonistic repression 
of PPARα and PPARγ in pancreatic and CRC cell lines demonstrated cytotoxic effects in a 
dose-dependent manner [9]. Nevertheless, data regarding the aberrant expression of PPARγ 
in CRC are inconsistent. While some evidence supports the cancer promoting effects of 
PPARγ in CRC [10, 11], more current studies suggest that it may act in an opposite direction, 
impeding CRC development and progression [12–15]. The involvement of PPARδ in the 
tumorigenesis of many cancers, especially CRC, has been frequently attributed to its inflam-
matory effects [16]. Although the overexpression of PPARδ in CRC has been reported by 
various studies [17–19], several other contrasting ones reported a tumor suppressing effect 
for it [16, 20–22]. 

Considering that there is no consensus on whether PPARs are up- or downregulated in 
CRC, in the present study, our effort was to provide further evidence regarding their exact 
pathophysiology in a more clinically relevant state. Therefore, the expression of PPARs in 
tumor tissues of CRC patients and their association with the cancer progression and prog-
nosis were explored.

Materials and Methods

Patients and Specimens
For the study, 100 primary tumor tissues and normal adjacent tissues (normal tissue was > 5 cm away 

from tumorous tissue) were collected from patients with CRC who had undergone curative surgical resection, 
between January 2014 and July 2018, at Iran National Tumor Bank (Tehran, Iran). The tissue specimens were 
snap frozen in liquid nitrogen quickly after surgical resection and were kept at –80  ° C until the next prepara-
tions. Data regarding the main demographical (age at surgical resection and gender) and clinicopathological 
(tumor site and size, grade, TNM stage, lymph node, and vascular invasion and metastasis) characteristics of 
the patients were obtained from their medical documents. With regard to exclusion criteria, patients receiving 
other treatments (radiotherapy, chemotherapy) or having other malignancies and illnesses with confounding 
effects were not enrolled in the study. The patients had a survival follow-up for the first 5 years after surgical 
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procedure. A written informed consent, signed by each patient, was prerequisite for participating in the 
study. The study design and related protocols were confirmed by the Research Ethics Committee of Islamic 
Adzad University. 

RNA Isolation
The total RNA of tumor and adjacent normal tissues (2 mg of each tissue sample) was isolated by TRIzol 

reagent (Invitrogen, USA) according to the manufacturer’s protocol. The isolated total RNA specimens were 
subjected to DNase digestion (DNase Kit, Qiagen, Hilden, Germany) to eliminate any potential genomic DNA 
contamination. RNA quantity and purity was spectrophotometrically (absorbance ratio at 260/280 nm) 
analyzed on a Nanodrop 2000 system (Thermo Scientific). Furthermore, integrity of the RNAs was checked 
by observing the specified bands on agarose gel electrophoresis. 

Reverse Transcription and cDNA Synthesis
After approving the quantity and quality of isolated RNAs, reverse transcription reactions were carried 

out. For the purpose, 1 μg of each total RNA sample was reverse transcribed into cDNA using the Prime-
ScriptTM 1st Strand cDNA Synthesis Kit (Takara, Otsu, Japan) according to the instructions of the manufac-
turer. The produced cDNA samples were preserved at –20  ° C until the next step, quantitative real-time poly-
merase chain reaction (qRT-PCR) quantitation. 

qRT-PCR Quantification
Quantification of the synthesized cDNAs was accomplished using RT2 SYBR Green qPCR Mastermix 

(Qiagen, Hilden, Germany), following the manufacturer’s instructions, on an ExicyclerTM 96 Quantitative Real-
Time PCR System (Bioneer, Daejeon, Korea). The qRT-PCR reaction mixture contained 1 μL cDNA (5 ng/mL), 
12.5 μL RT2 SYBR Green Mastermix, 2 μL of related primers (150 nM), and 8.5 μL RNase-free water in a final 
volume of 25 μL. All qRT-PCR reactions were run, in triplicate, with the following thermal cycling conditions: 
A first step at 95  ° C for 10 min, followed by 40 cycles at 94  ° C for 15 s, and at 60°С for 10 min. A negative 
quality control (without cDNA) reaction was also included concurrently with the qRT-PCR quantifications. 
Validated primer sets, designed using Primer3 software [23] (15b), for the qRT-PCR assay are depicted in 
Table 1. Beta-2-microglobulin (β2M) was used as endogenous reference gene by which the resulting qRT-PCR 
data were normalized. The threshold cycle of amplification plots, at which the fluorescence signal crosses the 
average background noise, was automatically determined using the real-time system software. At the end of 
the qRT-PCR reaction, specificity of the amplified products was confirmed by melting curve analysis. Before 
conducting the main qRT-PCR assay, a dilution series of the cDNAs under study (PPARα, PPARγ, and PPARδ) 
along with the endogenous reference cDNA (β2M) was subjected to qRT-PCR amplification for calibration 
purpose. According to the plotted calibration curves, it was ascertained that amplification efficiencies of the 
cDNAs were very close to that of the endogenous reference (1.01, 0.98, 0.99, and 1.00 for PPARα, PPARγ, 
PPARδ, and β2M, respectively). The comparative normalized expression level of PPARs, in tumors relative to 
the adjacent normal tissues, reported as fold change, was calculated using the 2–ΔΔCt method [24].

Table 1. Designed primer pair set for qRT-PCR quantification in the study

Target gene Primer sequence Tm, ° C Amplicon length, bp

PPARα F: 5′-ACTCTTGCGAGGGATCTCGG-3′ 61.39 198
R: 5′-GGAAAGGGCAAGTCCCGATG-3′ 61.03

PPARγ F: 5′-GGAAGGTGGGTGTGTAGTCG-3′ 60.04 168
R: 5′-GCAGAAATGCAGGCTTCTGG-3′ 59.83

PPARδ F: 5′-AAGCAGTTGGTGAATGGCCT-3′ 60.18 157
R: 5′-GGGTAACCTGGTCGTTGAGG-3′ 60.04

β2M F: 5′-GGCATGGTTGTGGTTAATCTGG-3′ 59.83 194
R: 5′-AGGCCCTTTACACTGTGAGC-3′ 59.96

PPAR, peroxisome proliferator-activated receptor; β2M, beta-2-microglobulin; F, forward primer; R, 
reverse primer; Tm, melting temperature.
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Statistical Analysis 
All data were statistically analyzed with SPSS software version 22.0 (SPSS Inc., Chicago, IL, USA). 

Comparison between the paired tumor and normal tissues for relative expression values of PPARs was 
performed using Wilcoxon signed-rank test. The statistically significant differences between 2 and more than 
2 groups of patients were determined by Mann-Whitney U and Kruskal-Wallis tests, respectively. The overall 
survival effects of PPAR expression in tumor tissues were assessed using the Kaplan-Meier method and 
log-rank test. Univariate and multivariate Cox regression analyses were employed to determine whether the 
expression of PPARs in tumor tissues would be capable to serve as independent prognostic factors for CRC. 
The significance level for data analyses was set as a p value < 0.05.

Results

Comparative Expression of PPARs in CRC Tumor Tissues and Paired Adjacent Normal 
Tissues
The relative expression amounts (expressed as fold change) of PPARα, PPARγ, and PPARδ 

genes in the CRC tumor tissues were compared with those in the adjacent normal tissues. As 
indicated in Figure 1, while the relative expression levels of PPARα and PPARδ were both 
significantly higher in CRC tumor tissues than in the paired normal ones (p = 0.0001), the 
expression of PPARγ was remarkably decreased in the CRC tumor tissues (p = 0.0001). 

Association between PPAR Expression Levels and the Clinicopathological Characteristics 
of Patients
Relative expression values of PPARα, PPARγ, and PPARδ in the tumor tissues of CRC 

patients in terms of their clinicopathological information are represented in Table 2. As seen 
in the table, a significant increase in the expression of PPARα and PPARδ in the CRC tumor 
tissues was associated with advanced tumor TNM stage, grade, size, and metastasis. In 
contrast, a lower expression of PPARγ was associated with advancement of the mentioned 
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Fig. 1. Relative expression levels of PPARα, PPARγ, and PPARδ in colorectal cancer tumor tissues compared 
with paired adjacent normal tissues. Higher expressions of PPARα and PPARδ, but lower expression of 
PPARγ, were found in tumor tissues relative to adjacent normal tissues (p = 0.0001, Mann-Whitney U test).
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clinicopathological factors. As delineated in Table 2, the increase in PPARα and PPARδ or 
decrease in PPARγ expression is accompanied by the progression and expansion of CRC 
tumors.

Association between PPAR Expression Levels and the Overall Survival Rate of Patients
To assign prognosis evaluations, the total of 100 CRC patients who were suitable for the 

retrospective cohort study were scheduled for a 5-year follow-up period until death or 
censoring. In this regard, at first, the median expression values (after log‑transformation) of 
PPARα, PPARγ, and PPARδ in CRC tumor tissues were calculated, according to which the 
patients were classified into high- and low-expression subsets. Then, Kaplan-Meier survival 
curve analysis and log-rank test were utilized to determine the effect of PPAR expression of 
tumor tissue on the overall survival span of CRC patients (Fig.  2). From the analyses, it 
emerged that patients with higher expressions of PPARα and PPARδ in tumor tissues deceased 
sooner than those patients whose tumors had lower expression levels for the 2 genes. The 
opposite pattern was true for the expression of PPARγ. That is, higher levels of PPARγ were 
associated with a shorter overall survival rate of CRC patients (Fig.  2). Additionally, to 

Table 2. Relative expression levels of PPARα, PPARγ, and PPARδ in colorectal cancer tumor tissues and their relationships with 
clinicopathologic characteristics

Clinicopathologic 
variables

n PPARα expression 
level (fold change)

p 
value

PPARγ expression 
level (fold change)

p 
value

PPARδ expression 
level (fold change)

p 
value

Age 0.55 0.82 0.80
≤60 years 54 3.11 (1.75–4.50) 0.55 (0.32–0.78) 2.65 (1.30–5.36)
>60 years 46 3.09 (1.99–5.02) 0.58 (0.31–0.78) 2.82 (1.25–4.96)

Gender 0.68 0.64 0.74
Male 60 3.06 (1.84–5.11) 0.55 (0.26–0.77) 2.80 (1.46–4.97)
Female 40 3.17 (1.86–4.60) 0.57 (0.33–0.76) 2.71 (1.04–4.96)

Tumor size 0.001 0.016 0.030
≤5 cm 54 2.26 (1.51–3.78) 0.64 (0.40–0.85) 1.96 (1.14–3.74)
>5 cm 46 4.34 (2.50–5.21) 0.46 (0.27–0.62) 3.22 (2.16–5.19)

TNM stage 0.0001 0.0001 0.0001
0 6 0.93 (0.81–1.04) 1.00 (0.93–1.02) 0.44 (0.13–0.56)
I 8 1.79 (1.56–1.95) 0.94 (0.88–0.96) 0.96 (0.52–1.40)
II 19 2.18 (1.76–3.01) 0.78 (0.69–0.84) 1.64 (1.14–2.16)
III 34 3.85 (2.32–5.23) 0.42 (0.25–0.56) 3.04 (1.53–4.73)
IV 33 4.36 (3.20–5.31) 0.33 (0.24–0.57) 5.14 (3.04–7.19)

Tumor grade 0.0001 0.0001 0.0001
I 19 1.80 (1.12–3.00) 0.89 (0.53–0.99) 1.25 (0.49–2.60)
II 49 2.85 (1.85–4.02) 0.62 (0.33–0.78) 2.44 (1.25–3.58)
III 32 4.87 (3.78–5.95) 0.37 (0.26–0.56) 4.99 (3.15–6.54)

Metastasis 0.0001 0.0001 0.0001
M0 67 2.02 (1.46–3.03) 0.72 (0.56–0.88) 1.41 (0.69–2.52)
M1 33 4.44 (3.68–5.33) 0.33 (0.24–0.54) 4.76 (3.07–6.51)

Lymphatic invasion 0.008 0.004 0.008
Negative 44 2.23 (1.78–4.09) 0.67 (0.44–0.84) 2.13 (1.19–3.35)
Positive 56 4.06 (2.26–5.18) 0.45 (0.24–0.64) 3.23 (1.67–5.77)

Vascular invasion 0.11 0.17 0.08
Negative 58 2.49 (1.79–4.50) 0.59 (0.34–0.81) 2.31 (1.23–4.28)
Positive 42 3.69 (2.33–5.06) 0.51 (0.26–0.63) 3.29 (1.80–5.35)

Data are expressed as median (25th–75th interquartile range) and number.
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ascertain the adjusted prognostic effects of PPAR expression, univariate and multivariate Cox 
regression analyses were arranged. Of all clinicopathological factors entered in the Cox 
regression evaluations, the altered expression of PPARs, TNM stage, grade, and metastasis 
status of tumors were certified as reliable independent predictors of the overall survival rate 
in CRC patients (Table 3).

Discussion/Conclusion

The current literature has reportedly emphasized the definite involvement of PPAR 
expression in tumorigenesis, even though the exact functions of PPARs as tumor promoters 
or suppressors are not clear-cut and deserve to be resolved [25, 26]. In this regard, we noticed, 
in the present study, that PPAR expressions are explicitly deregulated in CRC, with PPARα and 
PPARδ being upregulated, while PPARγ is downregulated. More importantly, the aberrant 
expression levels of PPARs in tumor tissues were apparently associated with progression and 
poor prognosis of CRC. Here, our findings offer another evidence for better judgement 
regarding the controversies on the different roles of PPARs in CRC. 

As initially mentioned, the ability of PPARα to promote progression of CRC and oral 
squamous cell carcinoma [8] is in line with the findings we gained in the current study. Simi-
larly, the higher expression of PPARα in pancreatic cancer tissues and its consequent worse 
prognostic effects [7] may be interpreted in this sense. Despite these data, some earlier 
studies have drawn doubt on the carcinogenetic effects of PPARα [25, 27, 28]. The essence of 
those studies is based on various PPARα agonists which exhibited inhibitory effects on angio-
genesis and inflammation in animal models [27, 28]. Given that the mechanistic rationale 
underlying these anti-carcinogenesis effects may be somewhat inconsistent in humans, 
because of the significant differences in PPARα expression between rodents and humans, as 
well as ineffectiveness of agonists in humans [29], caution should be exerted in extrapolating 
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Fig. 2. Kaplan-Meier survival curve analyses based on the median expression levels of PPARα, PPARδ, and 
PPARγ in tumor tissues of patients with colorectal cancer. Higher expressions of PPARα and PPARδ, but 
lower expression of PPARγ, were associated with decreased overall survival of patients.
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these findings to humans. Furthermore, opposed to the latter reports, there is an antagonistic 
repression of PPARα in pancreatic and CRC cell lines that showed to be lethal for the cells [9]. 
Altogether, this set of data supports the tumor promoting function of PPARα in humans, as 
we found its upregulation in CRC in the present study.

As with the scenario of PPARα, there are some paradoxical data regarding the role of 
PPARδ in CRC tumorigenesis [16]. While the overexpression of PPARδ in relation with tumor 
progression has been indicated in CRC by a number of studies [17–19], some former experi-
ments showed an inverse association between PPARδ and CRC [16, 20–22]. These inconsis-
tencies may predominately come from preclinical studies with mouse models [16] in which 
the behavior of PPARδ in noncancerous cells was reported to be significantly different from 
that in cancer cells [30]. Apart from the debated data, in the most recent comprehensive 
study, Zuo et al. [19] emphasized that PPARδ is upregulated in human CRC and found a signif-
icant association between high PPARδ in primary tumors with stage III and shortened metas-
tasis-free survival. More notably, a robust mechanistic explanation was reported in which the 
upregulation of PPARδ induced by a high-fat diet in intestinal stem and progenitor cells could 
lead to their transformation into malignant cells with the capability to form adenoma tumors 
[31]. Further, in this regard, it has been shown that the activation of PPARδ functions as a 
contributor to CRC metastasis through promoting the proliferation of colonic cancer stem 
cells [32]. 

Similarly, the same kind of result, more or less, was attained in the current study. Thus, 
our findings add more evidence on the tumor driving function of PPARδ in CRC and its clinical 
relevance. Nevertheless, the latest information could not rule out the necessity for further 
corroborating investigations. 

In this study, a reciprocal relationship was noted between decreased PPARγ expression 
level and progression of CRC, accompanied with a decline in the overall survival rate of 
patients. Consistent with the results achieved here, Pancione et al. [33] observed that reduced 
expression of PPARγ in CRC tissues due to epigenetic silencing is accompanied with a detri-
mental impact, including CRC progression and patients’ worse prognosis. Further, in this 
regard, it has been pointed out that PPARγ, through modulating a network of proteins involved 
in cell differentiation, death, growth, and survival, functions as a suppressor of CRC tumori-
genesis [34]. Also, Beyaz et al. [35] found mechanistic evidence that the suppression of PPARγ 

Table 3. Univariate and multivariate Cox regression analyses to find independent predictors of overall survival rate in patients 
with colorectal cancer

Clinicopathological factors Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Age (≤60 years/>60 years) 0.84 (0.50–1.42) 0.515 0.66 (0.56–1.97) 0.88
Gender (male/female) 1.32 (0.77–2.73) 0.30 1.18 (0.64–2.18) 0.58
Tumor size (>5cm vs. ≤5cm) 2.15 (1.25–3.70) 0.005 1.06 (0.59–1.89) 0.84
TNM stage (III+IV/0+I+II) 55.57 (6.42–481.29) 0.0001 2.55 (1.63–4.00) 0.001
Tumor grade (III/I+II) 3.11 (1.85–5.25) 0.0001 1.40 (0.89–2.19) 0.14
Distant metastasis (M1/M0) 8.03 (4.02–16.03) 0.0001 2.31 (0.96–5.54) 0.06
Lymphatic invasion (positive/negative) 2.37 (1.32–4.25) 0.004 1.72 (0.69–4.28) 0.24
Vascular invasion (positive/negative) 1.98 (1.16–3.39) 0.013 1.64 (0.31–3.39) 0.26
PPARα expression level (high/low) 6.52 (3.35–12.68) 0.0001 2.39 (1.09–5.20) 0.03
PPARγ expression level (high/low) 0.14 (0.07–0.27) 0.0001 0.37 (0.17–0.83) 0.02
PPARδ expression level (high low) 6.41 (3.29–12.45) 0.0001 2.37 (1.09–5.14) 0.03

TNM, tumor node metastasis; CI, confidence interval; HR, hazard ratio.
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coactivator 1α (prerequisite for PPARγ effectiveness) by tumor microenvironment signals 
compromised the immunosurveillance and antitumor function of T cells through impairing 
their mitochondrial biogenesis and oxidative metabolism, consequently resulting in tumor 
progression. Interestingly, according to a very recent clinical study, the inverse association of 
certain CRC-associated microRNAs, namely, 27b, 130b, and 138, with promoter hypermeth-
ylation and decreased expression of PPARγ in patients with CRC has undoubtedly authenti-
cated its tumor protective effect [36]. On the other hand, opposite to our and the latter studies, 
some other researches showed that PPARγ is not significantly altered in CRC and may not 
serve as an indicator of CRC progression and prognosis [37, 38]. Although the majority of the 
existing reports support a tumor suppressive function for PPARγ, there is still some uncer-
tainty on its role in CRC pathogenesis, prompting further evaluations. 

In this study, the sample size might be found relatively small, which possibly could reduce 
the power of correlational and survival analyses. Further studies with a larger cohort of such 
patients may enhance the reliability of the results. In addition, given the observational nature 
of the study, a cause and effect link could not be inferred from the association between the 
PPARs and clinicopathological features. Despite the limitations, we point out the involvement 
of PPARs in CRC expansion and patients’ survival.

Conclusion

The results of this work demonstrated that the expression of the 3 PPAR genes, PPARα, 
PPARγ, and PPARδ, is significantly altered in CRC tumor tissues relative to paired adjacent 
normal tissues, with PPARα and PPARδ being overexpressed and PPARγ being suppressed. 
Additionally, expression levels of these genes were correlated with CRC progression-related 
clinicopathological features and prognosis of CRC patients.
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