
Xue-Qi Chen, Jia-Yu Mao, Wen-Bin Li, Hong Yang, Jia-Ming 
Qian, Jing-Nan Li, Department of Gastroenterology, Peking 
Union Medical College Hospital, Beijing 100730, China

Jian Li, Department of General Surgery, Henan Cancer Hospital, 
Zhengzhou 450008, Henan Province, China

Author contributions: Chen XQ performed the majority of 
experiments and wrote the manuscript; Mao JY, Li WB and Li 
J participated in collection of the human material and clinical 
data; Yang H and Qian JM served as scientific advisors; Li JN 
designed the study, performed quality control of the data and 
algorithms, and reviewed and approved the final version of the 
manuscript.

Supported by the Special Fund for Health Research and 
Development, Beijing Municipal Government, China, No. 
2011-4001-01.

Institutional review board statement: All procedures 
performed in the studies involving human participants were 
carried out in accordance with the ethical standards of the 
institutional research committee of Peking Union Medical 
College Hospital, and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards.

Informed consent statement:  Informed consent was obtained 
from all participants included in the study.

Conflict-of-interest statement: No benefits in any form have 
been received or will be received from a commercial party related 
directly or indirectly to the subject of this article.

Data sharing statement: Technical appendix, statistical code, 
and dataset available from the corresponding author at lijn@
pumch.cn.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 

different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Jing-Nan Li, MD, Department of 
Gastroenterology, Peking Union Medical College Hospital, No. 1, 
Shuaifuyuan, Dongcheng District, Beijing 100730, 
China. lijn@pumch.cn
Telephone: +86-10-69155913
Fax: +86-10-69155913

Received: March 19, 2017
Peer-review started: March 22, 2017
First decision: April 20, 2017
Revised: May 15, 2017
Accepted: June 19, 2017  
Article in press: June 19, 2017
Published online: July 28, 2017

Abstract
AIM
To determine the pathogenesis and potential single 
nucleotide polymorphisms (SNPs) as screening sites 
for colonic polyps, colon cancer and ulcerative colitis, 
and to analyze the possible association between these 
genetic polymorphisms and the three diseases. 

METHODS
We evaluated genetic polymorphisms in 144 newly 
diagnosed colonic polyp patients, 96 colon cancer 
patients and 44 ulcerative colitis patients. The 
four SNPs genotyped were rs4809957, rs6068816, 
rs6091822 and rs8124792. The control group consisted 
of 504 East Asians enrolled in the 1000 Genomes 
Project. Correlations between CYP24A1  SNPs and the 
diseases were analyzed by Fisher’s exact probability 
test. 
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RESULTS
CYP24A1 polymorphisms rs4809957 A/G and rs6068816 
C/T showed a statistically significant association with 
risk of the three diseases, when both the genotypes 
and allele frequencies were considered. With regard 
to rs6091822 G/T, all three diseases were related to 
risk allele carriers (GT + TT) vs  wild-type (GG), but the 
associations between the allele frequencies and the 
diseases were not significant. The risk of colonic polyps 
and colon cancer was related to the allele frequencies 
of rs8124792 G/A, and this association remained for 
genotype frequencies of this SNP. 

CONCLUSION
Four SNPs are related to the risk of colonic polyps and 
colon cancer. G allele in rs6091822 G/T may play an 
anti-cancer role only if it is homozygous. The A allele, 
which is a minor component of rs8124792, may be 
indicated in the diagnosis of colonic polyps or colon 
cancer rather than ulcerative colitis.
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Core tip: To determine the pathogenesis and potential 
single nucleotide polymorphisms (SNPs) as screening 
sites for colonic polyps and colon cancer, we examined 
four SNPs located in CYP24A1  in patients with colonic 
polyps, colon cancer, ulcerative colitis and controls, 
and found a statistically significant association with 
risk of the three diseases. Our research represents the 
first investigation on CYP24A1  gene polymorphisms 
in colonic polyp patients. These findings predicted a 
potential role of CYP24A1 polymorphisms as biomarkers 
for population-level screening of colon cancer.
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INTRODUCTION
Colorectal cancer (CRC) is a leading cause of cancer 
incidence and mortality in China. It is the fifth most 
common tumor and the fifth leading cause of cancer-
related deaths in China[1], and is predicted to increase 
in the future as the standardized incidence rate of CRC 
among Chinese people increased by 66.83% from 
12.15/100000 in 1990 to 20.27/100000 in 2013[2]. 

To date, there are no ideal diagnostic tests, and 
fecal occult blood, flexible sigmoidoscopy and optical 
colonoscopy are the main screening methods for CRC 

in Europe, the United States and Asia[3-5]. The value of 
these screening methods in detecting early cancer and 
reducing CRC-related mortality is well established. 

For population-based CRC screening in China, a two-
step screening strategy has been recommended by the 
Chinese Center for Disease Control and Prevention, the 
Ministry of Health of China: the immunochemical Fecal 
Occult Blood Test (iFOBT) and a quantitative high-risk 
factor questionnaire as the primary screening test, with 
a full colonoscopy for follow-up screening[6]. However, 
only 37.2% of the target population accepted an iFOBT 
in a CRC screening program conducted in Hangzhou 
city[7]. The low participation rate in screening is also 
a common problem in other countries in Asia. The 
participation rate is mainly affected by insufficient staff, 
possible adverse events and differences in government 
insurance systems[8]. 

Thus, it is very important to identify novel molecular 
signatures as reliable biomarkers of CRC. Their 
application in a more advanced and easily obtainable 
primary screening test may improve CRC diagnosis 
in high-risk populations that require colonoscopy, 
and may be cost-effective. Albumin, haptoglobin, 
transferrin, pyruvate kinase (PK) isoenzyme type M2, 
calprotectin, Ca3 anaphylatoxin and colon-specific 
antigen (CCSA-3 and CCSA-4) have been reported 
as alternative biomarkers for the detection of CRC[3]. 
In addition, DNA-related markers have received 
considerable attention.

The association between CRC and vitamin D was 
observed in humans and confirmed in animal models 
and cell lines[9]. Interestingly, many cancers have 
been found to be associated with low serum level of 
the precursor 25-hydroxyvitamin D3 (25-D3), but not 
with serum concentration of the active vitamin D[10]. 

This may be due to the extra-renal autocrine/paracrine 
vitamin D system, which synthesizes and degrades 
the active 1,25-D3 (Vitamin D3, 1,25-dihydroxyvitamin 
D3, [1α,25-(OH)2D3]) locally. Thus, vitamin D hydro-
xylases play a prominent role in this process[11]. The 
CYP24A1 gene encodes a vitamin D3 catabolic enzyme. 
The expression level of CYP24A1 was found to be 
significantly higher in CRC tissues[12,13]. Although the 
mechanism of this up-regulation is unclear, CYP24A1 
may be an interesting candidate biomarker for use in 
the screening of colonic cancer. 

It is estimated that 35% of CRC risk may be 
explained by heritable factors[14]. A single nucleotide 
polymorphism (SNP) is the most common genetic 
variation, and may be a reliable biomarker of the 
genetic background of patients to predict the risk of 
CRC[15]. The SNPs in CYP24A1 gene have been partially 
determined. Pibiri et al[16] reported that rs6022990 was 
nominally associated with left-sided CRC (P = 0.018) 
in African Americans. Dong et al[17] found a statistically 
significant association between rs4809958 and colon 
cancer risk in patients from three states in the United 
States. However, the association between CYP24A1 
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gene polymorphisms and colonic polyps has never 
been determined. Given the crucial role of CYP24A1 
in the development of cancer, it is plausible that the 
CYP24A1 polymorphisms may affect the risk of colonic 
polyps and colon cancer. 

To determine the pathogenesis and potential 
SNPs as screening sites for colonic polyps and colon 
cancer, we conducted a case-control study. In this 
study, we selected four SNPs located in CYP24A1, 
and examined these SNPs in patients with colonic 
polyps, colon cancer, ulcerative colitis and controls, 
analyzing the possible association between these 
genetic polymorphisms and the three diseases. To the 
best of our knowledge, this is the first investigation 
on CYP24A1 gene polymorphisms in patients with 
colonic polyps, and the first investigation to study the 
relationship between SNPs in CYP24A1 gene and colon 
cancer risk in a Chinese population.

MATERIALS AND METHODS
Study population
A total of 144 newly diagnosed colonic polyp patients, 
96 colon cancer patients and 44 ulcerative colitis 
patients were enrolled in this study between January 
and May 2015. Eighty-three of the CRC cases were 
from Henan Cancer Hospital in Zhengzhou and the 
others were from Peking Union Medical College 
Hospital in Beijing, China. All patients had a confirmed 
diagnosis, fulfilling standard diagnostic criteria 
according to clinical, endoscopic, radiological and 
histopathological findings. All patients gave written 
informed consent. Five milliliter venous blood was 
collected from each patient to extract DNA, and all DNA 
samples and data were handled anonymously. DNA 
was isolated from peripheral blood leukocytes using 
the standard proteinase K digestion, phenol/chloroform 
extraction and ethanol precipitation, and stored at 
-80 ℃. Demographic and clinical data were collected 
during in-person interviews using a questionnaire, 
and included age, sex, ethnicity, residential region and 
date of diagnosis. The control group consisted of 504 
East Asians enrolled in the 1000 Genomes Project, 
and included Han Chinese in Beijing, China (CHB), 
Japanese in Tokyo, Japan (JPT), Southern Han Chinese 

(CHS), Chinese Dai in Xishuangbanna, China (CDX) 
and Kinh in Ho Chi Minh City, Vietnam (KHV). 

SNP selection and genotyping
The following four SNPs were genotyped: rs4809957, 
rs6068816, rs6091822 and rs8124792. All were single 
nucleotide substitutions, previously identified within 
the CYP24A1 gene (www.ncbi.nlm.nih.gov/snp/). 
These SNPs have minor allele frequency (MAF) of ≥ 

5% in the Hap-Map CHB population. Genotyping was 
carried out using Sequenom MassARRAY assays and 
TYPER4.0 software (SEQUENOM Inc., San Diego, CA, 
United States). Primer sequences for PCR and single-
base extension were designed by Assay Design 3.1 
(SEQUENOM Inc.). Multiplex PCR was performed 
to amplify DNA isolated from the peripheral blood. 
PCR reactions were treated with shrimp alkaline 
phosphatase to neutralize unincorporated dNTPs. A 
single-base extension reaction was performed after 
PCR. Reactions were subjected to a 3-fold dilution with 
H2O, and fragments were purified with resin, spotted 
onto Sequenom SpectroCHIP microarrays and scanned 
by MALDI-TOF mass spectrometry. The laboratory staff 
who conducted the genotyping assays was blinded to 
the patients’ information. All reported P values were 
uncorrected unless stated otherwise.

Statistical analysis
Statistical analyses were carried out using the IBM 
SPSS Statistics 22.0 software (IBM Corp., Armonk, 
NY, United States). Correlations between CYP24A1 
SNPs and diseases were analyzed by Fisher’s exact 
probability test. All tests were two-sided, and P < 10-9 
was considered statistically significant. 

RESULTS
Population characteristics
A total of 144 incident cases of colonic polyps, 96 of 
colon cancer, 44 of ulcerative colitis and 504 controls 
were enrolled in this study. As shown in Table 1, the 
case groups and the control group had similar sex and 
age distributions.

Association analysis 
Results of the analysis by genotype categories using 
Fisher’s exact test are shown in Table 2. Table 3 shows 
the results of the analysis by alleles using the Chi-
square test and odds ratio (OR) for the association 
of each polymorphism with the three diseases. The 
MAF and test for Hardy-Weinberg equilibrium in the 
controls for each SNP are shown in Table 3. All SNPs 
met quality-control measures for the Hardy-Weinberg 
equilibrium. 

Rs4809957 A/G and rs6068816 C/T showed a 
statistically significant association with the risk of 
colonic polyps, colon cancer and ulcerative colitis, 
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Table 1  Characteristics of the study population

Variable Cases P  value
Colonic polyps, 

n  = 144 
Colon cancer,

n  = 96
Ulcerative colitis,

n  = 44

Sex, n (%) 0.96311

   Males 70 (48.6) 48 (50.0) 21(47.7)
   Female 74 (51.4) 48 (50.0) 23 (52.3)
Age in years, 
mean ± SD

56.1 ± 10.7 58.8 ± 14.1 55.0 ± 12.4 0.14012

1P value was calculated by the χ 2 test; 2P value was calculated by the 
ANOVA test.
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when both the genotypes and allele frequencies were 
considered. The minimum OR for rs4809957 G when 
compared with A in ulcerative colitis patients was 
0.008, 95%CI: 0.001-0.055, P = 1.5659E-26. ORs 
for rs6068816 C vs T in all diseases were high (OR = 
32.086, 95%CI: 16.238-63.403 for colon cancer; OR 
= 48.918, 95%CI: 24.888-96.150 for colonic polyps; 
and OR = 18.260, 95%CI: 8.350-39.932 for ulcerative 
colitis). For rs6091822, all three diseases were related 
to minor allele carriers (GT + TT) vs major allele 
homozygotes (GG), but other types of associations 
(T vs G and TT vs GT + GG) were not significant. The 
frequencies and distributions of the genotypes and 
ORs for these associations are shown in Table 4. Risks 
of colonic polyps and colon cancer were both related 
to allele frequencies of rs8124792 G/A, and this 
association remained for genotype frequencies for this 
SNP. In ulcerative colitis patients, the difference in the 
distribution was not significant.

DISCUSSION
The function of vitamin D is traditionally recognized 
in calcium and phosphate homeostasis. However, the 
protective role of vitamin D against various cancers has 
been highlighted in recent research. The association 
between CRC and reduced serum vitamin D3 levels 
has been widely observed[9]. Vitamin D exerts its 
biological functions in its active form, vitamin D3. 
Vitamin D3 binds the nuclear vitamin D receptor (VDR), 
and then regulates hundreds of genes. Therefore, 
vitamin D3 has an influence on cell proliferation, 
differentiation, apoptosis, DNA repair mechanisms, 
inflammation and immune function[9]. It is confusing 
that the serum concentration of the active 1,25-D3 
does not show a constant relationship with CRC, but 
low serum level of the precursor 25-D3 does[10]. The in 
situ autocrine/paracrine vitamin D system in colon cells 
or colon cancer cells may be an important contributor 
in the onset and progression of colon cancer, rather 
than the serum level of vitamin D3 which is mainly 
affected by the kidneys. 

CYP24A1 encodes the enzyme 25-hydroxyvitamin 
D3 24-hydroxylase, a key enzyme that catabolizes 
1,25(OH)2D3 to the less active form 25-D3, which is 
considered the main enzyme determining the biological 

Table 2  Association between the selected single nucleotide 
polymorphisms and risks of colon cancer, polyp and ulcerative 
colitis

Variable (MJ/MI) Cases/controls Genetic model P  for Fisher's 
test

rs4809957 A/G Cancer/1KGeno AG + GG vs AA 2.20E-16
G vs A 2.20E-16

GG vs AG + AA 2.20E-16
Polyp/1KGeno AG + GG vs AA 2.20E-16

G vs A 2.20E-16
GG vs AG + AA 2.20E-16

UC/1KGeno AG + GG vs AA 2.20E-16
G vs A 2.20E-16

GG vs AG + AA 9.37E-09
Cancer/Polyp AG + GG vs AA 0.7998

G vs A 0.8036
GG vs AG + AA 1.0000

Cancer/UC AG + GG vs AA 0.4362
G vs A 0.4424

GG vs AG + AA 1.0000
Polyp/UC AG + GG vs AA 0.3011

G vs A 0.3096
GG vs AG + AA 1.0000

rs6068816 C/T Cancer/1KGeno CT + TT vs CC 2.20E-16
T vs C 2.20E-16

TT vs CT + CC 2.20E-16
Polyp/1KGeno CT + TT vs CC 2.20E-16

T vs C 2.20E-16
TT vs CT + CC 2.20E-16

UC/1KGeno CT + TT vs CC 2.29E-09
T vs C 2.20E-16

TT vs CT + CC 2.20E-16
Cancer/Polyp CT + TT vs CC 1.0000

T vs C 0.4635
TT vs CT + CC 0.4546

Cancer/UC CT + TT vs CC 1.0000
T vs C 0.2786

TT vs CT + CC 0.2658
Polyp/UC CT + TT vs CC 1.0000

T vs C   0.06703
TT vs CT + CC   0.06164

rs6091822 G/T Cancer/1KGeno GT + TT vs GG 2.20E-16
T vs G 1.06E-08

TT vs GT + GG     0.000472
Polyp/1KGeno GT + TT vs GG 2.20E-16

T vs G 4.06E-12
TT vs GT + GG     0.001364

UC/1KGeno GT + TT vs GG 1.32E-13
T vs G 2.40E-05

TT vs GT + GG 0.2411
Cancer/Polyp GT + TT vs GG 1.0000

T vs G 0.9258
TT vs GT + GG 0.5180

Cancer/UC GT + TT vs GG 1.0000
T vs G 0.8971

TT vs GT + GG 0.3094
Polyp/UC GT + TT vs GG 1.0000

T vs G 1.0000
TT vs GT + GG 0.5456

rs8124792 G/A Cancer/1KGeno GA + AA vs GG 2.20E-16
A vs G 2.20E-16

AA vs GA + GG     0.000758
Polyp/1KGeno GA + AA vs GG 2.20E-16

A vs G 2.20E-16
AA vs GA + GG 4.75E-05

UC/1KGeno GA + AA vs GG 4.90E-09
A vs G 2.91E-09

AA vs GA + GG   0.06359
Cancer/Polyp GA + AA vs GG 1.0000

A vs G 1.0000
AA vs GA + GG 1.0000

Cancer/UC GA + AA vs GG 1.0000
A vs G 1.0000

AA vs GA + GG 1.0000
Polyp/UC GA + AA vs GG 1.0000

A vs G 1.0000
AA vs GA + GG 1.0000

1KGeno: Control from 1000 Genomes Project; Cancer: Colon cancer cohort; 
MI: Minor allele (i.e., less common in controls); MJ: Major allele (i.e., more 
common in controls); Polyp: Colonic polyp cohort; UC: Ulcerative colitis 
cohort.
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half-life of vitamin D3[11]. One study found that the 
expression level of CYP24A1 was aberrantly increased 
in CRC tissues both at the mRNA and protein levels 
compared with corresponding non-cancerous tissues 
from CRC patients[12], and another study revealed that 
the expression level of CYP24A1 was absent or very 
low in normal colon mucosa[13]. 

The mechanism of this up-regulation is unclear. 
However, there are several hypotheses. CYP24A1 
expression is highly induced by 1,25-D3 in a VDR-
retinoid X receptor-dependent manner, and a meta-
analysis showed that very often VDR levels do not 
correlate with CYP24A1[11]. Approximately 50 different 
polymorphisms of CYP24A1 have been identified, 
but are only partially characterized. None of the four 
selected SNPs in our study have previously been 
investigated in colon cancer patients. 

In the present study, rs4809957 showed a 
statistically significant association with the risk of 
colonic polyps, colon cancer and ulcerative colitis, 
when both genotypes and allele frequencies were 
considered. The minimum OR for rs4809957 G when 
compared with A in ulcerative colitis patients was 0.008, 
95%CI: 0.001-0.055, P = 1.5659E-26. Our results 
indicate that the G allele is a strong protective factor, 
especially for ulcerative colitis, while the ORs in colonic 
polyp and colon cancer patients were similar. 

These findings are consistent with the distribution 
of this polymorphism in non-small cell lung cancer 
(NSCLC)[18]. Rs4809957, located in the 3′ untranslated 

region which is adjacent to the polyA microsatellite 
repeat, possibly affects the stability of CYP24A1 mRNA. 
Rs4809957 has not been found to affect the function 
or structure of protein encoded by the enzyme. It is 
possible that the mechanisms protecting the colon 
from inflammation or carcinogenesis are different, but 
this requires further study.

Rs6068816 also showed a statistically significant 
association with the risk of these three diseases. ORs 
for rs6068816 C vs T in all diseases were high (OR 
= 32.086, 95%CI: 16.238-63.403 for colon cancer; 
OR = 48.918, 95%CI: 24.888-96.150 for colonic 
polyps; and OR = 18.260, 95%CI: 8.350-39.932 for 
ulcerative colitis). Thus, these findings indicate that 
rs6068816 T is a strong risk factor for colon cancer 
and colonic polyps. Inconsistently, the T of rs6068816 
is a weak protective factor in NSCLC (TT vs CT + CC, 
adjusted OR = 0.40, 95%CI: 0.26-0.60)[18]. Changes in 
rs6068816 would not affect the amino acid sequence of 
the CYP24A1 expression product, but may affect intron 
splicing. 

For rs6091822, the risk of all three diseases was 
related to allele carriers (GT + TT) vs major allele 
homozygotes (GG), but other types of associations 
(T vs G and TT vs GT + GG) were not significant. 
The frequencies and distributions of rs6091822 G/T 
and the OR for the association are described in Table 
4. As there were expected frequency numbers less 
than 5, the χ 2 test may not be sufficiently precise 
and Fisher’s exact test showed that there appears 

Table 3  Associations between the selected single nucleotide polymorphisms and colon cancer, colonic polyp and ulcerative colitis, 
and odds ratio for the association of each polymorphism with these diseases

Variable (MJ/Mia) MAFa HWE P a Cases/controls Genetic model P  for χ 2 test Odds ratio for MI/MJ 95%CI

rs4809957 A/G 0.393 0.476 Cancer/1KGeno G vs A 2.50E-48   0.021   0.009   0.048
Polyp/1KGeno G vs A 1.64E-64   0.026   0.014   0.048

UC/1KGeno G vs A 1.57E-26   0.008   0.001   0.055
rs6068816 C/T 0.388 0.434 Cancer/1KGeno T vs C 8.00E-47 32.086 16.238 63.403

Polyp/1KGeno T vs C 8.72E-68 48.918 24.888 96.150
UC/1KGeno T vs C 3.83E-22 18.260   8.350 39.932

rs6091822 G/T 0.284 0.208 Cancer/1KGeno T vs G 3.72E-09   2.524   1.844   3.457
Polyp/1KGeno T vs G 1.37E-12   2.596   1.984   3.395

UC/1KGeno T vs G 0.00001   2.645   1.696   4.125
rs8124792 G/A 0.281 0.616 Cancer/1KGeno G vs A 1.26E-13   0.083   0.036   0.188

Polyp/1KGeno G vs A 2.93E-18   0.086   0.044   0.170
UC/1KGeno G vs A 2.58E-07   0.062   0.015   0.256

aMAF and HWE were calculated among controls only. 1KGeno: Control from 1000 Genomes Project; Cancer: Colon cancer cohort; MI: Minor allele (i.e., less 
common in controls); MJ: Major allele (i.e., more common in controls); Polyp: Colonic polyp cohort; UC: Ulcerative colitis cohort.

Chen XQ et al . CYP24A1  polymorphisms and risk of colonic polyps and CRC

Table 4  Frequencies and distributions of rs6091822 G/T and odds ratio for the association

Variable (MJ/Mi) Cases Controls P  for χ 2 test Odds ratio, GT + TT vs  GG 95%CI

GG GT TT GG GT TT
rs6091822 G/T Cancer/1KGeno 0 142 2 262 198 44 1.30E-20 0.010 0.001 0.069

Polyp/1KGeno 0   96 0 9.75E-29 0.006 0.001 0.046
UC/1KGeno 0   42 1 1.53E-10 0.021 0.003 0.154

MJ: Major allele (i.e., more common in controls); MI: Minor allele (i.e., less common in controls).
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to be no difference in the distribution of TT in the 
different groups. Our results suggest that the G 
allele plays a novel anti-cancer role, especially when 
homozygous, and the presence of minor allele T, even 
in heterozygotes, can contribute to the presence of 
colonic polyps or even colon cancer. Rs6091822 has 
been reported to have a correlation with breast cancer, 
but this finding was not constant in a different cohort[19]. 

The biological behavior of rs6091822 deserves further 
investigation.

In our study, the risk of colonic polyps and 
colon cancer was related to the allele frequencies of 
rs8124792 G/A, and this association remained for 
genotype frequencies of this SNP. In ulcerative colitis 
patients, the difference in the distribution was not 
significant. The A allele of rs8124792 may indicate the 
diagnosis of colonic polyps or colon cancer rather than 
ulcerative colitis. However, this conclusion was derived 
from a small number of participants, and a large-scale 
study is needed to verify this finding.

Our findings supported the associations between 
SNPs on CYP24A1 and the risk of colonic polyps and 
colon cancer, and predicted a potential role of CYP24A1 
polymorphisms as biomarkers for population-screening 
of colonic polyps and colon cancer. In China, a two-
step screening method has been used. iFOBT and 
a questionnaire of high-risk factors are used in the 
first step. If the iFOBT is positive or the questionnaire 
reports high-risk factors, a colonoscopy is suggested 
as the second step. The addition of SNPs testing as 
primary screening may further decrease the number 
of high-risk subjects entering the second step and 
undergoing colonoscopy, thus reducing the medical 
cost and the rates of complications of colonoscopy. 
However, the sensitivity and specificity of SNPs tests 
deserve further investigation before it is applied in 
clinical practice.

Our research represents the first investigation 
on CYP24A1 gene polymorphisms in colonic polyp 
patients. In our study, the polymorphisms had similar 
distributions to those in colon cancer. This is concordant 
with the onset and progression of colonic polyps and 
colon cancer. Most cancers without family aggregation 
and precancerous lesions in colon tissues are due to 
abnormal activation of the Wnt/β-catenin signaling 
pathway. 1,25-D3 can down-regulate this signaling 
pathway in not only cancer tissues in CRC patients[20] 
but also in the non-malignant cell line LT97, which 
harbors an adenomatous polyposis coli mutation[21]. 

Few studies have focused on the associations between 
serum vitamin D and colorectal polyps, and different 
to the situation in CRC patients, one study found that 
serum vitamin D levels were not different between the 
colorectal polyp and control groups[22]. The role of SNPs 
in colonic polyps requires further study.

Inflammatory bowel disease (IBD) is significantly 
associated with having higher odds for vitamin D 
deficiency[23]. Several in vivo and in vitro studies have 
examined the role of vitamin D in immune-mediated 

diseases such as IBD[24,25]. The consequences of vitamin 
D deficiency on the gastrointestinal tract include, 
but are not limited to, decreased colonic bacterial 
clearance[24], reduced expression of tight junctions 
in the intestinal epithelium, and elevated T helper 1 
cell-driven inflammation at the gut level[23]. However, 
it is unclear whether this is the result of IBD-related 
malabsorption due to intestinal mucosal damage, or 
whether it is a possible contributor to disease onset 
and progression. Several SNPs in the VDR gene appear 
to confer susceptibility to ulcerative colitis in Asians, but 
do not have a statistically significant effect on IBD risk 
in Europeans[26-28]. Our study demonstrated that SNPs 
in the vitamin D-related gene CYP24A1 are associated 
with ulcerative colitis in Asians. Furthermore, this 
association is similar with that for colonic polyps and 
colon cancer. This suggests that SNPs participate 
in the onset or progression of ulcerative colitis, and 
are not only the result of ulcerative colitis-related 
malabsorption. Although the mechanism is unclear, it 
may be similar to the way in which vitamin D affects 
the risk of colonic polyps and colon cancer. 

There are some limitations in the present study that 
must be considered. Firstly, although we present the 
results of several novel associations, we cannot rule out 
the possibility that some of these associations may be 
due to chance, or the possibility of genetic pleiotropy 
and linkage disequilibrium. Further trials with a larger 
study population are needed. Secondly, our findings 
cannot be generalized to the general population, as we 
included only patients from two hospitals in China as 
cases and East Asians as controls. Thirdly, we did not 
include cancer staging information and ulcerative colitis 
severity in our analysis, and inclusion of these factors 
may help to identify differences.

In conclusion, we evaluated the associations between 
rs4809957, rs6068816, rs6091822 and rs8124792, and 
the risk of colon cancer, colonic polyps and ulcerative 
colitis. We demonstrated that these four SNPs were 
related to colon cancer, colonic polyps and ulcerative 
colitis. In future studies, we will identify both population 
replication and functional validation to confirm our 
findings.

COMMENTS
Background
Colorectal cancer (CRC) is a leading cause of cancer incidence and mortality in 
China and it is very important to identify novel molecular signatures as reliable 
biomarkers of CRC. Given the crucial role of CYP24A1 in the development of 
cancer, it is plausible that the CYP24A1 polymorphisms may affect the risk of 
colonic polyps and colon cancer and may be an interesting candidate. 

Research frontiers
CYP24A1 polymorphisms have been partially determined, but the association 
between CYP24A1 gene polymorphisms and colonic polyps has never been 
determined.

Innovations and breakthroughs
This research is the first investigation on CYP24A1 gene polymorphism in 

Chen XQ et al . CYP24A1  polymorphisms and risk of colonic polyps and CRC

 COMMENTS



5185 July 28, 2017|Volume 23|Issue 28|WJG|www.wjgnet.com

colonic polyp patients. In this study, the polymorphisms had similar distributions 
to those in colon cancer. This is concordant with the onset and progression of 
colonic polyps and colon cancer. At the same time, none of the four selected 
SNPs in our study have previously been investigated in colon cancer patients. 

Applications
The addition of SNP testing as primary screening may further decrease 
the number of high-risk subjects entering the second step and undergoing 
colonoscopy, thus reducing the medical cost and the complications of 
colonoscopy.

Peer-review
The authors have investigated the associat ion between CYP24A1 
polymorphisms and colon cancer, polyps and ulcerative colitis. They found 
some significant correlations on direct comparisons. The study is well 
conducted and expertly written.

REFERENCES
1 Chen W, Zheng R, Zeng H, Zhang S, He J. Annual report on status 

of cancer in China, 2011. Chin J Cancer Res 2015; 27: 2-12 [PMID: 
25717220 DOI: 10.3978/j.issn.1000-9604.2015.01.06]

2 Feng YJ, Wang N, Fang LW, Cong S, Yin P, Li YC, Zhou MG. 
[Burden of disease of colorectal cancer in the Chinese population, 
in 1990 and 2013]. Zhonghua Liuxingbingxue Zazhi 2016; 37: 
768-772 [PMID: 27346099 DOI: 10.3760/cma.j.issn.0254-6450.20
16.06.005]

3 Halloran SP, Launoy G, Zappa M; International Agency for 
Research on Cancer. European guidelines for quality assurance in 
colorectal cancer screening and diagnosis. First Edition--Faecal 
occult blood testing. Endoscopy 2012; 44 Suppl 3: SE65-SE87 
[PMID: 23012123 DOI: 10.1055/s-0032-1309791]

4 Sung JJ, Ng SC, Chan FK, Chiu HM, Kim HS, Matsuda T, 
Ng SS, Lau JY, Zheng S, Adler S, Reddy N, Yeoh KG, Tsoi 
KK, Ching JY, Kuipers EJ, Rabeneck L, Young GP, Steele RJ, 
Lieberman D, Goh KL; Asia Pacific Working Group. An updated 
Asia Pacific Consensus Recommendations on colorectal cancer 
screening. Gut 2015; 64: 121-132 [PMID: 24647008 DOI: 10.1136/
gutjnl-2013-306503]

5 Qaseem A, Denberg TD, Hopkins RH Jr, Humphrey LL, Levine 
J, Sweet DE, Shekelle P; Clinical Guidelines Committee of the 
American College of Physicians. Screening for colorectal cancer: a 
guidance statement from the American College of Physicians. Ann 
Intern Med 2012; 156: 378-386 [PMID: 22393133 DOI: 10.7326/0
003-4819-156-5-201203060-00010]

6 Meng W, Cai SR, Zhou L, Dong Q, Zheng S, Zhang SZ. 
Performance value of high risk factors in colorectal cancer 
screening in China. World J Gastroenterol 2009; 15: 6111-6116 
[PMID: 20027686 DOI: 10.3748/wjg.15.6111]

7 Cai SR, Zhang SZ, Zhu HH, Zheng S. Barriers to colorectal cancer 
screening: a case-control study. World J Gastroenterol 2009; 15: 
2531-2536 [PMID: 19469005 DOI: 10.3748/wjg.15.2531]

8 Sano Y, Byeon JS, Li XB, Wong MC, Chiu HM, Rerknimitr 
R, Utsumi T, Hattori S, Sano W, Iwatate M, Chiu P, Sung J. 
Colorectal cancer screening of the general population in East Asia. 
Dig Endosc 2016; 28: 243-249 [PMID: 26595883 DOI: 10.1111/
den.12579]

9 Di Rosa M, Malaguarnera M, Zanghì A, Passaniti A, Malaguarnera 
L. Vitamin D3 insufficiency and colorectal cancer. Crit Rev Oncol 
Hematol 2013; 88: 594-612 [PMID: 23941729 DOI: 10.1016/j.crit
revonc.2013.07.016]

10 Gandini S, Boniol M, Haukka J, Byrnes G, Cox B, Sneyd MJ, 
Mullie P, Autier P. Meta-analysis of observational studies of serum 
25-hydroxyvitamin D levels and colorectal, breast and prostate 
cancer and colorectal adenoma. Int J Cancer 2011; 128: 1414-1424 
[PMID: 20473927 DOI: 10.1002/ijc.25439]

11 Höbaus J, Thiem U, Hummel DM, Kallay E. Role of calcium, 
vitamin D, and the extrarenal vitamin D hydroxylases in 
carcinogenesis. Anticancer Agents Med Chem 2013; 13: 20-35 

[PMID: 23094918]
12 Sun H, Wang C, Hao M, Sun R, Wang Y, Liu T, Cong X, Liu 

Y. CYP24A1 is a potential biomarker for the progression and 
prognosis of human colorectal cancer. Hum Pathol 2016; 50: 
101-108 [PMID: 26997443 DOI: 10.1016/j.humpath.2015.11.008]

13 Horváth HC, Lakatos P, Kósa JP, Bácsi K, Borka K, Bises G, 
Nittke T, Hershberger PA, Speer G, Kállay E. The candidate 
oncogene CYP24A1: A potential biomarker for colorectal 
tumorigenesis. J Histochem Cytochem 2010; 58: 277-285 [PMID: 
19901270 DOI: 10.1369/jhc.2009.954339]

14 Lichtenstein P, Holm NV, Verkasalo PK, Iliadou A, Kaprio J, 
Koskenvuo M, Pukkala E, Skytthe A, Hemminki K. Environmental 
and heritable factors in the causation of cancer--analyses of 
cohorts of twins from Sweden, Denmark, and Finland. N Engl 
J Med 2000; 343: 78-85 [PMID: 10891514 DOI: 10.1056/
NEJM200007133430201]

15 Ulrich CM, Robien K, McLeod HL. Cancer pharmacogenetics: 
polymorphisms, pathways and beyond. Nat Rev Cancer 2003; 3: 
912-920 [PMID: 14740638 DOI: 10.1038/nrc1233]

16 Pibiri F, Kittles RA, Sandler RS, Keku TO, Kupfer SS, Xicola 
RM, Llor X, Ellis NA. Genetic variation in vitamin D-related genes 
and risk of colorectal cancer in African Americans. Cancer Causes 
Control 2014; 25: 561-570 [PMID: 24562971 DOI: 10.1007/
s10552-014-0361-y]

17 Dong LM, Ulrich CM, Hsu L, Duggan DJ, Benitez DS, White E, 
Slattery ML, Farin FM, Makar KW, Carlson CS, Caan BJ, Potter 
JD, Peters U. Vitamin D related genes, CYP24A1 and CYP27B1, 
and colon cancer risk. Cancer Epidemiol Biomarkers Prev 2009; 
18: 2540-2548 [PMID: 19706847 DOI: 10.1158/1055-9965.
EPI-09-0228]

18 Kong J, Xu F, Qu J, Wang Y, Gao M, Yu H, Qian B. Genetic 
polymorphisms in the vitamin D pathway in relation to lung 
cancer risk and survival. Oncotarget 2015; 6: 2573-2582 [PMID: 
25544771 DOI: 10.18632/oncotarget.2951]

19 Dorjgochoo T, Delahanty R, Lu W, Long J, Cai Q, Zheng Y, Gu 
K, Gao YT, Zheng W, Shu XO. Common genetic variants in the 
vitamin D pathway including genome-wide associated variants 
are not associated with breast cancer risk among Chinese women. 
Cancer Epidemiol Biomarkers Prev 2011; 20: 2313-2316 [PMID: 
21828234 DOI: 10.1158/1055-9965.EPI-11-0704]

20 Larriba MJ, González-Sancho JM, Barbáchano A, Niell N, 
Ferrer-Mayorga G, Muñoz A. Vitamin D Is a Multilevel Repressor 
of Wnt/b-Catenin Signaling in Cancer Cells. Cancers (Basel) 2013; 
5: 1242-1260 [PMID: 24202444 DOI: 10.3390/cancers5041242]

21 Gröschel C, Aggarwal A, Tennakoon S, Höbaus J, Prinz-
Wohlgenannt M, Marian B, Heffeter P, Berger W, Kállay E. 
Effect of 1,25-dihydroxyvitamin D3 on the Wnt pathway in non-
malignant colonic cells. J Steroid Biochem Mol Biol 2016; 155: 
224-230 [PMID: 25777538 DOI: 10.1016/j.jsbmb.2015.02.011]

22 Yurekli OT, Solakoglu T, Atalay R, Bolat AD, Akin FE, Selvi E, 
Buyukasik NS, Ersoy O. Association between serum vitamin D and 
parathyroid hormone levels in Turkish patients with colonic polyps. 
Acta Gastroenterol Belg 2015; 78: 206-211 [PMID: 26151689]

23 Del Pinto R, Pietropaoli D, Chandar AK, Ferri C, Cominelli F. 
Association Between Inflammatory Bowel Disease and Vitamin 
D Deficiency: A Systematic Review and Meta-analysis. Inflamm 
Bowel Dis 2015; 21: 2708-2717 [PMID: 26348447 DOI: 10.1097/
MIB.0000000000000546]

24 Cantorna MT, Munsick C, Bemiss C, Mahon BD. 1,25-Dihydroxy-
cholecalciferol prevents and ameliorates symptoms of experimental 
murine inflammatory bowel disease. J Nutr 2000; 130: 2648-2652 
[PMID: 11053501]

25 Di Rosa M, Malaguarnera G, De Gregorio C, Palumbo M, Nunnari 
G, Malaguarnera L. Immuno-modulatory effects of vitamin D3 
in human monocyte and macrophages. Cell Immunol 2012; 280: 
36-43 [PMID: 23261827 DOI: 10.1016/j.cellimm.2012.10.009]

26 Xue LN, Xu KQ, Zhang W, Wang Q, Wu J, Wang XY. Associations 
between vitamin D receptor polymorphisms and susceptibility to 
ulcerative colitis and Crohn’s disease: a meta-analysis. Inflamm 
Bowel Dis 2013; 19: 54-60 [PMID: 22467262 DOI: 10.1002/

Chen XQ et al . CYP24A1  polymorphisms and risk of colonic polyps and CRC



5186 July 28, 2017|Volume 23|Issue 28|WJG|www.wjgnet.com

ibd.22966]
27 Pei FH, Wang YJ, Gao SL, Liu BR, DU YJ, Liu W, Yu HY, 

Zhao LX, Chi BR. Vitamin D receptor gene polymorphism and 
ulcerative colitis susceptibility in Han Chinese. J Dig Dis 2011; 12: 
90-98 [PMID: 21401893 DOI: 10.1111/j.1751-2980.2011.00483.x]

28 Hughes DJ, McManus R, Neary P, O’morain C, O’sullivan M. 
Common variation in the vitamin D receptor gene and risk of 
inflammatory bowel disease in an Irish case-control study. Eur J 
Gastroenterol Hepatol 2011; 23: 807-812 [PMID: 21818054 DOI: 
10.1097/MEG.0b013e328349283e]

P- Reviewer: Yeo SG, Sammour T    S- Editor: Qi Y    
L- Editor: Filipodia    E- Editor: Zhang FF

Chen XQ et al . CYP24A1  polymorphisms and risk of colonic polyps and CRC



                                      © 2017 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

2  8


	5179
	WJGv23i28-Back Cover

