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Abstract

Background

The population in Jiamusi has been reported to have the highest prevalence of colorectal

cancer (CRC) in China. The genetic causal-effect for this occurrence among the residents

remains unclear. Given the long cold seasons with people wearing more clothes and

reduced UV exposure, we aimed to study the association between the vitamin D metabo-

lism-related gene CYP24A1 polymorphism and CRC susceptibility.

Method

A case-control study was conducted that included 168 patients with CRC and 710 age-

matched healthy individuals as the control group. Plausible susceptible variations were

sought and clinical phenotypic-genotype association analysis was performed.

Results

Overall, two CYP24A1 polymorphisms, rs6013905 AX (P = 0.02, OR = 1.89, 95%CI: 1.09–

3.29) and rs2762939 GX (P = 0.02, OR = 1.52, 95%CI: 1.08–2.13) were significantly associ-

ated with CRC in the Jiamusi population. In the female group, three CYP24A1 polymor-

phisms, rs6013905 AX (P = 0.04, OR = 2.59, 95%CI: 1.03–6.49), rs2762939 GX (P = 0.01,

OR = 2.35, 95%CI: 1.25–4.42), and rs6068816 GG (P = 0.05, OR = 1.89, 95%CI: 0.99–

3.59) carriers were significantly associated with CRC. In clinical phenotypic-genotype analy-

sis, rs6013905 GG (P = 0.05, OR = 4.00, 95%CI: 0.92–17.48) and rs2762939 GX (P = 0.03,

OR = 4.87, 95%CI: 1.00–23.69) carriers were significantly associated with poorly differenti-

ated CRC, while CYP24A1 rs6068816 AX was significantly associated with the tumor type
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(P = 0.02, OR = 2.08, 95%CI: 1.10–3.96) and location (P = 0.04, OR = 2.24, 95%CI: 1.05–

4.77).

Conclusion

CYP24A1 gene polymorphism may be a genetic risk factor attributable to the highest preva-

lence of CRC in Jiamusi people. Individuals with CYP24A1 gene polymorphism may have

an increased barrier for vitamin D absorption, thus contributing to the risk of CRC

development.

Introduction

Colorectal cancer (CRC) is the third most common malignant tumor in the world and the sec-

ond leading cause of cancer death [1]. The annual cost of cancer is 124.6 billion dollars in the

United States, 89.2 billion Euros in the European Union, and more than 220 billion rmb in

China [2–4]. CRC has emerged as a major public health concern in China, having had 306.1

thousand new cases and 164.8 thousand deaths reported by the Global Cancer Observatory in

2020 [5]. The occurrence and development of CRC are thought to be strongly associated with

genetic and environmental factors.

Jiamusi, which is situated at the northernmost area of China, has the highest rate (28.28/

100000) [6] of CRC in the Eastern region, and about one third (5.00/100000) higher than those

in the Central (23.51/100000) and Western area (25.17/100000) [7]. To elucidate such differ-

ences in the prevalence rates observed, the distinct environmental factor in Jiamusi demands

an analysis of its causal relationship and interaction with the genetic polymorphism in the pop-

ulation. Being in the northeast of China from 45˚56’ to 48˚28’ north latitude and 129˚29’ to

135˚5’ east longitude, Jiamusi is known as the "East Pole" of China where the sun first rises.

The climate in this area is cold, the terrain is high in the southwest and low in the northeast

where the cold northerly wind drives straight in. The average temperature is 3˚C with about

225 days of freezing period annually. This chronic lack of sunshine for over 6 months per year

with resultant low Vitamin D (VD) level may contribute to the increased risk of CRC. The

blood VD level (16.18–17.19ng/ml) of those over 60 years old is lower than that (26.08–27.20

ng/ml) of people in the southern provinces, and the rate of VD deficiency (69.89%) is higher

compared with the Guangzhou population (16.63%) [8]. Thus, such a climatic environmental

factor coupled with low VD level and increased CRC prevalence in the Jiamusi population

may be associated with a higher frequency of VD-related gene variation.

Several studies have implicated VD deficiency in a variety of tumors including CRC, and

such CRC susceptibility has been associated with the CYP24A1 gene mutations, of which the

mechanism is related to specific vitamin D metabolic disorders in the body. Moreover,

CYP24A1 has been demonstrated to promote tumorigenesis through the WNT pathway [9].

However, the association between CRC susceptibility and CYP24A1 gene polymorphism in

the Jiamusi population in China is currently unknown.

CYP24A1 is a member of the cytochrome P450 enzyme family and the key enzyme that

catabolizes 1,25(OH)2D3 which will be degraded through 24-hydroxylation, which is the rate-

limiting step in vitamin D3 metabolism [10, 11]. With the first identification of CYP24A1 in

breast cancer as a candidate oncogene [12], an increased or decreased CYP24A1 expression

has been identified distinctively in various cancers such as prostate, endometrial, and lung

[13–15]. A study by Sun et al. [16] has demonstrated a higher level of CYP24A1 expression in
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CRC tissues than in adjacent normal colorectal tissues. Therefore, CYP24A1 may represent a

candidate oncogene for CRC. This study aimed to identify the relationship between the

CYP24A1 gene polymorphism and CRC in the Jiamusi population. The Clinical-pathological

features associated with specific CYP24A1 gene polymorphisms were studied.

Materials and methods

Study population

Of those patients admitted to the Department of Anorectal Surgery at the First Affiliated Hos-

pital of Jiamusi University from March 2017 to December 2019, 168 patients with confirmed

CRC having undergone an operation were recruited in the experimental group and 206 were

included as controls. The clinical diagnostic criteria in our study were determined by colonos-

copy and pathology results, which were adopted from the National Comprehensive Cancer

Network (NCCN, https://www.nccn.org/). Demographic data were collected during in-person

interviews, included age, sex, and residential region. A total of 710 patients including those

with confirmed benign ano-colorectal pathology (n = 206) and individuals of the East Asian

population of the Thousand People Genome Database (n = 504) were selected in the control

group. All study participants did not have a kinship with each other. Blood samples and clini-

cal-pathological data of all study participants were collected. The study was approved by the

First Affiliated Hospital of Jiamusi University and Beijing Hospital Ethics Committee, and

written informed consent was obtained from all subjects.

SNP selection and genotyping

A total of 3ml venous blood was collected from each participant to extract DNA, and all DNA

samples and data were handled anonymously. Genomic DNA was extracted by TAKARA

whole blood genomic DNA extraction kit (centrifugal column type, Catalog No. 9781, Baori

Medical Biotechnology (Beijing) Co., Ltd.). Quantitative DNA was quantified at 260nm using

an ultraviolet absorption and stored at -80˚C.

The human CYP24A1 gene is located in chromosome 20(20q 13.2) region, composed of

eleven introns and twelve exons. Using the National Center for Biotechnology Information

(NCBI) database to obtain the target gene sequence, we sequenced the complete coding

sequence (12 exons, including intron/exon boundaries). All primers (S5 Table in S1 File) were

synthesized by the TIAN YI Beijing Branch of Biological Co., Ltd. A random 17 CRC patients

were selected for sequencing and the sequencing results were compared with a database of

1,000 genomes. There was no significant difference among the groups (p> 0.05) (S1 Table in

S1 File). Then, a further random sample was extracted (60 subjects, 3 of whom had incomplete

phenotypes). The DNA fragments corresponding to the SNP sites in relatively concentrated

positions were selected to expand the sample. Three SNP sites of rs6013905, rs2762939, and

rs6068816 were selected for this study (these sites belonged to the same DNA fragment and the

rs2762939 allele (C/G) P<0.2, and these SNPs had minor allele frequency (MAF)� 5% in the

Hap-Map CHB population (S2 Table in S1 File).

Amplification of gene fragments

Polymerase chain reaction (PCR) was carried out by using the Bio-Rad CFX 96 real-time PCR

system (Bio-Rad, USA). We established a PCR reaction system (20 μl): Taq PCR Master Mix

(2X) 10ul; 10p mol/ul Forward primer 0.4ul; 10p mol/ul Reverse primer 0.4ul; Template DNA

2ul; ddH2O 7.6ul; The reaction conditions: pre-denaturation at 95˚C for 3min, denaturation at
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95˚C for 30s, annealing temperature of 25s at Tm, elongation at 72˚C for 30s, duplicate 36

cycles, terminal elongation at 72˚C for 10 min.

Statistical analysis

The allele and genotype frequencies were calculated directly. SPSS20.0 software was used for

statistical analysis. Measurement data were expressed as mean±standard deviation (�x � sd).

The odds ratio (OR) and 95% Confidence Interval (95%CI) represented the gene polymor-

phism sites and the susceptibility risk of colorectal cancer. Hardy-Weinberg equilibrium was

analyzed by 2test. The cut-off value of significant difference was P�0.05.

Results

1. Through the genetic association analysis of 168 CRC cases and 710 controls, a significant

association between CYP24A1 polymorphism carriers (rs6013905AX and rs2762939GX) and

CRC (p�0.05) (Tables 1 and 2) was identified. Compared with the control group, CRC

patients carrying rs6013905 GA genotype (P = 0.04, OR = 1.79, 95%CI: 1.01–3.19) and AA

genotype (P = 0.02, OR = 2.02, 95%CI 1.13–3.63) had a significantly increased incidence risk.

Also, the frequency of the rs6013905 A allele was associated with an increased incidence risk of

CRC (P = 0.03, OR = 1.32, 95%CI: 1.03–1.69). The rs6013905 polymorphism had a significant

association with CRC in the dominant model (P = 0.02, OR = 1.89, 95%CI: 1.09–3.29). Com-

pared with the control group, CRC patients who carried the rs2762939 GC genotype were sig-

nificantly at a higher incidence risk (P = 5.56�10–3, OR = 1.63, 95%CI: 1.15–2.31). Carriers of

rs2762939 (GX) genotype were also significantly associated with an increased risk of CRC

(P = 0.02, OR = 1.52, 95%CI: 1.08–2.13) in the dominant model. For CRC in the Jiamusi

Table 1. Characteristics of the study population.

Variable Case No. (%) Control No. (%) P-value

168 206

Age (years) N.S.

�60 63 (37.50) 97 (47.09)

>60 105 (62.50) 109(52.91)

Mean ± SD 62.99±10.91 59.42±14.99

Sex N.S.

Male 98 (58.33) 112 (54.36)

Female 70 (41.67) 94 (45.63)

Location of the primary tumor

Colon 96 (57.14)

Rectum 72 (42.85)

General classification of tumors

Ulcerative type 130 (77.38)

Uplift type 34 (20.24)

Degree of differentiation

Low 153 (91.07)

High 9 (5.35)

TNM

I–II 83(49.40)

III 81(48.21)

N.S. represent no significant.

https://doi.org/10.1371/journal.pone.0253474.t001
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population, the calculated population-attributable risks for the associated genetics were vari-

able, of which CYP24A1 rs6013905AX was 18.67%, rs2762939GX was 13.12%, and the accu-

mulated risk was 29.34%.

2. The linkage disequilibrium analysis detected that there was a block with significance (D’

= 0.98), formed between rs2762939 and rs6068816 on CYP24A1 (Fig 1), but no markedly link-

age disequilibrium between rs6013905 and rs2762939 or rs6068816 was demonstrated. There

were seven haplotypes CYP24A1 polymorphism altogether, compared with the reference hap-

lotype ACA of lowest risk with CRC. We observed that the ACG (P = 2.10×10–5, OR:1.74,

95%CI: 1.35–2.26), AGG (P = 3.31×10–31, OR: 5.98, 95%CI: 4.30–8.31), and GCA

(P = 1.97×10–26, OR: 4.70, 95%CI: 3.47–6.37) increased the risk of CRC. The haplotypes GCG

(P = 1.99×10–7, OR:0.20, 95%CI: 0.10–0.39) and GGG (P = 7.32×10–15, OR: 0.08, 95%CI:

0.04–0.18) reduced the risk of CRC (Table 3).

3. Through gender stratification, our analysis ascertained that females with CYP24A1 poly-

morphism rs6013905 AX (P = 0.04, OR = 2.59, 95%CI: 1.03–6.49), rs2762939 GX (P = 0.01,

OR = 2.35, 95%CI: 1.25–4.42), and rs6068816 GG (P = 0.05, OR = 1.89, 95%CI: 0.99–3.59) car-

riers were significantly associated with CRC (Fig 2, S3 Table in S1 File).

4. Through the case-only study of genotype-phenotype analysis, CYP24A1 polymorphism

rs6068816 AX was significantly associated with colon cancer (P = 0.03, OR = 2.08, 95%CI:

1.10–3.96), not rectal cancer. Furthermore, CYP24A1 polymorphism rs6068816 AX carriers

were significantly associated with the intestinal ulcer in patients with CRC (P = 0.04,

OR = 2.24, 95%CI: 1.05–4.77). In addition, the other two polymorphisms rs6013905 GG

Table 2. Comparative analysis of CYP24A1 polymorphisms between the CRC and control groups.

Genotype Case(freq), N = 168 Control(freq), N = 710 P OR (95%CI)

rs6013905

GG 16(0.10) 118(0.17) Ref.

GA 81(0.48) 333(0.47) 0.04 1.79(1.01–3.19)

AA 71(0.42) 259(0.36) 0.02 2.02(1.13–3.63)

Dominant model (AX) 152(0.90) 592(0.83) 0.02 1.89(1.09–3.29)

Recessive model (AA) 71(0.42) 259(0.36) N.S.

G 113(0.34) 569(0.40) Ref.

A 223(0.66) 851(0.60) 0.03 1.32(1.03–1.69)

rs2762939

CC 77(0.46) 399(0.56) Ref.

CG 83(0.49) 264(0.37) 5.56�10−3 1.63(1.15–2.31)

GG 8(0.05) 47(0.07) N.S.

Dominant model (GX) 91(0.54) 311(0.44) 0.02 1.52(1.08–2.13)

Recessive model (GG) 8(0.05) 47(0.07) N.S.

C 237(0.71) 1062(0.75) Ref.

G 99(0.29) 358(0.25) N.S.

rs6068816

GG 69(0.41) 261(0.37) Ref.

GA 81(0.48) 341(0.48) N.S.

AA 18(0.11) 108(0.15) N.S.

Dominant model (AX) 99(0.59) 449(0.63) N.S.

Recessive model (AA) 18(0.11) 108(0.15) N.S.

G 219(0.65) 863(0.61) Ref.

A 117(0.35) 557(0.39) N.S.

https://doi.org/10.1371/journal.pone.0253474.t002
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(P = 0.05, OR = 4.00, 95%CI: 0.92–17.48) and rs2762939 GX (P = 0.03, OR = 4.87, 95%CI:

1.00–23.69) carriers were significantly associated with poorly differentiated CRC (Table 4).

Discussion

The frequency of the gene polymorphism of CYP24A1 associated with colon cancer is rela-

tively constant among the various population in the world (Europe and China). However, the

prevalence of CRC varies greatly in these regions. Our analysis suggested that the environmen-

tal factor plays an important “tuner” for CRC susceptible risk in the population, for example,

the length of local annual sunshine time, and the average level of vitamin D. The probability of

a direct association between the differences in the length of annual sunshine time, vitamin D

Fig 1. Linkage disequilibrium analysis of CYP24A1 polymorphisms (rs6013905, rs2762939 and rs6068816).

https://doi.org/10.1371/journal.pone.0253474.g001

Table 3. Haplotype analysis of CYP24A1 polymorphism between the CRC and control groups: rs6013905, rs2762939, rs6068816.

Case (freq) Control (freq) Chi2 P-value OR (95%CI)

ACA 17(0.05) 442(0.31) 95.29 1.75�10–22 0.12(0.07–0.19)

ACG 114(0.34) 326(0.23) 18.12 2.10�10–05 1.74(1.35–2.26)

AGG 89(0.27) 82(0.06) 135.16 3.31�10–31 5.98(4.30–8.31)

GCA 97(0.29) 114(0.08) 113.32 1.97�10–26 4.703(3.47–6.37)

GCG 9(0.03) 180(0.13) 27.08 1.99�10–07 0.201(0.10–0.39)

GGG 7(0.02) 275(0.19) 60.6 7.32�10–15 0.083(0.04–0.18)

https://doi.org/10.1371/journal.pone.0253474.t003
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levels and CYP24A1-associated-CRC demands a further study. Given that individuals living in

the areas with low sunlight would have a reduced level of vitamin D synthesized in their body

(S2 Fig in S1 File), the carrier of the vitamin D metabolism-related gene CYP24A1 mutation

may be associated with a further reduced level or loss of the physiological function of vitamin

D, which may then increase the susceptibility to CRC or trigger the CRC carcinogenesis

(Table 4). As a result of short sunshine exposure time and skin covered under thick clothes,

individuals living in the high latitude area of Jiamusi have a reduction of VD synthesis in their

skin and therefore prone to VD deficiency. In addition, the synthesis of VD in the skin can be

affected by many factors, such as cloud thickness, air pollution, long winter season, and staying

indoors for a prolonged period of time. Furthermore, not only the amount of sunlight but the

intensity of ultraviolet rays may affect the VD synthesis. When the ultraviolet rays irradiate the

skin, the heptadehydrocholesterol under the skin is converted into 1,25–2 hydroxy vitamin

D3. The 1,25(OH)2D3(calcitriol), as a hormone form of vitamin D, has several effects on cell

homeostasis, including proliferation, apoptosis, differentiation, and inflammation [17].

Among the many genes induced by calcitriol, CYP24A1 (also known as 24-hydroxylase) is par-

ticularly of importance. It encodes the enzyme that catalyzes the degradation of both 1,25(OH)

2D3 (calcitriol) and 25(OH)D. The enzyme is key in breaking down the 1,25(OH)2D3 into the

less active 25-d3 [18]. A study has shown a higher level of expression of CYP24A1 mRNA and

protein in CRC tissue than that in non-cancer tissue [16], while another study has confirmed

Fig 2. Comparison of CYP24A1 genetic polymorphism carrier frequencies between the CRC and control groups. �

denoted p�0.05; �� p<0.01.

https://doi.org/10.1371/journal.pone.0253474.g002

Table 4. Case-only analysis of genotypes and phenotypes in the CRC.

Subgroups rs6013905 rs2762939 rs6068816

GG/AX P OR (95%CI) GX /CC P OR (95%CI) AX /GG P OR (95%CI)

Location of the primary tumor 0.44 0.59 0.03 2.08 (1.10–3.96)

Colon 10 (0.50) 58 (0.41) 34 (0.40) 34 (0.44) 44 (0.50) 24 (0.32)

Rectum 10 (0.50) 84 (0.59) 51 (0.60) 43 (0.56) 44 (0.50) 50 (0.68)

General classification of tumors 0.75 0.24 0.04 2.24 (1.05–4.77)

ulcerative type 15 (0.75) 111 (0.78) 63 (0.74) 63 (0.82) 74 (0.84) 52 (0.70)

Uplift type 5 (0.25) 31 (0.22) 22 (0.26) 14 (0.18) 14 (0.16) 22 (0.30)

Degree of differentiation 0.05 4.00 (0.92–17.48) 0.03 4.87 (1.00–23.69) 0.15

Low 3 (0.15) 6 (0.04) 84 (0.98) 69 (0.90) 81 (0.92) 72 (0.97)

High 17 (0.85) 136 (0.96) 2 (0.02) 8 (0.10) 7 (0.08) 2 (0.03)

https://doi.org/10.1371/journal.pone.0253474.t004
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an absence or reduced CYP24A1 expression level normal colonic mucosa [19]. Based on these

studies, we hypothesized that CYP24A1 may play a crucial role in the pathogenesis of cancer.

At present, there are limited studies examining the relationship between rs6013905 and

CRC. In our study, rs6013905 demonstrated a statistically significant association with the

risk of CRC when both genotypes and allele frequencies were considered. Compared with

G in colon cancer patients, the minimum OR of rs6013905 A was 1.319 (P = 0.03). Our

results indicated that the A allele is a strong risk factor. Changes in rs6013905 would not

affect the function or structure of proteins encoded by CYP24A1 but may affect its intron

splice.

The rs2762939 has previously been studied on prostate cancer [20], non-small cell lung can-

cer [21], coronary atherosclerosis [22], and non-Hodgkin’s lymphoma [23]. Our study has

shown that carriers of rs2762939 GX genotype (P = 0.02, OR = 1.52, 95%CI: 1.08–2.13) and

GC allele (P = 5.56�10–3, OR = 1.63, 95% CI: 1.15–2.31) were associated with a significantly

increased risk of CRC. Interestingly, females rs2762939 (GX) carriers (P = 0.01, OR = 2.35,

95%CI: 1.25–4.42) had a higher incidence risk of CRC when compared with those in the con-

trol group. For rs2762939, the C allele and G allele of rs2762939 are a co-manifest allele in

CRC. The study by Varakantham et al. [24] has found a negative correlation of rs2762939 CC

variant with essential hypertension in women in the Indian population, which also suggests

that rs2762939 has gender propensity but further research is needed.

The association of rs6068816 with cancers has been variably reported. Chen et al. [25] has

found that rs6068816 T is a strong risk factor for colon cancer in the Chinese population, On

the other hand, Wu et al. [26] have reported that CYP24A1 rs6068816 is significantly related to

the decreased risk of non-small cell lung cancer (NSCLC) development among the Chinese.

Consistent with this, Li et al. [27] have also found that rs2762934 and rs6068816 in CYP24A1

are protective factors to lung cancer (LC) in males and small cell lung cancer (SCLC) respec-

tively. In our study, we have demonstrated that the frequency of rs6068816 GG genotypes in

women was associated with a significantly increased risk of CRC. Given that the amino acid

sequence of CYP24A1 is not affected by rs6068816 base variation, the SNP located in the

silencer or enhancer of the splicing region can affect the phenotype of biological activity by

affecting the mRNA splicing efficiency.

Previous studies have shown an abnormally increased level of CYP24A1 expression in

mRNA of CRC tissues [18], and the relative expression was significantly higher when com-

pared with normal adjacent tissues [28]. Our study has further shown a significant correlation

of CYP24A1 expression with several clinical features, including the lesion site, general type,

and histologic type of CRC, which confirms a pro-oncogenic effect of CYP24A1.

There were some limitations to our present study. The occurrence and development of a

tumor is a very complicated process, which requires the interaction of internal and external

factors. Our research provided evidence on the relationship between gene polymorphism

and genetic susceptibility of CRC but the specific pathogenesis and the correlation with the

prognosis of the tumor would warrant further study. In addition, the sample size was

relatively small, and all cases were from a single institution only. More corroborative

research including a wider study population and regions would be required to validate our

findings.

In conclusion, this study stipulates an association of CYP24A1 genes with CRC, and it may

be that CYP24A1 is involved in CRC carcinogenesis. This would shed light on the public

health significance of CRC prevention in a specific population, such as through sunlight expo-

sure or supplementing VD to individuals in a low sunshine exposure area, or developing an

early effective intervention for identifying CYP24A1 variants carriers.
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19. Horváth HC, Lakatos P, Kósa JP, Bácsi K, Borka K, Bises G, et al. The candidate oncogene CYP24A1:

A potential biomarker for colorectal tumorigenesis. J Histochem Cytochem.2010; 58(3):277–285.

https://doi.org/10.1369/jhc.2009.954339 PMID: 19901270

20. Holt SK, Kwon EM, Koopmeiners JS, Stepic J, Pejovic M, Colic S, et al. Vitamin D pathway gene vari-

ants and prostate cancer prognosis. Prostate. 2010; 70(13):1448–1460. https://doi.org/10.1002/pros.

21180 PMID: 20687218

21. Ramnath N, Daignault-Newton S, Dy GK, Muindi JR, Adjei A, Elingrod VL, et al. A phase I/II pharmaco-

kinetic and pharmacogenomic study of calcitriol in combination with cisplatin and docetaxel in advanced

non-small-cell lung cancer. Cancer Chemother Pharmacol. 2013; 71(5):1173–1182. https://doi.org/10.

1007/s00280-013-2109-x PMID: 23435876

22. Shen H, Bielak LF, Ferguson JF, Streeten EA, Yerges-Armstrong LM, Liu J, et al. Association of the

vitamin D metabolism gene CYP24A1 with coronary artery calcification. Arterioscl Throm Vas. 2010; 30

(12):2648–2654. https://doi.org/10.1161/ATVBAHA.110.211805 PMID: 20847308

23. Kelly JL, Drake MT, Fredericksen ZS, Asmann YW, Liebow M, Shanafelt TD, et al. Early life sun expo-

sure, vitamin D-related gene variants, and risk of non-Hodgkin lymphoma. Cancer Causes Control.

2012; 23(7):1017–1029. https://doi.org/10.1007/s10552-012-9967-0 PMID: 22544453

24. Varakantham V, Ale K, Sailoo AKK, Nagalla B, Bharatraj DK. Sex-specific role of CYP24A1 rs2762939

in the risk of essential hypertension based on the serum vitamin D and total renin concentrations. Geno-

mics. 2020; 112(1):764–768. https://doi.org/10.1016/j.ygeno.2019.05.013 PMID: 31102703

25. Chen XQ, Mao JY, Li WB, Li J, Yang H, Qian JM, et al. Association between CYP24A1 polymorphisms

and the risk of colonic polyps and colon cancer in a Chinese population. World J Gastroenterol. 2017;

23(28):5179–5186. https://doi.org/10.3748/wjg.v23.i28.5179 PMID: 28811712

PLOS ONE CYP24A1 gene polymorphism with colorectal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0253474 June 30, 2021 10 / 11

https://doi.org/10.1089/dna.2017.4058
http://www.ncbi.nlm.nih.gov/pubmed/30052060
https://doi.org/10.1016/j.abb.2011.11.003
https://doi.org/10.1016/j.abb.2011.11.003
http://www.ncbi.nlm.nih.gov/pubmed/22100522
https://doi.org/10.1038/nrc2196
http://www.ncbi.nlm.nih.gov/pubmed/17721433
https://doi.org/10.1038/75985
http://www.ncbi.nlm.nih.gov/pubmed/10835626
https://doi.org/10.18632/oncotarget.12725
http://www.ncbi.nlm.nih.gov/pubmed/27769055
https://doi.org/10.1158/1078-0432.CCR-10-1789
http://www.ncbi.nlm.nih.gov/pubmed/21169243
https://doi.org/10.1016/s0960-0760%2802%2900053-5
https://doi.org/10.1016/s0960-0760%2802%2900053-5
http://www.ncbi.nlm.nih.gov/pubmed/12137802
https://doi.org/10.1016/j.humpath.2015.11.008
https://doi.org/10.1016/j.humpath.2015.11.008
http://www.ncbi.nlm.nih.gov/pubmed/26997443
https://doi.org/10.1038/nrc3691
http://www.ncbi.nlm.nih.gov/pubmed/24705652
https://doi.org/10.1007/s12672-013-0139-9
http://www.ncbi.nlm.nih.gov/pubmed/23456391
https://doi.org/10.1369/jhc.2009.954339
http://www.ncbi.nlm.nih.gov/pubmed/19901270
https://doi.org/10.1002/pros.21180
https://doi.org/10.1002/pros.21180
http://www.ncbi.nlm.nih.gov/pubmed/20687218
https://doi.org/10.1007/s00280-013-2109-x
https://doi.org/10.1007/s00280-013-2109-x
http://www.ncbi.nlm.nih.gov/pubmed/23435876
https://doi.org/10.1161/ATVBAHA.110.211805
http://www.ncbi.nlm.nih.gov/pubmed/20847308
https://doi.org/10.1007/s10552-012-9967-0
http://www.ncbi.nlm.nih.gov/pubmed/22544453
https://doi.org/10.1016/j.ygeno.2019.05.013
http://www.ncbi.nlm.nih.gov/pubmed/31102703
https://doi.org/10.3748/wjg.v23.i28.5179
http://www.ncbi.nlm.nih.gov/pubmed/28811712
https://doi.org/10.1371/journal.pone.0253474


26. Wu X, Cheng J, Yang K. Vitamin D-Related Gene Polymorphisms, Plasma 25-Hydroxy-Vitamin D, Cig-

arette Smoke and Non-Small Cell Lung Cancer (NSCLC) Risk. Int J Mol Sci. 2016; 17(10):1597. https://

doi.org/10.3390/ijms17101597 PMID: 27669215

27. Li M, Li A, He R, Dang W, Liu X, Yang T, et al. Gene polymorphism of cytochrome P450 significantly

affects lung cancer susceptibility. Cancer Med. 2019; 8(10):4892–4905. https://doi.org/10.1002/cam4.

2367 PMID: 31264381

28. Wang L, Liu L. The Expression of CDX2 and CYP24A1 in Colorectal Cancer. Med Inform. 2018; 31

(7):72.

PLOS ONE CYP24A1 gene polymorphism with colorectal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0253474 June 30, 2021 11 / 11

https://doi.org/10.3390/ijms17101597
https://doi.org/10.3390/ijms17101597
http://www.ncbi.nlm.nih.gov/pubmed/27669215
https://doi.org/10.1002/cam4.2367
https://doi.org/10.1002/cam4.2367
http://www.ncbi.nlm.nih.gov/pubmed/31264381
https://doi.org/10.1371/journal.pone.0253474

