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Cervical cancer is one of themost commonmalignancies in women with highmorbidity andmortality. Human papillomavirus (HPV)
infection is the primary cause of cervical cancer, of which HPV 16 is the predominant. Early detection and effective treatment of
cervical precancerous lesions are the key to preventing cervical cancer. Vitamin D receptor (VDR) gene polymorphism is
considered to be an important cause of cancer development. Here, we studied the association of VDR polymorphisms (FOKI,
BsmI, ApaI, and TaqI) in HPV16-positive cervical intraepithelial neoplasia (CIN)2+ patients. HPV16-positive patients who visited
the Colposcopy Clinic of Obstetrics and Gynecology, the Second Hospital of Shanxi Medical University for biopsy due to
abnormal HPV and/or Thinprep cytologic test (TCT) from September 1, 2020 to October 1, 2021 were grouped by pathological
results. The fasting blood samples were collected and VDR polymorphisms were detected using TaqMan fluorescent probes, and
the three sites of BsmI-ApaI-TaqI were subjected to haplotype analysis. FOKI ff genotype (OR = 2:01; 95% CI = 1:12 − 3:59; p =
0:019) and f allele (OR = 1:48; 95% CI = 1:10 − 1:98; p = 0:009) were found to be associated with the risk of CIN2+. TaqI Tt
genotype (OR = 2:03; 95% CI = 1:20 − 3:43; p = 0:008), tt genotype (OR = 2:09; 95% CI = 1:09 − 4:02; p = 0:028), and t allele
(OR = 1:35; 95% CI = 1:01 − 1:80; p = 0:041) were associated with the risk of CIN2+. No haplotype was associated with CIN2+
risk. According to the results, FOKI and TaqI polymorphisms are associated with CIN2+ risk.

1. Introduction

Cervical cancer is one of the common malignant tumors in
gynecology, with high morbidity and mortality [1]. According
to statistics, 604,000 new cervical cancer cases and 342,000
deaths were reported worldwide in 2020 [2], and about 85%
of cervical cancers occur in developing countries. As the larg-
est developing country in the world, the incidence of cervical
cancer in China cannot be underestimated [3]. High-risk
human papillomaviruses (HR-HPV) infection is the leading

cause of cervical cancer, 70% of which are caused by
HPV16/18, but only about 1% of persistent HR-HPV infection
causes the occurrence of cervical cancer [4]. In addition, stud-
ies have shown that factors such as smoking, prolificity, and
long-term oral contraceptives are associated with the occur-
rence of cervical cancer. Some scholars believe that the lack
of nutrients such as vitamin D (VD) and folic acid in the diet
can lead to the occurrence of cervical cancer [5].

Current studies have shown that VD deficiency is associ-
ated with many diseases, such as disorders of the immune,
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cardiovascular, respiratory, reproductive, and endocrine sys-
tems as well as malignancies such as prostate, colorectal, and
breast cancers [6, 7]. Increasing evidence shows that VD can
regulate the whole process from cancer development tometas-
tasis and the related role of cells with the microenvironment.
The specific mechanisms include regulating cell proliferation,
differentiation, apoptosis, and autophagy as well as the regula-
tion of angiogenesis, antioxidants, inflammation, and the
immune system [8, 9]. VD is a lipid-soluble vitamin derived
by sunlight or diet and is first delivered to the liver where it
is metabolized into 25(OH)D and circulates in the serum. In
the kidney it is further metabolized to the biologically most
active form of VD—calcitriol (1α,25(OH)2D). It plays various
roles in the body by binding to vitamin D receptors (VDR) [8].
VDR belongs to the nuclear receptor family with a typical
nuclear receptor domain, including DNA-binding domain, a
hinge region, a ligand-binding domain, and a carboxy-

terminal activation function 2 domain that interacts with cor-
egulators [10]. The VDR gene is located on chromosome
12q12-14, which contains two promoters and 8 exons [11].
So far, more than 60 VDR single nucleotide polymorphisms
(single-nucleotide polymorphisms, SNPs) have been identi-
fied, but the most studied are FOKI (exon 2), BsmI, ApaI
(intron 8), and TaqI (exon 9). The four SNP are located in dif-
ferent regions of the VDR gene and are potentially linked to
many diseases [11, 12]. Many studies have analyzed the asso-
ciation of VDR SNP with cancer, such as breast cancer (FokI,
BsmI, and ApaI), prostate cancer (FokI, BsmI, and TaqI),
colorectal cancer (FokI, BsmI, and TaqI), and skin cancer
(FokI, BsmI, and TaqI) [13], but there are still controversies.
However, there are few studies on VDR SNPs, cervical precan-
cerous lesions and carcinoma in China. The animal experi-
mental results of Shim [14] showed that the treatment
regimen of in situ immunization (CPG+OX40) combined

Table 1: Basic data for all of the study subjects.

Variable Cases (n = 188) Controls (n = 188) t/z/χ2Value p value
Age 47:77 ± 7:65 45:07 ± 7:93 3.357 <0.001∗
Degree of education

Illiteracy 10 (5.32) 7 (3.72) 6.021 0.304

Primary school 30 (15.96) 21 (11.17)

Junior middle school 66 (35.11) 60 (31.91)

Senior middle school 28 (14.89) 35 (18.62)

Junior college 30 (15.96) 28 (14.89)

Bachelor’s degree or above 24 (12.77) 37 (19.68)

Occupation

Medical personnel 7 (3.72) 7 (3.72) 12.414 0.134

Science and education workers 14 (7.45) 7 (3.72)

Administration staff 5 (2.66) 16 (8.51)

Worker 15 (7.98) 7 (3.72)

Farmer 24 (12.77) 27 (14.36)

Commerce 14 (7.45) 10 (5.32)

Service 14 (7.45) 15 (7.98)

Others 56 (29.79) 63 (33.51)

Unemployed 39 (20.74) 36 (19.15)

Smoking

Yes 49 (26.06) 26 (13.83) 8.811 0.003∗

No 139 (73.94) 162 (86.17)

Husband smoking

Yes 130 (69.15) 126 (67.02) 0.196 0.658

No 58 (30.85) 62 (32.98)

Age of menarche 14:38 ± 1:82 14:41 ± 1:69 -0.176 0.860

Menopause

Yes 111 (59.04) 72 (38.30) 16.192 <0.001∗
No 77 (40.96) 116 (61.70)

Marriageable age 22:76 ± 2:91 22:83 ± 3:09 -0.240 0.810

Age at first sex life 21:85 ± 2:84 22:49 ± 3:07 -2.113 0.035∗

(∗p < 0:05, the difference was statistically significant).
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with antiangiogenesis (anlotinib) increased the infiltration
of CD4+ and CD8+ T cells in mice with cervical cancer,
inhibited the growth of tumor volume, and prolonged the
survival time of mice. These results indicate that immune
dysfunction is an important mechanism leading to the
development of cervical cancer. Chu found in his study that
VD level was positively correlated with CD4 and negatively
correlated with CD8 [15].

The occurrence of cervical cancer follows a gradual pro-
cess from normal cervical to cervical intraepithelial neopla-
sia grade 1 (CIN)1 to CIN2/3 and finally develops into
cervical cancer [16]. Only 1% of CIN1 cases progress to cer-
vical cancer per year, while the risk of CIN2/3 progression to
cervical cancer is 16% within 2 years and 25% within 5 years
[17]. Therefore, the timely diagnosis and treatment of CIN2/
3 is crucial to prevent the occurrence of cervical cancer. This
project aimed to investigate the relationship between VDR
SNPs (FOKI, BsmI, ApaI, and TaqI) and the risk of CIN2/
3 and cervical cancer in Shanxi women. Additionally, serum
concentration of 25-(OH)-D3 levels were detected in the
VDR genotype difference group.

2. Materials and Methods

2.1. Subjects. The research samples were collected according
to the HPV and/or Thinprep cytologic test (TCT) abnormal-
ities from the subjects who visited the hospital from Septem-
ber 1, 2020 to October 1, 2021. The patients signed the
informed consent, completed the questionnaire, and took
fasting blood samples. Patients undergoing biopsy in the
Colposcopy Clinic of the Obstetrics and Gynecology Depart-
ment, the Second Hospital of Shanxi Medical University,
Shanxi Provincial Cancer Hospital, Shuozhou Central Hos-
pital, and Hequ County Hospital, Shanxi Province were
selected as HPV16 positive patients, and the pathological
results were used as the basis for grouping. The pathological
results showed chronic inflammation as the control group
and the CIN2+ (CIN2 and CIN3 and cervical cancer) as
the case group. After screening according to the inclusion
and exclusion criteria, 188 patients from the case group
and the control group were separately grouped, among
which 20 cases were included in Shanxi Cancer Hospital,
and 6 cases were separately included in Shuozhou Central
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Figure 1: TaqMan genotyping results; X represents blank control.
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Hospital of Shanxi Province and Hequ County Hospital of
Shanxi Province. The remaining cases were obtained from
the Second Hospital of Shanxi Medical University.

2.2. Inclusion Criteria. All study subjects were of Han
nationality, had lived in Shanxi for more than 5 years, age
range from 22 to 65, were married or unmarried, and had
at least two years of sexual life history. The exclusion criteria
are as follows: patients with multiple systemic diseases such
as immune, digestive, blood, and other malignancies; medi-
cation affecting vitamin D metabolism within 3 months
before the study; pregnant women; patients with cervical
adenocarcinoma. All study subjects signed informed consent
and drew peripheral blood for analysis of VDR polymor-
phisms. Serum concentration of 25-(OH)-D3 levels were
detected in the VDR genotype difference group. This study
was performed with approval from the Ethics Committee
of the Second Clinical Medical College of Shanxi Medical
University.

2.3. Peripheral Blood DNA Extraction. Genomic DNA was
extracted from peripheral blood according to the instruc-
tions of the QIAamp DNA Blood Mini (250) kit (Qiagen,
Valencia, CA, USA). The concentration and purity of the
extracted DNA samples were determined via NanoDrop
one (Thermo Fisher Scientific, Waltham, MA, USA), and
all the DNA samples that meet the standard were repack-
aged and stored at -80°C.

2.4. Detection of Serum 25-(OH)-D3. For the detection of
serum 25-(OH)-D3, ELISA assay was used. The detection
principle is as follows: the reagent used double antibody
sandwich enzyme-linked immunosorbent assay. The proce-
dure is as follows: (1) standard dilution, set the sample con-
centration gradient as follows: 25-(OH)-D3:200 ng/mL,
100 ng/mL, 50ng/mL, 25 ng/mL, 12.5 ng/mL, 6.25 ng/mL,
3.13 ng/mL, 0 ng/mL; multiple wells were set for each con-
centration. (2) The same amount of standard/sample was
added to be tested and biotinylated detection Ab (configured

Table 2: Distribution of VDR SNP genotypes versus alleles in the case and control groups.

Genotype/allele Case n (%) Control n (%) Crude OR (95% CI) p value Adjusted ORb (95% CI) p value
FOKIa

FF 28 (14.89) 42 (22.34) — — — —

Ff 77 (41.96) 84 (44.68) 1.38 (0.78-2.43) 0.273 1.47 (0.81-2.67) 0.205

ff 83 (44.15) 62 (32.98) 2.01 (1.12-3.59) 0.019 2.18 (1.19-3.99) 0.012

Ff+ff 160 (85.11) 146 (77.66) 1.64 (0.97-2.79) 0.065 1.77 (1.02-3.08) 0.041

F 133 (35.37) 168 (44.68) — — — —

f 243 (64.63) 208 (55.32) 1.48 (1.10-1.98) 0.009 — —

BsmIa

BB 15 (7.98) 18 (9.57) — — — —

Bb 61 (32.45) 69 (36.70) 1.06 (0.49-2.28) 0.880 0.92 (0.41-2.08) 0.845

bb 112 (59.57) 101 (53.73) 1.33 (0.64-2.78) 0.447 1.25 (0.58-2.71) 0.571

Bb+bb 173 (92.02) 170 (90.43) 1.22 (0.60-2.50) 0.585 1.12 (0.53-2.39) 0.762

B 91 (24.20) 105 (27.93) — — — —

b 285 (75.80) 271 (72.07) 1.21 (0.88-1.68) 0.245 — —

ApaIa

AA 22 (11.70) 31 (16.49) — — — —

Aa 92 (48.94) 85 (45.21) 1.53 (0.82-2.84) 0.183 1.38 (0.72-2.66) 0.227

aa 74 (39.36) 72 (38.30) 1.45 (0.77-2.74) 0.253 1.34 (0.68-2.63) 0.394

Aa+aa 166 (88.30) 157 (83.51) 1.49 (0.83-2.68) 0.184 1.36 (0.73-2.54) 0.332

A 136 (36.17) 148 (39.36) — — — —

a 240 (63.83) 228 (60.64) 1.15 (0.85-1.54) 0.367 — —

TaqIa

TT 29 (15.43) 51 (27.13) — — — —

Tt 121 (64.36) 105 (55.85) 2.03 (1.20-3.43) 0.008 1.94 (1.12-3.35) 0.018

tt 38 (20.21) 32 (17.02) 2.09 (1.09-4.02) 0.028 2.14 (1.07-4.28) 0.031

Tt+tt 159 (84.57) 137 (72.87) 2.04 (1.23-3.40) 0.006 1.98 (1.17-3.37) 0.012

T 179 (47.61) 207 (55.05) — — — —

t 197 (52.39) 169 (44.95) 1.35 (1.01-1.80) 0.041 — —
a All genotypes in the control group followed the Hardy-Weinberg equilibrium law. b Multivariate logistic regression adjusting for age, smoking, menopause,
and age at first sex).

4 BioMed Research International



with the kit) and mixed well. (3) Plate was sealed and incu-
bated at 37°C for 45 minutes. (4) It was mixed with washing
liquid. (5) The plate was washed and pat dried 3 times. (6)
HRP conjugate to each well was added and incubated at
37°C for 30 minutes. (7) The plate was washed and pat dried
5 times. (8) Substrate reagent was added to each well and
incubated at 37°C for 15min in dark. (9) The stop solution
was added to stop the reaction. (10) The parameters of Bio-
TekEPOCH2 microplate reader were set at 450nm and. (11)
The standard curve equation was calculated to obtain the
sample concentrations.

2.5. Detection of the Vitamin D-Receptor Genetic
Polymorphisms. All of the genomic DNA samples were typed
for the following four SNP loci: FOKI (rs2228570), BsmI
(rs1544410), ApaI (rs7975232), and TaqI (rs731236). SNP
genotyping was performed using the TaqMan fluorescence
probe method and ABI real-time PCR (Thermo Fisher Sci-
entific, Waltham, MA, USA) instrument. Forty cycles were
performed with the following operating conditions: denatur-
ation step at 95°C for 10min, denaturation step at 95°C for
15 sec, and annealing extension step at 60°C for 60 sec.

2.6. Statistical Analyses. All of the statistical analyses were
performed using the SPSS 26.0 software (IBM). Counting
data were expressed as the frequency and percentage, and
comparisons between groups were performed using the
chi-square (χ2) test. If the measurement data conform to
the normal distribution, it is expressed by t, and the compar-
ison between groups is expressed by the t-test. If not, it is
expressed by M50 (25, 75) and the Mann–Whitney U-test

is used for intergroup comparison. If the control genotype
distribution complied with the Hardy-Weinberg equilibrium
law χ2 test was used. The SHEsis software was used to per-
form linkage disequilibrium (LD) and haplotype analysis.
The logistic regression analysis was applied to identify the
association of the VDR SNPs or haplotypes and the risk of
cervical lesions and to calculate the OR value and the 95%
confidence interval (CI). p < 0:05 was defined as statistically
significant.

3. Results

The basic data of all the study subjects are presented in
Table 1. The age of the case and control groups was, respec-
tively, 47:77 ± 7:65 and 45:07 ± 7:93 years, which was statis-
tically significant (p < 0:05). In addition, the age at first sex,

1
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Figure 2: Linkage disequilibrium map of the four SNP species for
all the study subjects. The percentage of D’ is indicated by the
strength of numbers and color.

Table 3: The distribution of three SNP haplotypes: BsmI, ApaI,
and TaqI.

Haplotype Case frequency (%) Control frequency (%) p value

baT 45.5 42.4 —

BAT 1.0 4.1 0.339

Bat 21.1 19.1 0.939

BaT 0 2.5 0.331

Bat 2.1 2.2 0.906

bAT 1.1 6.0 0.142

bAt 13.0 10.2 0.714

bat 16.2 13.5 0.782

BbAaTt 44 (23.40) 46 (24.47) —

bbaaTt 38 (20.21) 31 (16.49) 0.440

bbAaTt 35 (18.62) 22 (11.70) 0.139

BBAAtt 12 (6.38) 9 (4.79) 0.497

bbaaTT 28 (14.89) 31 (16.49) 0.864

BbAATT 1 (0.53) 3 (1.60) 0.369

BbAatt 10 (5.32) 8 (4.26) 0.606

BBAATT 0 2 (1.06) —

BBAATt 1 (0.53) 1 (0.53) —

Bbaatt 3 (1.60) 3 (1.60) —

BBAaTT 0 2 (1.06) —

bbAatt 3 (1.60) 3 (1.60) —

BBaatt 2 (1.06) 2 (1.06) —

BBaaTT 0 2 (1.06) —

BbAATt 3 (1.60) 3 (1.60) —

BbAAtt 0 2 (1.06) —

BbAaTT 0 2 (1.06) —

bbAAtt 5 (2.66) 5 (2.66) —

BbaaTT 0 2 (1.06) —

bbAaTT 0 3 (1.60) —

bbAATT 0 4 (2.13) —

bbAATt 0 2 (1.06) —

bbaatt 3 (1.60) 0 —
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menopause, and smoking were statistically significant in the
case group when compared with the controls (p < 0:05).

The results of the partial TaqMan genotyping analysis
are given in Figure 1. The distribution of the VDR SNP
genotypes and alleles in both groups and the relationship
with the risk of developing CIN2+ are listed in Table 2.

For the FOKI polymorphisms, the allele f was more com-
mon in the CIN2+ group (64.63%) than in the control group
(55.32%). Comparing the Ff genotype with the FF genotype
showed that the Ff genotype was not associated with CIN2+
risk (crude OR = 1:38; 95% CI = 0:78 − 2:43; p = 0:273 and
adjusted OR = 1:47; 95% CI = 0:81 − 2:67; p = 0:205). Com-
paring the ff genotype with the FF genotype showed that
the ff genotype significantly increased the risk of CIN2+
occurrence (crude OR = 2:01; 95% CI = 1:12 − 3:59; p =
0:019 and adjusted OR = 2:18; 95% CI = 1:19 − 3:99; p =
0:012). After adjusting for the confounders, f allele carriers
were not associated with CIN2+ risk (adjusted OR = 1:77;
95% CI = 1:02 − 3:08; p = 0:041). Finally, by comparing the
f allele to the F allele, the f allele was associated with an
increased CIN2+ risk (OR = 1:48; 95% CI = 1:10 − 1:98; p
= 0:009).

For the TaqI polymorphisms, the allele t was more com-
mon in the CIN2+ group (52.39%) than in the control group
(44.95%). The Tt, tt genotypes were separately compared to
the TT genotype, the results showed that the Tt and tt geno-
types significantly increased the risk of CIN2+ (Tt VS TT:
crude OR = 2:03; 95% CI = 1:20 − 3:43; p = 0:008 and
adjusted OR = 1:94; 95% CI = 1:12 − 3:35; p = 0:018. tt VS
TT: crude OR = 2:09; 95% CI = 1:09 − 4:02; p = 0:028 and
adjusted OR = 1:98; 95% CI = 1:17 − 3:37; p = 0:012). Com-
parison of the Tt + tt genotype with the TT genotype showed
that the t allele carriers are associated with CIN2+ risk
(crude OR = 2:04; 95% CI = 1:23 − 3:40; p = 0:006 and

adjusted OR = 1:98; 95% CI = 1:17 − 3:37; p = 0:012).
Finally, comparing the t allele to the T allele revealed that
the t allele is a CIN2+ susceptibility gene (OR = 1:35; 95%
CI = 1:01 − 1:80; p = 0:041). The BsmI and ApaI polymor-
phisms were not associated with CIN2+ risk.

The SHEsis software was applied to create an LD dia-
gram (Figure 2). As the LD between the FOKI polymor-
phism and the other SNP was very low, it was excluded,
and the haplotypes of the other three SNPs were analyzed.
The results of this study showed that the baT haplotypes
were the most common in both patients and controls, and
that the other haplotypes were not significantly different
when compared to the baT. To further observe the genotype
distribution across all study subjects, the frequency of the
combined BsmI, ApaI, and TaqI genotypes in the CIN2+
and control groups were analyzed (Table 3). As the distribu-
tion of BbAaTt was the most common in controls, it was
selected as the reference genotype. However, further analysis
in this study showed that none of the combined genotypes
was associated with the risk of CIN2+.

Serum concentrations of 25-(OH)-D3 were detected in
the VDR FOKI polymorphisms.

The results are different, 25-(OH)-D3 concentration was
different among different genotypes in the control group,
and the relative 25-(OH)-D3 concentration of F gene was
higher among different groups (p < 0:05). The relative 25-
(OH)-D3 concentration decreased in both F and F genome
in HSIL group and SCC group, which was significantly dif-
ferent from that in the control group (p < 0:05). There was
no significant difference among the groups (Table 4).

The main effect analysis showed that there were interac-
tion effects between groups and genotypes (F
interaction = 3:040, p = 0:017), so further separate effect
analysis was needed (Table 5).

Table 4: Main effect analysis of serum concentration of 25-(OH)-D3.

Effect class III square sum mean square of Degrees of freedom The mean square F p

Correction model 31330.029 8 3916.254 28.558 <0.001
Intercept 171976.908 1 171976.908 1254.101 <0.001
Group 21483.815 2 10741.907 78.333 <0.001
Genotype 61.221 2 30.61 0.223 0.800

Group ∗ genotype (interaction) 1667.494 4 416.874 3.040 0.017

Error 50327.3 367 137.132

Table 5: Separate effect analysis of serum concentration of 25-(OH)-D3.

Genotype Control HSIL group SCC group F p

FF 39:93 ± 14:92 27:74 ± 6:92& 24:00 ± 9:61& 9.003 <0.001
Ff 46:96 ± 12:86 ∗ 26:00 ± 8:98& 20:66 ± 8:22&% 81.000 <0.001
ff 40:13 ± 14:05# 27:09 ± 10:09& 23:13 ± 9:85& 24.855 <0.001
F 5.883 0.377 0.432

P 0.003 0.686 0.652
∗ indicates statistical difference compared with FF, # indicates statistical difference compared with FF, & indicates statistical significance compared with the
control group, and % indicates statistical significance compared with the HSIL group.
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4. Discussion

Due to the increase of new cases and deaths caused by cervi-
cal cancer, this cancer may become one of the greatest bur-
dens of oncology, thus, further identification of the factors
affecting the development of cervical cancer is crucial. This
study analyzed the relationship between VDR polymor-
phism and HPV16-positive CIN2+ patients in Shanxi
women, aiming to provide a theoretical basis for reducing
the occurrence of cervical cancer.

VDR is a member of the steroid/thyroid hormone recep-
tor family that regulates biological processes including cell
proliferation, differentiation, apoptosis, tumor invasion,
and angiogenesis in vivo [18, 19]. VDR polymorphisms
themselves may not be genetic loci affecting disease progres-
sion, but rather play a role by affecting VDR expression
levels [20]. Studies of the VDR polymorphisms suggest that
the VDR polymorphism may be an important factor affect-
ing the VDR mRNA and protein numbers and affecting
the downstream VD-mediated effects [20]. More than 60
VDR SNPs, located in the promoter regions of exons 2–9,
have been linked to the occurrence and prognosis of cancer
[12]. However, only a few of them, including FOKI, BsmI,
ApaI, and TaqI, have potential functions to affect the expres-
sion of VDR genes and are associated with cancer risk [12].

Regarding the FOKI polymorphism, since the ff genotype
and the f allele increase the incidence of CIN2+, the present
results indicate that the f allele is a susceptibility allele affecting
the occurrence of cervical lesions, in line with previous studies
in the Thai population [21]. In addition, the f allele is also a
susceptibility gene for T cell lymphoma [22], colorectal cancer
[12], and ovarian cancer [23]. The FOKI f allele is associated
with an increased risk of cervical cancer and most other can-
cers, possibly due to its reduced VDR activity [22]. However,
the meta-analysis of Pu et al. [9] showed that the incidence
of head and neck cancer in patients with ff genotype was sig-
nificantly lower than that in patients with Ff+FF or FF geno-
type. The FOKI SNP is located in the second exon, and
involves the translation initiation point, forming an additional
start codon by changing the ACG codon located ten base pairs
upstream of the translation start codon [22, 24]. Therefore,
two variants of the VDR protein may occur during translation:
a longer form of the protein (f allele, containing 427 amino
acids) and a shorter form (F allele, containing 424 amino
acids) [22, 25]. Studies have shown that the longer form of
the VDR protein has lower transcriptional activity, reducing
the anticancer properties of calcitriol, and leading to increased
cancer susceptibility [21, 22]. Therefore, this study supports
the role of the FOKI f allele in increasing susceptibility to most
cancers.

Regarding the TaqI polymorphism, the results of this
study showed that the t allele affects the risk of the CIN2+
occurrence, consistent with the findings of Phuthong et al.
[21]. However, the present study demonstrated that the
ApaI and BsmI polymorphisms were not associated with
CIN2+ risk. Previous studies have shown that the BsmI
polymorphism increases the risk of gastric cancer [19], colo-
rectal cancer [12], melanoma [26], and multiple myeloma
[18]. Moreover, Qadir et al. [19] proposed that the BsmI

polymorphism follows the “law of dominant inheritance”,
in which people with the BB genotypes have a lower risk of
cancer than those with both the Bb and bb genotypes. In
addition, the A allele carriers of the ApaI polymorphism
increase the risk of colorectal cancer [12] and multiple mye-
loma [18], and instead reduce the risk of hepatocellular car-
cinoma caused by HCV infection [27]. Conversely, the t
allele of the TaqI polymorphism is a susceptibility gene for
colorectal cancer [12], and it is also an important factor in
reducing the incidence of head and neck cancer as well as
tobacco-related respiratory and oesophageal cancer [28].

The BsmI, ApaI, and TaqI polymorphisms are located in
the 3′-noncoding region of the VDR genes (3′-untranslated,
3′UTR), and the three SNP species are in strong linkage dis-
equilibrium with each other [19]. These three SNPs do not
change the amino acid sequence of proteins but can regulate
gene expression, especially mRNA stability [22, 29]. BsmI
and ApaI polymorphisms are located in intron 8 of the VDR
gene, resulting in silent mutations [30]. One of the mecha-
nisms by which these two SNPs affect VDR expression is that
the splicing site of VDR mRNA transcription is disrupted,
resulting in truncation or alternate splicing of the protein
product; another explanation is the altered polyadenylation
of VDR mRNA and thus altered mRNA stability [19]. TaqI
SNP, located in exon 9 of the VDR gene, is a synonymous
SNP that results in a silent mutation in codon 352 from
ATT to ATC, both of which encode isoleucine [29, 30]. In
addition, the 3′ TaqI SNP has been found to affect CpG (where
the TaqI SNP is located) methylation and CGI 1060 methyla-
tion [19]. CGI 1060 is located at the 3′ end of the VDR, and its
methylationmay affect the regulation of the 3′ promoter, driv-
ing lncRNA transcription in this region, and may regulate the
expression of the VDR posttranscriptionally [19].

Studies of haplotypes and combined genotypes can pro-
vide more conclusive information about genetic variation,
however, in this study, no single haplotype or combined
genotype was found to be associated with CIN2+ risk. In a
meta-analysis by Khan et al. [24] it was shown that bAT
haplotypes are more common in African populations
(59%), whereas baT and BAt haplotypes are more common
in Asian (75%) and Caucasian populations (39%). In the
current study, the baT haplotype was the most frequent in
both patients and controls, which is consistent with the
results of Khan et al. [24]. In another study, the baT haplo-
type was found to be the most common in colorectal cancer
[31]. Gleba et al. [22] suggested that the baT haplotype
increases the sensitivity of leukemia and lymphoma cells to
calcitriol, and Gleba believes that the baT haplotype is asso-
ciated with increased VDR mRNA transcriptional activity,
which can lead to the formation of more many VDR pro-
teins. Latacz et al. [31] found that tAb and Bat haplotypes
increased the risk of colorectal cancer (tAb: OR = 3:84;
95% CI 1.29-11.38; p = 0:01, Bat: OR = 30:22; 95% CI 2.81
-325.31; p = 0:01). However, Qadir et al. [19] suggested that
the ATC (bat) haplotype increases the risk of gastric cancer,
while the GTT (BaT) haplotype plays a protective role.
Different haplotypes are expressed differently in different
cancers, possibly due to differences in gene-environment
interactions and lifestyles. Large differences in VDR
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genotypes by ethnicity have been demonstrated [32]. The
results of this study demonstrated the following: 25-(OH)-
D3 in the control group indicates that the F-gene population
requires relatively high 25-(OH)-D3 concentrations under
normal conditions. 25-(OH)-D3 concentration decreases
and the disease progresses. Combined with FOKI polymor-
phisms analysis, F gene is a risk factor for CIN2+ disease,
and the decrease of 25-(OH)-D3 concentration in F gene pop-
ulation suggests an increased risk of CIN2+ disease. In addi-
tion, geographic differences and a limited number of studies
may also contribute to this disparity. To our knowledge, this
study is the first to report the relationship between VDT poly-
morphisms and the risk of HPV 16-positive CIN2+ disease in
the Shanxi Province population. In this study, only HPV 16-
positive population was included while the other high-risk
HPV-infected populations were not included, which cannot
represent all high-risk HPV-infected populations. This is the
limitation of the study and the addition of other high-risk
HPV-infected populations to verify the results in the subse-
quent studies are warranted.

5. Conclusions

This study is the first to demonstrate the role of the VDR
polymorphism in HPV16-positive cervical lesions in Shanxi
women, and the FOKI and TaqI genotypes may be associ-
ated with a high risk of CIN2+. However, no single haplo-
type was found to increase the CIN2+ risk in our study.
The binding ability of the VDR to its target sequence may
be influenced by specific DNA sequences, VDR isoforms,
cell-specific phosphorylation, and changes in core regulators
in different tissues [9]. Therefore, the underlying mecha-
nisms of different VDR gene polymorphisms in cervical can-
cer remain to be further investigated.
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Inadequate vitamin D status may increase the risk of developing multiple types of cancer. Epidemiological studies suggest an
inverse association between 25-hydroxyvitamin D3 (25(OH)D3) and malignancy, including colorectal cancer. Previous studies
have suggested that MED28, a Mediator subunit involved in transcriptional regulation, is associated with the growth of
colorectal cancer cells; however, its role in the progression of metastasis such as epithelial–mesenchymal transition (EMT) and
cell migration of colorectal cancer is unclear at present. The aim of this study was to investigate a potentially suppressive effect
of calcitriol, 1,25-dihydroxyvitamin D3 (1,25(OH)2D3), a bioactive form of vitamin D, and the role of MED28 in the
progression of EMT in human colorectal cancer cells. Suppression of MED28 increased the expression of E-cadherin and
reduced the expression of several mesenchymal and migration biomarkers and Wnt/β-catenin signaling molecules, whereas
overexpression of MED28 enhanced the EMT features. Calcitriol suppressed the expression of MED28, and the effect of
calcitriol mirrored that of MED28 silencing. Our data indicate that calcitriol attenuated MED28-mediated cell growth and
EMT in human colorectal cancer cells, underlining the significance of MED28 in the progression of colorectal cancer and
supporting the potential translational application of calcitriol.

1. Introduction

Biological features of malignant tumor cells include
unchecked cell growth, epithelial-mesenchymal transition
(EMT), invasion to neighboring tissues, and metastasis at
distant sites [1]. During the development of invasive cancer,
cells gradually lose epithelial features and acquire mesenchy-
mal and invasive characteristics. E-cadherin is an epithelial
junction protein responsible for the maintenance of the epi-
thelial status. Three groups of transcription factors, Snail
zinc finger family, zinc finger E-box-binding homeobox
family proteins, and basic helix-loop-helix family can repress
the expression of E-cadherin [2]. As in the case of colorectal

cancer (CRC), cancer cells may display loss of polarity, epithe-
lial markers such as E-cadherin, and upregulation of mesenchy-
mal markers such as vimentin as well as metalloproteinases
MMP2 and MMP9 [3]. Intermediate filament vimentin con-
tributes to the change of cell shape, motility, and adhesion
during the progression of EMT [4]. Loss of E-cadherin,
together with dysregulation in the Wnt/β-catenin pathway, a
common theme in colorectal cancer, is implicated in the pro-
gression of cancer presumably by promoting EMT, invasion,
and metastasis [5].

Skin cells produce vitamin D3 (cholecalciferol), a natural
form of vitamin D, through a series of reactions upon sun
exposure. Dietary sources of vitamin D are limited to mainly
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fortified foods and fish oils. After two hydroxylation events
at C-25 and C-1 of cholecalciferol in the liver and kidneys,
respectively, our body can produce 1,25-dihydroxyvitamin
D3 (1,25(OH)2D3), i.e., calcitriol, the biologically active form
of vitamin D. The genomic action of calcitriol is mediated
through binding to a heterodimer, vitamin D receptor
(VDR) and retinoid X receptor (RXR), two steroid receptor
family members [6]. The complex then recognizes and binds
to vitamin D response element (VDRE) of the target genes to
activate or repress gene expression [7]. Calcitriol can be also
involved in nongenomic, transcription-independent signal-
ing in certain contexts [8]. In terms of physiological roles,
in addition to the maintenance of calcium and bone homeo-
stasis, the initially identified function, calcitriol also exhibits
other important biological effects on normal cell differentia-
tion, immune function, and cancer, among others. In vitro
studies have shown anticancer effects of calcitriol, including
antiproliferation, prodifferentiation, and apoptosis [7, 9].
Vitamin D deficiencymay increase the risk of developingmul-
tiple types of malignancies [9]. Most epidemiological studies
report an inverse tendency between 25-hydroxyvitamin D3
(25(OH)D3) and cancer, including colorectal cancer [9–11].
Therefore, maintenance of adequate vitamin D status appears
to reduce the incidence andmortality of colorectal cancer [12].

Mediator subunit MED28 exhibits multiple cellular
roles, including facilitating transcriptional activation [13]
and interacting with signaling molecules such as Grb2 and
Src family proteins [14–16]. Recently, we have reported that
MED28 appears involved in Wnt/β-catenin signaling in
human colorectal cancer cells [17] as well as EMT and
migration in human breast cancer cells [18, 19]. However,
whether MED28 is also involved in the EMT event in colo-
rectal cancer is unclear at present.

The aim of this study was to investigate the role of
MED28 in the progression of EMT and a potentially sup-
pressive effect of calcitriol, the bioactive form of vitamin D,
on MED28 and EMT in human colorectal cancer cells.
Suppression of MED28 by RNA interference upregulated
E-cadherin, an epithelial marker, but downregulated several
mesenchymal biomarkers as well as Wnt/β-catenin signaling
molecules, whereas overexpression of MED28 affected EMT
in an opposite manner. Calcitriol suppressed the expression
of MED28, and the effect of calcitriol mirrored that of
MED28 silencing. Moreover, calcitriol could reverse the
stimulatory effect of MED28 on EMT. Our data indicate that
calcitriol attenuated MED28-mediated cell growth and EMT
in colorectal cancer cells, reinforcing the implication of
MED28 in the progression of colorectal cancer and support-
ing a promising, clinical application of calcitriol.

2. Materials and Methods

2.1. Cell Culture. The chemicals and cell culture supplies
stated in the current study were purchased from Millipore-
Sigma (Burlington, MA) and Invitrogen (Carlsbad, CA),
respectively, unless stated otherwise. Human colorectal cancer
cell lines, HT29 and SW480 (American Type Culture Collec-
tion, Manassas, VA), were cultured in 10% fetal bovine
serum-containing Dulbecco’s modified Eagle’s medium and

Leibovitz’s L-15 medium without CO2, respectively. For
RNA interference experiments, cells were transfected with
MED28-specific small interfering RNA pools (Thermo Fisher
Scientific, Lafayette, CO) using Lipofectamine™ transfection
RNAiMAX Reagent. For overexpression experiments, cells
were transfected with Flag-MED28 cDNA (OriGene Technol-
ogies, Inc., Rockville, MD) using Lipofectamine™ 3000 Trans-
fection Reagent.

2.2. Preparation of Total Cell Lysates and Western Blotting.
After the addition of 100nM of calcitriol (Cayman Chemi-
cal, Ann Arbor, Michigan) for 48 h or transfection for 24h
(overexpression) or 72 h (RNAi), HT29 or SW480 cells were
washed with PBS briefly, and the preparation of total cell
lysates was as stated before [20]. Cellular proteins of the
whole cell lysates were separated and resolved by SDS–
PAGE and electrophoretically transferred onto polyvinyli-
dene fluoride membranes (Perkin Elmer Life Sciences, Inc.,
Waltham, MA). Western blotting was performed as previ-
ously described [20] with the following primary and second-
ary antibodies: MED28, β-catenin, and p-GSK3β (Ser9)
antibodies from MilliporeSigma (Burlington, MA); fibronec-
tin, E-cadherin, MMP2, and MMP9 antibodies from Abcam
(Waltham, MA); anti-Flag-tag and anti-p21 from Protein-
tech Group, Inc. (Rosemont, IL); antibodies for vimentin,
Snail, Slug, Twist, ZEB2, proliferating cell nuclear antigen
(PCNA), α-tubulin, β-actin, vinculin, and GAPDH from
Santa Cruz Biotechnology (Santa Cruz, CA); and anti-c-
Myc, anticyclin D1, and goat antirabbit or antimouse-
conjugated horseradish peroxidase secondary antibodies
from GeneTex, Inc. (Irvine, CA).

2.3. RNA Extraction and Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR). Following the addition of
100 nM of calcitriol for 48 h, HT29 or SW480 cells were
washed with PBS briefly, and the protocols of the RNA
extraction and cDNA synthesis using Total RNA Mini Kit
(NovelGene, Taipei, Taiwan) and iScript™ cDNA Synthesis
Kit (Bio-Rad, Hercules, CA), respectively, were as described
before [21, 22]. We employed the Bio-Rad products, includ-
ing iQ™ SYBR® Green Supermix, CFX Connect™ Real-Time
PCR Detection System, and CFX Manager™ 3.0 Software,
for quantification, detection, and analysis, respectively. The
following PCR primers were used: MED28 (forward, 5′-
TTCGAACCGGTGTTGATCAG-3′; reverse, 5′-GCCAAT
GCCTCAGCTTTGTC-3′); GAPDH (forward, 5′-CGAC
CACTTTGTCAAGCTCA-3′; reverse, 5-AGGGGAGATTC
AGTGTGGTG-3′).

2.4. Xenograft Mice. The animal study with the approved
protocol (CJCU-104-001) issued by the Institutional Animal
Care and Use Committee, Chang Jung Christian University
(Tainan, Taiwan), was previously described [20]. Briefly,
three-week-old male NOD/SCID mice were allowed for
one week of acclimation after transferred from the National
Cheng Kung University Animal Center (Tainan, Taiwan).
These mice were subcutaneously implanted with human
colorectal cancer HT29 cells (5 × 106) to their flank regions,
followed by random allocation into three groups, with four
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mice in each group. Two weeks later, each mouse was intra-
peritoneally administered with the, respectively, assigned
dose, 0μg (vehicle), 0.5μg, or 1μg of calcitriol every other
day. After 4 weeks, these mice were sacrificed, and their tis-
sue sections and proteins were subjected to immunohisto-
chemical or Western blotting analysis.

2.5. Immunohistochemical Analysis. Xenograft tumors were
fixed in 4% paraformaldehyde, cut with a thickness of
5μm, and deparaffinized with xylene. Endogenous peroxi-
dase was quenched with 3% H2O2 followed by dehydration
with ethanol and antigen retrieval in a microwave for
5min. After blocking with 5% bovine serum albumin
solution for 1 h, tissue sections were incubated with anti-
MED28 antibodies (1 : 50) for 2 h followed by secondary
antibodies for 1 h and 3,3′-diaminobenzidine tetrahydro-
chloride. Immunostaining was observed under Nikon
(Eclipse 50i) light microscope at 400× and photographed.

2.6. Statistical Analysis. Data are presented as means ±
standard deviation which was analyzed by Student’s t test
or the analysis of variance (ANOVA) test followed by
Tukey’s post hoc comparison to analyze the differences
between groups as appropriate. The results were considered
significantly different at p < 0:05.

3. Results

3.1. In Vivo Effect of Calcitriol on the Expression of E-
Cadherin, MED28, β-Catenin Signaling Molecules, and
PCNA. Previously, we employed a subcutaneous HT29
xenograft NOD/SCID mouse model to examine the in vivo
effect of calcitriol (bioactive vitamin D), and we found a
dose-dependent tendency of calcitriol in reducing the tumor
volumes and weights of the xenografts [20]. Loss of
cadherin-mediated adhesion is implicated in the progression
of cancer [5], and calcitriol upregulates the expression of E-
cadherin in HT29 and SW480 human colorectal cancer cells
[20]. In the current study, we further identified that calcitriol
increased the expression of E-cadherin in the subcutaneous
HT29 xenografts (Figure 1(a)). In an earlier study, we
reported that MED28 appears to regulate Wnt/β-catenin
signaling and cell growth in human colorectal cancer cells
[17]. Therefore, we asked whether calcitriol may affect the
expression of MED28, Wnt/β-catenin signaling molecules,
and cell growth in vivo. As shown in Figure 1, both Western
blot (Figure 1(a)) and immunohistochemical (Figure 1(b))
analyses revealed that calcitriol reduced the expression of
MED28 in a dose-responsive manner in the HT29 xeno-
grafts. Moreover, calcitriol reduced the expression of PCNA,
a proliferation marker, and Wnt/β-catenin signaling mole-
cules, including β-catenin, c-Myc, and cyclin D1, in the
HT29 xenografts (Figure 1(a)). These data indicated an in vivo
effect of calcitriol on E-cadherin, MED28, Wnt/β-catenin
signaling, and cell growth in human colorectal cancer.

3.2. Effect of Calcitriol on MED28, Epithelial and
Mesenchymal Markers, and Wnt/β-Catenin Target Genes in
Human Colorectal Cancer Cells. Wnt/β-catenin signaling is
associated with EMT and migration during the development

of malignancy [2]. Previously we found a link of MED28
with Wnt/β-catenin signaling in human colorectal cancer
cells and a connection of MED28 and EMT in human breast
cancer cells [17, 19]; we therefore asked whether calcitriol
may also affect MED28 and EMT in colorectal cancer. In
agreement with our previous findings [20], the addition of
calcitriol at 100nM for 48 h in HT29 cells reduced the
expression of multiple proteins, including p-GSK3β, β-
catenin, cyclin D1, and c-Myc, involved in Wnt/β-catenin
signaling, and PCNA, but upregulated p21 (Figure 2(a)).
Also, calcitriol suppressed the protein levels of fibronectin,
a mesenchymal marker, and MED28, but upregulated the
expression of E-cadherin (Figure 2(a)). Next, we employed
RNAi to examine the role of MED28, and we found that
suppression of MED28 mimicked the effect of calcitriol on
E-cadherin, fibronectin, and Wnt/β-catenin signaling mole-
cules in HT29 human colorectal cancer cells (Figure 2(b)).
These data indicated that calcitriol may suppress the Wnt/
β-catenin signaling pathway partially through MED28 in
human colorectal cancer cells.

Next we investigated the effect of calcitriol on SW480,
another human colorectal cancer cell line. The addition of
calcitriol upregulated the expression of E-cadherin and p21
but suppressed the expression of PCNA, β-catenin, cyclin
D1, c-Myc, and MMP9, a metalloproteinase involved in
migration and invasion, and MED28 in SW480 cells
(Figure 3(a)). Suppression of MED28 led to downregulation
of MMP9, vimentin, and Slug and Twist, two transcription
factors involved in EMT, in addition to Wnt/β-catenin sig-
naling molecules such as p-GSK3β, β-catenin, and c-Myc,
but upregulation of E-cadherin (Figure 3(b)). In contrast,
overexpression of MED28 increased the expression of mes-
enchymal markers, including vimentin and fibronectin,
and transcription factors Snail and ZEB2, but decreased
the expression of E-cadherin and p21 (Figures 3(c) and
3(d)). However, calcitriol could reverse the effect of
MED28, thereby upregulating E-cadherin and p21 and
downregulating fibronectin (Figure 3(d)). The suppressive
effect of calcitriol on MED28 appeared at the level of tran-
scription because calcitriol reduced the mRNA expression
of MED28 in both HT29 and SW480 cells (Figure 4(a)).
Taken together, our data suggested that MED28 was
involved in Wnt/β-catenin signaling and EMT, and calcitriol
could inhibit the effect of MED28 on cell growth and EMT
in colorectal cancer (Figure 4(b)).

4. Discussion

In the current study, we employed two human colorectal
cancer cell lines, HT29 and SW480; these cells carry wild-
type CDH1 (E-cadherin) and CTNNB1 (β-catenin), but
mutant APC [23], and exhibit active Wnt/β-catenin
signaling. We identified a role of MED28 in cell growth
and epithelial-mesenchymal transition in these human
colorectal cancer cells, where the effect of MED28 knock-
down mimicked that of calcitriol, partially by upregulating
E-cadherin as well as attenuating Wnt/β-catenin signaling
and epithelial-mesenchymal transition (Figure 4(b)).
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Cellular β-catenin may be present in multiple subcellular
compartments including cell membrane, cytoplasm, and
nucleus, and in normal cells, β-catenin is mainly found in
cell–cell junctions associated with E-cadherin [24]. The dis-
tribution of cellular β-catenin is controlled by a multiprotein
disruption complex, mainly consisting of axin, adenomatosis
polyposis coli (APC), and glycogen synthase kinase 3β
(GSK3β) [25]. In the absence of upstream stimulation, axin
and APC hold β-catenin in place, and casein kinase 1 and
GSK3β phosphorylate β-catenin at the designated amino
acids residues, which ultimately lead to ubiquitination and
proteasome-mediated degradation of cytosolic β-catenin.
Upon activation, the interaction of Wnt and receptors res-
cues β-catenin from disruption, stabilizes β-catenin, and
allows the entry of β-catenin into the nucleus [26]. β-catenin
then forms a transcriptionally active complex with T cell
factor (TCF) and lymphoid enhancer factor (LEF) and trans-
activates various downstream targets involved in cell growth
such as cyclin D1 and c-Myc, as well as epithelial-

mesenchymal transition (EMT) including fibronectin for
mesenchymal adhesion and transcription factors Slug and
Twist for transcriptional downregulation of E-cadherin.
Therefore, E-cadherin and Wnt/β-catenin signaling are
implicated in cancer development in the aspect of EMT,
invasion, and metastasis [5].

The E-cadherin/β-catenin complex is involved in the
stabilization of cell–cell contact for epithelial cells [27].
Damage of cadherin-mediated cell adhesion disrupts regular
assembly of the epithelial structures, which could increase
the likelihood of free cytosolic β-catenin translocating into
the nucleus to transactivate the Wnt/β-catenin target genes
[5], indicating a connection between loss of cadherin-
mediated cell adhesion and activation of Wnt/β-catenin
signaling. Ultimately EMT could ensue if accompanied by
the induction of the mesenchymal markers. Calcitriol
upregulated the expression of E-cadherin (Figures 1(a),
2(a), and 3(a)), which could presumably increase the likeli-
hood of E-cadherin–β-catenin assembly at the adherens
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Figure 1: Calcitriol reduced the expression of MED28, PCNA, β-catenin, c-Myc, and cyclin D1 but upregulated the expression of
E-cadherin in the subcutaneous HT29 xenografts. Four-week-oldmale NOD/SCIDmice were subcutaneously implanted with human colorectal
cancer HT29 cells to their flank regions, and these animals were then randomly allotted into three groups, vehicle control (0μg) or calcitriol
(0.5μg or 1μg), with four mice in each group. Two weeks later, the animals were intraperitoneally administered with the assigned dose, 0μg
(vehicle), 0.5μg, or 1μg of calcitriol every other day. The animals were sacrificed after 4 weeks. (a) Representative images and densitometric
quantification for the relative protein expression of the xenografts. The expression levels of E-cadherin, MED28, PCNA, β-catenin, c-Myc,
and cyclin D1 in the xenografts, along with loading controls, were detected by Western blotting. The ratios below the images (left panel)
indicate the relative expression of the specific proteins with respect to those of 0μg after normalization with the expression of the
corresponding loading controls, β-actin or α-tubulin. Densitometric data (right panel) are expressed as means ± standard deviation, n = 3;
∗p < 0:05, ∗∗p < 0:01, ∗∗∗p < 0:001, and ∗∗∗∗p < 0:0001 as compared with 0μg; $p < 0:05, $$p < 0:01, $$$p < 0:001, and $$$$p < 0:0001 as
compared with 0.5μg. (b) Tissue sections of the xenografts were subjected to immunohistochemical analysis with anti-MED28 antibodies
followed by secondary antibodies and diaminobenzidine staining. Brown-colored immunostaining was observed under Nikon (Eclipse 50i)
light microscope at 400× and photographed.
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junction to maintain the integrity of the epithelial structure.
In addition, MED28 downregulated the expression of E-cad-
herin, whereas calcitriol could not only reduce the expres-
sion of MED28 but also relieve the inhibitory restraint of
MED28 for E-cadherin (Figures 1, 2, and 3). Both HT29
and SW480 cells express fibronectin without external induc-
tion. However, these cells exhibit differential protein expres-
sion of vimentin and E-cadherin. HT29 cells exhibit
considerable, endogenous E-cadherin, but do not express

vimentin by default. In contrast, SW480 cells express vimen-
tin, but their E-cadherin expression is barely detectable
unless subjected to ectopic induction such as calcitriol or
MED28 silencing. Nevertheless, both MED28 knockdown
and calcitriol addition could downregulate the expression
of fibronectin and upregulate that of E-cadherin in either
HT29 or SW480 cells (Figures 2 and 3), and their control
over EMT appeared partially through regulating transcrip-
tional repressors of E-cadherin (Figures 3(b) and 3(c)). In
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Figure 2: MED28 knockdown mimicked the effect of calcitriol on E-cadherin and Wnt/β-catenin signaling in HT29 human colorectal
cancer cells. HT29 cells were treated with calcitriol (100 nM) for 48 h (a) or undergone MED28-specific siRNA (siMED28) for 72 h (b) with
respective controls and subjected to Western blotting with the antibodies indicated. The ratios below the representative images (left panels)
indicate the relative expression of the specific proteins with respect to those of 0 nM (a) or siControl (b) after normalization with the
expression of the corresponding loading controls, β-actin or α-tubulin. Densitometric data (right panels) are expressed as means ± standard
deviation, n = 3; ∗p < 0:05, ∗∗p < 0:01, ∗∗∗p < 0:001, ∗∗∗∗p < 0:0001 as compared with 0 nM (a) or siControl (b).
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Figure 3: Continued.
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Figure 3: Calcitriol suppressed the upregulatory effect of MED28 on cell growth and epithelial-mesenchymal transition in SW480 human
colorectal cancer cells. SW480 cells were treated with calcitriol (100 nM) for 48 h (a), undergone MED28-specific siRNA (siMED28) for 72 h
(b), or MED28 overexpression plasmid (Flag-MED28) for 48 h (c), with respective controls, and subjected to Western blotting. The ratios
below the representative images (left panels) indicate the relative expression of the specific proteins with respect to those of 0 nM (a),
siControl (b), or pcDNA3 (c) after normalization with the expression of the corresponding loading controls, β-actin, α-tubulin, GAPDH, or
vinculin. Densitometric data (right panels) are expressed as means ± standard deviation, n = 3; ∗∗p < 0:01, ∗∗∗p < 0:001, and ∗∗∗∗p < 0:0001
as compared with 0 nM (a), siControl (b), or pcDNA3 (c). (d) SW480 cells were transfected with MED28 overexpression plasmid
(Flag-MED28), followed by the addition of calcitriol for 48h, and then subjected to Western blotting. “–” indicates vehicle control
(0 nM of calcitriol) or pcDNA3 transfection. The ratios below the representative images (left panel) indicate the relative expression of
the specific proteins with respect to those of lane 1 (0 nM and pcDNA3) after normalization with the expression of the corresponding
loading controls, β-actin, or GAPDH. Densitometric data (right panel) are expressed as means ± standard deviation, n = 3; ∗p < 0:05 and
∗∗∗∗p < 0:0001 as compared with lane 1 (0 nM and pcDNA3); $$$$p < 0:0001 as compared with lane 2 (0 nM and Flag-MED28).
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addition to EMT, calcitriol could also exert its effect on cell
growth. Calcitriol reduced the expression of PCNA, a marker
for cell proliferation, in HT29 xenografts as well as HT29 cells
and SW480 cells (Figures 1(a), 2(a), and 3(a)). Furthermore, cal-
citriol or MED28 knockdown reduced the expression of Wnt/
β-catenin signaling molecules, including c-Myc, cyclin D1,
β-catenin, and p-GSK3β, but upregulated p21 (Figures 1(a),
2, and 3). Therefore, either MED28 silencing or calcitriol
intervention could probably suppress cell proliferation and
rescue the loss of epithelial polarity to reverse malignancy.

Calcitriol appears to exert its genomic and nongenomic
effects to modulate the development of colorectal cancer
through multiple avenues [8]. For example, calcitriol upre-
gulates E-cadherin, which presumably increases the likeli-
hood of β-catenin staying at adherens junctions. In the
current study, we showed that calcitriol upregulated the
expression of E-cadherin (Figures 1(a), 2(a), and 3(a)).
Vaughan-Shaw et al. identified that calcitriol upregulates
the expression of E-cadherin at the stages of both transcrip-
tion and translation using ex vivo (patient-derived epithelial
organoids) and in vitro (multiple CRC cell lines) approaches
[28]. Xin et al. reported that calcitriol increases the binding
between E-cadherin and β-catenin in SW480 cells using
immunoprecipitation assay [29]. The formation of the calci-
triol/VDR complex sequesters β-catenin from interacting
with TCF/LEF1, which suppresses the transcriptional activa-
tion of the Wnt/β-catenin target genes [8]. Previously using
the TOPFlash/FOPFlash reporter system, our laboratory has
shown that both calcitriol addition and MED28 suppression
downregulate the transcriptional activation of the Wnt/β-
catenin signaling in SW480 cells [17, 20]. It is noteworthy
that the genomic action of vitamin D exerts its effect on
transcription through VDR, by interacting with other tran-
scription factors and Mediator complex [7]. Therefore,
through VDR-Mediator association, vitamin D could pre-
sumably regulate tumorigenesis. Interestingly, we found that

calcitriol suppressed the mRNA expression of MED28
(Figure 4(a)), and MED28 is a Mediator subunit involved
in the transcriptional activation of the RNA polymerase II-
encoding genes [13]. Therefore, our data indicated that cal-
citriol could also exert its inhibitory effect on its downstream
targets such as Wnt/β-catenin signaling molecules through
suppressing the gene expression of MED28. Considering
MED28 as a subunit of the Mediator complex and a link
with Wnt/β-catenin signaling, it is intuitive to propose
MED28 as a central player involved in the effect of calcitriol
on the development of colorectal cancer.

In this study we identified a connection of MED28 with
EMT and cell growth in human colorectal cancer cells such that
MED28 regulates Wnt/β-catenin signaling and controls tran-
scription factors involved in downregulating E-cadherin and
upregulating mesenchymal markers such as MMP9 and fibro-
nectin. The growth-promoting and EMT-upregulating modes
of MED28 could be repressed by the addition of calcitriol
(Figures 3(d) and 4(b)). Calcitriol may suppress the develop-
ment of colorectal cancer through multiple pathways [8]. The
reasons that we focused on Wnt/β-catenin signaling include a
threefold explanation: (1) Wnt/β-catenin signaling, one of the
major players in the progression of CRC, regulates cell growth
and epithelial-mesenchymal transition in CRC. (2) MED28
regulates Wnt/β-catenin signaling and the expression of its
downstream targets. (3) Calcitriol suppressed the expression
of MED28 and Wnt/β-catenin signaling molecules. Therefore,
we propose that one suppressive effect of calcitriol on CRCmay
work through MED28-mediated Wnt/β-catenin signaling.
Calcitriol exhibits promising clinical application. For example,
Yu et al. reported that calcitriol confers radiosensitivity in colo-
rectal cancer, suggesting a synergistic effect between ionizing
radiation and calcitriol [30]. Together, our data support that
MED28 plays an important role in the development of colorec-
tal cancer and indicate that calcitriol may be translationally
applicable as an adjuvant in fighting this malignancy.

1.5

1.0

0.5
Re

la
tiv

e M
E
D
28

 m
RN

A
 ex

pr
es

sio
n

(fo
ld

)

0.0
HT29 SW480

⁎

⁎⁎

Control
Calcitriol

(a)

Calcitriol

Wnt/𝛽-catenin signaling
Cell growth

Epithelial-mesenchymal transition

MED28

(b)

Figure 4: Calcitriol suppresses Wnt/β-catenin signaling, cell growth, and epithelial-mesenchymal transition, partially through
downregulating MED28 expression, in human colorectal cancer cells. (a) SW480 and HT29 cells were treated with calcitriol (100 nM) for
48 h and subjected to RNA extraction and quantitative real-time polymerase chain reaction as described in Materials and Methods. Data
are expressed as means ± standard deviation, n = 3; ∗p < 0:05 and ∗∗p < 0:01 as compared with the respective control (Control; 0 nM of
calcitriol) after normalization with the expression of GAPDH. (b) MED28 upregulates Wnt/β-catenin signaling, cell growth, and
epithelial-mesenchymal transition, which can be suppressed by calcitriol.
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