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ABSTRACT

Dysregulation of miR-203 by promoter methylation is associated with the development of various cancers.
We aimed to explore the underlying link between promoter methylation and miR-203 expression in
Kazakh esophageal squamous cell carcinoma (ESCC). MassARRAY® System spectrometry was used to
quantitatively analyze the DNA methylation of 32 CpG sites within miR-203 in 99 Kazakh ESCC and 46
normal esophageal tissues (NETs) with similar population characteristics. We conducted real-time PCR to
detect miR-203 expression levels and evaluated their association with methylation. Eleven CpG units
within miR-203 promoter were frequently hypermethylated in ESCC compared with NETs (P < 0.05). The
hypermethylation of several CpG units positively correlated with age, lower esophagus, constrictive type
of ESCC, and moderately differentiated ESCC. Given the involvement of human papillomavirus (HPV) in
etiology of ESCC was confirmed from our previous reports, herein we found that CpG units within miR-203
in HPV16-positive ESCC are more heavily methylated. Furthermore, miR-203 expression showed a nearly
4.5-fold decrease in ESCC than NETs (0.206 £ 0.336 vs. 0.908 + 1.424, P < 0.001) and was significantly
associated with lymph node metastasis (P = 0.012). The expression of miR-203 with 11 completely
hypermethylated CpG units was approximately 6.5-fold lower than that with at least 1 unmethylated CpG
unit (P < 0.001) and especially the CpG_15.16 and CpG_31.32 with higher methylation levels in ESCC
tissues exhibited lower expression levels of miR-203, which indicated a reverse association between
miR-203 methylation and expression. Hypermethylated miR-203 is a potential biomarker and targeted
delivery of miR-203 could therefore serve as a preventive or therapeutic strategy for Kazakh ESCC.
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Introduction epigenetic modification. Inordinately aberrant methylation of

DNA can be observed in various tumor tissues. This event is
usually characterized by low methylation at the whole-genome

Esophageal cancer is the eighth most common cancer world-
wide and the sixth most common cause of death from cancer.

Esophageal squamous cell carcinoma (ESCC) is a common
type of esophageal cancer in developing countries, such as
China.> Compared with other ethnic populations residing in
Xinjiang, China, Kazakhs are more susceptible to ESCC. This
population has a high incidence and mortality of ESCC familial
aggregation, rendering ESCC a major cause of cancer-related
deaths.” Epidemiological and etiological studies showed that
environmental and genetic factors greatly contribute to esoph-
ageal carcinogenesis." DNA methylation is a main pattern of

level and high methylation in a specific gene promoter region.’
Highly methylated CpG islands of a DNA promoter could
restrain the relevant transcription of target genes, especially
antioncogenes. Importantly, early diagnosis is critical for the
effective treatment of ESCC. Abnormal methylation of DNA
can be used to detect and diagnose ESCC.° Exposing the molec-
ular pathogenesis of Kazakh ESCC, especially discovering the
abnormal CpG methylation, is important to develop new
approaches to prevent, diagnose, and treat ESCC.
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microRNAs (miRNAs), approximately 22 nt noncoding
RNAs coded by endogenous genes, can posttranscriptionally
regulate gene expression mainly by binding to the 3’-UTR of
protein-coding transcripts.” In recent years, an increasing num-
ber of miRNAs involved in essential tumor cell biologic pro-
cesses, such as proliferation, invasion, and apoptosis, have been
identified.® Recent studies of the relationship between miRNA
methylation and tumorigenesis reported that high miRNA
methylation is one mechanism to silence miRNA expression.’
As a result, methylated CpG sites within CpG islands in the
promoter lead to abnormal target gene expression. We previ-
ously observed that miR-34a hypermethylation downregulates
miR-34a expression in Kazakh ESCC.'” miR-203, a miRNA
located in chromosome 14q32.33, is reportedly a tumor sup-
pressor gene.'' The expression of miR-203 varies in different
tumor types; for instance, it is downregulated in haemato-
poietic tumors'? and ESCC" but upregulated in breast can-
cer."* Growing evidence supports that the downregulation of
miR-203 by promoter hypermethylation is linked to the devel-
opment of tumors, such as haematopoietic tumors,'> hepatocel-
lular carcinoma,” bladder cancer,'> endometrial cancer,'®
cervical cancer,'” larynx and hypopharynx carcinoma,'® and
esophageal cancer.'” However, Chen et al. showed that regula-
tion of miR-203 might not include CpG island methylation in
ESCC.*° Although hypermethylation of miR-203 upregulated
the risk of ESCC in Chinese," the underlying link between
miR-203 expression and promoter methylation in ESCC
remains unclear, especially in Kazakhs. We suppose that the
expression of miR-203 is correlated with promoter methylation
in Kazakh ESCC.

Considering that the mechanism underlying abnormal DNA
methylation may induce aberrant gene expression, we deter-
mined whether the expression of miR-203 is modulated by epi-
genetic modifications by indirectly silencing or activating miR-
203 genes in Kazakh ESCC patients. Matrix-assisted laser
desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS) was performed to cope with this problem,
and the methylation of individual CpG units in 386 base pair
regions containing 32 CpG sites within 21 CpG units at the
miR-203 promoter regions with a total of 145 Kazakh tissues
was quantitatively evaluated. Expression of miR-203 was also
analyzed to explore the relationship between promoter methyl-
ation and gene expression. We found, for the first time, that
promoter hypermethylation was correlated with downregula-
tion of miR-203 in Kazakh ESCC. Our findings showed that
hypermethylated miR-203 is a potential biomarker of ESCC
carcinogenesis and could be an alternative approach for molec-
ular-targeted prevention and therapy.

Results

miR-203 promoter is frequently hypermethylated
in Kazakh patients with ESCC

The MassARRAY System allows quantitative high-throughput
detection and analysis of a single CpG site methylation within a
target fragment (CpG island). A single CpG site or a combina-
tion of CpG sites forms a CpG unit. We therefore could acquire
accurate CpG site methylation data and calculate ratios or
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frequencies by MALDI-TOF-MS. EpiTYPER v1.0.5 software
was used to analyze the methylation status of miR-203 in all
samples collected from Kazakh patients with ESCC (n = 99)
and NETs (n = 46). The amplicon detected in the promoter
regions of miR-203 was 386 base pairs in length and contained
32 CpG sites that can be divided into 21 CpG units. Among
these CpG units, one CpG unit (CpG_13) was not successfully
detected. The final data set consisted of 20 CpG units (4495
sites in 145 analyzed samples).

An unsupervised hierarchical clustering analysis, which pro-
vides an equitable view of the relationships between ESCC and
CpG units, was used (Fig. 1). CpG methylation levels of the sam-
ples could be identified based on color (which varied from red to
yellow, indicating a methylation range of 0% to 100%) for each
miR-203 CpG unit in each sample. The patterns observed in the
cluster analysis indicated that the methylation status of ESCC tis-
sues was notably different from that of NETs. The methylation
level of every CpG unit within miR-203 promoter was also ana-
lyzed by GraphPad Prism 5 (Fig. 2 and Supplementary Fig. S2).
The results showed that normal samples are characterized by con-
sistent low methylation levels and ESCC samples display more
variable methylation patterns. We assessed the methylation level
of each CpG unit within the miR-203 promoter and found that
19 CpG units (except for CpG_13 and CpG_29.30) were more
highly methylated in ESCC than in NETSs (Fig. 3). Nonparametric
test showed that apart from CpG_l1.2, CpG_3, CpG_5.6,
CpG_10, CpG13, CpG_21, CpG_2526, CpG_27, CpG_28,
and CpG_29.30, the mean methylation levels at CpG_4,
CpG_78, CpG_9, CpG_11, CpG_12, CpG_14, CpG_15.16,
CpG_17.18.19.20, CpG_22.23, CpG_24 and CpG_31.32 were all
significantly higher in ESCC (mean methylation = 10.44%,
22.78%, 21.99%, 21.52%, 22.63%, 17.25%, 40.35%, 35.92%,
19.94%, 13.92%, 27.53%, respectively) than in NET's (mean meth-
ylation = 1.89%, 9.15%, 14.83%, 6.47%, 8.36%, 6.47%, 11.83%,
16.09%, 13.72%, 4.26%, 9.94%, respectively; all P < 0.05)
(Table S7).

miR-203 methylation correlated with clinicopathological
parameters of ESCC

We further evaluated the relationship between the quantitative
methylation patterns of every CpG unit within the miR-203
promoter and the clinicopathological parameters of the 99
Kazakh patients with ESCC (Table 1). The hypermethylation
rate of CpG_22.23 positively correlated with age (r = 0.210,
P = 0.043) (Table S3B). The CpG_31.32 hypermethylation rate
of miR-203 in the different tumor locations was ranked as fol-
lows: lower > middle > upper (0.4337 £+ 0.2708, 0.2286 =+
0.2020, and 0.1900 + 0.1493, respectively, P = 0.006; Kruskal-
Wallis H test) (Table S3C). Moreover, the CpG_24 average
methylation rate of miR-203 in the gross pathologic classifica-
tion of ESCC was ranked as follows: constriction type > fungat-
ing type > ulcerating type > medullary type (0.3300 £ 0.0283,
0.2250 + 0.1234, 0.1163 £ 0.0985, and 0.0942 + 0.0585,
respectively; P = 0.04, Kruskal-Wallis H test) (Table S3D). The
CpG_17.18.19.20 average methylation rate of miR-203 in the
various differentiation types was ranked as follows: middle >
high > low (0.4344 £ 0.2614, 0.2615 + 0.2268 and 0.2375 +
0.1472, respectively; P = 0.013, Kruskal-Wallis H test)
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Figure 1. Genomic structure and distribution of miR-203 CpG dinucleotides over transcription start site (TSS) and hierarchical cluster analysis of CpG units methylation
profiles of miR-203 promoter region in esophageal squamous cell carcinoma (n = 99) and normal esophageal tumors (n = 46). Each vertex indicates an individual CpG
site. The positions and orientation of the MassARRAY primers are indicated by horizontal black bars. Each row represents a sample. Each column displays the clustering of
CpG units, which are a single CpG site or a combination of CpG sites. The color gradient between red and yellow indicates methylation of each miR-203 CpG unit in each

sample ranging from 0% to 100%. Gray represents technically inadequate or missing

(Table S3E). However, the CpG unit methylation of the miR-
203 promoter showed no association with gender, lymph node
metastasis, and TNM stage of Kazakh ESCC (Table S3A, S3F,
S3G).

Hypermethylated miR-203 associated with HPV infection
in ESCC

Since our previous reports exhibited a strong positive associa-
tion between HPV16 infection and Kazakh patients with ESCC,
we sought to investigate whether the infection of HPV16 in
ESCC affects the methylation level of miR-203. We detected
the association between HPV16 infection and the methylation
of CpG units within miR-203 promoter in ESCC (32 cases in
the positive infection group and 67 cases in the negative infec-
tion group). Our data suggest that the methylation levels of

data.

CpG_15.16 and CpG_17.18.19.20 were higher in ESCC with
HPV16 infection than in that without HPV16 infection (0.6146
+ 0.3765 vs. 0.3070 &+ 0.2737, P = 0.01; 0.4777 £ 0.2762 vs.
0.3113 £ 0.2281, P = 0.007) (Table 2).

Expression silencing of miR-203 in Kazakh ESCC tissue

We quantitatively examined the mRNA expression of miR-203
by real-time PCR in ESCC and NETs to determine whether
CpG methylation downregulates miR-203 gene expression
(ESCC n = 97; NET's n = 50). Consistent with our expectation,
the expression of miR-203 transcript showed an approximately
4.5-fold decrease in Kazakh ESCC patients compared with nor-
mal tissues (0.206 £ 0.336 vs. 0.908 &+ 1.424, P < 0.001)
(Table 3). The frequency distribution of miR-203 expression
between ESCC and NET's showed that the miR-203 expression
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Figure 2. Analysis of the significantly differentially methylated CpG units within miR-203 promoter. The average methylation levels of 11 CpG units in miR-203 promoter
between esophageal squamous cell carcinoma (ESCC) and normal esophageal Tumors (NETs). Green stands for the CpG methylation rate distribution of NETs, red stands
for the CpG methylation rate distribution of ESCC. The middle line stand for the average rate of methylation, the horizontal lines on both sides of the middle stand for

the standard error of average methylation rate.
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in ESCC was downregulated (Table S4). Moreover, Mann-
Whitney U test and Kruskal-Wallis H test showed a significant
association between decreased miR-203 expression and lymph
node metastasis (P = 0.012), but miR-203 expression showed
no correlation with gender, age, differentiation status, and
TNM stage (P > 0.05) (Table 4).

Correlation between promoter methylation and miRNA-

203 expression

Figure 3. Evaluation of CpG methylation within miR-203 promoter. The distribu- e used the bivariate correlation analysis to study the methyla—
tion of 20 (excepting one that was not covered) analyzed CpG units within miR- . level individual CoG . d th . £
203; abscissa stands for methylation rate and ordinate stands for grouping sam- tion levels at individua pG units and the expression o

ples.” P < 0.05, " P < 0.01, "™ P < 0.001.

miR-203. No correlation was found between the expression of
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Table 1. Relationships between miR-203 promoter methylation and various clinicopathological parameters in ESCC patients.

Clinical parameters

Gender Age Tumor location Tumor gross Differerntiation Lymphatic metastasis TNM stage
CpG Unit (W/Py? (r/P)? /PP type(x?/P)® (/PP (W/Py? (W/py?
CpG_4 1628.0 0.509 0.125 0.228 3444 0179 3.894 0.273 2.048 0.359 1749.5 0.413 13120 0.579
CpG_7.8 876.5 0399 0.186 0.126 0.901  0.637 0.543  0.909 2.239 0.326 973.5 0.930 7035 0.391
CpG_9 10745 0.078 —0.055 0.622 2240 0326 1333 0721 0.837 0.658 1285.5 0.349 24425 0.090
CpG_11 16910 0882 —0.122 0.241 5.881 0.053 6.145  0.105 0.002 0.999 2554.5 0.118 3029.5 0.201
CpG_12 24305 0419 0.073 0493 1.074  0.585 5720 0.126  0.04 0.977 2475.0 0.942 1206.0 0.275
CpG_14 1513.0 0.061 0.075 0.468 1552 046 2842 0417 0.633 0.729 2787.5 0.688 1299.5 0.563
CpG_15.16 963.0 0.497 0.133  0.245 0.542 0.763 0222 0974 1.117 0.572 1766.5 0911 8775 0.238
CpG_17.18.19.20  1923.0 0.773 0.066 0.571 0.400 0.819 1313 0726  8.657 0.013" 1647.0 0.758 9685 0.944
CpG_22.23 16120 0.693 0.210  0.043* 0463  0.793 4421 0219 4.532 0.104 1764.5 0.300 12540 0.165
CpG_24 27470 0514 —0.009 0.934 0428  0.807 8304 0.040° 2044 0360 2640.5 0.467 30720 0437
CpG_31.32 1311.0 0.992 0.064 0.571 10287 0.006™ 7.617 0.055 4.158 0.125 1950.5 0.866 965.0 0.539

®Mann-Whitney U test (two-sided); "Kruskal-Wallis H test (two-sided); * P < 0.05.
Table 2. Relationships between miR-203 methylation and HPV16 infection in ESCC.
HPV16 + (32 cases) HPV16 - (67 cases)

CpG Unit n X+£S N X+£S Wilcoxon W P
CpG_4 31 0.1290 =+ 0.0291 63 0.0917 £ 0.0178 2905.0 0.466
CpG_7.8 21 0.2900 =+ 0.2996 48 0.1985 + 0.1868 1615.5 0.400
CpG_9 26 0.2304 £ 0.0494 57 0.2139 4+ 0.0146 999.5 0.363
CpG_T1 29 0.2093 + 0.1535 65 0.2198 + 0.1206 1287.0 0.458
CpG_12 27 0.2185 + 0.2324 64 0.2303 + 0.2417 2935.0 0.938
CpG_14 31 0.1881 4 0.2290 66 0.1633 +0.1712 3221.0 0.920
CpG_15.16 24 0.6146 + 0.3765 54 0.3070 + 0.2737 1826.0 0.001**
CpG_17.18.19.20 22 0.4777 £ 0.2762 55 0.3113 4 0.2281 1905.5 0.007**
CpG_22.23 31 0.2010 £ 0.1874 63 0.1967 + 0.1664 1469.0 0.978
CpG_24 31 0.1545 £ 0.2079 64 0.1305 + 0.1504 1474.5 0.915
CpG_31.32 27 0.3274 + 0.2246 54 0.2493 £ 0.2354 2025.5 0.059

Mann-Whitney U test (two-sided); N stand for the number of analyzed CpG units; * P < 0.05.** P < 0.01.

miR-203 and the methylation levels of individual CpG units in
Kazakh ESCC patients (CpG_4, CpG_7.8, CpG_9, CpG_11,
CpG_12, CpG_14, CpG_15.16, CpG_17.18.19.20, CpG_22.23,
CpG_24 and CpG_31.32) (P > 0.05) (Table S5). Given that the
methylation level of a single CpG unit cannot represent the
global methylation level in individual patients, we further ana-
lyzed the relationship between the comprehensive methylation
level of 11 CpG units and the expression of miR-203. We found
that the methylation level of a group of 11 completely methyl-
ated CpG units was approximately 6.5-fold lower than that of a
group of at least 1 unmethylated CpG unit in Kazakh ESCC
patients (0.087 £ 0.060 vs. 0.566 £ 0.303, P < 0.001) (Table 5).
To determine further relationship between promoter methyla-
tion and miR-203 expression, we divided ESCC tissues into
miR-203 high expression group (RQ > 1) and low expression
group (RQ < 1). We used Mann-Whitney U test analysis and

Table 3. Expression of miR-203 in ESCC and NETs tissues.

miR-203 expression

Group n X+£S Wilcoxon W P
ESCC 97 0.206 4+ 0.336 6072.0 <0.001
NETs 50 0.908 + 1.424

Mann-Whitney U test (two-sided); N stand for the number of sample cases;
P < 0.05.

found that the hypermethylation of CpG_15.16 and CpG 31.32
units strongly correlated with the low mRNA expression level
of miR-203 (P = 0.046 and 0.004) (Table 6). However, no cor-
relation was found between methylation and gene expression
of miR-203 in NETs (Table S6). These findings suggest that
mRNA expression of miR-203 can be suppressed by hyperme-
thylation of its promoter region in Kazakh ESCC tissues.

Discussion

miRNAs are posttranscriptional cell regulatory factors. miR-
203 is a skin-specific miRNA identified in recent years; this
miRNA participates not only in the regulation of epidermal dif-
ferentiation during the embryonic period and in the formation
of skin protective layer, but also in the proliferation, differentia-
tion, invasion, metastasis, and apoptosis of cancer cells.'*> Pro-
moter methylation, which causes the dysregulation of miR-203
expression, can induce tumorigenesis by inducing the expres-
sion levels of target genes, such as ANp63,*' SPARC,**> ABL1,”
AKT2,** BCL-w.* Although hypermethylation and low expres-
sion of miR-203 in patients with ESCC in Chinese population
was shown before,? little is known about miR-203 methylation
in ESCC, especially in Kazakhs. We examined miR-203 methyl-
ation within its promoter region by MALDI-TOF mass spec-
trometry and gene expression by qRT-PCR and analyzed the



Table 4. Relationship between miR-203 expression and clinical characteristics in
Kazakh ESCC.
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could be a novel biomarker for molecular targeting prevention
and therapy.

Clinical characteristics n XS W/ x> P DNA hypermethylation of CpG sites within CpG islands
Conder causes cancer-related gene silencing by inactivating many
ender 7 .
Male 50 0260 + 0418 21875 0.404 tumor SUppressor genes. Thls. phenozr?en.on haszl;eer.l provezr;
Female 47 0.148 + 0.207 for several miRNAs, such as miR-203,”®* miR-9-1,"" miR-127,
Age(years)® and miR-34b/c.*® We previously indicated that miR-34a inacti-
<45 7 0.320 £ 0.447 3.199 0.202 i lat ith ab t CpG thvlati in Kazakh
15-64 51 0222 & 0.396 vation correlates with aberrant CpG methylation in Kaza
>64 39 0.165 & 0.207 patients with ESCC.”” To identify whether miR-203 methyla-

Dif;?fehmiatio“ status” tion occurs in ESCC of Xinjiang Kazakhs, we detected the
MII% dle g 8;3 i g:ggz 0122 0941 met.hylation levels of all our samples and fou.nd that the meth-
Low 18 0.184 £ 0302 ylation status of ESCC tissues was notably higher than that of

Lymph node metastasis® NETs. The methylation level of 19 CpG units (i.e., excluding
Yes 53 0.153 £ 0.336 2249.0 0.012* . c1s . T
No " 0270 & 0.329 CpG_29.30) was higher within ESCC tissues than NETs, indi-

TNM stage® cating that miR-203 hypermethylation occurred in ESCC. Con-
land I 64 02120291 15355 0525 sistent with our findings, hypermethylated miR-203 was also
llland IV 33 0.195 £ 0414

“Mann-Whitney U test (two-sided); bKruskal-Wallis H test (two-sided); n stand for
the number of sample cases; * P < 0.05.

correlation between miR-203 methylation and expression in
Kazakh ESCC. Results showed that hypermethylated CpG units
within the miR-203 promoter downregulated miR-203 expres-
sion in Kazakh ESCC. Our observations indicate that miR-203

found in endometrial carcinomas.'® However, studies implied
that DNA methylation is not involved in miR-203 regulation in
ESCC.* This difference may be attributed to differences in cul-
ture, ethnic composition, and other factors. At this point, addi-
tional research is needed to overcome this problem. We further
found that 11 CpG units of various CpG islands in the pro-
moter region of miR-203 significantly differed at the quantita-
tive hypermethylation level of each CpG site when comparing
ESCC with NETs. As a result, several key CpG units in genetic

Table 5. Association of miR-203 expression between different methylation groups in ESCC tissues.

miR-203 expression

Groups n X+S Wilcoxon W P

11 CpG units methylated completely 20 0.087 + 0.060 1596.0 <0.001

At least 1 CpG unit unmethylated 56 0.566 + 0.303

Mann-Whitney U test (two-sided); n stand for the number of sample cases; P < 0.05.
Table 6. Comparison between each CpG unit methylation and miR-203 expression in Kazakh ESCC.
High expression Low expression

CpG Unit n Methylation rate (X) RQ>1 RQ<1 Wilcoxon W P

CpG_4 74 >0.1040 6 18 1661.000 0.482
<0.1040 24 26

CpG_7.8 58 >0.2268 4 16 1116.000 0.191
<0.2268 14 24

CpG_9 67 >0.2190 4 14 1405.000 0.839
<0.2190 22 26

CpG_11 64 >0.2432 8 12 1372.000 0.899
<0.2432 20 28

CpG_12 66 >0.2242 4 16 1299.000 0.071
<0.2242 20 26

CpG_14 70 >0.1689 6 12 686.000 0.606
<0.1689 14 38

CpG_15.16 62 >0.4116 4 14 1024.000 0.046"
<0.4116 22 22

CpG_17.18.19.20 62 >0.3452 4 14 1105.000 0.091
<0.3452 24 20

CpG_22.23 72 >0.2386 8 16 1614.000 0.296
<0.2386 24 28

CpG_24 76 >0.1686 4 16 1851.000 0.088
<0.1686 24 32

CpG_31.32 66 >0.2561 2 16 1172.000 0.004"
<0.2561 24 24

Mann-Whitney U test (two-sided), n stand for the number of analyzed CpG units; RQ stand for Relative Quantification. RQ>1 means the high expression of miR 203 in
ESCC; RQ<1 means the low expression of miR-203 in ESCC. * P < 0.05.
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transcription suggest that miR-203 hypermethylation could
serve as diagnostic biomarkers in Kazakh ESCC.

Detection of methylation changes is crucial to assess prog-
nosis and therefore provide a basis for clinical monitoring and
risk assessment. Through an in-depth analysis of the relation-
ship between gene methylation and tumor formation, we found
a close relationship between methylation changes and conven-
tional prognostic indicators. We detected methylation of indi-
vidual CpG units within the promoter of miR-203 in ESCC
tissues and found that the methylation rate of CpG_22.23
positively correlated with age and that the average hypermethy-
lation rates of CpG_31.32, CpG_24, and CpG_17.18.19.20 of
miR-203 significantly correlated with lower esophagus, con-
strictive type of ESCC, and moderately differentiated ESCC.
Some studies demonstrated that miRNA methylation is bound
up with metastasis,” but we failed to find an association
between hypermethylated miR-203 and metastasis develop-
ment. This result may be attributed to the differences among
our sample groups. Previous studies have investigated the com-
bined effects of genetic polymorphisms and HPV infection on
the risk of ESCC.*' HLA-DRB1"1501 and HLA-DQB1°0301
reportedly influence HPV-encoded epitopes and affect the risk
of ESCC among Kazakhs in XinJiang, China.””> Melar-New et
al. showed that the HPV E7 protein may downregulate miR-
203 expression through the MAPK/PKC pathway during the
proliferation and differentiation of epithelial cells.”” Based on
these observations, we analyzed the correlation between HPV
infection and miR-203 methylation. Results showed that the
hypermethylation levels of CpG_15.16 and CpG_17.18.19.20
were associated with HPV16 infection. However, only precise
information of CpG unit methylation levels signals clinical
application value. Further research is warranted to illustrate the
definite mechanism.

A recent study has demonstrated that miR-203 is closely
connected with the differentiation of stratified squamous epi-
thelia.** Expression of miR-203 is downregulated in haemato-
poietic tumors,'””>  hepatocellular tumors,” endometrial
carcinomas,'® and cervical carcinomas'’ but upregulated in
breast cancer,'* colorectal cancer,” and ovarian cancer.”® Such
reports indicated that the expression of miR-203 varies in dif-
ferent tumor types. In the present study, the miR-203 gene
showed a nearly 4.5-fold decrease in expression in Kazakh
patients with ESCC compared with NETs. Moreover, our previ-
ous result indicated that the miR-203 gene with a high methyla-
tion level in ESCC has a nearly 4-fold decrease in expression
when compared with non-cancerous adjacent tissues
(NCAT).*” Consistent with our research, Feber et al. found that
miR-203 shows a 2-10-fold lower expression in ESCC com-
pared with normal epithelium."”” In addition, Yuan et al.
detected low expression of miR-203 in esophageal cancer cell
lines TE-1 and Ecal09. Transfection with miR-203 mimic sig-
nificantly prolonged cell doubling time, significantly increased
apoptosis rate, and significantly decreased invasive ability.”! A
significant correlation was also found between decreased miR-
203 expression and lymph node metastasis. These observations
indicate that miR-203 acts as a tumor suppressor and early-
stage biomarker gene in Xinjiang Kazak ESCC.

Gene-specific hypermethylation leads to gene silencing by
typically reflecting the hypermethylation of CpG-rich regions

within gene promoter sequences. We hypothesized that the
downregulation of miR-203 correlates with promoter hyper-
methylation in Kazakh ESCC. Our results indicate that
expression of miR-203 with 11 completely methylated CpG
units group was 6.5-fold lower than that with at least 1
unmethylated CpG unit group. In addition, comparing the
methylation of CpG units and the expression levels of miR-
203, we found that CpG_15.16 and CpG_31.32 with higher
methylation levels in ESCC tissues exhibited lower miR-203
expression levels, indicating a reverse association between
miR-203 CpG unit methylation and expression. Our findings
indicate that expression of miR-203 in Xinjiang Kazak ESCC
is suppressed via promoter methylation. Studies demon-
strated that 5-AzadC demethylation treatment induced re-
expression of mature miR-203 in vivo.'> These findings sup-
port the same viewpoint as ours. Recent studies have shown
that miR-203 negatively regulates the expression of ANp63
at the posttranscriptional level in ESCC; by regulating
ANp63-mediated signal pathways in human ESCC, miR-203
might function as a tumor suppressor.”’ In addition, miR-
203 serves as a tumor suppressor in Rhabdomyosarcoma by
targeting p63 and inhibiting cell migration.'" In our previous
study, p63 expression significantly differed between ESCC
tissues and NCAT. However, no correlation was found
between the expression of miR-203 and p63*”. At the molec-
ular level, miR-203 might regulate LASP1 expression directly
and suppress the migration and invasion of cells in ESCC.*®
In bladder cancer, miR-203 inhibits the expression of bcl-w
to repress development and downregulates miR-203 target
genes Akt2 and Src, which decrease cell proliferation and
increase cell apoptosis.”>>® Moreover, miR-203 controls cell
proliferation in haematopoietic malignancies by targeting
ABL1* and induces apoptosis in colon and lung cancer cells
by upregulating the expression of Puma.** However, the
functions of miR-203 in Xinjiang Kazak ESCC remain unam-
biguous and warrant further studies.

Conclusions

In summary, our data supports, for the first time, the hypothe-
sis that CpG hypermethylation of the miR-203 gene could
downregulate miR-203 expression in Kazakh patients with
ESCC. In addition, CpG units within miR-203 in HPV16-posi-
tive ESCC were more heavily methylated. Moreover, decreased
miR-203 expression significantly correlated with lymph node
metastasis. Importantly, our results showed that hypermethy-
lated miR-203 is a potential biomarker of ESCC carcinogenesis
and that demethylation treatment of miR-203 could be an alter-
native approach for molecular-targeted prevention and therapy.

Materials and methods
Tumor samples

A total of 145 samples were used for miR-203 methylation
detection, including 99 Kazakh ESCC tissue samples registered
in the Departments of Pathology, Shihezi University School of
Medicine and the People’s Hospital of Xinjiang, China, during
1984 to 2011. Additionally, 46 samples of NETs were used for



comparison. To determine the expression of miR-203, 97 ESCC
tissue samples and 50 normal control tissues were collected.
Details regarding the clinical features of ESCC patients are
listed in Table S1 and Table 4. All specimens were obtained
after surgery and were embedded in paraffin. Afterwards, they
were sectioned into 5-um slices. The paraffin sections of all
esophageal cancer tissue were stained with hematoxylin-eosin
and observed by professional pathologists under the micro-
scope. All tumor samples we selected had rich and large cancer
tissue. NanoDrop spectrophotometer was used to quantitatively
detect the purity and concentration of the genomic DNA. We
ensured the DNA purity (OD260/280) at 1.7-2.0 and concen-
tration was greater than 50 ng/ul. DNA from tumors and
normal tissues was extracted using standard methods. Differen-
tiation grade, TNM stage, and lymph node status were deter-
mined in accordance with the UICC/AJCC TNM classification
(Seventh Edition).

In this study, various clinic-pathological characteristics of
Kazakh ESCC cases and controls were investigated. The age
was 59.44 £ 9.02 (mean £ SD) years for the cancer samples
and 56.57 £ 9.07 y for the normal sample (P = 0.95). There
were 61 (61.6%) males and 38 (38.4%) females in the case
group and 30 (65.2%) males and 16 (34.8%) females in the
control group (P = 0.78). The cases included 29 (29.3%)
well-differentiated patients (group G1), 55 (55.5%) moder-
ately differentiated patients (G2), and 15 (15.2%) poorly dif-
ferentiated patients (G3). Of the 99 ESCC cases, 69 (69.7%)
were classified as stage I/II and 30 (30.3%) as stage III/IV.
Forty of the patients presented with lymph node metastases.
All participating patients have written informed consent
before registration in the study. This study was approved by
the institutional ethics committee at the First Affiliated
Hospital of Shihezi University School of Medicine and was
in accordance with the ethical guidelines of the Declaration
of Helsinki.

DNA extraction and bisulfite modification

We isolated the DNA from 15-20 consecutive 10 um thick
tissue sections by proteinase K digestion and a tissue DNA
extraction kit (Qiagen Inc., Valencia, CA, USA) in accor-
dance with the manufacturer’s instructions. The quality of
genomic DNA was detected by S-globulin PCR amplifica-
tion. As an internal control, purified genomic DNA samples
were tested by PCR with human g-globulin primers 5'-
CAGACACCATGGTGCACCTGAC-3" (forward) and 5'-
CCAATAGGCAGAGAGAGTCAGTG-3' (reverse), showing
suitable DNA quality and quantity. Samples with positive
3-globulin PCR amplification, DNA purity (OD260/0D280)
between 1.7 and 2.0, and with DNA concentration greater
than 50 ng/ul were used for miR-203_15 PCR amplification.
Purified genomic bisulfite-converted DNA samples were also
successfully tested by PCR with human has-mir-203_15 primers
5-aggaagagagTTTTTTAAGGTTTTAGTGAGTGGAGA-3’
(forward) and 5’-cagtaatacgactcactatagggagaaggct
AATCCCCAAAACCTAACTAACTCC-3' (reverse) to show
that the samples could be used for follow-up experiments
(Supplementary file 1: Fig. S1). Genomic DNA was stored at
-20°C until used as template for each PCR reaction. Bisulfite
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was used to treat the genomic DNA by using the EZ DNA
Methylation Kit™ in accordance with the manufacturer’s pro-
tocol (Zymo Research, Orange Country, CA; Catalog No.
D5001). Bisulfite conversion and DNA clean-up were com-
bined in this treatment. A NanoDrop spectrophotometer was
used to measure the converted DNA (NanoDrop Technologies
Inc., Wilmington, DE).

Analysis of HPV16 infection by semi-nested PCR

Semi-nested PCR was conducted in 2 steps to detect HPV16E
infection, and all purified samples were first tested by PCR
with HPV16E6 primers 5-GACCCAGAAAGTTACCACAG-
3’ (forward I) and 5-CACAACGGTTTGTTGTATTG-3
(reverse) as an internal control, followed by HPV16E primers
5-CAAGCAACAGTTACTGCGACGTG-3' (forward) and 5'-
CACAACGGTTTGTTGTATTG-3' (reverse). We observed
infection of HPV16E by gel imaging after 25 min.

Quantitative analysis of DNA methylation

UCSC genome browser (http://genome.ucsc.edu) was used to
identify the sequence of the CpG islands. We found hsa-mir-
203 loci in 14q32.33 (103653495 - 103653604) with a length of
110 bp and 179 CpG sites in CpG island within a length of
1538bp in the miR-203 promoter sequence. Primer sets for the
methylation analysis of the miR-203 promoter were designed
using EpiDesigner (http://epidesigner.com; Table S2). For each
reverse primer, an additional T7 promoter tag was added for in
vivo transcription, and a 10-mer tag was added to the forward
primer to adjust for the melting temperature. Methylation of
miR-203 was quantitatively analyzed by the MassARRAY plat-
form (SEQUENOM, San Diego, CA) as described previously.lo
Matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS), a new type of high-through-
put quantitative methylation detection method, was combined
with the base specificity of the enzyme reaction to test the
methylation level of DNA. Mass spectra were collected by Mas-
SARRAY Compact MALDI-TOF (SEQUENOM), and the
methylation proportions of individual units were generated by
EpiTyper 1.0.5 (SEQUENOM). All experiments were per-
formed in triplicate. Non-applicable readings and their corre-
sponding sites were eliminated from analysis. Methylation level
was expressed as the percentage of methylated cytosines over
the total number of methylated and unmethylated cytosines.

Extraction of RNA and detection of mature miRNA level
with SYBR Green qRT-PCR

RNA was extracted from tissue samples using the miRNeasy
FFPE Kit reagent (QIAGEN, Hilden, Germany) in accordance
with the manufacturer’s protocol. Real-time PCR was con-
ducted in 2 steps. cDNA was amplified with specific primer
sets: MiR-203 (miScript Primer Assay Hs_miR-203_1,
MS00003766) and RNU6 (miScript PCR Control Assay
Hs_RNU6_2, MS00033740) in a Stratagene Mx-3000P real-
time thermocycler (Stratagene, La Jolla, CA). Quantitative
real-time PCR was conducted with a SYBR green PCR Master
Mix (Qiagen) containing ROX as a reference dye. RUN6B
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snRNA was used as internal control, and data were normal-
ized by the comparative threshold cycle method. C; values
were averaged, and the relative level of miR-203 expression in
ESCC was calculated by 27" (AC, = Cimir-203 in ESCC tissues
— CirNU6 gene in ESCC tissues)- RQ stands for relative quantifica-
tion and indicates the fold-change in miR-203 expression in
cancerous tissues relative to that in normal tissues. The differ-
ence between the expression level of miR-203 in ESCC and
NETs was expressed by RQ value (RQ = 27AAC AACE =
ACtgscc — ACtyers)- If the value of RQ > 1, miR-203 expres-
sion in the ESCC is higher than that in NET tissues; if the
value of RQ < 1, miR-203 expression in the ESCC is lower
than that in NET tissues.

Statistical analysis

Each CpG unit methylation data of miR-203 from 145 samples
including ESCC and NETs were used for stratified cluster anal-
ysis by Cluster 3.0 and Tree View software. We used SPSS 16.0
(SPSS Inc., Chicago, IL) and GraphPad Prism 5.0 (GraphPad
Software Inc., San Diego, CA) to analyze and describe the data.
Values were represented as mean + SD. All P values were 2-
sided, and P < 0.05 was considered to indicate statistical signif-
icance. Mann-Whitney U test and Kruskal-Wallis H test in 2
groups or more were performed to compare the miR-203 meth-
ylation levels of CpG sites between ESCC and NETs, and
among ESCC and clinicopathological parameters. Mann-Whit-
ney U test was conducted to compare the methylation status of
miR-203 and HPV16 infection in ESCC and to compare the
relationship between miRNA-203 gene expression in Kazakh
ESCC and clinical characteristics. Mann-Whitney U test was
also conducted to compare the miR-203 expression between
ESCC and NETSs and between 2 methylation groups. Bivariate
correlation and Wilcoxon W test were analyzed to evaluate the
correlations between CpG unit methylation status and miR-203
expression.
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