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Abstract
Background: The study aimed to explore the associations between the interactions of serum vitamin B
 2 or B12 levels,
aberrant DNA methylation of p16 or p53 and MTHFR C677T polymorphism and the risks of esophageal squamous cell
carcinoma (ESCC) and esophageal precancerous lesion (EPL).
Methods: 200 ESCC cases, 200 EPL cases and 200 normal controls were matched by age (± 2 years) and gender.
Serum vitamin B
 2 and B12 levels, MTHFR C677T genetic polymorphisms and the methylation status of genes were
assessed. Chi square test, one-way analysis of variance and binary logistic regression were performed.
Results: The lowest quartile of both serum vitamin B2 and B12 with TT genotype showed significant increased EPL risk
(OR = 4.91, 95% CI 1.31–18.35; OR = 6.88, 95% CI 1.10–42.80). The highest quartile of both serum vitamin B2 and B12
with CC genotype showed significant decreased ESCC risk (OR = 0.16, 95% CI 0.04–0.60; OR = 0.10, 95% CI 0.02–0.46).
The ORs of p16 methylation for genotype CT and TT were 1.98 (95% CI 1.01–3.89) and 17.79 (95% CI 2.26–140.22)
in EPL, 4.86 (95% CI 2.48–9.50) and 20.40 (95% CI 2.53–164.81) in ESCC, respectively. Similarly, p53 methylation with
genotype TT was associated with increased EPL and ESCC risks (OR = 13.28, 95% CI 1.67–105.70; OR = 15.24, 95% CI
1.90–122.62).
Conclusions: The MTHFR C677T genotype and serum vitamin B2 or B12 levels may interact in ways which associated
with the EPL and ESCC risks. The gene–gene interaction suggested that aberrant DNA methyaltion of either p16 or
p53 combined with T alleles of MTHFR was associated with increased risks of both EPL and ESCC.
Keywords: Esophageal squamous cell carcinoma, Esophageal precancerous lesion, Methylenetetrahydrofolate
reductase, Vitamin B2, Vitamin B12, DNA methylation
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Background
Esophageal cancer (EC), the eighth commonest cancer
and the sixth leading cause of cancer death worldwide,
has extremely low 5-year survival rate of approximately
15–25% owing to its aggressive nature and often being
diagnosed in late stages [1]. The two histological subtypes of EC, esophageal squamous cell carcinoma (ESCC)
and esophageal adenocarcinoma (EAC), have almost
completely distinct etiologic and pathologic characteristics, geographic patterns, time trends and major risk factors [2]. ESCC accounts for about 90% cases of EC each
year, and it is the predominant type of EC in the developing world, such as in China. It is known that ESCC is
associated with a complex combination of genetic, environmental and dietary factors, but many causes of ESCC
vary among different regions [2]. Mild, moderate and
severe esophageal squamous dysplasia, the recognized
esophageal precancerous lesions (EPL) for ESCC, are
associated with approximately 3-, 10-, and 30-fold higher
risk of ESCC than normal [3–5]. Studies illustrated that
some risk or protective factors may be similar for both
EPL and ESCC [6].
Deficiencies of some certain micronutrients, such as
folate and vitamin B6 which are the key methyl donor
and cofactor for the enzyme serine hydroxymethyltransferase respectively, have been recognized as the risk factors for cancers including ESCC [7, 8]. Folate and other
B vitamins like B2, B6 and B12 play important roles in the
one-carbon metabolism pathway, which is associated
with DNA methylation, synthesis and impaired DNA
repair [9]. 5,10-methylenetetrahydrofolate reductase
(MTHFR), the central enzyme in folate metabolism, is
involved in the circulation form of folate as it catalyzes
the irreversible reduction of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate. Then the catalysis of
methionine synthase is responsible for the reaction of
5-methyltetrahydrofolate and homocysteine and the generation of methionine [10]. These cycles require sufficient
concentrations of vitamin B2 and B
 12 as cofactors for the
enzymes MTHFR and methionine synthase, otherwise
folate will become trapped as 5,10-methylenetetrahydrofolate or 5-methyltetrahydrofolate and the generation
of methionine will be negatively impacted [11]. However, the association between vitamin B
 2 intake and EC
risk is not yet entirely understood, and the conclusion
has been inconsistent [7]. Several studies illustrated that
high intake or plasma concentration of vitamin B
 12 were
associated with increased risk of cancers including EC [7,
12–14], but the mechanism remains unclear and epidemiological studies have always showed inconsistent findings [8, 15]. Additionally, nucleotide substitution of C to
T at nucleotide 677, the commonest polymorphism for
MTHFR gene, results in an alanine to valine replacement
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so that the activity of MTHFR is reduced [16]. Over the
past decade, relations between MTHFR C677T polymorphism and aberrant DNA methylation with the risk
of ESCC called for more concern, but the available data
remains incomplete and the results are limited [10, 17].
In addition, it is known that carcinogenesis is a multistep process at the genetic level and associated with
hundreds of genes thus far. Gene p16 (cyclin dependent
kinase inhibitor 2A) and p53 (tumor protein p53) are
important tumor suppressor genes located on chromosome 9p21 and 17p13, respectively. They play essential
regulatory roles in the G1 cell cycle pathway which is
associated with tumorigenesis when becoming dysfunctional [18]. Studies have indicated that p16 methylation
and p53 mutations are frequently found in ESCC [19–
23], suggesting that genetic and epigenetic alterations in
p16 and p53 are involved in the pathogenesis of ESCC
[18, 24]. Aberrant DNA promoter hypermethylation in
the normal p16 gene was reported to be responsible for
the inactivation of p16 gene and the silence of the corresponding gene which is involved in carcinogenesis of
esophagus [18]. Meanwhile, it was reported that both
p53 mutations and single-nucleotide polymorphism in
codon 72 of p53 gene are associated with esophageal carcinogenesis [21–23]. However, the methylation in the p53
promoter in ESCC is rarely studied and gains more concern recently [25].
Our previous study indicated that MTHFR C677T
polymorphism may further modify associations between
serum concentration of folate and risk of ESCC, but no
statistically significant results were found with the risk
of EPL [26]. Here, to explore the roles and possible interactions of serum vitamin B
 2 and B
 12 concentrations,
MTHFR C677T polymorphism and aberrant DNA methylation of cancer-related genes including p16 and p53 in
ESCC and EPL, we carried out a molecular epidemiological study in a Chinese population with extremely high
incidence of ESCC.

Materials and methods
Study site

Huai’an District, Huai’an City, is an inland rural area in
the Northern Jiangsu Province of China with a population with high risk for EC (Additional file 1: Fig. S1). The
Center for Disease Control and Prevention (CDC) in
Huai’an District established a cancer registry report that
the incidence of EC among adults above 40 years old in
Huai’an District was 208.09/100,000 from 2008 to 2012,
meanwhile, the crude incidence and mortality of EC were
96.15/100,000 and 63.25/100,000, respectively [27]. Our
previous studies indicated that environmental exposures, some demographic parameters and genetic polymorphism may play important roles in the esophageal
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carcinogenesis in this endemic region [27, 28]. Recently,
a distinct epidemiological pattern of EPL was observed
in Huai’an District. Alcohol drinking plays on a minor
role in EPL and excessive smoking shows a significant
association. The risk factors which are likely to influence
both sexes equally, such as environmental exposures like
passive smoking, consuming shallow well water, river
water and lake water as the source of drinking water,
and dietary factors like frequent intake of pickled food,
fried food, hot food, corn and corn flour, and low intake
of nuts, bean foods, edible fungi, animal livers, fruits and
vegetables, are supposed to take the main responsibility for the development of ESCC [27]. To promote the
prevention and definitive treatment of EC and meet the
requirements for cost-effectiveness, the government and
Cancer Foundation of China have conducted the Early
Diagnosis and Early Treatment Project of Esophageal
Cancer (EDETPEC) in Huai’an District since 2010. Baseline data and blood samples were collected immediately
when participants were enrolled in the project.
EPL diagnosis

During the EDETPEC, each participant was required
to undergo a routine endoscopy examination. 10 ml
of 1.2% Lugol’s iodine solution was sprayed on the
esophageal mucosa uniformly and then mucosal staining was observed. Normal esophageal mucosa would
turn brown (iodine-positive), whereas dysplastic lesions
would remain unstained (iodine-negative). Subsequently,
unstained tissues were sampled, biopsies were oriented
on filter paper, placed in 10% phosphate-buffered formalin and transferred to the pathology laboratory. The
biopsies were processed to paraffin blocks, prepared on
the slides, then stained with hematoxylin–eosin for histopathological examination. Precancerous lesion for ESCC,
which is so called dysplasia, can be classified into mild,
moderate and severe dysplasia referring to its histological criteria which were initially illustrated in the 1970s
[29, 30] and then modified according to the experience in
China [31]. Squamous dysplasia requires the loss of normal cell polarity, the presence of nuclear atypia including
nuclear enlargement, pleomorphism and hyperchromatism, and abnormal tissue maturation without invasion of
epithelial cells through the basement membrane [6].
Study population

Between January 2010 and December 2013, 200 diagnosed EPL cases and 200 normal controls aged from 40
to 79 were selected from a total of approximately 5000
residents who had been recruited and undergone a routine endoscopy examination in the EDETPEC. Subsequently, 200 newly diagnosed ESCC cases were selected
from Huai’an District cancer registry system during the
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same period of time. Groups of 200 EPL cases, 200 ESCC
cases and 200 normal controls were matched by age
(± 2 years) and gender with each other. Individuals who
had had a history of cancer, taken vitamin B supplements
recently, undergone esophageal cancer surgery, radiotherapy or chemotherapy were not included. The study
protocol was approved by the Institutional Review Board
of Southeast University Zhongda Hospital with approval
number 2012ZDllKY19.0, in accordance with the Declaration of Helsinki. Additionally, all the participants
signed informed consent forms.
Data collection

When obtaining informed consent, trained interviewers
collected epidemiological data of socio-demographics,
lifestyle, eating habits by face-to-face interviews using a
questionnaire. Participants who smoked at least one cigarette or had at least, on average, one alcoholic drink per
day continuously for at least 6 months in one’s whole life,
were defined as smokers or drinkers. Additionally, 5 ml
12 h fasting blood sample from each participant was collected and centrifuged at 4000 rpm for 5 min to obtain
separated serum and leukocyte, then they were stored in
the − 80 °C refrigerator immediately.
Determination of serum vitamin B
 2 and B12

Serum vitamin B2 and B
 12 levels were determined by
double-antibody-sandwich enzyme-linked immunosorbent assay (ELISA). Vitamin B2 and B12 (human) ELISA
kits (Shanghai FanKe industrial Co., Ltd. Shanghai,
China) were used in the procedure. All operations were
in strict accordance with manufacturer’s instructions.
Optical density (OD) values at a wavelength of 450 nm
were measured using a multimode microplate reader
(Mithras LB 940, Berthold Technologies, Bad Wildbad,
Germany), and then concentrations of serum vitamin B
2
and B12 were calculated accordingly.
Detection of MTHFR polymorphism and DNA methylation

Genomic DNA was extracted from leukocyte samples by
using Wizard® Genomic DNA Purification kit (A1120,
Promega, WI, USA). MTHFR C677T genetic polymorphisms were assessd by polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP)
with the sense primer 5′-CGA AGC AGG GAG CTT
TGA GGC TG-3′ and the antisense primer 5′-AGG
ACG GTG CGG TGA GAG TG-3′. A PCR premix kit
(SK2072, Sangon, Shanghai, China) was used to conduct
PCR amplification, and the process was carried out in an
automated themocycler (AG6321, Eppendorf, Hamburg,
Germany). The PCR condition was initial denaturation
at 94 °C for 5 min, followed by 35 cycles of denaturation
at 94 °C for 30 s, annealing at 67 °C for 30 s, extension
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at 72 °C for 60 s, and final extension at 72 °C for 10 min.
PCR products were digested overnight at 37 °C with
restriction endonuclease Hinf I (R0155 V, New England
Biolabs, UK) for recognizing and cutting the variant type
sequence. The digestive PCR products were resolved on
3% agarose gel and visualized under UV illumination
after being stained with ethidium bromide (Additional
file 2: Fig. S2(a)). The wild genotype CC has one band of
233 bp. The heterozygote CT has three bands of 233, 176
and 57 bp, and the variant genotype TT has two bands of
176 and 57 bp.
The methylation status at the promoter region of gene
p16 and p53 was assessd by methylation-specific PCR
(MSP) after sodium bisulfate modification of DNA [32].
The primers used for p16 were methylated sense primer
5′-TTA TTA GAG GGT GGG GCG GAT CGC-3′ and
antisense primer 5′-GAC CCC GAA CCG CGA CCG
TAA-3′, and unmethylated sense primer 5′-TTA TTA
GAG GGT GGG GTG GAT TGT-3′ and antisense
primer 5′-CAA CCC CAA ACC ACA ACC ATA A-3′.
The primers used for p53 were methylated sense primer
5′-GTA GTT TGA ACG TTT TTA TTT TGG C-3′ and
antisense primer 5′-CCT ACT ACG CCC TCT ACA
AAC G-3′, and unmethylated sense primer 5′-GTA GTT
TGA ATG TTT TTA TTT TGG T-3′ and antisense
primer 5′-CCT ACT ACA CCC TCT ACA AAC A-3′.
PCR products were loaded onto 2% agarose gel and visualized after being stained with ethidium bromide (Additional file 2: Fig. S2(b)).
Statistical analysis

Baseline data were double-entered and validated in an
established database with Epidata version 3.1 and then
processed in Microsoft Excel. Statistical analyses were
performed using the statistical package SPSS version 17
(SPSS, Chicago, IL, USA). Differences in the serum vitamin B2 and B12 levels, distribution of socio-demographic
characteristics, lifestyle, methylation and genotype frequencies among controls, EPL and ESCC cases were
evaluated using Kruskal–Wallis test, Mann–Whitney U
test, Chi square (χ2) test and one-way analysis of variance
(ANOVA), wherever appropriate. The continuous variables of serum vitamin B
 2 and B
 12 levels were categorized
into quartiles (Q1, Q2, Q3 and Q4) based on the levels
of normal controls. Binary logistic regression was performed to assess the association between serum vitamin
B2 or B12 level and risk of EPL or ESCC. The effects of
interaction of serum vitamin B
 2 or B
 12 level and MTHFR
C667T genotype on the risk of EPL and ESCC, and the
joint effects of MTHFR C667T genotype and DNA methylation on the risks of EPL and ESCC were evaluated
using a multiplicative interaction model based on logistic regression. Analyses were adjusted for confounding
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variables including gender, age, tobacco use and alcohol use. Results were expressed by calculated odds ratio
(OR) and its corresponding 95% confidence interval (CI),
and statistical significance was considered as p < 0.05
(two-tailed).

Results
Socio‑demographic characteristics of the subjects

In this study, 200 normal controls, 200 diagnosed EPL
cases and 200 newly diagnosed ESCC cases with mean
age of 62.69 ± 5.37, 61.29 ± 6.60 and 62.28 ± 6.49 years
were enrolled and required to be age- (± 2 years) and
gender-matched. In all, 106 pairs were males and 94 pairs
were females. As shown in Table 1, ANOVA indicated
that there was no statistical significance in age among
three groups (p > 0.05).
Serum vitamin B
 2 and B12 levels of the subjects

The distributions of serum vitamin B
 2 and B12 levels in
normal controls, EPL cases and ESCC cases are shown
in Table 2 and Fig. 1. Kruskal–Wallis test indicated that
there were statistical significances in both vitamin B2 and
B12 among three groups (p < 0.01). In addition, compared
with control group, both EPL and ESCC groups showed
statistical significances in vitamin B
2 level, and only
ESCC group showed statistical significance in vitamin B
 12
level (p < 0.001, Mann–Whitney U test). However, no statistical significance was found in both vitamin B2 and B12
between EPL group and ESCC group (p > 0.05, Mann–
Whitney U test).
The association between serum vitamin B
 2 and B12 levels
and risk of EPL and ESCC

Serum vitamin B2 and B12 concentrations were classified into quartiles. As shown in Table 3, results indicated that the highest quartile of serum vitamin 
B2
was inversely associated with the risk of both EPL
(OR = 0.24, 95% CI 0.11–0.51) and ESCC (OR = 0.19,
95% CI 0.08–0.44) when compared with the lowest
quartile. The highest quartile of serum vitamin B12 was
inversely associated with the risk of ESCC (OR = 0.18,
95% CI 0.07–0.42) when compared with the lowest
Table 1 Age
mean ± SD)

characteristics

Category Control
(n = 200)

of

participants

EPL (n = 200) ESCC (n = 200) p value

Age range 43–76

45–77

45–77

Male

61.26 ± 6.82

62.57 ± 6.65

Female
Total

62.89 ± 5.10

62.46 ± 5.68

62.69 ± 5.37

SD Standard deviation

(years,

61.31 ± 6.38

61.29 ± 6.60

61.94 ± 6.34

62.28 ± 6.49

0.133
0.439
0.066

Pan et al. Cancer Cell Int

(2019) 19:288

Page 5 of 12

Table 2 Serum vitamin B
 2 and B12 levels in three groups ((Median (25th–75th))
Category

Control (n = 200)

EPL (n = 200)

ESCC (n = 200)

p valuea

Vitamin B2 (μg/l)

2592.69 (2074.39–3019.57)

2344.65 (1887.37–2648.32)b

2165.86 (2010.11–2577.37)b

< 0.001

Vitamin B12 (ng/l)

499.07 (375.09–570.88)

a

p value of Kruskal–Wallis test among the three groups

b

Compared with control group, p < 0.001 (Mann–Whitney U test)

438.91 (365.82–605.93)

433.07 (386.83–485.20)b

0.002

(OR = 1.90, 95% CI 1.10–3.26; OR = 1.87, 95% CI
1.08–3.24).
MTHFR C677T polymorphism and DNA methylation
in the study subjects

Fig. 1 a Box and whiskers plot of serum vitamin B2 level in three
groups. b Box and whiskers plot of serum vitamin B12 level in three
groups. The box values range from 25 to 75 percentiles of 200
subjects; the line within the box represents the median. The T-shaped
bars at both sides of the box represent values ranging from 5 to 25
and 75 to 95 percentiles; the dots represent outliers

quartile. However, the second lowest quartiles of both
vitamin B2 and B
 12 were associated with the increased
risk of ESCC when compared with the lowest quartiles

The proportions of CC, CT and TT genotypes were
49.5%, 41.0% and 9.5% in control group, 42.5%, 40.0%
and 17.5% in EPL group, and 42.0%, 48.5% and 9.5% in
ESCC group, respectively (Table 4). Hardy–Weinberg
calculation was performed for control group, and no significant deviation from the Hardy–Weinberg expectation was observed (χ2 = 0.11, p = 0.74). Compared with
control group, EPL group had a higher proportion of
variant genotype TT and the difference was statistically
significant (χ2 = 5.79, p < 0.05). The frequency of T allele
in EPL group was higher than that in control group as
well (χ2 = 5.03, p < 0.05). However, no statistically significant difference was found in the distribution of CT, TT
genotypes and T allele between ESCC and control groups
(p > 0.05). Additionally, our finding of Chi square test
showed that p16 methylation was associated with 58%
and 216% increases in the risk of EPL and ESCC, respectively (p < 0.05). Meanwhile, p53 methylation was associated with 121% increase in the risk of ESCC (p < 0.05).
Based on the significant results of the comparison of
MTHFR C677T genotype and allele frequencies between
EPL and controls provided by Tables 4 and 5 further illustrated the internal comparison of genotype and allele frequencies for the MTHFR C677T polymorphism among
mild, moderate and severe EPL cases by Chi square test.
There was no statistically significant difference between
mild and moderate EPL cases, whereas TT genotype
and T allele were more frequent in severe EPL cases
than in mild EPL cases (OR = 4.19, 95% CI 1.41–12.44;
OR = 2.33, 95% CI 1.29–4.21).
Interaction between serum vitamin B2, B12 and MTHFR
C677T polymorphism

The interaction between serum vitamin B
 2, B12 and
MTHFR C677T genotype was determined by logistic
regression analysis using controls, EPL and ESCC cases.
As shown in Table 6, after adjustment for gender, age,
tobacco smoking and alcoholic drinking, the interaction
of the lowest quartile of both serum vitamin B
 2 and B
 12
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Table 3 Associations between serum vitamin B2 and B12 levels and risk of EPL and ESCC
Quartile
Q1

Q2

Q3

Q4

  Concentration range, μg/l

< 2074.39

2074.39–2592.69

2592.69–3019.57

> 3019.57

  No. of cases/controls

67/50

68/50

43/50

22/50

  Adjusted OR (95% CI)a

1.00 (reference)

0.62 (0.34–1.13)

0.64 (0.35–1.16)

0.24 (0.11–0.51)

0.121

0.140

< 0.001
> 570.88

Esophageal precancerous lesions
Vitamin B2

  p value
Vitamin B12
  Concentration range, ng/l

< 375.09

375.09–499.07

499.07–570.88

  No. of cases/controls

53/50

68/50

21/50

58/50

  Adjusted OR (95% CI)a

1.00 (reference)

1.01 (0.53–1.91)

0.54 (0.26–1.13)

1.32 (0.70–2.49)

0.980

0.104

0.396

> 3019.57

  p value
Esophageal squamous cell carcinoma
Vitamin B2
  Concentration range, μg/l

< 2074.39

2074.39–2592.69

2592.69–3019.57

  No. of cases/controls

51/50

104/50

37/50

8/50

  Adjusted OR (95% CI)a

1.00 (reference)

1.90 (1.10–3.26)

0.75 (0.41–1.37)

0.19 (0.08–0.44)

0.021

0.345

< 0.001
> 570.88

  p value
Vitamin B12
  Concentration range, ng/l

< 375.09

375.09–499.07

499.07–570.88

  No. of cases/controls

49/50

115/50

27/50

9/50

  Adjusted OR (95% CI)a

1.00 (reference)

1.87 (1.08–3.24)

0.55 (0.28–1.05)

0.18 (0.07–0.42)

0.025

0.071

< 0.001

  p value
a

Adjusted for gender, age, tobacco smoking and alcoholic drinking

Table 4 Genotype and allele frequencies for the MTHFR C677T polymorphism and DNA methylation in EPL cases, ESCC
cases and healthy controls
Variables

Control
n (%)

EPL
n (%)

ESCC
OR (95% CI)

p value

n (%)

OR (95% CI)

p value

MTHFR C677T
CC

99 (49.5)

85 (42.5)

1.00

84 (42.0)

1.00

CT

82 (41.0)

80 (40.0)

1.14 (0.74–1.73)

0.55

97 (48.5)

1.39 (0.92–2.11)

0.12

TT

19 (9.5)

35 (17.5)

2.15 (1.14–4.03)

0.02

19 (9.5)

1.18 (0.59–2.37)

0.65

C

280 (70.0)

250 (62.5)

1.00

T

120 (30.0)

150 (37.5)

1.40 (1.04–1.89)

p16 methylation

70 (35.0)

92 (46.0)

p53 methylation

74 (36.5)

84 (42.0)

265 (66.3)

1.00

0.03

135 (33.8)

1.19 (0.88–1.60)

0.26

1.58 (1.06–2.37)

0.03

126 (63.0)

3.16 (2.10–4.76)

< 0.01

1.23 (0.83–1.84)

0.36

113 (56.5)

2.21 (1.48–3.30)

< 0.01

DNA methylation

with MTHFR C677T genotypes in EPL showed significant increased risk for variant genotype TT (OR = 4.91,
95% CI 1.31–18.35; OR = 6.88, 95% CI 1.10–42.80). The
interaction of the highest quartile of both serum vitamin B2 and B12 with MTHFR C677T genotypes in ESCC
showed significant decreased risk for wild genotype
CC (OR = 0.16, 95% CI 0.04–0.60; OR = 0.10, 95% CI

0.02–0.46), as well as for heterozygote CT (OR = 0.23,
95% CI 0.07–0.77; OR = 0.18, 95% CI 0.05–0.62). Interestingly, heterozygote CT along with the second lowest
quartile of both serum vitamin B2 and B12 conferred an
approximately twofold increased ESCC risk (OR = 2.45,
95% CI 1.13–5.30; OR = 2.38, 95% CI 1.10–5.17), and
the results of vitamin B2 and B12 showed similarity to
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Table 5 Genotype and allele frequencies for the MTHFR C677T polymorphism in mild, moderate and severe EPL cases
MTHFR C677T
genotype
frequencies

Mild EPL
n (%)

Moderate EPL

Severe EPL

n (%)

OR (95% CI)

p value

n (%)

OR (95% CI)

p value

CC

49 (50.5)

27 (37.0)

1.00

9 (30.0)

1.00

CT

35 (36.1)

34 (46.6)

1.76 (0.91–3.43)

0.09

11 (36.7)

1.71 (0.64–4.57)

0.28

TT

13 (13.4)

12 (16.4)

1.68 (0.67–4.18)

0.27

10 (33.3)

4.19 (1.41–12.44)

0.01

C

133 (68.6)

88 (60.3)

1.00

29 (48.4)

1.00

T

61 (31.5)

58 (39.7)

1.44 (0.92–2.25)

31 (51.7)

2.33 (1.29–4.21)

0.11

0.01

Table 6 Association between vitamin B2, B12 with the MTHFR C677T genotype and the risk of EPL and ESCC
Variables

EPL [OR (95% CI)a, p for interaction]

ESCC [OR (95% CI)a, p for interaction]

CC

CT

TT

CC

CT

TT

Q1 (< 2074.39)

1.00 (reference)

2.05 (0.85–4.99)
0.112

4.91 (1.31–18.35)
0.018

1.00 (reference)

1.13 (0.47–2.68)
0.790

1.25 (0.28–5.63)
0.771

Q2 (2074.39–2592.69)

1.16 (0.45–3.02)
0.760

0.85 (0.32–2.26)
0.750

1.56 (0.47–5.22)
0.469

2.13 (0.95–4.76)
0.067

2.45 (1.13–5.30) 0.023

0.78 (0.22–2.76)
0.702

Q3 (2592.69–3019.57)

0.60 (0.23–1.57)
0.294

1.79 (0.70–4.56)
0.226

2.98 (0.62–14.36)
0.174

0.54 (0.23–1.30)
0.171

1.10 (0.44–2.74) 0.833

1.67 (0.33–8.32)
0.534

Q4 (> 3019.57)

0.07 (0.01–0.61)
0.016

0.49 (0.16–1.49)
0.206

2.23 (0.51–9.69)
0.284

0.16 (0.04–0.60)
0.006

0.23 (0.07–0.77) 0.017

0.31 (0.03–3.02)
0.315

Q1 (< 375.09)

1.00 (reference)

2.03 (0.70–5.87)
0.193

6.88 (1.10–42.80)
0.039

1.00 (reference)

0.93 (0.38–2.28)
0.868

1.65 (0.25–10.91)
0.603

Q2 (375.09–499.07)

1.18 (0.41–3.38)
0.760

2.06 (0.75–5.69)
0.162

3.30 (0.79–13.88)
0.103

1.49 (0.69–3.25)
0.313

2.38 (1.10–5.17)
0.028

1.10 (0.28–4.37)
0.892

Q3 (499.07–570.88)

0.74 (0.23–2.37)
0.612

0.73 (0.19–2.88)
0.657

1.83 (0.49–6.81)
0.365

0.42 (0.16–1.09)
0.075

0.73 (0.27–2.00)
0.545

0.49 (0.13–1.84)
0.290

Q4 (> 570.88)

1.32 (0.45–3.88)
0.620

2.41 (0.89–6.53)
0.085

10.08 (2.22–45.71)
0.003

0.10 (0.02–0.46)
0.003

0.18 (0.05–0.62)
0.006

0.73 (0.11–4.85)
0.748

Vitamin B2 (μg/l)

Vitamin B12 (ng/l)

a

Adjusted for gender, age, tobacco smoking and alcoholic drinking

some degree. However, the variant genotype TT along
with the highest quartile of serum vitamin B
 12 conferred a tenfold increased EPL risk (OR = 10.08, 95% CI
2.22–45.71).
Interaction between DNA methylation and MTHFR C677T
polymorphism

Results were adjusted for potential confounders including gender, age, tobacco smoking and alcoholic drinking. The methylation statuses of p16 and p53 in EPL and
ESCC cases were significantly associated with MTHFR
C677T genotypes. Compared with the wild genotype
CC, no statistically significant difference was found in
genotype CT or TT in both EPL and ESCC when p16
or p53 was unmethylated (Table 7). However, the ORs
of p16 methylation for genotype CT and TT were 1.98
(95% CI 1.01–3.89) and 17.79 (95% CI 2.26–140.22) in

EPL, 4.86 (95% CI 2.48–9.50) and 20.40 (95% CI 2.53–
164.81) in ESCC, respectively. Similarly, p53 methylation with variant genotype TT was associated with
increased risks of EPL and ESCC (OR = 13.28, 95% CI
1.67–105.70; OR = 15.24, 95% CI 1.90–122.62).

Discussion
In this study, we tried to evaluate the possible association and interaction of epigenetics and genetics, serum
vitamin B2 and B12 levels and the risks of EPL and
ESCC in the high-incidence area of Northern Jiangsu
Province of China. Our study suggested that: firstly,
healthy controls were more likely to have higher levels
of vitamin B2 and B12 than ESCC cases; secondly, variant genotype TT and the T allele were associated with
significantly increased risk of EPL; thirdly, the MTHFR
C677T genotype may modify association between
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Table 7 Association between DNA methylation with the MTHFR C677T genotype and the risk of EPL and ESCC
DNA methylation

EPL [OR (95% CI)a, p for interaction]

ESCC [OR (95% CI)a, p for interaction]

CC

CT

TT

CC

CT

TT

p16U

1.00 (reference)

0.88 (0.50–1.53)
0.640

1.32 (0.62–2.80)
0.474

1.00 (reference)

1.03 (0.56–1.90)
0.921

0.66 (0.25–1.77)
0.409

p16 M

1.04 (0.58–1.85)
0.900

1.98 (1.01–3.89)
0.048

17.79 (2.26–140.22)
0.006

1.91 (1.95–3.47)
0.033

4.86 (2.48–9.50)
< 0.001

20.40 (2.53–164.81)
0.005

p53U

1.00 (reference)

0.90 (0.46–1.40)
0.441

1.25 (0.59–2.63)
0.558

1.00 (reference)

0.90 (0.50–1.60)
0.710

0.49 (0.19–1.31)
0.156

p53 M

0.77(0.43–1.37)
0.369

1.56(0.79–3.09)
0.205

13.28(1.67–105.70)
0.015

1.15(0.64–2.06)
0.643

3.27(1.68–6.34)
< 0.001

15.24(1.90–122.62)
0.010

U unmethylated, M methylated
a

Adjusted for gender, age, tobacco smoking and alcoholic drinking

serum vitamin B
 2 or B
 12 levels and the risks of EPL and
ESCC; fourthly, gene–gene interaction was observed as
there were strong association between the interaction
of p16 and p53 methylations and MTHFR C677T polymorphism and the risks of EPL and ESCC.
To the best of our knowledge, the MTHFR C677T variant is a C to T transition in exon 4 at nucleotide 677 and
results in an alanine to valine replacement at position 222
of the MTHFR amino acid sequence [33]. Compared with
homozygous wild genotype CC, the activity of MTHFR
was observed to reduce by 35% and 70% for heterozygote
CT and variant genotype TT, respectively [34]. Previous study also indicated that genetic polymorphisms of
enzymes involved in folate metabolism might have an
influence on neoplasia in the esophagus, and TT genotype is usually along with lower serum folate levels and
higher homocysteine levels than homozygous wild genotype [35, 36].
Individually, both the serum levels of vitamin B
 2 and
B12 and the MTHFR C677T genotypes may be associated
with the risks of EPL and ESCC. However, the serum levels of vitamin B
 2 and B
 12 and the MTHFR C677T genotypes interact in ways which has a different effect on the
EPL and ESCC risks. For the homozygous wild genotype
CC subjects who have normal activity of MTHFR, high
serum levels of vitamin 
B2 and 
B12 were significantly
associated with reduced risk of EPL or ESCC. For the
heterozygote CT, high serum levels of vitamin B
 2 and B
 12
showed the similar but weaker trends compared with the
genotype CC. Vitamin B2 and B12 play the roles of cofactors for the enzymes MTHFR and methionine synthase.
Insufficient available cofactors leads to folate becoming
trapped as 5,10-methylenetetrahydrofolate or 5-methyltetrahydrofolate, whereas the generation of methionine
is inhibited and the levels of homocysteine and related
metabolites are increased because the remethylation of
homocysteine to methionine intersects with this process

of the folate cycle, but increased levels of homocysteine
within the cell are reported to be toxic [11]. Additionally, the folate cycle is essential for purine and pyrimidine nucleotide synthesis and thus has a great role in
the formation and stability of DNA, RNA and nucleoside triphosphates [37, 38]. Therefore, vitamin B deficiency in folate cycle can cause the altered expression of
critical proto-oncogenes and tumor suppressor genes by
negatively affecting DNA methylation, which may be an
important step toward neoplasia [39].
It has consistently been demonstrated that vitamin B
2
and B12 are essential for normal growth, development and
physiological functions [11]. The combination of Table 2
and Fig. 1 show that compared with control group, EPL
group had significantly poorer nutritional status of vitamin B2, and ESCC group had significantly poorer nutritional status of both vitamin B2 and B12. Previous study
also indicated that a poor nutritional status and unbalanced diet were related to an elevated risk of cancer
[40]. However, the possible roles of vitamin B2 and B12
in the etiology of ESCC are very complex, because they
may have different impacts on this tumor development
under different conditions at different stages of initiation,
promotion and progression [41]. For example, preventing tumor initiation during the early stage of carcinogenesis, whereas promoting cancer development during
the later stage in carcinogenesis (i.e., once precancerous
lesions are established) can be possible [9, 42, 43]. Our
study indicated that the interaction between the serum
levels of vitamin B2 and B
 12 and the variant genotype TT
was associated with both significant and non-significant
tendencies for increased risk in the precancerous stage
of esophageal carcinogenesis. The variant homozygotes
TT for the C677T variant only has 30% MTHFR enzyme
activity of the homozygous wild genotype CC, consequently the utilization rate of cofactors such as vitamin
B2 and B
 12 is reduced in the folate cycle. Therefore, the
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MTHFR 677T allele may negate some of the protective
effect of vitamin B2 and B12 in this way, and the corresponding impaired DNA methylation, synthesis and
repair may be responsible for the development of precancerous lesions. In individuals with the homozygous wild
genotype CC who had the lowest quartile of serum vitamin B12 level as reference, those with the homozygous
mutation TT who had the highest quartile of serum vitamin B12 level had an tenfold increase in EPL risk (p < 0.05).
It is possible to hypothesize that the subjects with TT
genotype who had extremely low MTHFR enzyme activity may consume very low amount of vitamin B
 12 as
cofactor in the folate cycle, thus the concentration of
vitamin B12 in serum still remained high. Previous studies
demonstrated that high intake of vitamin B
 12 can lead to
increased level of the universal methyl donor S-adenosyl
methionine and consequently result in the higher activity
of DNA methyltransferase enzymes, which plays a role in
the self-renewal of cancer stem cells and affect neoplasia
and metastasis [44–46]. On the other hand, a populationbased case–control study in Connecticut found the similar result and inferred that vitamin B12 can be a marker
for consumption of animal-derived foods because vitamin B12 is derived exclusively from these foods such as
red meat, which is associated with high risk of ESCC [47].
Additionally, B vitamins including folate, vitamin B6, B9
and B12 have been found to have a double-edged sword
effect on cancer due to their dual role in carcinogenesis
by possessing dual modulatory effects that are time and
dose dependent [48–50]. As we know, the development
of cancer typically has a very long latency period, thus
the possibility that there might be preventive or harmful
effects of B vitmians on cancer within the long period of
time cannot be excluded [49].
However, the results so far in the field appear to differ
significantly by individual. On the other hand, because of
the limitation of the case–control study in establishing a
causal association in this study, the low levels of vitamin
B2 and B
 12 may also be a consequence, but not a risk factor for ESCC. It is possible that the ESCC cases are more
likely to be on poor nutritional status due to cachexia,
and tumor growth may result in metabolic disorder of
vitamin B2 and B12 in ESCC cases. Thus further studies
establishing the causal association and evaluating the
mechanism are needed.
In this study, we have noted a high frequency of both
p16 and p53 promoter methylation among both EPL and
ESCC subjects. This finding is in line with previous studies on p16 and p53 methylation and ESCC [18, 19]. Here,
the hypermethylation of p53 promoter was associated
with silencing of protein expression of the gene. Because
as an important tumor suppressor gene, p53 is essential for regulating cell division and preventing tumor

Page 9 of 12

formation, the silencing of it may be associated with
the development of tumor and a higher risk of ESCC.
In addition, p53 promoter methylation was also frequently found in variety of malignancies, such as breast
carcinomas, gliomas, acute lymphoblastic leukemia,
hepatocellular carcinomas and ovarian cancer [51–55].
Similarly, p16 silencing was also associated with the DNA
methylation in the p16 promoter, which suggests that
p16 silencing in ESCC may be a frequent event in the
endemic region. A previous study has assessed the DNA
methylation status in each sample based on the probe
located in the p16 promoter CpG island, and reported
that inactivation of p16 was present in 76% of both EAC
and ESCC. However, the epigenetic silencing of p16 was
frequent in EAC, whereas relatively rare in ESCC [56].
The inconsistency of the results between studies may
differ in study regions, study design and study samples:
firstly, Vietnamese patients were the only Asian population studied in the previous study, and other populations
were from Eastern European and America continent.
However, these populations are not able to represent
rural population in China as they have completely different patterns of epidemiology, and the geographic distribution of ESCC varies greatly [2]; Secondly, the tested
samples were different, such as blood samples and tissue
samples. During the development of carcinogenesis, it
has been found that epigenetic silencing of tumor suppressor genes by aberrant DNA methylation is an early
major event [10, 18], but the interaction between aberrant DNA methylation and the MTHFR 677T allele
cannot be ruled out. Our study demonstrated the gene–
gene interaction between p16 and p53 methylations and
MTHFR C677T polymorphism, suggesting that they may
have an even greater role to play in cancer development
than the single effect seen to date. After adjustment for
potential confounding variables, the present study found
that subjects carrying genotypes CT or TT and methylated genes p16 or p53 had high risks for EPL and ESCC,
especially variant genotype TT. As reported previously,
the activity of MTHFR is involved in the DNA methylation process, and MTHFR C677T polymorphism
and folate status can interact in ways which affect DNA
methylation status as well [17, 57]. Individuals carrying
CT or TT genotype are more likely to have significant
risk of DNA hypermethylation [10, 17]. However, so far
it is still controversial about the role of MTHFR genetic
polymorphisms because it may also have a dual role in
the cancer development depending on different conditions including folate status, and the interaction between
MTHFR C677T polymorphism and aberrant DNA methylation may vary from gene to another [17]. Despite decades of research on cancer-related genes, resulting in a
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staggering number of publications, researchers are only
beginning to grasp the full complexity of the gene pathways and their intercations.
Based on our results, one of the important implications of this study was to detect the population who
may be susceptible to ESCC by finding and applying
eligible biomarkers, so as to improve the work of early
diagnosis of ESCC. An exciting clue was obtained by
the results that combining the detection of MTHFR
C677T polymorphism and aberrant DNA methylation of p16 and p53 can find the individual who has
extremely high risk of ESCC or EPL. However, this
study also had limitation. It should also be pointed as
the limitation of the case–control study in establishing
a causal assocaition.

Conclusions
In conclusion, this case–control study evaluated the
association and interaction of epigenetics and genetics,
serum vitamin B
 2 and B
 12 levels and the risks of EPL and
ESCC in a high risk rural area in the Northern Jiangsu
Province of China. Healthy controls were more likely
to have higher levels of vitamin B2 and B12 than ESCC
cases, and the MTHFR C677T genotype may modify the
association between serum concentrations of vitamin B
2
and B12 and the risks of EPL and ESCC. The gene–gene
interaction suggested the possible crosstalk between the
aberrant DNA methyaltion of either p16 or p53 and T
alleles of MTHFR. In the future, further large-scale prospective studies on cancers are required to bring a more
extensive understanding of DNA methylation, gene
expression, dietary and environmental factors and their
possible interactions in carcinogenesis, thus many novel
and unexpected discoveries will be made, even leading to
a reversal of earlier conclusions.
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