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Aberrant Methylation of HLTF Gene in Human Esophageal Cancer
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ABSTRACT The aim of this study was to investigate whether and at which neoplastic stage promoter
hypermethylation of Helicase-like Transcription Factor (HLTF) is involved in human esophageal carcinogenesis.
The researchers examined HLTF promoter hypermethylation using real-time quantitative methylation-specific
PCR in 229 primary human esophageal tissues of contrasting histological types. Both HLTF mean normalized
methylation value (NMV) and hypermethylation frequency were significantly higher in dysplastic Barrett’s esophagus
(Dÿ0.0303 and 10.0%), and esophageal adenocarcinomas (EAC, 0.0079 and 10.4%) than in normal esophagus
(NE, 0.0006 and 0.0%;  p<0.05 and p<0.05, respectively). Incremental increases in the frequency of HLTF
hypermethylation were observed during progression from NE (0.0%) to Barrett’s esophagus (BE, 3.3%), D
(10.0%), and EAC (10.4%). Meanwhile, HLTF mean NMV was significantly higher in esophageal squamous cell
carcinoma (ESCC, 0.0102) than in NE (p<0.05). Also, HLTF was hypermethylated in 7.7% ESCCs. Furthermore,
mean NMV of HLTF was significantly higher in current alcohol drinking EAC patients (0.0194) than in non-
current ones (0.0066, p<0.05). HLTF hypermethyaltion is an uncommon event in human esophageal cancer, but
occurs early in a subset of EAC, and is related to the alcohol drinking status of EAC patients.
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INTRODUCTION

  Esophageal cancer ranks as the 8th most-
frequent and 6th most-fatal cancer type world-
wide, with an estimated 480,000 new cases diag-
nosed and 400,000 deaths globally in 2008 (Bray

et al. 2013; Jemal et al. 2011). There are two major
histologic types of esophageal cancer: esoph-
ageal adenocarcinoma (EAC), which is more
prevalent in Western countries, with a rapid in-
crease in incidence; and esophageal squamous
cell carcinoma (ESCC), which occurs at high fre-
quencies in many developing countries, espe-
cially in Asia, including China (Zhang et al. 2015).
Since both types of esophageal cancer exhibit
highly aggressive behavior, with rapid progres-
sion to death (Enzinger et al. 2003; Kleinberg et
al. 2007), it is essential to gain a better under-
standing of the molecular events underlying
these tumors in order to make further improve-
ments in survival. Thus, it is important to dis-
cover molecular events, novel early detection
biomarkers, and potential targets for chemopre-
vention or therapy.

  Helicase-like Transcription Factor (HLTF),
a member of the SWI/SNF2 family which mainly
act as chromatin remodelers (Debauve et al.
2008), is a DNA helicase protein involved in the
maintenance of genomic stability and the regu-
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lation of gene expression (Ding et al. 1996).
Consequently, it has been reported that down-
regulation of HLTF protein in HCT116 cells in-
duces a small decrease in DNA damage-induced
proliferating cell nuclear antigen(PCNA), ubiq-
uitination and causes increased genome insta-
bility (Motegi et al. 2008). Some investigations
have also indicated that downregulation of HLTF
gene expression may constitute a common mo-
lecular event which contributes to the initiation
and/or progression of several cancers, includ-
ing those arising in the digestive tract. For ex-
ample, Craig et al. observed that HLTF protein
was undetectable in four out of seven colon can-
cers tested, whereas the levels of SMC1 and
GAPDH were relatively constant by Western
blotting (MacKay et al. 2009). Other two groups
of researchers also showed the loss of HLTF
mRNA expression in some colon cancer cell lines
(Hibi et al. 2003; Moinova et al. 2002). HLTF
levels were also very low in leukaemia cell line
and at moderately low levels in non-small lung
tumor cell lines (MacKay et al. 2009). Therefore,
these results suggest that HLTF possesses tu-
mour-suppressive capabilities.

Aberrant methylation of promoter CpG is-
lands upstream of tumor suppressor genes is
now well-established as a major mechanism of
gene inactivation in human tumorigenesis (Wang
et al. 2009), including ESCC and EAC, where it
plays an important role in pathogenesis ( Agar-
wal et al. 2012; Clement et al. 2006; Jin et al. 2009;
Mori et al. 2006; Tischoff et al. 2007). However,
some of these methylation events appear to rep-
resent useful prognostic markers, as they pre-
cede and thus predict the progression of Bar-
rett’s esophagus (BE) to EAC. Studies have

shown that CpG island methylation was one of
the main mechanisms that lead to the silence of
HLTF in numerous cancers, especially in colon,
stomach, lung and cervical adenocarcinoma (Cas-
tro et al. 2010; Hibi et al. 2003; Kang et al. 2006;
Leung et al. 2003; Moinova et al. 2002; Wallner
et al. 2006). However, the methylation profiles of
HLTF remain uncharacterized in human esoph-
ageal cancer.

  The researcher’s goal was to determine the
methylation profiles of HLTF in human esophageal
cancer (EAC and ESCC), premalignant lesions [Bar-
ret’s esophagus (BE), and BE with dysplasia(D)],
and normal esophagus(NE) by real-time quantita-
tive methylation-specific PCR (qMSP).

MATERIAL  AND  METHODS

Tissue Samples

 In the current study, 67 NE, 60 BE, 40 D, 67
EACs, and 26 ESCCs were examined. All patients
provided written informed consent under a pro-
tocol approved by the Institutional Review Boards
at the University of Maryland and Baltimore Vet-
erans Affairs Medical Centers, where all esopha-
gogastroduodenoscopies were performed. Biop-
sies were taken using a standardized biopsy pro-
tocol, as previously described (Jin et al. 2009).
Research tissues were obtained from grossly ap-
parent Barrett’s epithelium or from mass lesions
in patients manifesting these changes at endo-
scopic examination, and histology was confirmed
using parallel aliquots obtained at endoscopy.
All biopsy specimens were stored in liquid nitro-
gen before DNA extraction. Clinicopathologic
characteristics are summarized in Table 1.

Table 1: Clinicopathologic characteristics and methylation status of HLTF in different human esophageal
t issues

Number   Age     NMV                  Methylation status (cut off 0.02)
   of (year)
samples Mean Mean  p*    Fre-  UM M P

quency

Histology
Normal esophagus 67 64.4 0.0006 0.0% 67 0
Barrett’s metaplasia 60 63.7 0.0024 >0.05$ 3.3% 58 2 >0.05$,†

Dysplasia in Barrett’s 40 65.3 0.0303 <0.05$ 10.0% 36 4 <0.05$,†

  esophagus
EAC 67 65.1 0.0079 <0.05$ 10.4% 60 7 < 0.01$,‡

ESCC 26 62.5 0.0102 <0.05$ 7.7% 24 2 > 0.05$,†

Barrett’s Segment
   Short-segment ( <3cm )14 62.3 0.0056 7.1% 13 1
   Long-segment ( >=3cm) 16 62.8 0.0002 > 0.05** 0.0% 16 0 > 0.05**,†

EAC: esophageal adenocarcinoma; ESCC: esophageal squamous cell carcinoma; UM, unmethylated; M, methylated;
NMV: normalized methylation value; *, Student’s t test; †, Fisher’s exact test; ‡, Chi-square for independence test;
$, comparisons made to normal esophagus;  **, comparison made to short-segment.
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DNA Extraction

Genomic DNA was extracted from biopsies
using a DNeasy Tissue Kit (Qiagen, Valencia,
CA). DNAs were stored at -80oC before analysis.

Bisulfite Treatment and Real-time Quantitative
Methylation-specific PCR

DNA was treated with bisulfite to convert
unmethylated cytosines to uracils prior to qMSP,
as described previously (Jin et al. 2009). Promot-
er methylation levels of HLTF were determined
with the ABI 7900 Sequence Detection System
(Applied Biosystems, Foster City, CA), using
primers and probes as described previously
(Mori et al. 2006). A standard curve was generat-
ed using serial dilutions of CpGenome Univer-
sal Methylated DNA (CHEMICON, Temecula,
CA). The normalized methylation value (NMV)
was defined as follows: NMV = (HLTF-S/HLTF-
FM)/(ACTB-S/ACTB-FM), where HLTF-S and
HLTF-FM represent the methylation levels of
HLTF in sample and universal methylated DNAs,

respectively, while ACTB-S and ACTB-FM cor-
respond to ß-Actin in sample and universal me-
thylated DNAs, respectively.

Data Analysis and Statistics

Receiver-operator characteristic (ROC) curve
analysis (Hanley et al. 1982) was performed us-
ing NMVs for the 67 EAC, 26 ESCC and 67 NE
by Analyse-it software (Version 1.71, Analyse-it
Software, Leeds, UK). Using this approach, the
area under the ROC curve (AUROC) yielded
optimal sensitivity and specificity to distinguish
normal from malignant esophageal tissues. Also,
corresponding NMV thresholds were calculat-
ed for HLTF. The cut-off value determined from
this ROC curve was applied to determine the
frequency of HLTF methylation in each tissue
type included in the present study. For all other
tests, Statistica (version 6.1; StatSoft, Inc., Tul-
sa, OK) was used. Differences with p<0.05 were
deemed significant.

Fig. 1. Receiver-operator characteristic (ROC) curve analysis of normalized methylation value (NMV)
ROC curve analysis of HLTF NMVs of esophageal adenocarcinoma (EAC) vs. normal esophagus (NE) (A), esophageal
squamous cell carcinoma (ESCC) vs. NE (B)



HLTF HYPERMETHYLATION ESOPHAGEAL CANCER 73

RESULTS

Promoter hypermethylation of HLTF was
analyzed in 67 NE, 60 BE, 40 D, 67 EAC, and 26
ESCC. All qMSP assays were performed in du-
plicate format, and data showed reproducible
and concordant results. HLTF promoter hyper-
methylation didn’t show significant discrimina-
tive ROC curve profiles and area under the ROC
curves, not distinguishing EAC and ESCC from
NE (Fig. 1).

  The cutoff NMV for HLTF (0.02) was cho-
sen from ROC curve in order to maximize sensi-
tivity and specificity. Mean NMV and frequen-
cy of HLTF hypermethylation for each tissue
type are shown in Tables 1 and 2. NMVs of HLTF
were significantly higher in D(0.0303),
EAC(0.0079) and ESCC(0.0102) than in NE
(0.0006, all P < 0.05, Student’s t test). The fre-
quency of HLTF hypermethylation was signifi-
cantly higher in D(10.0%) and EAC (10.4%) than
in NE (0%; p < 0.05ÿFisher’s exact test and p <
0.01, Chi-square for independence test, respec-
tively). Also, it increased early during EAC neo-
plastic progression, from 0.0% in NE to 3.3% in
BE from patients with Barrett’s metaplasia alone,
10.0% in D, and 10.4% in EAC. HLTF mean NMV
was significantly higher in ESCC (0.0102) than
in NE (p<0.05, Student’s t test), and frequency
of HLTF hypermethylation was not significant-
ly higher in ESCC (7.7%) than in NE (0.0%, p
>0.05, Fisher’s exact test).

  Interestingly, mean NMV of HLTF was sig-
nificantly higher in current alcohol drinking EAC
patients (0.0194) than in non-current ones (0.0066,
p<0.05, Mann-Whitney U test). The frequency
of HLTF hypermethylayion was clearly higher
in current alcohol drinking EAC (20.0%) patients
than in non-current ones (9.7%, p>0.05, Fisher’s
exact test, Table 2). No significant associations
were observed between HLTF promoter hyper-
methylation and patient age (data not shown),
survival (data not shown), length of BE seg-
ment (Table1), tumor stage or lymph node me-
tastasis, and smoking (Table 2).

DISCUSSION

  In the current study, the researchers sys-
tematically investigated hypermethylation of the
HLTF gene promoter in primary human esoph-
ageal lesions of differing histological types and
neoplastic stages. Both HLTF mean NMV and
hypermethylation frequency were significantly
higher in D and EAC than in NE (Table 1). The
frequency of HLTF hypermethylation was 0.0%
in NE but increased slightly at the very early
preneoplastic stage of BE (3.3%), while being
maintained in D (10.0%) and EAC (10.4%, Table
1). In addition, HLTF mean NMV was signifi-
cantly higher in current alcohol drinking EAC
patients than in non-current ones (including
never and former alcohol drink, Table 2). Though
HLTF mean NMV was significantly higher in

Table 2: Relationship of clinicopathologic characteristics and HLTF hypermethylation in esophageal
adenocarcinoma patients

Number   Age          NMV             Methylation status (cut off 0.02)
   of  (year)
samples  Mean Mean        p*            Fre- U m M     P

          quency

UICC Stage
    I 7 63 0.0000 > 0.05* 0.0% 7 > 0.05†

    II 15 65.2 0.0060 13.3% 13 2
    III 25 64.6 0.0122  12.0% 22 3
    IV 7 66.3 0.0121  14.3% 6 1
Lymph Node Metastasis
    Negative 25 64.9 0.0070 > 0.05** 12.0% 22 3 > 0.05†

    Positive 25 64.6 0.0122 12.0% 22 3
Smoking Status
    Non-current 30 66.5 0.0069 > 0.05** 6.7% 28 2 > 0.05†

    Current 13 60.8 0.0145 23.1% 10 3
Alcohol Drinking Status
    Non-current 31 64.5 0.0066 < 0.05** 9.7% 28 3 > 0.05†

    Current 10 65.7 0.0194 20.0% 8 2

NMV: normalized methylation value; UM, unmethylated; M, methylated;
*, Kruskal-Wallis test; **, Mann-Whitney U test; †,Fisher’s exact test.
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ESCC than in NE, the frequency of HLTF hyper-
methylation was not significantly higher in ESCC
than in NE. Thus, these results imply that HLTF
hypermethyaltion is an uncommon event in hu-
man esophageal cancer, but occurs early in a
subset of EAC. In addition, it is related to alco-
hol drinking status of EAC patients, suggesting
that the aberrant methylation of HLTF may be
involved in the pathogenesis of a subset of EAC.

  Mutations, including changes in nucleic
acid sequences, and chromosomal rearrange-
ments or aneuploidy are central to carcinogene-
sis (Schmitt et al. 2012; Szylberg et al. 2015). Fur-
thermore, HLTF display a double-stranded DNA
translocase activity, which promotes the resolu-
tion of stalled replication forks at DNA damage
lesions (Blastyak et al. 2010; Lin et al. 2011; Som-
mers et al. 2015) and possesses a chromatin re-
modeling activity, which leads to the displace-
ment of DNA-bound proteins on stalled replica-
tion forks and facilitates DNA-damage repair
(Achar et al. 2011). These findings demonstrate
that HLTF may play an important role in an er-
ror-free post-replicative repair pathway and
therefore possesses tumour-suppressive capa-
bilities. However, to the best of our knowledge,
the precise roles of HLTF in physiology and
pathophysiology remain unclear elucidated es-
pecially in human esophageal cancer. Only two
studies, till date, reported the methylation pat-
tern of HLTF gene in esophageal cancer. Using
traditional methylation-specific PCR (MSP), Hibi
et al. (2003) examined the methylation status of
HLTF in digestive tract cancer cell lines as well
as in colorectal and esophageal cancer speci-
mens. They found that 2 out of 4 colorectal and
none out of 4 esophageal cancer cell lines exhib-
ited abnormal promoter methylation of HLTF
gene. In primary digestive tract cancers, 25 out
of 76 colorectal and 1 out of 40 (2.5%) esoph-
ageal cancers showed HLTF hypermethylation
(Hibi et al. 2003). Similarly, Fukuoka et al. report-
ed that aberrant methylation of HLTF was de-
tected 1 out of 35 (3.0%) ESCC specimens by
traditional MSP (Fukuoka et al. 2006). However,
the results of the aforementioned studies sug-
gest that HLTF is not a common target for meth-
ylation and epigenetic gene silencing in esoph-
ageal cancers including ESCC. In the current
study, abnormal methylation of HLTF was found
in the patients of BE, D, EAC and ESCC by qMSP,
suggesting that HLTF methylation occurs in
human esophageal cancers, especially in a sub-

set of EAC. These inconsistent results are prob-
ably due to the difference of methylation detect
methods, sample size, and the genetic background
or environmental factors, like lifestyles, in modu-
lating susceptibility for esophageal cancers.

  It has been well established that lifestyle
factors, especially alcohol consumption and to-
bacco smoking, are risk factors for upper diges-
tive tract cancer (Dal Maso et al. 2002). More-
over, two different International Agency for Re-
search on Cancer (IARC) working groups con-
cluded independently that alcohol was related
to esophageal cancer(Baan et al. 2007; Secretan
et al. 2009). However, the carcinogenic mode of
action of alcohol is not well understood. Recent
studies of alcohol-dependent patients have re-
ported alterations in the methylation levels of
specific genes. For instance, Bönsch et al. (2005)
observed a significant increase of the alpha sy-
nuclein promoter DNA methylation in patients
with alcoholism which was significantly associ-
ated with their elevated homocysteine levels.
Bleich et al. (2006) observed a significant in-
crease in the HERP promoter DNA methylation
in alcoholic patients with alcohol dependence
when compared with healthy controls, which was
significantly associated with their elevated ho-
mocysteine levels. Our data revealed that HLTF
hypermethylation is related to alcohol drinking
status in EAC patients  suggesting that alcohol
may act as a selective agent, promoting growth
of biopsies with HLTF promoter methylation, and
that the effect is independent of the effect of
tobacco.

CONCLUSION

The current findings established that hyper-
methylation of the HLTF promoter is an uncom-
mon event in human esophageal cancer, but oc-
curs early in a subset of EAC, and is related to
the alcohol drinking status of EAC patients.

ACKNOWLEDGEMENTS

This study was supported by the National
Nature Science Foundation of China grant No.
81172282, the Shenzhen Peacock Plan
KQCX20130621101141669, the Planned  Science 
and Technology Project of Shenzhen No.
GJHS201 20621142654087, the Key Laboratory
Project of Shenzhen No. ZDSY20130329 10 1130
496, Natural Science Foundation of SZU grants



HLTF HYPERMETHYLATION ESOPHAGEAL CANCER 75

201108 and T201202 to Z Jin; The Science and
Technology Bureau of Shenzhen City grant
JCYJ20150525092940973 to L Wang; National
Nature Science Foundation of China grant
81302151 to XJ Zhang.

REFERENCES

Achar YJ, Balogh D, Haracska L 2011. Coordinated
protein and DNA remodeling by human HLTF on
stalled replication fork. Proc Natl Acad Sci USA,
108: 14073-14078. [PubMed: 21795603]

Agarwal R, Jin Z, Yang J, Mori Y, Song JH et al. 2012.
Epigenomic program of Barrett’s-associated neo-
plastic progression reveals possible involvement of
insulin signaling pathways. Endocr Relat Cancer, 19:
L5-9. [PubMed: 22194443]

Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F et
al. 2007. Carcinogenicity of alcoholic beverages.
Lancet Oncol, 8: 292-293. [PubMed: 17431955]

Blastyak A, Hajdu I, Unk I, Haracska L 2010. Role of
double-stranded DNA translocase activity of human
HLTF in replication of damaged DNA. Mol Cell Biol,
30: 684-693. [PubMed: 19948885]

Bleich S, Lenz B, Ziegenbein M, Beutler S, Frieling H et
al. 2006. Epigenetic DNA hypermethylation of the
HERP gene promoter induces down-regulation of its
mRNA expression in patients with alcohol depen-
dence. Alcohol Clin Exp Res, 30: 587-591. [PubMed:
16573575]

Bonsch D, Lenz B, Kornhuber J, Bleich S 2005. DNA
hypermethylation of the alpha synuclein promoter
in patients with alcoholism. Neuroreport, 16: 167-
170. [PubMed: 15671870]

Bray F, Ren JS, Masuyer E, Ferlay J 2013. Global esti-
mates of cancer prevalence for 27 sites in the adult
population in 2008. Int J Cancer, 132: 1133-1145.
[PubMed: 22752881 ]

Castro M, Grau L, Puerta P, Gimenez L, Venditti J et al.
2010. Multiplexed methylation profiles of tumor
suppressor genes and clinical outcome in lung can-
cer. J Transl Med, 8:86. [PubMed: 20849603]

Clement G, Braunschweig R, Pasquier N, Bosman FT,
Benhattar J 2006. Methylation of APC, TIMP3,
and TERT: A new predictive marker to distinguish
Barrett’s oesophagus patients at risk for malignant
transformation. J Pathol, 208: 100-107. [PubMed:
16278815]

Dal Maso L, La Vecchia C, Polesel J, Talamini R, Levi
F et al. 2002. Alcohol drinking outside meals and
cancers of the upper aero-digestive tract. Int J Can-
cer, 102: 435-437. [PubMed: 12402316]

Debauve G, Capouillez A, Belayew A, Saussez S 2008.
The helicase-like transcription factor and its impli-
cation in cancer progression. Cell Mol Life Sci, 65:
591-604. [PubMed: 18034322]

Ding H, Descheemaeker K, Marynen P, Nelles L, Car-
valho T et al. 1996. Characterization of a helicase-
like transcription factor involved in the expression
of the human plasminogen activator inhibitor-1 gene.
DNA Cell Biol, 15: 429-442. [PubMed: 8672239]

Enzinger PC, Mayer RJ 2003. Esophageal cancer. N
Engl J Med, 349: 2241-2252. [PubMed: 14657432]

Fukuoka T, Hibi K, Nakao A 2006. Aberrant methyla-
tion is frequently observed in advanced esophageal

squamous cell carcinoma. Anticancer Res, 26: 3333-
3335. [PubMed: 17094449]

Hanley JA, McNeil BJ 1982. The meaning and use of
the area under a receiver operating characteristic
(ROC) curve. Radiology, 143: 29-36. [PubMed:
7063747]

Hibi K, Nakayama H, Kanyama Y, Kodera Y, Ito K et
al. 2003. Methylation pattern of HLTF gene in di-
gestive tract cancers. Int J Cancer, 104: 433-436.
[PubMed: 12584739]

Jemal A, Bray F, Center MM, Ferlay J, Ward E et al.
2011. Global cancer statistics. CA Cancer J Clin, 61:
69-90. [PubMed: 21296855]

Jin Z, Cheng Y, Gu W, Zheng Y, Sato F et al. 2009. A
multicenter, double-blinded validation study of me-
thylation biomarkers for progression prediction in
Barrett’s esophagus. Cancer Res, 69: 4112-4115.
[PubMed: 19435894]

Kang S, Kim JW, Kang GH, Lee S, Park NH et al. 2006.
Comparison of DNA hypermethylation patterns in
different types of uterine cancer: Cervical squamous
cell carcinoma, cervical adenocarcinoma and en-
dometrial adenocarcinoma. Int J Cancer, 118: 2168-
2171. [PubMed: 16331610]

Kleinberg L, Gibson MK, Forastiere AA 2007. Chemo-
radiotherapy for localized esophageal cancer: regi-
men selection and molecular mechanisms of radi-
osensitization. Nat Clin Pract Oncol, 4: 282-294.
[PubMed: 17464336]

Leung WK, Yu J, Bai AH, Chan MW, Chan KK et al.
2003. Inactivation of helicase-like transcription
factor by promoter hypermethylation in human gas-
tric cancer. Mol Carcinog, 37: 91-97. [PubMed:
12766908]

Lin JR, Zeman MK, Chen JY, Yee MC, Cimprich KA
2011. SHPRH and HLTF act in a damage-specific
manner to coordinate different forms of postrepli-
cation repair and prevent mutagenesis. Mol Cell, 42:
237-249. [PubMed: 21396873]

MacKay C, Toth R, Rouse J 2009. Biochemical char-
acterisation of the SWI/SNF family member HLTF.
Biochem Biophys Res Commun, 390: 187-191.
[PubMed: 19723507]

Moinova HR, Chen WD, Shen L, Smiraglia D, Olech-
nowicz J et al. 2002. HLTF gene silencing in human
colon cancer. Proc Natl Acad Sci USA, 99: 4562-
4567. [PubMed: 11904375]

Mori Y, Cai K, Cheng Y, Wang S, Paun B et al. 2006. A
genome-wide search identifies epigenetic silencing
of somatostatin, tachykinin-1, and 5 other genes in
colon cancer. Gastroenterology,  131: 797-808.
[PubMed: 16952549]

Motegi A, Liaw HJ, Lee KY, Roest HP, Maas A et al.
2008. Polyubiquitination of proliferating cell nucle-
ar antigen by HLTF and SHPRH prevents genomic
instability from stalled replication forks. Proc Natl
Acad Sci USA, 105: 12411-12416. [PubMed:
18719106]

Schmitt MW, Prindle MJ, Loeb LA 2012. Implications
of genetic heterogeneity in cancer. Ann N Y Acad
Sci, 1267: 110-116. [PubMed: 22954224]

Secretan B, Straif K, Baan R, Grosse Y, El Ghissassi F et
al. 2009. A review of human carcinogens—Part E:
Tobacco, areca nut, alcohol, coal smoke, and salted
fish. Lancet Oncol, 10: 1033-1034. [PubMed:
19891056]



76 LIANG WANG, XIAOJING ZHANG, PENG YIN ET AL.

Sommers JA, Suhasini AN, Brosh RM Jr. 2015. Protein
degradation pathways regulate the functions of heli-
cases in the DNA damage response and maintenance
of genomic stability. Biomolecules, 5: 590-616.
[PubMed: 25906194]

Szylberg L, Janiczek M, Popiel A, Marszalek A 2015.
Large bowel genetic background and inflammatory
processes in carcinogenesis- systematic review. Adv
Clin Exp Med, 24: 555-563. [PubMed: 26469098]

Tischoff I, Hengge UR, Vieth M, Ell C, Stolte M et al.
2007. Methylation of SOCS-3 and SOCS-1 in the
carcinogenesis of Barrett’s adenocarcinoma. Gut, 56:
1047-1053. [PubMed: 17376806]

Wallner M, Herbst A, Behrens A, Crispin A, Stieber P et
al. 2006. Methylation of serum DNA is an indepen-

dent prognostic marker in colorectal cancer. Clin
Cancer Res, 12: 7347-7352. [PubMed: 17189406]

Wang JS, Guo M, Montgomery EA, Thompson RE,
Cosby H et al. 2009. DNA promoter hypermethyla-
tion of p16 and APC predicts neoplastic progression
in Barrett’s esophagus. Am J Gastroenterol, 104:
2153-2160. [PubMed: 19584833]

Zhang YS, Shen Q, Li J 2015. Traditional Chinese
medicine targeting apoptotic mechanisms for esoph-
ageal cancer therapy. Acta Pharmacol Sin, [PubMed:
26707140]

Paper received for publicaiton on July 2015
Paper Accepted for publication on March 2016


