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ABSTRACT
Hypermethylation of CpG islands located in the promoter regions of genes is a major
event in the development of the majority of cancer types, due to the subsequent aberrant
silencing of important tumor suppressor genes. KLOTHO; a novel gene associated
primarily with suppressing senescence has been shown to contribute to tumorigenesis as a
result of its impaired function. Recently the relevance of KLOTHO promoter
hypermethylation in colorectal carcinoma in humans has been reported. We analyzed the
promoter hypermethylation of KLOTHO gene in 50 histopathologically confirmed tumor
and adjacent normal tissues of colorectal cancer patients. Methylation was assessed by
bisulfite conversion of DNA followed by methylation specific-polymerase chain reaction.
Methylation status was compared with gender, smoking status and histopathological
parameters of patients. Promoter hypermethylation in KLOTHO gene was detected in
86% (43/50) of tumor tissues and 14% (7/50) of adjacent normal tissues. The methylation
pattern differed significantly between tumor and adjacent normal tissues (P<0.0001).
However, no association was found between promoter hypermethylation status and
gender (P=0.68), smoking status (P=0.64) or other histopathological parameters (P>0.05)
of colorectal cancer patients. We conclude that this novel tumor suppressor gene is
epigenetically inactivated in colorectal cancer in our population paving way towards the
potential of KLOTHO promoter hypermethylation as a predictor of the prognosis in
colorectal cancer patients.
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INTRODUCTION
Globally, 12 percent of deaths are attributed to cancer annually, with lung and breast
cancers being the most common in men and women, respectively [1]. Most frequent
cancers account for 2 million deaths and 3 million new cases each year comprise of the
cancers of the gastrointestinal tract [1]. Colorectal cancer (CRC) is the third most
commonly diagnosed cancer in men and the second most common in women [2, 3]. The
prevalence of CRC varies considerably across geographical locations. Kashmir valley,
the northernmost area of India has been reported as a high incidence region of
gastrointestinal cancers [4, 5]. In Kashmir valley, CRC is the third common
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gastrointestinal tract cancer [6]. The human KLOTHO gene is a 5-exon gene located on
chromosome 13q12 spanning a region of around 50 kb [7]. Recently, KLOTHO was
identified as a potential tumor suppressor and a candidate target for epigenetic silencing
in various cancers [8-11]. Abnormal activation of the canonical Wnt pathway due to
epigenetic deregulation of Wnt antagonists is thought to play a critical role in
tumorigenesis [12]. KLOTHO was reported to function as a secreted Wnt antagonist and
as a tumor suppressor. Epigenetic alterations leading to gene silencing of secreted Wnt
antagonists is considered a common incident in various human malignancies. KLOTHO
has been shown to inhibit Wnt signaling activity by forming a complex with Wnt3, which
is similar to that of the secreted Frizzled-related proteins (SFRP) class of Wnt antagonists
[13, 14]. Silencing KLOTHO gene expression is mainly mediated through promoter
hypermethylation and histone deacetylation in cancer. Recent studies have elucidated the
relevance of KLOTHO promoter hypermethylation in colorectal carcinoma in humans [9,
15].This study was aimed to analyze the promoter hypermethylation of KLOTHO gene
and correlate this epigenetic change with various clinico-histopathological parameters in
subjects with colorectal carcinoma.

MATERIALS AND METHODS
The study was conducted in the Department of General & Minimal invasive Surgery
and Department of Immunology & Molecular Medicine, Sher-i-Kashmir Institute of
Medical Sciences (SKIMS), India. The research work was initiated following the
approval by the Institutional Ethics Committee. Protocol followed for the study was in
conformity with the Declaration of Helsinki developed by World Medical Association.
The study comprised of total 50 patients with colorectal carcinoma belonging to the
ethnic population of Kashmir valley. Patients consenting to participate willingly were
included in the study. A well drafted questionnaire was used to collect information from
the study subjects. Histopathologically confirmed tumor specimens from resected tissues
and adjacent normal tissues were analyzed for hypermethylation status in the promoter
region of KLOTHO gene. Tissue specimens were collected in sterile polypropylene vials
and stored at -70ºC. The vials were properly labeled to prevent possible mixing of the
specimens and for easy retrieval of the required sample.
Promoter methylation status of KLOTHO gene was assessed by methylation specificpolymerase chain reaction (MS-PCR). Genomic DNA was bisulfite treated using EZDNA Methylation Direct™ Kit (Zymo Research) as per protocol provided by the
manufacturer.
Methylation in 219 bp promoter region of KLOTHO gene was assessed by using the
bisulfite treated DNA as template for MS-PCR using methylation specific primers as
described earlier [16]. Two primer pairs discriminating between the methylated and nonmethylated DNA were used. For each sample two PCR reactions were set with each
primer pair. Successful amplification with either of the two pairs indicated the
methylation or non-methylation in the promoter region. An aliquot of each PCR product
was separated on 2% agarose gel. The gel was stained with ethidium bromide and
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photographed under UV illumination. The reproducibility of the results was confirmed by
repeating MSP analysis for each DNA sample and using unmodified DNA template as
control (Fig. 1).

Figure 1: Agarose gel electrophoresis picture representing MS-PCR of KLOTHO in colorectal carcinoma

Statistical analysis was performed using SPSS software (Version 20). Fisher’s exact
test, Chi Square test for homogeneity of proportions and Odds ratio was used wherever
applicable. Statistical significance was considered at P< 0.05.

RESULTS
Mean age of cases was 51.2±14.3 years in colorectal carcinoma patients, 30% (15) of
patients were in the age group > 60 years representing the majority of cases in our study.
Colorectal carcinoma was least common below 30 years of age. Among the studied
subjects; 56% (28) were males and 44% (35) were females with male: female ratio of
1.27.
In our study group most common clinical symptom at presentation was bleeding per
rectum (n=35), followed by change in bowel habits (n=28), easy fatigability (n=16), pain
abdomen (n=12), generalized weakness and tenesmus in 7 cases. We observed a positive
family history of 24% (12/50) in our study whereas positive smoking status corresponded
to 72% (36/50). The most common site of lesion was rectum (n=14), followed by sigmoid
colon (n=13), ascending colon (n=8), descending colon (n=5), transverse (n=4). Both
splenic and hepatic flexure comprised of 3 cases each. Histopathological examination
revealed that the majority of cases (27/50) had well differentiated, followed by poorly
differentiated (10/50) and moderately differentiated (8/50) tumor histopathology. Signet
ring type and mucinous types corresponded to 4/50 and 1/50 respectively.
We assessed promoter hypermethylation of KLOTHO in 50 colorectal carcinoma
tissues and in adjacent normal tissues as controls. Notably, KLOTHO promoter
hypermethylation was detected in 86% (43/50) tumor tissues and 14% (7/50) adjacent
normal tissues. The methylation status was significantly different in tumor versus normal
tissue (P<0.0001). The relationship between various clinico-histopathological parameters
and promoter hypermethylation of KLOTHO gene are shown in Tables 1-3.
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Table 1: Relationship between methylation status and age in colorectal carcinoma
Age Groups
(Years)
21 – 30
31 - 40
41 - 50
51 – 60
>60

N
6
7
6
11
13

Methylated
%
13.95
16.27
13.95
25.58
30.23

N
1
2
1
1
2

Unmethylated
%
14.28
28.57
14.28
14.28
28.57

P

0.59
1.0
0.70
0.93

Table 2: Relationship of smoking and methylation status in colorectal carcinoma
Smoking
No
Yes

Methylation Present
N
%
12
85.72
31
86.12

Methylation Absent
N
%
2
14.28
5
13.88

OR (95%CI)

P

1.0
1.03 (0.17-0.60)

0.64

Table 3: Relationship between methylation status and histopathology in colorectal carcinoma
Histopathology
Well differentiated Adenocarcinoma
Moderately differentiated Adenocarcinoma
Poorly differentiated Adenocarcinoma
Mucinous type
Signet ring type

Methylation status
Present
24
7
8
1
3

Absent
3
1
2
0
1

OR
(95% CI)

P

0.1
1.14 (0.10-12.7)
2 (0.28-14.1)
NA
2.66 (0.20-34.5)

0
0.66
0.41
NA
0.90

DISCUSSION
DNA methylation plays a fundamental role in cell cycle regulation, embryonic
development, gene imprinting and gene silencing [17]. Aberrant methylation of normally
unmethylated CpG islands has been connected to transcriptional inactivation [18].
Abnormal hypermethylation in promoter CpG islands of genes, resulting in
transcriptional silencing, has been widely associated with cancers [19]. Promoter
hypermethylation can originate very early in tumor progression and is one of the
hallmarks of carcinogenesis concomitant to transcriptional silencing and loss of
expression in genes encoding several cellular pathways [18]. Senescence-related DNA
damage is linked to many cancers [20]. The relationship between senescence and
tumorigenesis is close but intricate [20, 21].
KLOTHO has been reported to be a novel gene suppressing senescence [22, 23].
Recently, growing evidences demonstrated that impaired KLOTHO function may
contribute to tumorigenesis. Various studies have observed that promoter DNA
hypermethylation contributes to KLOTHO silencing and down-regulation in many
cancers [8, 10, 11, 14]. In view of these observations, we conducted this prospective
study to analyze the promoter hypermethylation status of KLOTHO gene in colorectal
cancer patients and elucidate its association with various clinic-pathological parameters.
In our study population, 56% of cases with colorectal carcinoma were males and 44%
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were females with male: female ratio of 1.27. This was consistent with the study
conducted by Javed et al, who reported a male-female ratio of 1.2 in colorectal carcinoma
[6]. Despite an increasing cancer incidence in both genders, the effects of sex on
colorectal cancer are well established and women are less likely to develop cancers than
men [24]. The incidence of colorectal cancer throughout different populations shows
male dominance with a constant male-to-female ratio. This sex ratio cannot be
completely attributed to the disparities in the prevalence of known risk factors between
the sexes [25]. Recent advances in the molecular biology of colorectal cancer have led to
greater understanding of the effect of estrogen in carcinogenesis. Estrogen has a
potentially protective effect against the development of colorectal cancer [26]. In our
study 30% of patients had more than 60years of age, representing the majority of cases.
Colorectal carcinoma was least common below 30 years of age. Incidence of cancers
usually correlates with advancing age. An epidemiological study conducted to determine
the incidence of CRC in Kashmir reported highest frequency in the age groups 55-59
followed by 65-69 years [6]. We observed a positive family history of 24% in our study.
Of common malignancies, CRC has one of the largest proportions of familial cases.
Kindred and twin studies estimated that approximately 30% of all CRC cases are an
inherited form of the disease [27]. Approximately 5% of cases are associated with highly
penetrant inherited mutations and clinical presentations that have been well characterized.
The etiologies of the remaining 20–30% of inherited CRCs are not completely
understood. Studies on first-degree relatives of patients have showed conflicting
outcomes concerning the risk of colorectal cancer [28, 29]. We also observed a high
frequency (72%) of positive smoking status in colorectal carcinoma patients (36/50).
Botteri et al, observed an increased risk associated with smoking in both men and
women, the positive association with smoking was more evident for rectal cancer
compared to colon cancer [30].
Methylation in promoter region of KLOTHO was analyzed by MS-PCR in colorectal
carcinoma patients. Promoter hypermethylation was detected in 86% tumor tissues and
14% adjacent normal tissues. There was significantly higher methylation in tumor
compared to normal tissue (P<0.0001). A study analyzing the role of KLOTHO promoter
methylation and colorectal carcinoma conducted by Pan et al, reported a methylation
frequency of 85% and partial or no methylation in adjacent normal tissues [9]. They also
reported frequent methylation in colon cancer cells by MSP analysis. A similar study by
Gan et al, reported a methylation frequency of 76% in colorectal carcinoma tissues [15].
The comparison between clino-histopthological parameters of colorectal carcinoma
patients with methylation of KLOTHO promoter showed no significant association which
was in conformity by the study conducted by Pan et al, [9]. The study elucidates an
intricate role of KLOTHO promoter hypermethylation in colorectal carcinoma
irrespective of any discernible role in clinical and histo-pathological parameters. Thus
KLOTHO promoter hypermethylation can be used as an independent prognosis factor to
predict the outcome of colorectal carcinoma patients, however larger study patients and
follow up study is needed to substantiate the results of this study.

http://mbrc.shirazu.ac.ir

Perveez et al., / Mol Biol Res Commun 2015 4(4):217-224

MBRC

Acknowledgements: The authors are thankful to the Department of General &
Minimal Access Surgery and Department of Immunology & Molecular Medicine where
the experimental work was carried. The authors also acknowledge the financial support in
the form of research grant provided by Sher-i-Kashmir institute of Medical Sciences
(SKIMS), Srinagar for undertaking this study.
Conflict of Interest: The authors declare that they have no competing interest.

REFERENCES
1. Hamilton, SR, Aalton LA. Pathology and Genetics of Tumours of the Digestive
System. IARC Press: Lyon; 2000.
2. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide
burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010; 127:2893-2917.
3. Jemal A, Bray F, Center MM, FerlayJ, Ward E, Forman D. Global cancer statistics. CA
Cancer J Clin 2011;61:69-90.
4. Mir MM, Dar NA, Gochhait S, Zargar SA, Ahangar AG, Bamezai RN. P53 mutation
profile of squamous cell carcinoma of the esophagus in Kashmir (India): a high
incidence area. Int J Cancer 2005;116:62-68.
5. Murtaza I, Mushtaq D, Margoob MA, Dutt A, Wani NA, Ahmad I, Bhat ML. A study
on P53 alterations in esophageal squamous cell carcinoma & their correlation to
common dietary risk factors among population of the Kashmir valley. World J
Gastroenterol 2006;12:4033-4037.
6. Javid G, Zargar SA, Rather S, Khan A R, Khan B A,Yattoo GN, Shah A, Gulzar GM,
Sodhi JS, Khan MA, Bashir AS. Incidence of CRC in Kashmir valley. Indian J
Gastroenterol 2011;30:7-11.
7. Matsumura Y, Aizawa H, Shiraki-Iida T, Nagai R, Kuro-o M, Nabeshima Y.
Identification of the human klotho gene and its two transcripts encoding membrane
and secreted klotho protein. Biochem Biophys Res Commun 1998;242:626-630.
8. Wolf I, Levanon-Cohen S, Bose S, Ligumsky H, Sredni B, Kanety H, Kuro-o M,
Karlan B, Kaufman B, Koeffler HP, Rubinek T. Klotho: a tumor suppressor and a
modulator of the IGF-1 and FGF pathways in human breast cancer. Oncogene 2008;
27:7094-7105.
9. Pan J, Zhong J, Gan LH, Chen SJ, Jin HC, Wang X, Wang LJ. Klotho, an antisenescence related gene, is frequently inactivated through promoter hypermethylation in colorectal cancer. Tumour Biol 2011;32:729-735.
10. Wang L, Wang X, Wang X, Jie P, Lu H, Zhang S, Lin X, Lam EK, Cui Y, Yu J, Jin
H. Klotho is silenced through promoter hypermethylation in gastric cancer. Am J
Cancer Res 2011;1:111-119.
11. Chen B, Ma X, Liu S, Zhao W, Wu J. Inhibition of lung cancer cells growth, motility
and induction of apoptosis by Klotho, a novel secreted Wnt antagonist, in a dosedependent manner. Cancer Biol Ther 2012;13:1221-1228.
http://mbrc.shirazu.ac.ir

Perveez et al., / Mol Biol Res Commun 2015 4(4):217-224

MBRC

12. Klaus A, Birchmeier W. Wnt signalling and its impact on development and cancer.
Nat Rev Cancer 2008;8:387-398.
13. Liu H, Fergusson MM, Castilho RM, Liu J, Cao L, Chen J, Malide D, Rovira II,
Schimel D, Kuo CJ, Gutkind JS, Hwang PM, Finkel T. Augmented Wnt signaling in
a mammalian model of accelerated aging. Science 2007;317:803-806.
14. Lee J, Jeong DJ, Kim J, Lee S, Park JH, Chang B, Jung SI, Yi L, Han Y, Yang Y,
Kim KI, Lim JS, Yang I, Jeon S, Bae DH, Kim CJ, Lee MS. The anti-aging gene
KLOTHO is a novel target for epigenetic silencing in human cervical carcinoma. Mol
Cancer 2010;9:109.
15. Gan LH, Pan J, Chen SJ, Zhong J, Wang LJ. DNA methylation of ZIC1 and
KLOTHO gene promoters in colorectal carcinomas and its clinicopathological
significance. Zhejiang Da Xue Xue Bao Yi Xue Ban 2011;40:309-314.
16. Xie B, Zhou J, Shu G, Liu DC, Zhou J, Chen J, Yuan L. Restoration of klotho gene
expression induces apoptosis and autophagy in gastric cancer cells: tumor
suppressive role of Klotho in gastric cancer. Cancer Cell Int 2013;13:18.
17. Wani HA, Bhat AA, Mattoo AA, Khan H, Amin S, Bhat SA, Naikoo NA, Rasheed T,
Masood A, Majid S. Distribution of P16 promoter hypermethylation in male/female
colorectal cancer patients of Kashmir Valley. Int J Eng Sci Invent 2013;2:11-17.
18. Bird A. Perceptions of epigenetics. Nature 2007;447:396-398.
19. Esteller M. Epigenetics in cancer. N Engl J Med 2008;358:1148-1159.
20. Hoeijmakers JH. DNA damage, aging and cancer. N Engl J Med 2009;361:14751485.
21. Collado M, Serrano M. Senescence in tumours: evidence from mice and humans. Nat
Rev Cancer 2010;10:51–57.
22. Kuroo M, Matsumura Y, Aizawa H, Kawaguchi H, Suga T, Utsugi T, Ohyama Y,
Kurabayashi M, Kaname T, Kume E, Iwasaki H, Iida A, Shiraki-Iida T, Nishikawa
S, Nagai R, Nabeshima YI. Mutation of the mouse Klotho gene leads to a syndrome
resembling ageing. Nature1997; 390:45–51.
23. Kurosu H, Yamamoto M, Clark JD, Pastor JV, Nandi A, Gurnani P, McGuinness OP,
Chikuda H, Yamaguchi M, Kawaguchi H, Shimomura I, Takayama Y, Herz J, Kahn
CR, Rosenblatt KP, Kuroo M. Suppression of aging in mice by the hormone Klotho.
Science 2005;309:1829-1833.
24. Chan AT, Giovannucci EL. Primary prevention of colorectal cancer.
Gastroenterology 2010;138:2029-2043.
25. Wilkins HR, Doucet K, Duke V, Morra A, Johnson N. Estrogen prevents sustained
COLO-205 human colon cancer cell growth by inducing apoptosis, decreasing c-myb
protein, and decreasing transcription of the anti-apoptotic protein bcl-2. Tumour Biol
2010;31:16-22.
26. Martineti V, Silvestri S, Tonelli F, Brandi ML. Control of colon cancer development
and progression by selected estrogen receptor modulators. Expert Rev Endocrinol
Metab 2008;3:503-511.
27. Grady WM. Genetic testing for high-risk colon cancer patients. Gastroenterology
2003;124:1574-1594.
http://mbrc.shirazu.ac.ir

Perveez et al., / Mol Biol Res Commun 2015 4(4):217-224

MBRC

28. Sondergaard JO, Bulow S, Lynge E. Cancer incidence among parents of patients with
colorectal cancer. Int J Cancer 1991;47:202-206.
29. Fuchs CS, Giovannucci EL, Colditz GA, Hunter DJ, Speizer FE, Willett WC. A
prospective study of family history and the risk of colorectal cancer. N Engl J Med
1994;331:1669-1674.
30. Botteri E, Iodice S, Bagnardi V, Raimondi S, Lowenfels AB, Maisonneuve P.
Smoking and colorectal cancer: a meta-analysis. JAMA 2008;300:2765-2778.

http://mbrc.shirazu.ac.ir

