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Abstract
Objective The clinical profile of colorectal cancers (CRC) in India is different from that described in western countries.
Microsatellite instability and APC mutation explain the molecular biology of up to 50% of colorectal cancers. Global genome
hypermethylation may be the cause in at least 20% of cases. Few studies from India have examined the epigenetic profile of
colorectal cancers. This study was designed to study aberrant promoter hypermethylation of two select tumour suppressor genes
(p16, RASSF1a) in patients with colorectal cancer and their association with clinicopathologic features.
Methods A total of 41 samples including controls were collected from colorectal cancer patients. DNAwas isolated from tumour
tissue, and methylation-specific PCR was performed for the 2 genes.
Results p16 and RASSF1a promoter hypermethylation was found in 26% and 48% of CRC cases, respectively. RASSF1a
promoter hypermethylation was more often seen in young CRC patients aged 40 years or less, and this was found to be
statistically significant (p value = 0.037).
Conclusion RASSF1a hypermethylation is peculiar to rectal cancers and left-sided colonic tumours in young patients. Large-scale
population-based studies with extensive genetic and epigenetic characterization are required for a better understanding and
further validation of our findings. For individuals diagnosed with sporadic CRC, these studies on specimen might help predict
prognosis and response to therapy.
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Introduction

The clinical profile of colorectal cancers (CRC) in India is dif-
ferent from that described in western countries. Demographic

studies of CRC from India report a higher incidence of rectal
cancer in the young with a higher proportion of signet ring car-
cinomas, and higher presentation at an advanced stage [1–4].
Most studies have looked into demography and clinicopatholog-
ic features; few have examined the genetic profile of colorectal
cancers. Genetic instability forms the hallmark of all neoplasia. It
is the diversity of this genetic instability that makes each tumour
unique and difficult to treat. Diversity also exists within an indi-
vidual’s tumour [5]. This genetic diversity is seen clearly in co-
lorectal cancer which develops through multiple genetic and epi-
genetic pathways.

On the basis of molecular features, three main pathways
for the development of colorectal cancer have been defined:
the chromosomal instability(CIN) pathway, the pure micro-
satellite instability (MSI) pathway, and the CpG island
methylator phenotype pathway [6]. Each of these pathways
is characterized by specific pathological features and mech-
anisms of carcinogenesis. These findings indicate the need
for tailored treatment of colon cancer, meaning each tumour
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will have to undergo molecular profiling before starting
therapy. The molecular aspects of the first two pathways,
i.e., CIN and MSI, have been used clinically in the diagno-
sis and management of patients with colorectal cancer. The
epigenetic alterations in colorectal cancer too have the po-
tential to be used as clinical biomarkers for diagnosis and
treatment [7]. To use this in clinical practice, technical mea-
surements and characterization of the various epigenetic
alterations need to be done in different populations.

Short sequences rich in CpG dinucleotide, usually under-
represented in the genome, can be found in the 5′ region of
50% of all human genes. CpG islands within the promoters are
unmethylated in normal cells except for those on the inactive
X chromosome. Hypermethylation of promoter CpG islands
eventually transforms the chromatin into a closed structure
and results in gene inactivation. Inactivation of tumour sup-
pressor genes through this mechanism leads to tumour forma-
tion [8]. The p16 (p16INK4A/ CDKN2A) and RASSF1a are
tumour suppressor genes involved in cell cycle regulation.
Hypermethylation of both these genes has been observed in
colorectal cancers [9].

Methodology

This was a prospective feasibility study designed to study the
aberrant promoter hypermethylation of p16 and RASSF1a
genes in patients with colorectal cancer and its association
with clinicopathologic features. We used methylated CpG is-
land amplification using polymerase chain reaction (PCR) to
study the methylation status of p16 and RASSF1a. Informed
consent was obtained from all patients. This study was ap-
proved by the Institutional Scientific Review Board and the
Medical Ethics Committee.

Sample Collection

Tumour sample was collected from patients undergoing up-
front surgery for colon and rectum. The tumour specimen was
cut open and washed in normal saline. Representative tumour
tissue ~1 to 2 g was collected in autoclaved vacutainers and
stored immediately at −20 °C. To serve as a negative control,
corresponding normal mucosa (cut margins of specimen >5 to
10 cm from tumour) of colorectum was also collected in 10
patients undergoing surgery and stored at −20 °C.

Universally Methylated HeLa Genomic DNA (New
England Biolabs Inc., England) served as a positive control.

DNA Isolation

Genomic DNA was extracted from 25 mg of tissue specimen
using QIAamp DNA mini kit (Qiagen, CA, USA) following
the manufacturer’s instructions. The quality of the extracted

DNA was examined by electrophoresis, and the yield was
measured using the Eppendorf Biospectrophotometer kinetics
™ before proceeding for bisulphite modification.

Bisulphite Modification of Isolated DNA

Using the EZ DNA Methylation-Lightning Kit (Zymo
Research, CA, USA), 1 μg of genomic DNA was subjected
to bisulphite modification, following the manufacturer’s in-
structions. Bisulphite treatment of DNA converted all the
unmethylated cytosine to uracil, leaving the methylated cyto-
sines unaffected. The modified DNA was used as a template
for nested and methylation-specific PCR.

Methylation-Specific PCR (MSP)

In the first step, we used a primer set that recognized the
bisulphite-modified DNA template, but did not discriminate
between methylated and unmethylated alleles. The primers
and annealing conditions used are summarized in Tables 1
and 2. The nested PCR product was subjected to second step
PCR specific for methylated and unmethylated alleles, respec-
tively. The PCR products were loaded onto 2% agarose gel
and visualized by ethidium bromide staining (Figs.1, 2).

Data Analysis

Frequencies of promoter methylation of specific genes, fre-
quencies, and mean of other clinicopathologic variables were
computed. To test the association of promoter methylation
with other variables, Fisher’s exact test was used. A p value
of 0.05 was considered to be statistically significant. All tests
of statistical significance were two-sided. Data analysis was
done using statistical computing software “R” version 4.0.2
(R core team 2020, Vienna, Austria).

Results

A total of 41 samples including 10 controls were collected and
analysed. The age of the CRC patients ranged from 30 to
74 years. A total of 7 patients aged 40 or less and 24 aged
more than 40. Rectal cancers constituted 48.3% of the cases.
The rest were right colon (22.5%) and left colon (29%) can-
cers. Of all CRC, 52% were moderately differentiated, 32%
were poorly differentiated, and 16% were well-differentiated
tumours. A majority of the cases (48.3% or 15 out of 31)
belong to TNM stage III. Preoperative elevated CEA levels
were seen in 42% (13 out of 31) cases.

p16 and RASSF1a promoter hypermethylation was found
in 26% (8 of 31) and 48% (15 of 31) of cases, respectively.
Hypermethylation of both p16 and RASSF1a genes was found
in 16% (5 of 31) tumour samples. Of all tumour samples, 42%
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(13 of 31) showed methylation for either p16 or RASSF1a.
p16 hypermethylation was absent in normal control tissue;
however, RASSF1a hypermethylation was seen in 60% of
normal control tissues. RASSF1a promoter hypermethylation
was more often seen in young CRC patients aged 40 years or
less, and this was found to be statistically significant (p val-
ue = 0.037). No significant association of promoter hyperme-
thylation was seen with tumour stage, grade, tumour location,
and CEA levels (Table 3). p16 methylation was more often
seen in stage I and II CRC. Although this was not statistically
significant (p value = 0.206), this finding suggests that p16
promoter hypermethylation might be an early event in multi-
step carcinogenesis. RASSF1a promoter methylation was
more often seen with left-sided colonic tumours and rectal
cancers compared to right colonic tumours, though this find-
ing was not statistically significant (p value = 0.137).

Discussion

Literature review of studies using fresh frozen CRC tissue as
in our’s usingMSPmethod show p16 hypermethylation in the
range of 18 to 53% [10–15]. Agnese et al. showed a 21%

hypermethylation status of the p16INK4A gene promoter
[15]. They did not find a significant association between p16
hypermethylation and clinicopathological variables. Yi et al.
studied 62 CRC specimens and found p16 methylation was
more likely to occur in Dukes’ C and D patients [13]. In
contrast, we found that 62.5% of p16 methylation was seen
in TNM stage I and II CRC. Xing et al. did a pooled analysis
including studies with patients from Japan, China, the USA,
Spain, and few others. Their meta-analysis showed that p16
hypermethylation had an unfavourable impact on the overall
survival of colorectal cancer [16].

We found RASSF1a promoter hypermethylation in 48% of
CRC samples. Engeland et al. observed 20% RASSF1a meth-
ylation in CRC [17]. They analysed 6 controls obtained from
noncancer patients and found no RASSF1a methylation. On
the other hand, Oliveira et al. in their analysis of 31 MSI CRC
found 52% RASSF1a methylation [18]. This finding was as-
sociated with poorly differentiated tumours. A study from
Assam, India, reports 41.5% RASSF1a methylation [19].
Another study on the North Indian population of 62 CRC
patients found 47% promoter hypermethylation of RASSF1a
[20]. They reported a higher frequency of hypermethylated
RASSF1a in those with risk factors of smoking and alcohol

Table 1 Primer sequences used

Gene Primer Sequence Amplicon size (bp) Annealing temperature (°C)

p16 (nested) FORWARD 5′-GAAGAAAGAGGAGGGGTTGG-3′ 280 56
REVERSE 5’-CTACAAACCCTCTACCCACC-3

Methylated p16 FORWARD 5’-TATTAGAGGGTGGGGCGGATCGC-3′ 150 58
REVERSE 5’-GACCCCGAACCGCGACCGTAA-3′

Unmethylated p16 FORWARD 5′-TTATTAGAGGGTGGGGTGGATTGT-3’ 150 59
REVERSE 5’-CAACCCCAAACCACAACCATAA-3′

RASSF1a (nested) FORWARD 5′-GGAGGGAAGGAAGGGTAAGG-3’ 260 56
REVERSE 5′- CAACTCAATAAACTCAAACTCCC-3’

Methylated RASSF1a FORWARD 5′- GGGTTTTGCGAGAGCGCGT-3′ 169 60
REVERSE 5′- GCTAACAAACGCGAACCG-3′

Unmethylated RASSF1a FORWARD 5′-GGTTTTGTGAGAGTGTGTTTAGT-3′ 169 58
REVERSE 5’-CACTAACAAACACAAACCAAACA −3′

Bp, base pair

Table 2 Methylation-specific
reaction conditions Gene Initial denaturation Cycling stage × 40 Final

extension
Denaturation Annealing Extension

P16 95° 95° 56°(N)/58°(M)/59°(UM) 72° 72°

7 min 30 s 30 s 30 s 5 min

RASSF1A 95° 95° 56°(N)/60°(M)/58° (UM) 72° 72°

7 min 30 s 30 s 30 s 7 min

N, nested; M, methylated; UM, unmethylated
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consumption. This is the first such study from South India on
CRC, to the best of our knowledge. Large numbers of patients
at our centre come from the Bengal region which probably
explains the similar rates of RASSF1a methylation found in
the studied Indian populations. RASSF1amethylation is asso-
ciated with metastatic CRC and poor prognosis [21]. In our
study, although we did not find an association with stage, 60%
of RASSF1a methylation was seen in stage III and IV CRC.

Multiple studies from India report a higher incidence of
colorectal cancer in the young [2, 22, 23]. Aetiology in the
young is not clear. Most of these patients do not have a well-
documented family history. This might not be related to fa-
milial adenomatous polyposis (FAP) as most cases do not
have adenomatous polyposis coli [22]. MSI or HNPCCmight
play a role in young; however, these are often associated with
right-sided tumours. We attempted to see if any relation exists
between young age and p16 or RASSF1a methylation. A sig-
nificant proportion of RASSF1a hypermethylation was seen in
young CRC patients. We also noted a trend for a higher fre-
quency of RASSF1a hypermethylation in rectal and left-sided
tumours. Similar to our findings, Laskar et al. reported a
higher frequency of RASSF1a methylation in young patients
with rectal cancer, which is associated with poor prognosis
[19].

We found that p16methylation was absent in normal tissue
and RASSF1a methylation was seen in 60% of normal colo-
rectal mucosa. Ahuja et al. studied age-related methylation of
multiple genes in normal colonic mucosa [24]. They conclud-
ed that age-related methylation was gene-specific and that p16
methylation was not affected by age. Methylation is not only
tissue specific but also cell specific; i.e. methylation varies
between epithelial and stromal components. Thus precise
sampling of tissue is important, so that epithelial cells are
targeted. We have used a technique described by Sugai
et al. to accurately isolate mucosal glands [25]. Sinha
et al. reported 13% RASSF1a methylation in adjacent co-
lonic mucosa. They explain it as an early change in the
adjacent colonic mucosa, which subsequently leads to car-
cinogenesis. The normal controls in our study were taken
from non-adjacent normal colonic mucosa of patients suf-
fering from CRC – more than 5 cm from tumour, at cut
margins of specimen, pathologically verified to be free of
tumour. In a more recent study, Sugai et al. compared DNA
methylation levels of many genes including RASSF1a in
cancerous crypts and normal mucosa. They reported that a
field effect may be present in CRC, affecting both adjacent
and non-adjacent normal mucosa [26]. Sun et al. studied
RASSF1amethylation using isolated DNA from blood sam-
ples and found 48.44% methylation in CRC versus 5.13%
in healthy volunteers [25]. However, the estimate of meth-
ylation in blood is lesser than in fresh frozen CRC speci-
mens [11, 12]. Age-related methylation is also related to
carcinogen exposure, folate, and alcohol intake [27].
Therefore, methylation of genes is dependent on multiple
factors. This probably explains the variations in methyla-
tion status and its association seen across studies. It is pref-
erable to take negative controls from age-matched, non-
cancer individuals and collect information on diet/habits/
risk factors of patients and controls for a complete analysis.

Methylation studies might explain relapses in optimally
treated early-stage individuals. Nakayama et al. studied tu-
mour DNA in blood samples of patients with recurrent CRC
and found p16 methylation in 69% of cases. They proposed
that this can be a useful method to detect recurrences [11]. For
individuals diagnosed with sporadic CRC, these studies on
specimen might help predict prognosis and response to
therapy.

Conclusion

With so much heterogeneity in normal and tumour aberrant
methylation, translating these tests into clinically useful
diagnostic/prognostic platforms still remains a challenge.
RASSF1a hypermethylation is peculiar to rectal cancers and
left-sided colonic tumours in young patients. Can this be a
field change leading to cancer in a subset of the Indian

Fig. 1 Gel electrophoresis image p16 methylation. (S, sample; U,
unmethylated; M, methylated; M+, positive control)

Fig. 2 Gel electrophoresis image of RASSF1a methylation. (S, sample;
U, unmethylated; M, methylated; M+, positive control)
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population? If so, is this amenable to therapy? Large-scale
population-based studies with extensive genetic and epigenet-
ic characterization are required for a better understanding and
further validation of our findings. Close collaboration between
clinicians and research scientists is a must to understand the
clinical relevance of these findings.

Acknowledgements The authors acknowledge the contribution to statis-
tical work made by Dr. Santu Ghosh, Assistant professor, Department of
Biostatistics, St. John’s Medical College, Bangalore.

Availability of Data and Material available.

Author Contribution Dr. Medha Sugara conceptualized the work. All
authors contributed to the study design and methodology. Dr. Medha
Sugara performed the data curation and formal analysis. The investigation
was performed by Dr. Medha Sugara and Ms. Shalini N Swamy and Mr.
Sandeep Kumar S. Resources were provided by Prof. Ramachandra C
and Prof. Ramesh Gawari. The supervision of work was done by Prof.
KV Veerendra Kumar. The original draft was prepared by Dr. Medha
Sugara. All authors reviewed and approved the final manuscript.

Declarations

Ethics Approval The study was approved by the institutional scientific
review board and medical ethics committee of Kidwai Memorial Institute
of Oncology, Bangalore (No:KMIO/MEC/007/30.April.2016).

Consent to Participate Informed consent was obtained from all individ-
uals participating in the study.

Consent for Publication The individual participants provided informed
consent to the publication of findings of this study.

Conflicts of Interests The authors declare no competing interests.

References

1. Peedikayil MC, Nair P, Seena SM, Radhakrishnan L, Sadasivan S,
Naryanan VA, Balakrishnan V (2009) Colorectal cancer distribu-
tion in 220 Indian patients undergoing colonoscopy. Indian J
Gastroenterol Of J Indian Soc Gastroenterol 28(6):212–215

2. Patil PS, Saklani A, Gambhire P,Mehta S, Engineer R, De’Souza A
et al (2017) Colorectal Cancer in India: an audit from a tertiary
center in a low prevalence area. Indian J Surg Oncol 8(4):484–490

3. Mohandas KM (2011) Colorectal cancer in India: controversies,
enigmas and primary prevention. Indian J Gastroenterol 30(1):3–6

4. Javid G, Zargar SA, Rather S, Khan AR, Khan BA, Yattoo GN,
Shah A, Gulzar GM, Sodhi JS, KhanMA, Shoukat-Deeba Bashir A
(2011) Incidence of colorectal cancer in Kashmir valley, India.
Indian J Gastroenterol Of J Indian Soc Gastroenterol 30(1):7–11

5. Mroz EA, Rocco JW (2017) The challenges of tumor genetic di-
versity. Cancer. 123(6):917–927

6. Worthley DL, Leggett BA (2010) Colorectal cancer: molecular
features and clinical opportunities. Clin Biochem Rev 31(2):31–38

7. Gonzalez-Pons M, Cruz-Correa M. Colorectal cancer biomarkers:
where are we now? [Internet]. Vol. 2015, BioMed Research
International. Hindawi; 2015 [cited 2020 Apr 21]. p. e149014.
Available from: https://www.hindawi.com/journals/bmri/2015/
149014/

8. Jones PA, Baylin SB (2002) The fundamental role of epigenetic
events in cancer. Nat Rev Genet 3(6):415–428

9. Zitt M, Zitt M, Müller HM (2007) DNA methylation in colorectal
cancer—impact on screening and therapy monitoring modalities?
Dis Markers 23(1–2):51–71

10. Zou H-Z, Yu B-M, Wang Z-W, Sun J-Y, Cang H, Gao F et al
(2002) Detection of aberrant p16 methylation in the serum of colo-
rectal cancer patients. Clin Cancer Res Off J Am Assoc Cancer Res
8(1):188–191

11. Nakayama H, Hibi K, Takase T, Yamazaki T, Kasai Y, Ito K,
Akiyama S, Nakao A (2003) Molecular detection of p16 promoter
methylation in the serum of recurrent colorectal cancer patients. Int
J Cancer 105(4):491–493

Table 3 Gene methylation and clinicopathologic characteristics

Variables Groups N Unmethylated p16
(No. /%)

Methylated p16
(No. /%)

p value
fisher’s

Unmethylated
RASSf1a (No. /%)

Methylated RASSF1a
(No. /%)

p value
Fisher’s

Age (years) <=40 7 6(85.7) 1 (14.3) 0.642 1 (14.3) 6 (85.7) 0.037
>40 24 17(70.8) 7 (29.2) 15 (62.5) 9 (37.5)

Gender F 14 10(71.4) 4 (28.6) 1 5 (35.7) 9 (64.3) 0.156
M 17 13(76.5) 4 (23.5) 11 (64.7) 6 (35.3)

Tumour location Left
colon

9 7(77.8) 2 (22.2) 0.173 2 (22.2) 7 (77.8) 0.137

Right
colon

7 7(100) 0 (0) 5 (71.4) 2 (28.6)

Rectum 15 9(60) 6 (40) 9 (60) 6 (40)

Grade 1 5 3(60) 2 (40) 0.407 2 (40) 3 (60) 0.546
2 16 11(68.8) 5 (31.2) 10 (62.5) 6 (37.5)

3 10 9(90) 1 (10) 4 (40) 6 (60)

TNM Stage Stage 1
and 2

12 7(58.3) 5 (41.7) 0.206 6 (50) 6 (50) 1

Stage 3
and 4

19 16(84.2) 3 (15.8) 10 (52.6) 9 (47.4)

Pre-op CEA levels
(ng/ml)

CEA<=5 18 14(77.8) 4 (22.2) 0.689 7 (38.9) 11 (61.1) 0.149
CEA>5 13 9(69.2) 4 (30.8) 9 (69.2) 4 (30.8)

458

https://www.hindawi.com/journals/bmri/2015/149014/
https://www.hindawi.com/journals/bmri/2015/149014/


Indian J Surg Oncol (September2021) 12(3):454 –459

12. Lecomte T, Berger A, Zinzindohoué F, Micard S, Landi B, Blons
H, Beaune P, Cugnenc PH, Laurent-Puig P (2002) Detection of
free-circulating tumor-associated DNA in plasma of colorectal can-
cer patients and its association with prognosis. Int J Cancer 100(5):
542–548

13. Yi J, Wang Z-W, Cang H, Chen Y-Y, Zhao R, Yu B-M, Tang XM
(2001) p16 gene methylation in colorectal cancers associated with
Duke′s staging. World J Gastroenterol 7(5):722–725

14. Sanz-Casla MT,MaestroML, VidaurretaM,Maestro C, ArroyoM,
Cerdán J (2005) p16 gene methylation in colorectal tumors: corre-
lation with clinicopathological features and prognostic value. Dig
Dis Basel Switz 23(2):151–155

15. Agnese V, Corsale S, Calò V, Augello C, Bruno L, Calcara D et al
(2006) Significance of P16INK4A hypermethylation gene in pri-
mary head/neck and colorectal tumors: it is a specific tissue event?
Results of a 3-year GOIM (Gruppo Oncologico dell’Italia
Meridionale) prospective study. Ann Oncol 17:vii137–vii141

16. Xing X-B, Cai W-B, Luo L, Liu L-S, Shi H-J, Chen M-H (2013)
The prognostic value of p16 Hypermethylation in cancer: a meta-
analysis. PLoS One 8(6):e66587

17. van EngelandM, Roemen GM, Brink M, Pachen MM,Weijenberg
MP, de Bruïne AP et al (2002) K-ras mutations and RASSF1A
promoter methylation in colorectal cancer. Oncogene. 21(23):
3792–3795

18. Oliveira C, Velho S, Domingo E, Preto A, Hofstra RMW, Hamelin
R, Yamamoto H, Seruca R, Schwartz S Jr (2005) Concomitant
RASSF1A hypermethylation and KRAS/BRAF mutations occur
preferentially in MSI sporadic colorectal cancer. Oncogene.
24(51):7630–7634

19. Laskar RS, Ghosh SK, Talukdar FR (2015) Rectal cancer profiling
identifies distinct subtypes in India based on age at onset, genetic,
epigenetic and clinicopathological characteristics. Mol Carcinog
54(12):1786–1795

20. Sinha R, Hussain S, Mehrotra R, Kumar RS, Kumar K, Pande P,
Doval DC, Basir SF, Bharadwaj M (2013) Kras gene mutation and
RASSF1A, FHIT and MGMT gene promoter hypermethylation:
indicators of tumor staging and metastasis in adenocarcinomatous

sporadic colorectal cancer in Indian population. PLoS One 8(4):
e60142

21. Matthaios D, Balgkouranidou I, Karayiannakis A, Bolanaki H,
Xenidis N, Amarantidis K et al (2016) Methylation status of the
APC and RASSF1A promoter in cell-free circulating DNA and its
prognostic role in patients with colorectal cancer. Oncol Lett 12(1):
748–756

22. Sudarshan V, Hussain N, Gahine R, Mourya J (2013) Colorectal
cancer in young adults in a tertiary care hospital in Chhattisgarh.
Raipur Indian J Cancer 50(4):337–340

23. Haleshappa RA, Rao SA, Garg S, Kuntegowdanahalli CL,
Kanakasetty GB, Dasappa L (2017) Is colorectal cancer in young
(<40 years) different from those in the elderly (>40 years): experi-
ence from a regional care center. Indian J Med Paediatr Oncol Off J
Indian Soc Med Paediatr Oncol 38(4):466–470

24. Ahuja N, Li Q, Mohan AL, Baylin SB, Issa JP (1998) Aging and
DNA methylation in colorectal mucosa and cancer. Cancer Res
58(23):5489–5494

25. Sugai T, Habano W, Nakamura S, Uesugi N, Sasou S, Itoh C
(2000) A unique method for mutation analysis of tumor suppressor
genes in colorectal carcinomas using a crypt isolation technique.
Arch Pathol Lab Med 124(3):382–386

26. Sugai T, Yoshida M, Eizuka M, Uesugii N, Habano W, Otsuka K,
Sasaki A, Yamamoto E, Matsumoto T, Suzuki H (2017) Analysis
of the DNA methylation level of cancer-related genes in colorectal
cancer and the surrounding normal mucosa. Clin Epigenetics 9(1):
55

27. van Engeland M, Weijenberg MP, Roemen GMJM, Brink M, de
Bruïne AP, Goldbohm RA, van den Brandt P, Baylin SB, de Goeij
AF, Herman JG (2003) Effects of dietary folate and alcohol intake
on promoter methylation in sporadic colorectal cancer: the
Netherlands cohort study on diet and cancer. Cancer Res 63(12):
3133–3137

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

459


	Aberrant Promoter Hypermethylation of p16 and RASSF1a Genes in Colorectal Cancer – Significance in Young Patients
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methodology
	Sample Collection
	DNA Isolation
	Bisulphite Modification of Isolated DNA
	Methylation-Specific PCR (MSP)
	Data Analysis

	Results
	Discussion
	Conclusion
	References


