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ABSTRACT

Colorectal cancer (CRC) is the third most common cancer world-
wide with 1.3 million new cases each year. In India, it is the fourth
most common cancer in males and the third most common cancer
in females. By the advent of molecular biology techniques, new bio-
markers such as methylation of DNA, miRNAs resulted and used for
early diagnosis as well as personalized therapies. Tumor suppressor
gene(s) promoter methylations are one of such biomarkers in identi-
fying the tumor aggressiveness, metastasis and the survival outcome
after the surgery. Suppressor of cytokine signaling-1 (SOCS1) gene
is a tumor suppressor gene, reported to be silenced in several types
of cancers including CRC. However, the role of SOCS1 promoter
methylation as a marker remains understudied, not completely
established in CRC. We investigated the promoter methylation status
of SOCS1 gene in stage Il and III CRC samples, find its prognostic
significance and association with clinicopathological characteristics.
We analyzed 56 CRC samples for SOCS1 promoter methylation and
found, 24 samples (42.9%) methylated whereas 32 samples (57.1%)
unmethylated. The pathological investigations revealed that SOCS1
promoter methylations were associated with poor differentiation
of tumor tissue (P<0.017), and decreased the overall survival rate
(22.5 months). Further, we also found that promoter methylations
are notassociated with other clinicopathological characteristics such
as lymph node metastasis, tumor stage, and dietary habits.

INTRODUCTION

are the most frequently used biomarker in various
tumors (Okugawa et al, 2015) Tumor suppressor gene(s)

Colorectal cancer (CRC) is one of the most commonly
diagnosed malignant diseases, and is contributing ~
8% of cancer-associated deaths globally (Bray et al,
2018). It is a major health issue in developed nations,
and its incidence has increased in developing countries
including India globally (Bray et al, 2018). Specifically,
CRC related mortality is increasing rapidly in many
low and middle-income countries (Arnold et al, 2017).
Further, it is predicted that the incidence of CRC is con-
tinue to increase, especially in developing countries
due to changing demographics and aging populations
(Tsoi et al, 2017). So, there is a need for early screening
and detection of biomarkers to facilitate early diagnosis
and surveillance in CRC cases. Among the biomarkers
reported, epigenetic biomarker like DNA methylations
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promoter methylations is one of the epigenetic marker
used in identifying the tumor aggressiveness, metastasis
and the prediction of survival outcome after the surgery.
Promoter methylations in the tumor suppressor genes
such as SFRP1 (Kumar, A. et al, 2019), IGFBP3 are inves-
tigated for their prognostic efficiency. In continuation,
researchers studying the suppressor of cytokine signal-
ing-1 (SOCS1) gene promoter methylations and its allelic
variants have been linked to different types cancers
(Fujitake S et al, 2004, Melzner, I. et al,, 2005 & 2006).
However, in colorectal cancer its methylation status as
a biomarker is not well established. The SOCS1 belong
to a family of adaptor proteins that negatively regulate
cellular signaling. It is known as an inhibitor of Janus
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family of tyrosine kinases (JAK), signal transducers and
activators of transcription (STAT) pathway (Kile, B.T, et al
2001, Davey, G.M., etal, 2006 Shi, ].etal, 2012).JAK/STAT
pathway plays a pivotal role in many cancers including
colorectal cancer (Pancik, J., et al, 2016, Thomas S.J., et
al, 2015). SOCS1 mediate its tumor suppressor functions
by diverse mechanisms such as inhibiting the JAK-STAT
signalling pathway, promoting the tumor suppressor
functions of p53, attenuating MET receptor tyrosine
kinase signalling and blocking the oncogenic potential
of the cell cycle inhibitor p21. Aberrant methylations of
the promoter region of SOCS1 gene and allelic mutations
have been linked to different types of malignant cancers
(Fujitake S et al, 2004, Melzner, 1. et al, 2005 & 2006).
Epigenetic inactivation due to CpG island methylation
of SOCS1 is linked to various cancers such as hepatocel-
lular carcinoma, human gastric carcinoma, melanoma,
pancreatic ductal neoplasm and acute myeloid leukemia
(Franke S. et al, 2001, Yoshikawa, H. et al. 2001, Chen,
C.Y, et al 2003, Fukushima N, et al, 2003, Galm, O., et al
2003, Oshimo, Y. et al, 2004 Mottok, A. et al, 2007, Liu, S.
et al, 2008). However, the clinical significance of SOCS1
inactivation in colorectal cancer remains understudied.
Here in this study we examined the correlation between
SOCS1 gene promoter methylation and tumor differenti-
ation, overall survival, with the goal of testing its utility
as a prognostic biomarker in CRC.

MATERIALS AND METHODS

Patients and tissue samples

We enrolled a total of 56 histopathologically confirmed
CRC patients (stage Il and III) between October 2013 to
March 2017. All these patients were underwent curative
surgical resection at Dr. Ram Manohar Lohia Institute of
Medical Science Lucknow, Uttar Pradesh, India. Demo-
graphical, clinicopathological, tumour-related character-
istics of patients recorded and shown in Table 1. A total
of 56 primary tumor tissue and adjacent normal colon
tissue were collected immediately after curative surgical
resection and processed for FFPE block formation. The
study was ethically approved by the Institutional Ethics
Committee, Dr. Ram Manohar Lohia Institute of Medical
Sciences Lucknow, and written informed consent has
been taken from each patient. Histopathological exam-
ination (HPE), staging and grading of tumors were done
as per the standard procedure.

DNA extraction and Bisulfite conversion:

DNA extraction was done by using QIAmp DNA FFPE
Tissue Kit (Qiagen GmbH, Hilden, Germany) form the
56 histopathological confirmed Formalin-Fixed paraffin
Embedded (FFPE) tumour tissue and adjacent non-
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tumour tissue with a xylene wash for the removal of
paraffin. DNA concentration of the isolated sample were
determined by using the NanoDrop Spectrophotome-
ter. The methylation status of DNA were performed by
using bisulfite- treated DNA followed by the Methylation
Specific PCR (MS-PCR). Bisulfite conversion of DNA was
done by using commercially available kit Epitect Bisulfite
kit (Qiagen GmbH, Hilden, Germany) by following the
recommended protocol from the manufacturer. 20pl
solution of DNA (500ng- 2pg) was taken for each bisulfite
conversion and following recommended protocol final
bisulfite converted DNA eluted in 20 pl elution buffer and
converted DNA further processed for methylation specific
PCR (MS-PCR) analysis within 24 hours (Li, Y.etal, 2011).

Methylation-specific Polymerase Chain Reac-
tion (MS-PCR)

The MS-PCR were performed by the method described by
Herman et al. in 1996 [23]. The primer sequences used
for MS-PCR of the SOCS1 promoter, for methylation-spe-
cific were forward 5-TCGTTCGTACGTCGATTATC-3’
and Reverse 5'-AAAAAAATACCCACGAACTCG-3". The
unmethylation-specific primer sequences were forward
5-TATTTTGTTTGTATGTTGATTATTG-3’ and reverse
5’-AAACTCAACACACAACCACTC-3’ (Fukushima, N. et
al, 2003). The unmethylated reaction was predicted to
yield a product of 122 bp and the methylated reaction
a product of 132 bp and these primers sequences were
procured from the Integrated DNA Technologies [IDT,
USA]. MS-PCR reaction mixture was prepared with 10
ul master mix (AmpliTag Gold PCR master mix), 2.5ul
(~250ng) bisulfite converted DNA 1.5 pl each primer
(forward and reverse) 6yl deionized water. PCR cycling
conditions was 95°C for 10 min (initial denaturation)
then 35 cycles consisting of three steps: 95°C for 10s
(denaturation), 15s at 58/59°C (annealing temperature),
68°C for 10s (extension) followed by a final extension for
2 minutes at 72°C. For the amplification of methylated
SOCS1 promoter region the annealing temperature was
59°C, while for unmethylated was 58°C (Herman, J.G.,
etal, 1996).

Statistical analysis

The statistical analysis was carried out by the SPSS
software (version 20). To find the statistical association
between clinicopathological features and promoter meth-
ylation, all cases were divided into two groups methyl-
ated and unmethylated based on methylation status and
Chi-square test used. Survival of CRC cases was defined
by using Kaplan Meier survival curve and Log-rank test.
To evaluate the potential of SOCS1 gene methylation as
a prognostic factor, variables were evaluated by using
univariate cox proportional hazard model. The P-value
< 0.05 is considered as significant.
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Clinicopathological characteristics of CRC cases selected for the study
Table 1: The association between methylation status of SOCS1 gene promoter and clinicopathological features of CRC

patients
No of cases Promoter Methylation of SOCS1 gene Pvalue
Variables 56 Absent (32) Present (24)
Age
<50 years 28 14 (50%) 14 (50%) .395
>50 years 28 16 (57.1%) 12 (42.9%)
Sex
Male 34 18 (52.9%) 16 (47.1%) 430
Female 22 14 (63.6%) 8 (36.4%)
Lymph Node metastasis
Present 29 17 (58.6%) 12 (41.4%) 817
Absent 27 15 (55.6%) 12 (44.4%)
Histological grade
Well 31 22 (71%) 9 (29%) 017
Moderate 15 8 (53.3%) 7(46.7%)
Poor 10 2 (20%) 8 (80%)
Tumour stage
T2 9 5 (55.6%) 4 (44.4%) 376
T3 25 12 (48%) 13 (52%)
T4 22 15 (68.2%) 7 (31.8%)
TNM stage
11 27 15 (55.6%) 12 (44.4%) 817
I11 29 17 (58.6%) 12 (41.4%)
Histological type
Infiltrating adenocarcinoma 47 27 (57.4%) 20 (42.6%) 916
Mucinous adenocarcinoma 9 5 (55.6%) 4 (44.4%)
Tumour location
?A%kcl(ter?((i)llr?g& Transverse) o 17 (81%) 4 (19%)
%]gitscczlr?(;ling & Sigmoid) 20 9 (45%) 11 (55%) oo
Rectum 15 6 (40%) 9 (60%)
Sample
Tumor tissue 56 32 (57.14%) 24 (42.86%)
Normal tissue 56 53(94.6%) 3 (5.4%) 0-000003
Alcohol Habit
Present 16 10 (62.5) 6 (37.5) 608
Absent 40 22 (55%) 18 (45%)
Diet
Veg. 29 14 (48.3%) 15 (51.7%) 168
Veg.+ Non-Veg. 27 18 (66.7%) 9 (33.3%)

P values by Chi-Squire test P value is < 0.05 considered as significant
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RESULTS

Clinicopathological characteristics

The clinicopathological features of CRC cases are sum-
marized in table 1. Patients age range was 18-76 years,
and the average age was 48 years at the time of diagnosis.
Among all 56, 34 (60.7%) were male, and 22 (39.2%)
were female. Stage wise, 27 (48.2%) cases were stage
11, 29 (51.7%) cases stage III at the time of diagnosis, 47
(83.92%) cases had infiltrate adenocarcinoma NOS, 9
(16.7%) had mucinous adenocarcinoma; and location
of tumor: 20 (35.7%) cases had tumor in left colon, 21
(37.5%) right colon and 15 (26.28%) cases tumor in
rectum. 31 (55.31%) cases had well-differentiated tumor,
15 (26.7%) cases had moderately differentiated tumor
and 10 (17.8%) poorly differentiated. Depth of tumor
invasion was T4 in 22 (39.2%) cases T3 in 25 (44.4)%
and T2in9 (16.07%). Among the 56 patients, 16 (28.5%)
patients had alcohol intake history (14 were occasional
and habitual); 51.75% cases were vegetarian and 48.21%
were non-vegetarian

Methylation of status of SOCS1 promoter

Methylation status of SOCS1 gene promoter was deter-
mined by MS-PCR results (Figure 1). If DNA band appears
in methylated reaction cases considered as methylated, if
DNA band appear in both reactions (methylated as well
as unmethylated) case also considered as methylated
because unmethylated band appear due to presence
of some normal cells in tumor, if DNA band appears
only in unmethylated reaction and no methylated band
cases considered as unmethylated. 24 (42.98%) cases
out of 56 cases were methylated, and 32 (57.1) cases
were unmethylated SOCS1 promoter. 12/27 (44.4%)
cases of stage Il and 12/29 (41.4 %) cases of stage III
had methylated promoter. Patients of >50 year age had
40.7% cases methylated promoter and <50 year age
group. 44.7% (16/34). Cases of male 16 (47%) had the

CASE 1 CASE 2 CASE 3

150bp

~ S0bp

Figure 1: Methylation-specific PCR results- Figure showing
the result of 3 case CRC of among them two case were
methylated (case 2, 3) methylated band appear in lane 4,6 and
one unmethylated case (case 1) showing only unmethylated
band lane 3. 50bp DNA ladder run in lane 1, 8
M= methylated U= Unmethylated
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methylated promoter were and 8 (36%) female patients
had methylated SOCS1 promoter

Association of Clinicopathological features
with promoter methylation of SOCS1-

To determine whether promoter methylation status of
SOCS1 gene is associated with patient’s clinicopathologi-
cal characters such as age, gender, tumor location, lymph
node invasion, tumor stage, and histological grade, we
performed Chi-square test, and results are summarized
in Table 1. We found, SOCS1 gene promoter methylation
is significantly associated with histological grade of
tumor (p=0.017) and tumor location (P=0.02). We found
80% cases poor differentiated primary tumor (Figure 2a
and b) had methylated SOCS1 promoter while 46 %,
29% cases had methylated promoter in moderately and
well-differentiated tumor respectively. Promoter meth-
ylation occurs, very frequently in left colon tumor 11/20
(55%) and rectum tumor 9/15 (60%) while only 4/21
(19%) cases of right colon had methylated promoter.
The association of promoter methylation with tumor
site was significant (P=0.02). Our data show, there was
no association between SOCS1 promoter methylation
and patient’s age, gender, lymph-node metastasis, tumor
depth, histopathological type, alcohol, and dietary habits.

Survival analysis with reference to SOCS1
genes promoter methylation

Based on the methylation status of SOCS1 gene pro-
moter, methylated and unmethylated groups were
defined. While follow-up in 56 patients up to 60 months,
27 patients had died due to disease-related event, 13
patients are alive and 16 patients miss or not able to do
follow up during the follow-up period. The mean esti-
mated overall survival (OS) of unmethylated group was

100

80 = Unmethylation

60 = Methylation
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Percentage of Cases

Poor Moderate Well
Differentiation of tumour

2(b)

‘Well differentiated
2 (a)
Figure 2(a): Histopathological images represent the poorly,
moderately and well differentiation of tumor and 2(b) Graph
showing the percentage of methylated cases and unmethylated
case in Poorly, moderately and well-differentiated tumor.
Methylation of SOCS1 was closely associated with tumour site
(p=0.02 by chi-square test).
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Survival Functions
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Figure 3: a. Kaplan-Meier survival curve showing the comparison of patients survival with methylated and unmethylated
SOCS-1 gene promoter in stage Il and 111 (both) CRC cases. The difference in survival was not significance as P=0.255 (Log Rank
test). b- Survival of stage I CRC patients’ stage on the basis of methylation status of SOCS1 p=0.067 (Log Rank test) difference in
survival was near to significance . c- Survival curve of stage III CRC patients’ stage p=0.891 (Log Rank test) .Cum = Cumulative

34.74 months and whereas methylated group OS was
22 months (in stage II and III both cases) (Figure 3a).
Unmethylated group survival was better as compared to
methylated group (P=0.255 by Log-rank test) and poor
survival associated with methylation of SOCS1 promoter.
Further, we explored the survival period in the clinical
stages, i.e., stage-II and stage-III and found that stage II
CRC patients” survival moderately significant differed
in methylated and unmethylated group P= 0.067 the
survival was 26.5 months, and 42.7 months respectively
(survival curve in figure 3b). Though in stage III, survival
was 16.4 months, 23.81 months respectively for the
methylated unmethylated, group and the difference was
not significant (P=0.891) (Figure 3c).

We analyzed stage II CRC cases survival data in mul-
tivariate analysis with reference of 7 different clinico-
pathological features of CRC cases, i.e. age group, gender,
tumor stage, tumor differentiation, location of tumor and
histological type of tumor. The finding showed that SOCS1
gene is notan independent prognostic marker for stage Il
CRC cases (HR=2.527,95% CI: 0.179 - 35.708 p=0.493).
Multivariate analysis in stage III CRC cases (HR= 1.082,
95% CI: 0.383 - 3.054 p=0.881) also showed SOCS1 not
working as an independent prognostic marker for stage
I1I CRC cases.

DISCUSSION

Aberrant methylations in the promoter region of tumor
suppressor genes as a prognostic epigenetic biomarker
are being considered in the field of cancer therapy and
diagnostics. These epigenetic biomarkers are reported
to be associated with tumor differentiation, lymph node
metastasis and survival period of the cancer patients
before and after curative surgery. Promoter hypermeth-
ylation was reported in the tumor suppressor genes such
as SFRP1 (Jiang, B.G. et al, 2017, Kumar, A. et al, 2019)
IGFBP3 (Ng, ].M., et al, 2015) in colorectal cancer. SOCS1
exhibits tumor-suppressive activity, downregulation of
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this gene by promoter methylations promotes cancer
progression, and this was reported in many studies
(Franke S. et al, 2001, Yoshikawa, H. et al. 2001, Chen,
C.Y, et al 2003, Fukushima N,, et al, 2003, Galm, O., et al
2003, Oshimo, Y. et al, 2004 Mottok, A. et al, 2007, Liu, S.
etal, 2008). Promoter methylations lead to the silencing
of the gene SOCS1 was reported in multiple myeloma
(Galm, O.etal, 2003), AML (Wanatabe, D. et al, 2004) and
CML (Chim,C.S., et al, 2004, Liu, T.C. et al, 2003). Promoter
methylations of SOCS1 and its association with clinical
features were reported by Fujitake, S., et al. (2004) in col-
orectal cancer patients (Fujitake, S. et al, 2004). However,
the prognostic significance of methylation of SOCS-1 is
unknown in Indian CRC patients. So, in this study, we
analyzed the promoter methylations of the SOCS1 gene,
and its association with the clinicopathological charac-
teristics; possible prognostic relevance among the Indian
colorectal cancer patients.

The results indicate that among the 56 colorectal
cancer samples, 42.9% (24/56) were methylated and
57% (32/56) were unmethylated. But for normal tissue
the methylations observed is only 5.3% (3/56). This
indicates that in CRC patients SOCS1 promoter methyl-
ations significantly increased. Reports pertaining to the
association of promoter methylations and its association
with clinicopathological characters and clinical outcome
is reported in many cancers including colorectal cancer.
So, in our study we didn’t find any significant association
of clinicopathological characters such as lymph node
metastasis, T stage, age, gender, except histological grade
and tumor site. However, the survival period is inversely
associated with the methylation status of SOCS1 in stage
II CRC patients. Our results are in concordance with the
results of Chaubey et al in where SOCS1 promoter meth-
ylations are inversely proportional to overall survival
period and tumor progression (Fujitake, S. et al, 2004).
In our study, we observed the shorter survival period
in patients with methylated SOCS1 promoter in stage II
CRC and stage I1I CRC. Similar results were seen in Acute
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myeloid leukemia patients where the promoter meth-
ylations of SOCS1 has no impact on the overall survival
(Tobelaim, W.S. et al, 2015). Further studies with large
number of sample size need to be conducted for confir-
mation of clinical use of SOCS1 gene for methylation as
a prognostic marker.
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