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ras gene, and inactivation of tumor suppressor genes,
such as the APC and p53 genes, have been identified in
colorectal cancer.1–3 In addition, we have found that
several other genes are related to the pathogenesis of
colorectal cancer.4,5 Investigation of genetic changes
is important to clarify the tumorigenic pathway of
colorectal cancer.6

Recently, Yoshikawa et al.7 demonstrated that sup-
pressor of cytokine signaling-1 (SOCS-1) was frequently
silenced by methylation of the CpG island in human
hepatocellular carcinoma (HCC). SOCS-1 is an intracel-
lular protein that negatively regulates the Janus kinase
(JAK) and the signal transducer and activation of tran-
scription (STAT) signaling pathway, a principal cytokine
signaling transduction pathway. The JAK/STAT path-
way is also known to play an important role in the
regeneration of hepatocytes,8,9 and additional studies
have indicated that both JAK and STAT pathways are
involved in the oncogenesis of several tumors.10,11 These
findings suggested a potential role of the SOCS protein, a
growth suppressor in hepatocarcinogenesis through
negative regulation of the JAK/STAT pathway.

These results prompted us to examine SOCS-1 status
in colorectal cancer, because there are, as yet no such
reports. In this study, we examined the methylation
status of SOCS-1 in 74 resected primary colorectal can-
cers, using a methylation-specific polymerase chain
reaction (PCR; MSP), and we correlated the results with
the clinicopathological features of affected patients.

Patients, materials, and methods

Sample collection and DNA preparation

Seventy-four primary tumors and corresponding nor-
mal tissues were collected consecutively at Nagoya Uni-
versity Hospital from colorectal cancer patients during
colorectal surgery performed from 2000 to 2002. All
tissues were confirmed histologically. Collected samples
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correlation between the clinicopathological features
and SOCS-1 aberrant methylation and found that
younger age was significantly related to SOCS-1 methy-
lation (P � 0.048). Conclusions. These findings sug-
gested that SOCS-1 may act as a tumor suppressor in at
least some colorectal cancers and that SOCS-1 methyla-
tion may be a particular phenomenon related to an
early onset of colorectal cancer.
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Introduction

There is now good evidence that a series of genetic
alterations in both dominant oncogenes and tumor sup-
pressor genes is involved in the pathogenesis of human
colorectal cancer. Activation of oncogenes, such as the
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were stored immediately at �80°C until analysis. DNA
was prepared as described previously.12 The clinico-
pathological profiles of patients enrolled in the study
are shown in Table 1.

Sodium bisulfite modification

One microgram of genomic DNA extracted from tu-
mors and corresponding normal colorectal tissues was
subjected to bisulfite treatment, as described previ-
ously.13 Briefly, alkali-denatured DNA was modified by
2.1M sodium bisulfite/0.5mM hydroquinone at pH 5.0.
The bisulfite-reacted DNA was then treated with
NaOH, purified using the Wizard DNA Clean-Up Sys-
tem (Promega, Madison, WI, USA), precipitated with
ethanol, and resuspended in distilled water.

MSP

The bisulfite-treated DNA was amplified by MSP. The
primers for the unmethylated reaction were: SOCS UM
S (sense), 5�-TTATGAGTATTTGTGTGTATTTTT
AGGTTGGTT and SOCS UM AS (antisense), 5�-
CACTAACAACACAACTCCTACAACAACCA.
The primers for the methylated reaction were: SOCS M
S (sense), 5�-TTCGCGTGTATTTTTAGGTCGGTC
and SOCS M AS (antisense), 5�-CGACACAACTCCT
ACAACGACCG. The PCR reaction was hot-started at
95°C for 5min, and followed a protocol consisting of 35
cycles of 95°C for 30s, 60°C for 1min, and 72°C for
1min, and final extension of 72°C for 5min. DNA from
Hep3B and HuH-7 (HCC cell lines) was used as a posi-
tive control for methylated and unmethylated alleles,
respectively. The methylation status of these cell line

DNAs was confirmed by a previous study.7 A control
reaction without DNA was performed for each set of
PCRs. Ten microliters of each PCR product was loaded
directly onto nondenaturing 8% polyacrylamide gels,
stained with ethidium bromide, and visualized under
UV illumination.

Northern analysis

Resected specimens were lysed in guanidine thio-
cyanate, and RNA was extracted using cesium chloride
density-gradient centrifugation. Northern blot hybridi-
zation was performed essentially as described pre-
viously.14 The SOCS-1 probe for hybridization was
designed as nucleotide position 679–1030 of the SOCS-
1 cDNA sequence. A human �-actin probe was used as
an internal control.

Reverse transcription (RT)-PCR

First-strand cDNA was generated from RNA. The PCR
amplification consisted of 30 cycles (95°C for 30s, 55°C
for 1min, and 72°C for 1min) after the initial denatur-
ation step (95°C for 2min). The primers used were:
SOCS-1 S (sense), 5�-ACGCAGCATTAACTGGG
ATG, and SOCS-1 AS (antisense), 5�-AAATAGGA
TTCTGCACAGCAG. The predicted size of the PCR
product was 352bp. The housekeeping gene, �-actin,
was used as an internal control to confirm the success of
the RT reaction.

Statistical analysis

The association between SOCS-1 methylation status
and clinicopathological findings was examined using

Table 1. Clinicopathological features and the methylation status of SOCS-1 CpG island in colorectal cancer patients

Clinicopathological
SOCS-1 methylation

features Variable No. of cases � � P value

Sex Male 43 2 41 0.230b

Female 31 4 27
Age (years) 22–83 74 52.0 � 15.2c 61.6 � 10.8c 0.048a

Maximal tumor size 15–100mm 74 52.8 � 15.4c 48.1 � 18.6c 0.546a

Histology Mode 67 6 61 �0.999b

Others 7 0 7
Extent of tumor �pmd 19 3 16 0.17b

�pm 55 3 52
Dukes’ stage A, B 45 3 42 0.679b

C, D 29 3 26
Total 74 6 68

a Student’s t-test
b Fisher’s exact test
c Mean � SD
d Proper muscle
e Mederately differentiated adenocarcinoma
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Student’s t-test or Fisher’s exact test. P Values com-
puted were two-tailed. Statistical significance was con-
sidered as P � 0.05.

Results

To confirm that the SOCS-1 gene was inactivated by
methylation, we first examined the SOCS-1 methylation
status and mRNA expression in Hep3B and HuH-7 cell
lines, because the methylation status of these cell line
DNAs was described in a previous report.7 As described
previously, HuH-7 with unmethylated DNA demon-
strated substantial SOCS-1 expression, while Hep3B
with methylated DNA did not express SOCS-1 (Fig. 1).
We also examined the methylation and expression sta-
tus of SOCS-1 in colorectal cancer cell lines using MSP
and RT-PCR. Col3Jck with unmethylated DNA demon-
strated substantial SOCS-1 expression, while SW480
and SW1083 with methylated DNA did not express
SOCS-1 (Fig. 2). As described previously, 5-aza-dC
treatment reactivated SOCS-1 expression.15 This result
indicated that SOCS-1 methylation was not a secondary
event caused by gene repression due to loss of transcrip-
tion factor.

Subsequently, we examined the methylation status of
SOCS-1 CpG island in 74 colorectal cancer and corre-
sponding normal tissue specimens, using MSP. Aber-
rant methylation of the SOCS-1 gene was detected in 6
of the 74 (8%) colorectal cancer specimens (Fig. 3). All
tumors also exhibited unmethylation of the SOCS-1
gene, which may account for the contamination of non-

tumorous cells in tumor specimens. Otherwise, it is pos-
sible that SOCS-1 gene expression was not completely
inhibited in these cancers. No corresponding normal
colorectal tissues showed SOCS-1 methylation.

We then analyzed the correlations between the clini-
copathological data and SOCS-1 aberrant methylation
(Table 1). We found that age was significantly related to
SOCS-1 methylation (P � 0.048). No other factors, such
as sex, histology, tumor size, extent of tumor, or Dukes’
stage were correlated with the SOCS-1 methylation
status.

Discussion

Colorectal cancer is one of the most aggressive cancers,
and it occurs at a high incidence in most countries.16 To
eliminate this fatal cancer, we perform surgical opera-
tions and subsequent chemotherapy and radiotherapy.
For this purpose, it is important to seek genetic alter-
ations as a new parameter for estimation of the malig-
nancy of the cancer.

To date, little is known about the role of SOCS-1 in
colorectal cancer. Recently, a potential role of the JAK/

Fig. 1A,B. Methylation-specific polymerase chain reaction
(PCR; MSP) and Northern analyses of Hep3B and HuH-7 cell
lines. A MSP. Unmethylated PCR products are seen as a 175-
bp band in lane U, and methylated PCR products as a 160-bp
band in lane M. B Northern analysis. A 1.3-kb band was
detected with the SOCS-1-specific probe

Fig. 2. MSP and reverse transcription (RT)-PCR of SW480,
SW1083, and Col3Jck colorectal cancer cell lines. SW480
and SW1083, with methylated DNA, lacked SOCS-1 gene
expression, while SOCS-1 was expressed in Col3Jck, with
unmethylated DNA
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STAT pathway has been proposed for oncogenesis in
many other kinds of tumors.10,11,17,18 On the other hand,
the SOCS family has been identified as consisting of
negative feedback proteins of the cytokine-induced
signaling pathway.19–21 These proteins are activated by
STATs and negatively regulate the JAK/STAT path-
way be inhibiting the JAKs directly or blocking the
access of the STATs. Although the mechanism of SOCS
proteins in regulating cytokine signaling has been stud-
ied to some extent, the biological roles of these proteins
continue to be examined. From recent studies, it was
reported that SOCS-1 expression was suppressed
through the aberrant methylation of the CpG island
in several HCC cell lines, and that restored SOCS-1
expression suppressed both the growth rate and
anchorage-independent growth of cells.7,22 On the other
hand, SOCS-1 was also frequently silenced by methyla-
tion in multiple myeloma.15 Another study showed that
GFI-1B, a protooncogenic protein derived from GFI-1
in T-cell lymphoma, repressed the reporter activity of
SOCS-1/SOCS-3 promoters.23 In the present study, we
observed the aberrant methylation of SOCS-1 CpG
islands in colorectal cancers for the first time, whereas
the same methylation was not detected in correspond-
ing normal tissues. This observation suggested that
SOCS-1 may act as a tumor suppressor in at least some
colorectal cancers.

We also compared the methylation status of SOCS-1
in colorectal cancer patients with their clinicopathologi-
cal features, and demonstrated that patients with
SOCS-1 methylation were younger than those with no
SOCS-1 methylation. Thus, it was supposed that in-
activation of SOCS-1 may be an important factor for
colorectal carcinogenesis in younger patients. The
mechanism accounting for CpG island methylation with
age is unclear at the present time. In cell culture, many
unexpressed nonessential genes appear to acquire
de-novo methylation with time,24 and it is possible that
the same process is responsible for age-related hyper-
methylation.25 Our result was somehow opposed to
these reports, suggesting that SOCS-1 methylation may
be a particular phenomenon related to an early onset of
colorectal cancer.

This study provides solid evidence that can be used in
further studies on the molecular mechanism of SOCS-1
in colorectal cancers, and also suggests that SOCS-1
may play an important role in the carcinogenic pathway
in some patients with colorectal cancers. These observa-
tions indicate the possibility that tumor formation in the
colorectum may be controlled by inducing the expres-
sion of silenced SOCS-1, using demethylating reagents.
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