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Background: The suppressors of cytokine signalling (SOCS) are inhibitors of cytokine signalling; methylation
of SOCS-3 has been implicated in the tumorigenesis of liver as well as head and neck cancer.
Aims: This study was performed to elucidate the role of SOCS-1 and SOCS-3 in Barrett’s adenocarcinoma
and its precursor lesions.
Methods: DNA of specimens from 19 Barrett’s adenocarcinomas, 56 Barrett’s intraepithelial neoplasias
(n = 29 low grade and n = 27 high grade), 30 Barrett’s mucosa without neoplasia, 20 samples of normal
squamous and gastric epithelium and four cell lines were studied using methylation specific PCR for the
SOCS-1 and SOCS-3 promoter following microdissection. The presence of SOCS-3 mRNA transcripts was
confirmed by semiquantitative real time PCR, and the SOCS-3 protein was analysed immunohistochemically.
Results: In normal squamous epithelium and normal gastric mucosa, neither SOCS-3 nor SOCS-1
methylation was observed. In Barrett’s mucosa without intraepithelial neoplasia, SOCS-3 methylation
occurred in 4/30 cases (13%) whereas SOCS-1 was unmethylated. A hypermethylated SOCS-3 promoter
was found in 14/19 Barrett’s adenocarcinomas (74%) and in 20/29 high and 6/27 low grade intraepithelial
neoplasias (69% and 22%, respectively). SOCS-1 promoter hypermethylation occurred in 8/19
adenocarcinomas (42%) and in 6/29 high grade and 1/27 low grade intraepithelial neoplasias (21%
and 4%, respectively). Methylation of the SOCS-3 promoter correlated with downregulation of SOCS-3
transcripts and protein expression in these tumours and various cell lines. In the cell lines tested, SOCS-3 and
SOCS-1 transcripts increased after treatment with the demethylation compound 5-aza-2-deoxycytidine.
Conclusions: These data indicate that promoter methylation and subsequent transcript downregulation of
SOCS-3 transcripts and, to a much lesser extent, SOCS-1 are involved in the multistep carcinogenesis of
Barrett’s adenocarcinoma.

B
arrett’s adenocarcinoma arises from Barrett’s oesophagus
in which an intestinal-type epithelium (specialised intest-
inal metaplasia) replaces oesophageal squamous epithe-

lium damaged by gastro-oesophageal reflux disease. The
development of cancer in Barrett’s oesophagus follows a
multistep pathway. Histologically, there is a progression from
intestinal metaplasia (Barrett’s mucosa) through low and high
grade intraepithelial neoplasia to adenocarcinoma.1 2

To date, the exact cellular and molecular mechanisms leading
to neoplastic progression in Barrett’s epithelium are still not
fully understood.3–5 However, the initial step in the carcinogenic
process is thought to be an intermediate step in the progression
from reflux oesophagitis to oesophageal adenocarcinoma.

Many signalling pathways, such as cellular growth, differ-
entiation and also inflammation, involve the Janus kinases
(JAKs), the signal transducers and activators of transcription
(STATs), and their endogenous inhibitors of suppressors of
cytokine signalling (SOCS) as important players in transmitting
external signals from surface membrane to target genes in the
nucleus.6

Cancer related defective JAK/STAT/SOCS pathways may not
only pertubate cell growth or differentiation, but may also
negatively affect tumour response to the cytokine based
immunotherapy. The cytokine inducible SH2 domain contain-
ing protein and SOCS-1–7 have been identified in the SOCS
family to date.7 8 SOCS proteins act as negative regulators of
JAK/STAT pathways and may represent tumour suppressor
genes.8 The finding of oncogenic partners in this signalling
pathway, especially in human epithelial malignant tumours,
may support a prominent role of deregulated pathways in the
pathogenesis of diseases. Another possible mechanism, by

which SOCS proteins restrict signalling, is to promote protein
degradation or interfering with the turnover of certain
substrates (eg, activating an E3 ubiquitin ligase).8

Aberrant hypermethylation of CpG islands in promoter
regions has been shown to be associated with transcriptional
suppression of various genes in several types of epithelial as
well as haematopoietic malignancies.9–11

SOCS-1 appears to have tumour suppressor activity as
restoration of SOCS-1 gene expression in hepatocellular
carcinoma cells caused growth suppression and induction of
apoptosis.12 13 Recently, SOCS-3 was found to be frequently
silenced by hypermethylation in gastrointestinal cancers (eg, in
hepatocellular carcinoma,14 15 pancreatic carcinoma16 or hepato-
blastomas17). Silencing of SOCS-3 by promoter methylation in
human lung and head and neck cancer has also recently been
reported.18 19

Therefore, in the present study, we analysed the status of
SOCS-1 and SOCS-3 in Barrett’s adenocarcinoma and its
precursor lesions to elucidate a possible role of these genes in
the stepwise carcinogenic process of these tumours.

MATERIALS AND METHODS
Cell lines
Squamous carcinoma cell lines (OE21), adenocarcinoma cell
lines (OE19, OE33) and normal lung fibroblasts (CCL-75 cells)

Abbreviations: 5-AZA-DC, 5-aza-2-deoxycytidine; HGIN, high grade
intraepithelial; JAK, Janus kinase; LGIN, low grade intraepithelial
neoplasia; MSP, methylation specific PCR; SOCS, suppressors of cytokine
signalling; STATs, signal transducers and activators of transcription
neoplasia
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were obtained from the American Type Culture Collection
(ATCC, Rockville, Maryland, USA) and from the European
Collection of Cell Cultures, respectively. All cell lines were
grown in RPMI 1640 medium or Dulbecco (Gibco BRL,
Gaithersburg, Maryland, USA) supplemented with 10% fetal
bovine serum (Gibco BRL). All cell lines were kept at 37 C̊ in a
humidified incubator with 5% CO2 in air.

Patients and tissue samples
Between February 2000 and September 2001, 19 patients with
well differentiated Barrett’s adenocarcinoma, 56 patients with
Barrett’s epithelium and intraepithelial neoplasia (n = 29 with
low grade (LGIN) and n = 27 with high grade (HGIN)
intraepithelial neoplasia) and 30 patients with Barrett’s mucosa
without neoplasia were selected from the archives to obtain an
equal representation of different grades of dysplasia for
molecular analysis. Ten normal squamous cell epithelium
samples as well as 10 normal gastric mucosa specimens from
the cardia region were used as controls. All patients with
Barrett’s neoplasia received endoscopic mucosal resection.
Barrett’s mucosa without neoplasia was obtained from biopsies
of patients without neoplasia. The present study was in
accordance with the ethical standards of the Committee on
Human Experimentation of the University of Leipzig and
Bochum. All samples were taken during treatment procedures
with therapeutic intent. The inclusion criterion for this study
was the availability of good quality, paraffin embedded tissue
after initial clinical diagnosis. Each tumour was re-evaluated
with regard to typing.20 In all cases, haematoxylin-eosin stained
slides were re-examined independently by four experienced
gastrointestinal pathologists (IT, MV, MS, AT) without knowl-
edge of the clinical data. In the case of conflicting results of
grading intraepithelial neoplasia, microscopic re-evaluation was
obtained until concordance of opinion was obtained.

Microdissection and sample processing
For each tumour sample, the histopathological lesions of
interest were first identified on routinely stained sections, as
described previously,19 21 22 resulting in a nearly complete
separation of the target population from neighbouring tissues.
In the case of intraepithelial neoplasia, only clearly identifiable
neoplastic cells were microdissected. The approximate number
of cells was estimated to be at least 1200 per sample for PCR
analysis. After microdissection, the tissue samples were put into
Eppendorf tubes and standard methods for DNA and RNA
extraction were used.22

Methylation analysis
For each tumour sample, the histopathological lesions of
interest were identified on routinely stained sections, as
described previously.19 21 22 Next, microdissection was per-
formed on formalin fixed, paraffin embedded tissue. Sections
(12 mm) cut from paraffin blocks were mounted on glass slides

with a thickness of 0.17 mm (very thin glass slides are needed
to prevent laser energy from being dispersed before reaching
the section of tissue). An ultraviolet laser microscope system
was used to remove as much stromal tissue as possible (UV-
laser microbeam; PALM, Bernried, Germany), resulting in a
nearly complete separation of the target population from
neighbouring tissue. After microdissection,19 22 methylation
specific PCR (MSP) was applied to investigate the methylation
status of the promoter regions of the SOCS-1 and SOCS-3
genes. After an initial bisulfite treatment to modify the DNA,
PCR was performed to distinguish methylated from unmethy-
lated DNA, as described by Herman et al.23 According to our
previously published protocols,19 21 2 mg of genomic DNA were
denatured with 0.3 M NaOH. Hydroquinone 10 mM and 3 mM
sodium bisulfite were added and incubated at 50 C̊ for 16 h.
Modified DNA was purified using the Wizard DNA purification
resin (Qiagen, Hilden, Germany), followed by desulphonating
in 0.3 M NaOH, subsequent ethanol precipitation and resus-
pension in 30–50 ml of water. MSP was performed using
specific primers and conditions previously described.19 23 Briefly,
a 20 ml reaction volume containing 150 ng of bisulfite modified
DNA, 16PCR buffer, 1.5 mM MgCl2, 0.16 mM dNTPs, 0.25 mM
specific primer mix (forward and reverse primers; table 1) and
1 unit of Taq enzyme (Roche, Hamburg, Germany) were used.
The primers were designed according to a previously published
protocol and adopted to the specific conditions of our tumour
samples (table 1).18 19 Placental DNA treated with methyltrans-
ferase was used as a positive control for methylation.

Bisulfite sequencing for SOCS-3 and SOCS-1
Bisulfite treated genomic DNA was amplified by using primers
(59-GTG-TAG-AGT-AGT-GAT-TAA-ATA-39 (forward) and 59-
TCC-TTA-AAA-CTA-AAC-CCC-CTC-39 (reverse)) designed to
amplify nucleotides 21084 to 2671 of the SOCS-3 promoter
region (the start codon ATG of SOCS-3 is defined as +1),
adopting the protocols published recently by He et al,18 and from
our previously published protocol.19 For SOCS-1, three sets of
primers were used.14 19 24 Primers for region 1 were 5-GAG GAG
GGA GGG GAG TTT AGG GTA GTT-3 (sense) and 5-TTC AAC
CTC AAT AAA CAC AAC TAA AAA A-3 (antisense). Primers for
region 2 were 5-TTT TTT AGT TGT GTT TAT TGA GGT TGA A-3
(sense) and 5-CCA CCT AAT TAT ATA CTA CCA TCC TAC AA-3
(antisense). Primers for region 3 were 5-TGT AGG ATG GTA
GTA TAT AAT TAG GTG GT-3 (sense) and 5-TAA TAC TCC AAC
AAC TCT AAA AAA CAA TC-3 (antisense). The PCR products
were cloned into a Topo TA cloning kit (Invitrogen, Carlsbad,
California, USA). Two to five randomly picked clones were
sequenced on an ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems, Foster City, California, USA).

RT-PCR
The presence of SOCS-3 mRNA transcripts was analysed by
semiquantitative PCR (LightCycler; Roche) as described pre-
viously.19 RNA (200 ng) extracted from approximately 50–
60 mg paraffin embedded tissue sample using the RNeasy Mini
kit (Qiagen) was reverse transcribed with the primer sequences
for a 579 bp fragment of the human SOCS-3 cDNA (59 - TTC
TAC TGG AGC GCA GTG AC -39 (forward) and 59-ACT GGG
TCT TGA CGC TGA G-39 (reverse)) in 20 ml of RT mix with a
QuantiTect SYBR Green RT-PCR kit (Qiagen) in accordance
with the manufacturer’s instructions.14 15 18

Demethylation
For expression induction of SOCS-3 after exposure to 5-aza-2-
deoxycytidine (5-AZA-DC), a drug that inhibits DNA methyla-
tion, subconfluent cultures of the SOCS-3 non-expressing cell
lines of oesophageal adenocarcinoma (OE19-obtained from the

Table 1 Primer sequences for methylation specific PCR
analysis

Gene Primer Sequence Product size

SOCS-1 UmspF Tgaagatggttttgggatttatga 184 bp
UmspR cacaactcctacaacaaccacacac
MspF Tgaagatggtttcgggatttacga 183 bp
MspR Acaactcctacaacgaccgcacg

SOCS-3 UmspF tagtgtgtaagttgtaggagagtgg 134 bp
UmspR Ctaaacataaaaaaataacactaatccaaa
MspF Gtagtgcgtaagttgtaggagag 139 bp
MspR Gtaaaaaaataacgctaatccgaa

MSP, methylation specific PCR; SOCS, suppressors of cytokine signalling.
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European Collection of Cell Cultures), was selected. The cell
lines were exposed to 1 mM 5-AZA-DC for 4 days. After
isolation of total RNA using the RNeasy extraction kit
(Qiagen), multiplex reverse transcription-PCR was performed
for SOCS-3 as described above.19

RESULTS
To examine the expression status of SOCS-3 and SOCS-1 in cell
culture, three cell lines, derived from oesophageal squamous

epithelium (OE21) and from Barrett’s adenocarcinoma (OE19,
OE33), were analysed.

SOCS-3 transcripts were dramatically decreased or absent in
all three cell lines (fig 1A). In contrast, SOCS-3 expression was
detectable in all normal control cell lines, including primary cell
cultures (‘‘NSC’’ normal squamous epithelial cells; see fig 1A),
peripheral blood mononuclear cells of healthy donors and CCl-
75 cells (fibroblasts) (fig 1A). SOCS-1 transcript was decreased
or absent in OE21 cells, but detectable in normal epithelial cells

Figure 1 (A) mRNA expression analysis of
suppressors of cytokine signalling (SOCS)-3
and SOCS-1 in normal squamous epithelial
cells (NSC), peripheral blood mononuclear
cells (PBMC) of healthy volunteers, CCL-75
cells (lung fibroblasts), tonsils, OE19, OE21
and OE33 cells. SOCS-3 mRNA was absent
in OE19, OE21 and OE33 cells. In normal
tissue as well as in CCL-75, SOCS-3
expression was observed. SOCS-1 mRNA
was detectable in NSC, PBMC, CCL-75 and
tonsils. In contrast with SOCS-3, SOCS-1
was detectable in all cell lines, except OE21.
(B) Methylation specific PCR analysis of
SOCS-3 and SOCS-1 in NSC, PBMC of
healthy volunteers as well as in CCL-75 cells,
tonsils and various tumour cell lines (OE19,
OE21 and OE33). Bands (134 bp for SOCS-
3 and 184 bp for SOCS-1, respectively) in
lanes labelled ‘‘U’’ represent unmethylated
DNA products amplified with non-
methylation specific primers. Bands in lanes
labelled ‘‘M’’ refer to methylated DNA
products amplified with methylation specific
primers (134 and 183 bp respectively). L,
DNA ladder. GAPDH, glyceraldehyde
phosphate dehydrogenase. (C, D) Bisulfite
sequencing analysis of cell lines. Open and
filled squares represent unmethylated and
methylated CpG islands, respectively. We
sequenced five clones of PCR products
amplified from bisulfite treated genomic
DNA for each cell line. OE19 and OE21
exhibited heavily methylated CpG islands of
SOCS-3 (C). Methylation of the SOCS-1
gene was examined with three primer sets.
OE21 exhibited a heavily methylated
promoter region whereas OE19 lacked
methylation (D).
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(NSC), peripheral blood mononuclear cells of normal donors, in
tonsils, OE19 and OE33 (fig 1A).

To analyse the possible causal mechanism of the decrease or
lack of transcripts, the CpG islands of the SOCS-1 and SOCS-3

promoters were analysed, using MSP. We found that in those
cell lines with undetectable SOCS-3 transcripts (OE21, OE19
and OE33), promoter methylation occurred (fig 1B). In those
cells with detectable SOCS-3 transcripts, no methylated bands
were observed. MSP for SOCS-1 promoter revealed a hyper-
methylated promoter only for OE21 cells, the cell line with
absent SOCS-1 transcripts (fig 1A, 1B).

To confirm that promoter hypermethylation was responsible
for the lack of SOCS-3 as well as SOCS-1 expression in the cell
lines tested, 5-AZA-DC treatment was performed. After exposure
of the SOCS-3 non-expressors OE19 cells to 5-AZA-DC, a drug
that inhibits DNA methylation, for 3 days, re-expression of SOCS-
3 was detected (fig 2A), with little or no change in the expression
of the housekeeping gene, glyceraldehyde phosphate dehydro-
genase. Treatment of the SOCS-1 non-expressor OE21 also
exhibited re-expression after demethylation treatment (fig 2B).

To analyse the CpG islands in detail, bisulfite sequencing was
performed for the detection of the extent of CpG site methylation
of the SOCS-3 and SOCS-1 promoter regions, respectively. Con-
sistent with the MSP results, we found that the SOCS-3 CpG
islands in OE21, OE19 as well as in OE33 were heavily methylated
(fig 1C). Strong methylation of the SOCS-1 promoter was detected
in OE21 cells, but not in OE19 and OE33 cells (fig 1D).

To assess the methylation status of the SOCS-3 and SOCS-1
promoter region in human tumours, 19 Barrett’s adenocarci-
nomas, 29 high grade and 27 low grade intraepithelial

Figure 2 Expression of suppressors of cytokine signalling (SOCS)-3 and
SOCS-1 transcripts after treatment with 5-aza-2-deoxycytidine (5-AZA-
DC). Expression of SOCS-3 before (2) and after (+) treatment of OE19 and
OE21 cells as well as with 5-AZA-DC. GAPDH, glyceraldehyde phosphate
dehydrogenase.

Figure 3 Correlation of methylation in the promoter region with silencing of the suppressors of cytokine signalling (SOCS)-3 gene of corresponding normal
epithelium and Barrett’s mucosa with and without low and high grade intraepithelial neoplasia (IN). These samples were from the same patient, using
microdissection to analyse different parts of the mucosectomy specimen (A). Seven patients with Barrett’s adenocarcinoma are also shown (B). Bands
(134 bp) in lanes labelled ‘‘U’’ were unmethylated DNA products amplified with non-methylation-specific primers. Bands (134 bp) in lanes labelled ‘‘M’’
were methylated DNA products amplified with methylation specific primers. L, DNA ladder. The upper lanes with SOCS-3 expression were analysed by
reverse transcription-PCR. Glyceraldehyde phosphate dehydrogenase (GAPDH) was used as an internal control.
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neoplasia samples and 30 specimens with Barrett’s mucosa
were analysed after microdissection (fig 3; tables 2, 3). In
(normal) Barrett mucosa without intraepithelial neoplasia,
SOCS-3 methylation was detected in four cases (13%). In LGIN,
SOCS-3 methylation occurred in 6/27 cases (22%) and in 20/29
cases (69%) of HGIN. Fourteen of 19 Barrett’s adenocarcinoma
samples (74%) showed decreased or even absent mRNA
expression for SOCS-3, as indicated by RT-PCR (fig 3C). In
association with this, we found hypermethylation in these 14
tumour samples by MSP, but not in their matched non-
neoplastic normal tissue samples.

The SOCS-1 promoter region was also examined in all 105
specimens. SOCS-1 methylation was observed in 1/27 (4%)
LGIN and in 6/29 (21%) HGIN. A hypermethylated SOCS-1
promoter with reduced mRNA transcripts was detected in 8/19
(42%) Barrett’s adenocarcinomas. In a few cases, unmethylated
bands (U) were also visible in the tumour tissue, which may
result from admixed normal cells within the tumour specimens
(eg, granulocytes, fibroblasts), even though microdissection
was applied. In Barrett’s mucosa without neoplasia, the SOCS-1
transcript was detectable in all 30 cases. In 20 normal
squamous epithelium or gastric mucosa, neither SOCS-3 nor
SOCS-1 methylation occurred.

Immunohistochemistry was used to assess SOCS-3 and
SOCS-1 at the protein level. SOCS-1 and SOCS-3 were detected
in 11/19 and 6/19 Barrett adenocarcinomas, respectively (fig 4).
All of the 11 SOCS-1 positive tumours contained an unmethy-
lated SOCS-1 promoter, while SOCS-3 protein was detected in
one specimen with a methylated SOCS-3 promoter. SOCS-3
protein expression was undetectable in HGIN and LGIN, which
harboured a methylated SOCS-3 promoter (fig 3). In contrast,
SOCS-1 and SOCS-3 positivity occurred in normal epithelial
and inflammatory cells (granulocytes, lymphocytes) as well as
in tumour surrounding fibrous tissue (fig 3). Within a given
Barrett’s adenocarcinoma, a nearly homogeneous expression
was observed.

DISCUSSION
There is increasing evidence that abnormalities in STAT/SOCS
proteins are involved in the pathogenesis of certain human

epithelial and non-epithelial malignancies.19 25–31 Cancer asso-
ciated malfunction of the JAK/STAT/SOCS pathway may
negatively influence (tumour and also stromal) cell response
to (cytokine based) immunotherapies and innate immunity, as
has been demonstrated recently.31 32 Aberrant hypermethylation
of CpG islands within promoter regions silencing gene
transcription has been recognised as a mechanism for
inactivating tumour suppressor genes in cancer. Many recent
findings indicate that SOCS proteins act, in addition, as
adaptors that regulate the turnover of certain substrates by
interacting with and activating an E3 ubiquitin ligase.31 32 Thus
SOCS proteins act as negative regulators of JAK/STAT pathways
and may represent tumour suppressor genes.

We report that inactivation of SOCS-3—and to a lesser extent
SOCS-1—is frequently observed in Barrett adenocarcinoma as
well as in precursor lesions, mainly due to promoter hyper-
methylation. A possible mechanism for the involvement of
SOCS-3 in human cancers has been reported recently by He et
al18 and our group.19 In lung and also in head and neck cancer,
SOCS-3 functions as a growth suppressor and inducer of
apoptosis.18 19 In the present study, we found that frequent
hypermethylation of the functional SOCS-3 promoter region
was correlated with silencing of the SOCS-3 gene in Barrett
adenocarcinoma and also in precursor lesions. Normal, non-
neoplastic expressing SOCS-3, transcripts showed a func-
tionally active promoter. In low and high grade neoplasia as
well as in Barrett mucosa, SOCS-3 was also methylated,
showing increasing rates of methylation with higher grades of
neoplasia.

Our results suggest that SOCS-3 silencing results from
promoter methylation and may represent an important cause
of constitutive activation of the JAK/STAT pathway in the
malignant transformation of Barrett’s mucosa. It may also act
as an important epigenetic event during Barrett carcinogenesis,
as SOCS-3 inactivation was also found in Barrett epithelium as
well as intraepithelial neoplasia, a pre-neoplastic, pre-malig-
nant lesion.

The significance of SOCS-3 being inactivated in Barrett
mucosa without intraepithelial neoplasia remains unclear. It
has recently been described that in a model of chronic

Table 2 Results of mRNA, methylation specific PCR analysis and immunohistochemistry of
suppressors of cytokine signalling-3 in Barrett’s lesions

mRNA reduced
MSP methylated
bands

Protein
(immunohistochemistry)

Barrett’s adenocarcinoma 14/19 14/19 6/19*
Barrett’s HGIN 20/29 20/29 9/29
Barrett’s LGIN 6/27 6/27 21/27
Barrett’s mucosa 4/30 4/30 26/30

HGIN, high grade intraepithelial; LGIN, low grade intraepithelial neoplasia; MSP, methylation specific PCR; SOCS,
suppressors of cytokine signalling.
*SOCS-3 protein was detected in one case with reduced mRNA expression as well as MSP detectable methylated bands.

Table 3 Results of mRNA, methylation specific PCR analysis and immunohistochemistry of
suppressors of cytokine signalling-1 in Barrett’s lesions

mRNA reduced
MSP methylated
bands

Protein
(immunohistochemistry)

Barrett’s adenocarcinoma 8/19 8/19 11/19
Barrett’s HGIN 6/29 6/29 23/29
Barrett’s LGIN 1/27 1/27 26/27
Barrett’s mucosa 0/30 0/30 30/30

HGIN, high grade intraepithelial; LGIN, low grade intraepithelial neoplasia; MSP, methylation specific PCR; SOCS,
suppressors of cytokine signalling.
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inflammation, as it is the case in gastro-oesophageal reflux
disease, the endogenous SOCS-3 is a critical negative regulator
of multiple cell types orchestrating inflammatory disease.33 34

Joint inflammation in SOCS-3 negative mice was particularly
severe and was characterised by increased numbers of
neutrophils and macrophages and showed increased produc-
tion of and enhanced responsiveness to granulocyte-colony
stimulating factor and interleukin 6.35 Gastric refluxate has not
been shown to be genotoxic, which opens the possibility that
the effect of gastro-oesophageal reflux on the development of
Barrett’s mucosa represents an epigenetic effect mediated by
methylation of anti-inflammatory cytokines, such as SOCS-3.

We speculate that inactivated SOCS-3 increases the inflam-
matory process in Barrett mucosa. This might be in agreement
with the clinical observation that Barrett’s mucosa may
progress to the next step of intraepithelial neoplasia, even
when the reflux cessates. The rate of SOCS-3 methylation in
13% of ‘‘normal’’ Barrett’s lesions might be an explanation for
the epidemiological observation that only 10% of patients with
Barrett’s mucosa will eventually develop adenocarcinoma.

Therefore, the phenomenon of SOCS-3, and to a lesser extent,
SOCS-1, silencing as a result of promoter methylation may
represent a common event during Barrett’s carcinogenesis.
SOCS-3 itself may potentially function as an important tumour
suppressor gene.14 The high prevalence of SOCS-3 promoter
hypermethylation also supports targeted therapies of the JAK/
STAT pathway or its downstream targets.
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Answer
From the question on page 1046
Figure 1 shows a 264 cm lesion situated 15 cm distal to the duodenal–jejunal flexure. The

H&E-stained section (fig 2A) shows a poorly differentiated large cell neoplasm at the bottom of
an ulcer. Immunochemical analysis (fig 2B) shows strong cytoplasmic positivity for hepatocyte-
specific antigen (Hepar 1) characteristic of hepatocellular carcinoma (HCC). A diagnosis of HCC
recurrence within the small bowel was made. The patient subsequently underwent small bowel
resection of this lesion, and remains well 1 year after surgery.

Liver transplantation is a recognised treatment for HCC occurring in cirrhotic livers. Recent
British Society of Gasteroenterology guidelines (2003) recommend orthotopic liver transplant
(OLT) for patients with small tumours (,5 cm in the case of a single nodule, or up to three
lesions (3 cm), in whom there is a favourable outcome; however, tumour recurrence after OLT
is common if lesions are .5 cm in diameter or if there is vascular invasion, especially of the
portal system. When surgical treatment is not possible, percutaneous ethanol injection and
chemoembolisation can be used. After OLT, HCC metastases have been described in the adrenal
glands, bones and lungs. The level of immunosuppression is also known to affect tumour growth
rates. Treatment involves resection of the lesion, if possible. This is the first recorded case of
small bowel metastases from HCC after liver transplantation.
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