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Abstract
Expression of cytokines and growth factors have been shown to be highly correlated with the prognosis
of esophageal squamous cell carcinoma (ESCC), a deadly disease with poor prognosis. The suppressor of
cytokine signaling (SOCS) family of proteins are key factors in regulating cytokines and growth factors.
Yet the role of the SOCS proteins in ESCC is hardly investigated. We currently investigated the
prognostic role of SOCS5 in ESCC. We analyzed the prognostic effects of 16 single nucleotide
polymorphisms (SNPs) within the SOCS genes in 632 ESCC patients. We repeatedly observed that the 3
SNPs in SOCS5, SOCS5:rs3814039, SOCS5:rs3738890, and SOCS5: rs3768720, were significantly
correlated with both overall (OS) and progression-free survival (PFS) of ESCC patients (rs3814039,
p=0.032 for OS and p=0.009 for PFS; rs3738890, p=0.016 for OS, and p=0.008 for PFS; rs3768720,
p=0.005 for OS and p=0.002 for PFS). SOCS5: rs3768720 was also significantly associated with distant
metastasis (Ptrend=0.028).
The luciferase assay revealed that SOCS5:rs3814039 and SOCS5: rs3768720 might influence the
prognosis by regulating SOCS5 expression. Functional analysis demonstrated SOCS5 was able to regulate
epidermal growth factor receptor (EGFR) expression and migration activity of ESCC cells. Furthermore,
Patients with strong SOCS5 in normal tissues exhibited significantly better PFS (P=0.049) and reduced
risk of distant metastasis (P=0.004) compared to those with weak SOCS5 expression. Overall, our study
demonstrates the novel function of SOCS5 in ESCC prognosis. The genetic polymorphisms and
expression of SOCS5 could serve as a novel therapeutic biomarker for improving the prognosis of ESCC.
Key words: esophageal cancer, esophageal squamous cell carcinoma (ESCC), suppressor of cytokine signaling-5
(SOCS5), single nucleotide polymorphisms (SNPs), epidermal growth factor receptor (EGFR)

Introduction
Esophageal squamous cell carcinoma (ESCC) is
the major cell type of primary esophageal cancer,
accounting for about 90% of the disease worldwide,
and is highly correlated with environmental factors
[1-2]. As no efficient targeted therapeutic agent has
been discovered, the standard treatment for locally
advanced esophageal cancer is preoperative
(neoadjuvant) concurrent chemoradiotherapy (CCRT)
combined with surgical dissection [3]. Esophageal
cancer patients encounter high risk of either local
recurrence or distant metastasis after treatment [4-6].
The 5-year survival rate of patients with esophageal

cancer is less 20% under multiple treatment
modalities [7].
Cytokine-derived signaling has been extensively
observed to dominate adverse clinical outcomes in
ESCC patients [8]. Increased levels of IL-6 [9-11], IL-1
[12], IL-8 [13], IL-12 and IL-18 [14] have been reported
in the plasma in ESCC patients and correlated to poor
prognosis or adverse clinical (or pathological) changes
in ESCC. Growth factors represent another important
group of signaling molecules that play crucial roles in
ESCC progression and prognosis. Vascular
endothelial growth factors (VEGFs) are frequently
http://www.jcancer.org
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reported to be over-expressed in ESCC and correlated
with tumor growth and poor clinical outcome [8].
Other growth factors, e.g. hepatocyte growth factor
(HGF) [15] and insulin growth factor-II (IGF-II) [16],
have also been reported to be expressed at increased
levels in ESCC patients and to correlate with poor
survival. Our previous study found that epidermal
growth factor (EGF) and VEGF were highly correlated
with the prognosis of ESCC [17]. Thus, cytokines and
growth factors have frequently been identified as
important biomarkers in ESCC patients.
The family of suppressor of cytokine signaling
(SOCS) proteins represents one of the key
mechanisms regulating signaling derived from
cytokines and growth factors [18], and plays
important anti-inflammatory and tumor suppressive
roles. The family contains 8 members, SOCS1, SOCS2,
SOCS3, SOCS4, SOCS5, SOCS6, SOCS7 and CISH,
each containing 3 domains, a less conserved
N-terminal domain, a classic Src-homology 2 (SH2)
domain, and a highly conserved SOCS box at the
C-terminus [18-19]. The SOCS box domain consists of
a cul box and BC box and mediates ubiquitination and
proteasome-dependent
degradation
of
target
proteins. Degradation of receptors or associated
proteins is one of the mechanisms by which SOCS
proteins negatively regulate the signaling of cytokine
or growth factors.
Hypermethylation of SOCS1 and SOCS3 has also
been observed in esophageal adenocarcinoma
(Barrett’s adenocarcinoma) [20] and in ESCC [21]. A
recent study reported that SOCS1 gene therapy
induced an antitumor effect in an ESCC xenograft
mice model [22]. Studies of the genetic
polymorphisms in the SOCS family of genes in solid
tumor are not extensive. Single nucleotide
polymorphisms (SNPs) of the SOCS1 and SOCS3
genes have been analyzed in colorectal cancer patients
[23-24]. However, no association of these SNPs and
cancer development has been found.
SOCS5 is known to be a negative regulator of
epidermal growth factor (EGFR) signaling [25-26]. It
has been shown that SOCS5 is induced by EGF and
that negative feedback regulates the expression of
EGFR by proteasome dependent degradation in
Chinese hamster ovary (CHO) cells [26]. The function
of SOCS5 SNPs has hardly been investigated. One
study demonstrated that 6 of the SNPs of SOCS5 have
no significant correlation with type 1 diabetes mellitus
[27].
Little is known about the role of the SOCS family
of proteins in ESCC prognosis. We currently
investigate the clinical relevance of genetic
polymorphisms of the SOCS family and the possible
prognostic function of the SOCS5 protein in ESCC.

2217

Materials and methods
Study population
The study was performed retrospectively and
approved by the ethical committee of National
Taiwan University Hospital (NTUH, 201412172RINB).
A total of 632 patients were enrolled in NTUH during
2000 to 2013. The inclusion criterion was diagnosis
with primary ESCC, and the exclusion criteria were
inability to give informed consent, pregnancy, and
pediatric patients. The demographics and clinical
information of the patients were obtained from the
Tumor Registry of NTUH and/or medical
chart-review. Ten milliliters of whole blood was
obtained from patients before treatment and stored in
a -80 °C freezer. Overall survival duration (OS) was
defined as the duration between surgical dissection of
esophageal cancer or initial diagnosis in patients who
did not undergo tumor dissection and mortality of the
patient. Progression-free survival (PFS) was
considered as the interval between surgical dissection
or initial diagnosis of the disease and detection of
local recurrence, tumor progression or death.

DNA extraction and genotyping
Genomic DNA was isolated from the buffycoat
containing peripheral blood mononuclear cells
(PBMCs) using the QIAamp DNA kit (Qiagen,
Hamburg Germany) according to the manufacturer’s
instructions. The genotypes of 16 SNPs within the
SOCS family of genes were analyzed using
MassARRAY® iPLEX Gold technology according to
the manufacturer’s instructions (Agena Bioscience,
San Diego, USA) as described previously [28].

Cell cultures
CE81T/VGH and KYSE-70 are human ESCC cell
lines derived respectively from a Taiwanese patient
[29-30] and a Japanese patient [31], and were cultured
in DMED/F12 and RPMI complete medium
respectively. Het-1A is a SV40 T-antigen immortalized
human esophageal epithelial cell line [32], and was
cultured on CellBind dishes (Corning) in BEGM Bullet
kit medium (Lonza). HEsEpiC (Human Esophageal
Epithelial Cells) a non-tumorigenic esophageal cells,
was purchased from ScienCell Research Laboratories
and was cultured in EpiCM-2 (ScienCell) medium.
HEK293T (or simply 293T) is a cell line derived from
the human embryonic kidney HEK293 cell line and
harboring a mutant SV40 large T antigen, and were
cultured in RPMI complete medium. A549 (human
non-small cell lung cancer), ECV304 (human bladder
carcinoma), and HeLa cells (human cervical cancer)
were grown in RPMI and DMEM (HeLa) complete
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medium respectively. All the cells were cultured at
37oC incubator containing 5% CO2.

Protein extraction and western blotting
Tissue protein from ESCC patients was extracted
with super lysis buffer (containing 3% SDS, 2 M urea,
and 2% 2-mercaptoethanol) [33]. Total protein from
the cell lysate was extracted using RIPA buffer (150
mM NaCl, 50 mM Tris–HCl [pH 7.5], 1%
Igepal-CA630, 0.5% sodium deoxycholate, 0.1% SDS,
50 mM NaF, 1 mM Na3VaO4, and complete protease
inhibitor cocktail). Various amounts of protein were
mixed with SDS-PAGE sample buffer and resolved by
SDS- polyacrylamide gel electrophoresis (SDS-PAGE)
followed by Ponceau S staining (Sigma) and western
blotting analysis with specific antibodies as described
previously [34]. The primary antibodies used for
protein detection were anti-SOCS5 (ab97283, Abcam,
for endogenous SOCS5 detection), anti-SOCS5 (Santa
Cruz, for GFP-SOCS5 detection), anti- EGFR (C74B9,
Cell Signaling), anti-Myc (for myc-EGFR detection,
9E10, Millipore), anti-HER2 (Cell Signaling
Technology,
CST),
anti-phospho-AXL
(CST),
anti-AXL (Abcam), and anti-β-actin (clone 4,
Millipore) antibodies. The signal intensities values
were determined by ImageQuant 5.1 (Molecular
Dynamics, Inc.).
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luciferase miRNA target expression vector, for
luciferase assay. The DNA fragments containing
SOCS5: rs3768720_C (A) were PCR amplified using
the reverse primer 5'-CCGCTCGAGACACCTGTAGC
TCTATCCGC-3' paired with the forward primers
5'-GGGTTTAAA CCTCCGGTCCCCA AAGG TTG-3
or
5'-GGGTTTAAACCTCCGGTCCCCAAAG
GGTG-3' to generate SOCS5: rs3768720_A or SOCS5:
rs3768720_C respectively. The clones designed as
SOCS5:
rs3768720_C/pmirGLO
or
SOCS5:
rs3768720_A/pmirGLO were confirmed by sequence
analysis.

Transient transfection and MG132 treatment
To transiently over express GFP-SOCS5 and
myc-tagged EGFR (myc-EGFR) in HEK293T or ESCC
cells, the cells were seeded overnight and transfected
with indicated amounts of GFP-SOCS5/ pCMV6-ANGFP and/or pcDNA6A-EGFR plasmids, a kind gift
from prof. Mien-Chie Hung [35], using TurboFect™
(Origene) according to manufacturer's instructions. At
the indicated time post-transfection, the cells were
harvested for protein extraction and functional assay.
For the proteasome inhibitor treatment, the cells were
treated with 0 (solvent control), 1, and 10 µM of
MG132 (Sigma) at 24 hours post-transfection and
incubated for 24 hours.

Plasmid construction

Luciferase assay

The
myc-DDK-tagged
SOCS5/pCMV6
(myc-SOCS5/pCMV6) expression plasmids were
purchased from OriGene Technologies (RC206267).
The open reading frame of SOCS5 from
myc-SOCS5/pCMV6 was subcloned into the SgfI and
MluI sites of the pCMV6-AN GFP vector (PS10019,
OriGene) to generate GFP-fused SOCS5 plasmid
(GFP-SOCS5/pCMV6-AN-GFP). The promoter region
containing SOCS5: rs3814039_G and SOCS5:
rs3814039_C were PCR amplified by PCR using
specific primer pairs (forward, 5’- CCGCTCGA GTGC
AGGCGTGAACTATGCTT -3’; reverse, 5’- GGAAGA
TCTGCCTACCGT GACCAATAGCA -3’) to generate
a fragment of around 730 base pairs (bps) and cloned
into the pGL4.17 [luc2/Neo] vector (Promega). The
template for PCR amplification was buffy coat DNA
from an ESCC patient carrying the heterogeneous
genotypes CG at rs3814039. The clones containing
rs3814039_G
(SOCS5:rs3814039_G/pGL4.17)
or
rs3814039_C (SOCS5:rs3814039_C/pGL4.17) were
confirmed by sequence analysis.
To analyze whether SOCS5:rs3768720 modulates
SOCS5
expression,
we
constructed
SOCS5:
rs3768720_C/pmirGLO and SOCS5: rs3768720_A/
pmirGLO reporter plasmids at the XhoI and Pme I
sites of the pmirGLO vector (promega), a dual-

For the promoter activity assay, the cells were
co-transfected with the proper amount of SOCS5:
rs3814039_G/pGL4.17 or SOCS5: rs3814039_C/
pGL4.17 together with pRL-SV40 Renilla luciferase
reporter (Promega, for internal control) using
TurboFect™ (Origene) at the basal level or induced by
EGF or IL-6. At 48 hours post-transfection, both firefly
and Renilla luciferase activity were determined by the
Dual luciferase assay system (Promega) following the
manufacturer’s instructions. For the assay of miRNA
target expression, the ESCC cells were transiently
transfected with SOCS5: rs3768720_C/pmirGLO or
SOCS5: rs3768720_A/pmirGLO using TurboFect™.
Firefly and Renilla luciferase activity were both
analyzed as described above.

Wound healing assay
The procedures of the wound-healing assay (in
vitro scratch assay) are mostly based on previous
studies [36-37]. CE81T cells were cultured in
DMEM/F12 medium containing 5% FBS in 6-well.
After overnight incubation, the cells were transfected
with indicated amount of GFP-SOCS5 expression
plasmid (0, 0.5, 1, 2, and 3 µg per well) using
Lipofectamine 2000 (Thermo Fishers Scientific)
followed by replacement of fresh medium containing
2% FBS. The cells were trypsinized and re-seeded into
http://www.jcancer.org
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the culture-insert 3 well to create cell-free gaps at 24
hours post transfection. After another 24 hours
incubation, the cells were pre-treated with 10 µg/ml
of mitomycin C (Sigma) in serum-free medium for 2
hours followed by the removal of culture insert. The
remaining cells were maintained in fresh serum-free
medium. More than 8 images of the scratch were
obtained without overlapping between images at
indicated time points by a light microscope system
(Nikon ECLIPSE TS100). The rates of wound healing
were analyzed by image J software.

Statistical analysis
Demographic and clinical characteristics of
ESCC patients by survival status in training,
replication, and combined groups were compared by
a Pearson chi-square test or Fisher exact test. The
hazard ratios (HRs) of death and disease progression
for the genotypes of the SOCS SNPs adjusted for other
potential covariates were determined by multivariate
Cox regression analysis. Binary logistic regression
was applied for the odd ratios (ORs) of local recurrence
and distant metastasis for the genotypes of the SOCS
SNPs adjusted for potential covariates. Crude survival
curves, both for overall and for progression-free
survival of patients with each genotype, were
constructed by the Kaplan-Meier method and
compared statistically by the log-rank test. A
two-sided p-value equal or less than 0.05 was
considered statistically significant. All statistical
analyses were conducted using SPSS version 17.0
(SPSS Inc., Chicago, IL).

Results
We first investigated the clinical relevance of the
single nucleotide polymorphisms (SNPs) of the SOCS
family of genes, including 5 SNPs of SOCS1, 3 SNPs of
SOCS3, 5 SNPs of SOCS5, and 3 SNPs of CISH, which
were selected based on a previous literature search
[27, 38-40]. A total of 632 patients diagnosed with
ESCC were enrolled in the study and randomly
assigned to a training set (n=268) or replication set
(n=364). Among these subjects, 583 patients (92.2%)
were male, 406 patients (64.2%) received
esophagectomy, and 446 patients (70.6%) were treated
with CCRT. There were significant differences in the
distributions of esophagectomy and CCRT treatments
by survival status in the combined group (P<0.001
and P=0.006 respectively for survival, Table 1). As
expected, T-stage, N-stage, and M-stage were also
strongly significantly associated with survival status
(P<0.001). Age, gender and tumor site were borderline
significantly associated with survival status in the
combined group (P=0.087, P=0.080, and P=0.058 for
age, gender and tumor site respectively, Table 1).
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The germline genotypes of these SNPs were
analyzed and correlated with overall survival (Table
2) or progression-free survival (Table 3) by
multivariate Cox regression analysis. In the training
group (n=268), 8 SNPs, including 2 in SOCS1
(rs33932899 and rs243324), 1 in SOCS3 (rs2280148), 3
in SOCS5 (rs3814039, rs 3738890, and rs3768720) and 2
in CISH (rs2239751 and rs622502), were significantly
or borderline significantly correlated with overall
(OS) or progression-free survival (PFS) (Table 2 and
Table 3). In an independent replication group (n=364),
the correlation was repeated only in the 3 SNPs of
SOCS5 (rs3814039, p=0.127 for OS and p=0.034 for
PFS; rs3738890, p=0.119 for OS and p=0.051 for PFS;
rs3768720, p=0.092 for OS and p=0.016 for PFS; Table
2 and Table 3). The prognostic relevance of the 3 SNPs
was statistically significant for both OS and PFS in the
combined group, which combined the subjects in the
training and replication sets (rs3814039, CC vs. GG,
HR [95% CI]= 1.35 [1.03-1.74], p=0.032 for OS, HR
[95% CI]=1.40 [1.09-1.79], p=0.009 for PFS; rs3738890,
GG vs. CC, HR [95% CI]=1.38 [1.06-1.80], p=0.016 for
OS, HR [95% CI]=1.41 [1.09-1.81], p=0.008 for PFS;
rs3768720, CC vs. AA, HR [95% CI]=1.46 [1.12-1.91],
p=0.005 for OS, HR [95% CI]=1.51 [1.17-1.95], p=0.002
for PFS; Table 2 and Table 3). Furthermore, patients
carrying the C allele of SOCS5: rs3768720 had about a
2-fold increased risk of distant metastasis (CA vs. AA,
OR [95% CI]= 1.96 [1.09-3.52], p=0.025; CC vs. AA, OR
[95% CI]= 2.17 [1.08-4.40], p=0.030, Table 4). None of
these 3 SNPs had an obvious effect on local recurrence
among the ESCC patients.
Kaplan-Meier survival analysis demonstrated
both OS and PFS differed significantly between
patients with different genotypes of SOCS5:rs3814039,
SOCS5: rs3738890, and SOCS5: rs3768720 when tested
among all subjects (rs3814039, log-rank P=0.005 for
OS, Fig. 1A, MST 6.33 vs. 8.85 months, log-rank
P=0.003 for PFS, Fig. 1B; rs3738890, GG vs. CC, MST
11.74 vs. 21.12 months, log-rank P=0.009 for OS, Fig.
1C, MST 6.69 vs. 9.87 months, log-rank P=0.013 for
PFS, Fig. 1D; rs3768720, CC vs. AA, MST 11.74 vs.
21.25 months, log-rank P=0.001 for OS, Fig. 1E, MST
6.59 vs. 10.98 months, log-rank P=0.004 for PFS, Fig.
1F). Notably, the prognostic effects of these 3 SNPs
were more evident in patients who did not undergo
esophagectomy, both for the OS and PFS (Fig. S1 and
Fig. S2).
SOCS5:rs3738890 is an intronic variant of
uncertain significance. SOCS5:rs3814039 is within the
promoter region of SOCS5 while SOCS5: rs3768720 is
within 3’UTR (untranslated region) of the SOCS5
gene. Both of the SNPs may play regulatory roles. To
clarify whether SOCS5:rs3814039 and SOCS5:
rs3768720 influence gene expression, we constructed
http://www.jcancer.org
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reporter plasmids containing C (rs3814039_C) and G
(rs3814039_G) alleles of rs3814039 within the
promoter region of SOCS5 for reporter assay. We
transiently expressed vector (VC), rs3814039_G and
rs3814039_C reporters in CE81T ESCC cells. The
promoter region containing the unfavorable C allele
(rs3814039_C) exhibited a reduced activity compared
to that harboring the G allele (rs3814039_G) with
borderline significance (P=0.094, Fig. 2A). A similar
trend was observed in HEK293T cells (Fig. 2B), and
human bladder carcinoma ECV-304 cells (Fig. 2C). We
then
investigated
whether
SOCS5:rs3768720
modulates SOCS5 expression. We successfully
constructed SOCS5: rs3768720_C and SOCS5:
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rs3768720_A in pmirGLO, a dual-luciferase miRNA
target expression vector. As expected, the reporter
carrying the unfavorable allele C exhibited reduced
expression of the reporter gene compared to the
reporter carrying the favorable allele A in CE81T
ESCC cells (Fig. 2D). Decrease expression was also
observed in C-carried reporter in KYSE-70 cells with a
borderline significant trend (P=0.093, Fig. 2E). Strong
significant reduction of rs3768720_C was observed in
ECV-304 cells (Fig. 2F). These results suggest that both
SOCS5:rs3814039 and SOCS5:rs3768720 might
influence ESCC prognosis mediated by modulating
SOCS5 expression.

Figure 1. Kaplan-Meier estimates of overall survival (OS, A, C, and E) or progression-free survival (PFS, B, D, and F) by the genotypes of SOCS5:rs3814039 (A and B), SOCS5:
rs3738890 (C and D), and SOCS5: rs3768720 (E and F) among total ESCC patients. MST: median survival time (months).
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Figure 2. The effect of SOCS5:rs3814039_C/G and SOCS5:rs3768720_C/A on the gene expression of SOCS5 was analyzed by luciferase reporter assay. (A-C) Relative
promoter activity of SOCS5 5’UTR (5’-untranslated region) harboring rs3814039_C or rs3814039_G in CE81T/VGH ESCC cells (A) HEK293T cells (B), and ECV304 bladder
carcinoma cells (C). (D-F) Relative reporter gene expression of pmirGLO vector harboring SOCS5: rs3768720_C or SOCS5: rs3768720_A in CE81T/VGH (D) or KYSE-70 (E)
ESCC cells, and ECV304 bladder carcinoma cells (F). The reporter activity was determined by the luciferase activity and normalized by renilla luciferase activity in each reaction.
Fold change in activation (or expression) represents the ratio of reporter activity relative to the vector control. Similar results were repeatedly obtained 3 to 5 times. *,
0.01<P<0.05; **, P<0.01, b.s., borderline significance (0.05<P<0.10); n.s., not significantly different (P> 0.10).

Table 1. Demographic and clinical characteristics of ESCC patients by survival status
Variables
Age (years)
<50
50-65
>65
Gender
Male
Female
Stage
0
I
II
III
IV
T-stage
0
1
2
3
4
N-stage
0
1
2
3
M-stage
0
1
Tumor location
Upper

Total

Training group N=268
dead (N=195) alive (N=73)

p-value

Replication group N=364
dead (N=260) alive (N=104) p-value

Combined group N= 632
dead (N=455) alive (N=177) p-value

142 (22.5)
297 (47.0)
193 (30.5)

37(60.7)
102 (73.9)
56 (81.2)

24 (39.3)
36 (26.1)
13 (18.8)

0.029

59 (72.8)
107 (67.3)
94 (75.8)

22 (27.2)
52 (32.7)
30 (24.2)

0.276

96 (67.6)
209 (70.4)
150 (77.7)

46 (32.4)
88 (29.6)
43 (22.3)

0.087

583 (92.2)
49 (7.8)

180(73.8)
15 (62.5)

64 (26.2)
9 (37.5)

0.237

245 (72.3)
15 (60.0)

94 (27.7)
10 (40.0)

0.190

425 (72.9)
30 (61.2)

158 (27.1)
19 (38.8)

0.080

66 (10.4)
124 (19.6)
155 (24.5)
217 (34.3)
70 (11.1)

17 (58.6)
27 (45.8)
48 (71.6)
78 (89.7)
25 (96.2)

12 (41.4)
32(54.2)
19 (28.4)
9 (10.3)
1 (3.8)

9 (24.3)
35 (53.8)
59 (67.0)
115 (88.5)
42 (95.5)

28 (75.7)
30 (46.2)
29 (33.0)
15 (11.5)
2 (4.5)

26 (39.4)
62 (50.0)
107 (69.0)
193 (88.9)
67 (95.7)

40 (60.6)
62 (50.0)
48 (31.0)
24 (11.1)
3 (4.3)

86 (13.6)
122 (19.3)
122 (19.3)
228 (36.1)
74 (11.7)

26 (65.0)
26 (45.6)
37 (71.2)
78 (87.6)
28 (93.3)

14 (35.0)
31 (54.4)
15 (28.8)
11 (12.4)
2 (6.7)

<0.001

18 (39.1)
35 (53.8)
49 (70.0)
115 (82.7)
43 (97.7)

28 (60.9)
30 (46.2)
21 (30.0)
24 (17.3)
1 (2.3)

<0.001

44 (51.2)
61 (50.0)
86 (70.5)
193 (84.6)
71 (95.9)

42 (48.8)
61 (50.0)
36 (29.5)
35 (15.4)
3 (4.1)

<0.001

304 (48.1)
288 (45.6)
30 (4.7)
10 (1.6)

82 (60.3)
110 (86.6)
3 (60.0)
0 (0)

54 (39.7)
17 (13.4)
2 (40.0)
0 (0)

<0.001

92 (54.8)
141 (87.6)
18 (72.0)
9 (90.0)

76 (45.2)
20 (12.4)
7 (28.0)
1 (10.0)

<0.001

174 (57.2)
251 (87.2)
21 (70.0)
9 (90.0)

130 (42.8)
37 (12.8)
9 (30.0)
1 (10.0)

<0.001

562 (88.9)
70 (11.1)

170 (70.2)
25 (96.2)

72 (29.8)
1 (3.8)

0.004

218 (68.1)
42 (95.5)

102 (31.9)
2 (4.5)

<0.001

388 (69.0)
67 (95.7)

174 (31.0)
3 (4.3)

<0.001

142 (22.5)

45 (84.9)

8 (15.1)

0.076

67 (75.3)

22 (24.7)

0.332

112 (78.9)

30 (21.1)

0.058

<0.001

<0.001

<0.001
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Variables

Total

Middle
Lower
Esophagectomy
No
Yes
CCRT
No
Yes
CT
RT
CT + RT

2222

309 (48.9)
181 (28.6)

Training group N=268
dead (N=195) alive (N=73)
95 (70.9)
39 (29.1)
55 (67.9)
26 (32.1)

226 (35.8)
406 (64.2)

89 (89.9)
106 (62.7)

10 (10.1)
63 (37.3)

<0.001

111 (87.4)
149 (62.9)

16 (12.6)
88 (37.1)

<0.001

200 (88.5)
255 (62.8)

26 (11.5)
151 (37.2)

<0.001

156 (24.7)
446 (70.6)
16 (2.5)
11 (1.7)
3 (0.5)

42 (58.3)
142 (77.6)
7 (100.0)
11 (100)
0 (0)

30 (41.7)
41 (22.4)
0 (0)
1 (20.0)
1 (100)

0.003

58 (69.0)
186 (70.7)
9 (100.0)
5 (83.3)
2 (100.0)

26 (31.0)
77 (29.3)
0 (0)
1 (16.7)
0 (0)

0.306

100 (64.1)
328 (73.5)
16 (100.0)
9 (81.8)
2 (66.7)

56 (35.9)
118 (26.5)
0 (0)
2 (18.2)
1 (33.3)

0.006

p-value

Replication group N=364
dead (N=260) alive (N=104) p-value
127 (72.6)
48 (27.4)
66 (66.0)
34 (34.0)

Combined group N= 632
dead (N=455) alive (N=177) p-value
222 (71.8)
87 (28.2)
121 (66.9)
60 (33.1)

Table 2. Association under multivariate analysis of SOCS SNPs with overall survival (OS) in ESCC patients under multivariate analysis
Genes
SOCS1

SNPs
rs33932899

rs1559392

rs243324

rs243327

rs243330

SOCS3

rs4969169

rs9892622

rs2280148

SOCS5

rs3814039

rs3738890

rs6738426
rs3768720

rs12051836

CISH

rs414171
rs2239751

rs622502

Genotype
GG
CG
CC
CC
CT
TT
CC
CT
TT
CC
TC
TT
AA
AG
GG
CC
CT
TT
AA
AG
GG
AA
AC
CC
GG
GC
CC
Trend
CC
GC
GG
Trend
AA
AG
AA
CA
CC
Trend
TT
TC
CC
TT
AA
AA
AC
CC
CC
CT
TT

Training group (N= 268)
N OS
158 1
100 0.93 (0.69-1.27)
9
0.61 (0.27-1.35)
157 1
100 0.95 (0.70-1.30)
10 0.71 (0.33-1.51)
157 1
99 0.92 (0.68-1.26)
12 0.84 (0.41-1.72)
157 1
98 0.92 (0.68-1.26)
12 0.90 (0.45-1.79)
158
98 0.95 (0.70-1.29)
11 0.80 (0.39-1.65)
121 1
127 0.95 (0.70-1.29)
20 0.79 (0.44-1.43)
100 1
124 1.08(0.78-1.48)
44 1.35 (0.88-2.08)
148 1
105 0.90 (0.66-1.22)
14 0.66 (0.32-1.34)
62 1
126 0.96 (0.66-1.40)
78 1.40 (0.94-2.09)
1.20 (0.98-1.48)
67 1
121 1.11 (0.77-1.61)
79 1.49 (1.00-2.21)
1.23 (1.01-1.50)
217 1
50 1.11 (0.76-1.60)
64 1
133 1.12 (0.77-1.63)
71 1.67 (1.11-2.51)
1.31 (1.06-1.61)
174 1
84 0.98 (0.71-1.34)
10 0.87 (0.38-2.01)
163 1
104 1.13 (0.84-1.51)
132 1
104 0.79 (0.57-1.09)
32 1.06 (0.65-1.75)
226 1
41 0.95 (0.61-1.47)
1
18.23 (2.29-145.35)

*P-value
0.668
0.220

Replication group (N=364)
*P-value
N
OS
200
1
140
1.16 (0.89-1.52)
0.287
24
1.20 (0.74-1.93)
0.465

Combine group (N=632)
*P-value
N
OS
358 1
240 1.04 (0.85-1.27) 0.703
33
0.85 (0.63-1.42) 0.799

190
147
27

1
1.11 (0.85-1.46)
1.21 (0.76-1.92)

347
246
39

1
1.01 (0.83-1.24)
1.06 (0.73-1.55)

199
139
26
69
186
108

1
1.19 (0.91-1.55)
1.03 (0.62-1.71)
1
1.15 (0.81-1.63)
1.33 (0.92-1.92)
1.15 (0.97-1.38)
1
1.17 (0.83-1.66)
1.34 (0.93-1.93)
1.15 (0.97-1.38)

347
244
40
131
312
186

1
1.04 (0.86-1.27)
0.89 (0.59-1.33)
1
1.07 (0.84-1.38)
1.34 (1.03-1.74)
1.17 (1.02-1.33)
1
1.15 (0.90-1.47)
1.38 (1.06-1.80)
1.18 (1.03-1.34)

0.755
0.376
0.604
0.639

0.432
0.416

0.899
0.762

0.617
0.769
0.738
0.552
0.740
0.441
0.654
0.172
0.489
0.247
0.831
0.098
0.081
0.577
0.046
0.042

68
186
107

0.209
0.918
0.437
0.127
0.116
0.366
0.119
0.114

135
307
186

0.681
0.562
0.583
0.032
0.023
0.266
0.016
0.014

0.593
0.553
0.014
0.012

75
190
99

1
1.12 (0.80-1.57)
1.37 (0.95-1.96)
1.17 (0.98-1.41)

150
164
50
322
40
2

1
0.92 (0.70-1.21)
0.79 (0.53-1.19)
1
1.00 (0.68-1.48)
0.38 (0.09-1.59)

0.498
0.092
0.081

139
323
170

1
1.13 (0.89-1.45)
1.46 (1.12-1.91)
1.22 (1.06-1.39)

282
268
82
548
81
3

1
0.91 (0.74-1.11)
0.89 (0.66-1.22)
1
0.95 (0.71-1.27)
0.60 (0.19-1.93)

0.325
0.005
0.004

0.896
0.743
0.435
0.145
0.811
0.806
0.006

0.563
0.261
0.947
0.183

0.349
0.472
0.736
0.393

Adjusted for age, gender, stage, surgical status and CCRT.
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Table 3. Association under multivariate analysis of SOCS SNPs with progression-free overall survival (PFS) in ESCC patients
Genes
SOCS1

SNPs
rs33932899

rs28503542
rs1559392

rs243324

rs243327

rs243330

SOCS3

rs4969169

rs9892622

rs2280148

SOCS5

rs3814039

rs3738890

rs6738426
rs3768720

rs12051836

CISH

rs414171
rs2239751

rs622502

genotype
GG
CG
CC
GG
CC
CT
TT
CC
CT
TT
CC
TC
TT
AA
AG
GG
CC
CT
TT
AA
AG
GG
AA
AC
CC
GG
GC
CC
Trend
CC
GC
GG
Trend
AA
AG
AA
CA
CC
Trend
TT
TC
CC
TT
AA
AA
AC
CC
CC
CT
TT

Training group (N= 268)
N
PFS
158 1
100 1.06 (0.80-1.41)
9
0.49 (0.22-1.09)
267 157 1
100 1.05 (0.79-1.40)
10 0.57 (0.26-1.21)
157 1
99 1.03 (0.78-1.38)
12 0.60 (0.29-1.23)
157 1
98 1.03 (0.77-1.37)
12 0.70 (0.35-1.40)
158 1
98 1.06 (0.80-1.41)
11 0.63 (0.31-1.29)
121 1
127 0.99 (0.75-1.32)
20 0.74 (0.42-1.29)
100 1
124 0.97 (0.71-1.31)
44 1.04 (0.69-1.57)
148 1
105 1.28 (0.95-1.73)
14 0.79 (0.39-1.58)
62 1
126 0.95 (0.67-1.35)
78 1.44 (0.99-2.10)
1.22 (1.01-1.49)
67 1
121 1.13 (0.80-1.61)
79 1.52 (1.04-2.20)
1.24 (1.03-1.50)
217 1
50 1.30 (0.91-1.85)
64 1
133 1.23 (0.87-1.75)
71 1.61 (1.09-2.37)
1.27 (1.05-1.54)
174 1
84 0.94 (0.70-1.28)
10 1.26 (0.60-2.64)
163 1
104 0.97 (0.73-1.28)
132 1
104 0.92 (0.68-1.24)
32 1.15 (0.72-1.82)
226 1
41 1.21 (0.80-1.82)
1
8.70 (1.14-66.73)

*P-value
0.698
0.080
-

Replication group (N=364)
*P-value
N
PFS
200 1
140 1.10 (0.86-1.42)
0.449
24 0.93 (0.58-1.48)
0.756
-

Combine group (N=632)
*P-value
N
PFS
358 1
240 1.08 (0.89-1.30)
0.436
33 0.80 (0.54-1.18)
0.260
-

190 1
147 1.01 (0.79-1.30)
27 0.93 (0.59-1.45)

347 1
246 1.02 (0.84-1.23)
39 0.84 (0.58-1.21)

0.747
0.142
0.823
0.161

0.942
0.743

0.857
0.345

0.858
0.315
0.695
0.207
0.958
0.286
0.827
0.835
0.106
0.498
0.770
0.057
0.045
0.479
0.029
0.027

199
139
26
69
186
108

1
1.19 (0.92-1.53)
1.04 (0.65-1.67)
1
1.25 (0.90-1.74)
1.45 (1.03-2.06)
1.20 (1.01-1.42)
68 1
186 1.27 (0.92-1.76)
107 1.41 (1.00-2.00)
1.18 (1.00-1.40)

0.148
0.051
0.055

1
1.18 (0.98-1.43)
0.96 (0.65-1.40)
1
1.10 (0.87-1.39)
1.40 (1.09-1.79)
1.19 (1.05-1.35)
135 1
307 1.20 (0.95-1.52)
186 1.41 (1.09-1.81)
1.18 (1.05-1.34)

0.164
0.016
0.015

139 1
323 1.25 (0.99-1.57)
170 1.51 (1.17-1.95)
1.23 (1.08-1.39)

0.181
0.870
0.191
0.034
0.034

347
244
40
131
312
186

0.082
0.812
0.420
0.009
0.007
0.118
0.008
0.008

0.151
0.244
0.017
0.016

75 1
190 1.25 (0.91-1.71)
99 1.53 (1.08-2.16)
1.24 (1.04-1.47)

0.061
0.002
0.002

0.701
0.540
0.813
0.568
0.560
0.374
0.037

150
164
50
322
40
2

1
1.05 (0.81-1.37)
0.97 (0.66-1.43)
1
0.84 (0.57-1.21)
1.44 (0.34-6.13)

0.708
0.873
0.343
0.619

282
268
82
548
81
3

1
1.04 (0.86-1.25)
1.02 (0.77-1.37)
1
0.96 (0.73-1.26)
2.03 (0.63-6.53)

0.721
0.873
0.758
0.233

*Adjusted for age, gender, stage, surgical status and CCRT.

To investigate the expression correlation
between SOCS5 and EGFR, we detected the
expression of SOCS5 and EGFR in 62 sets of adjacent
normal and tumor tissues by western blot. Multiple
species of endogenous SOCS5 could be detected with
the molecular weight around 55 to 60 KDa
(KiloDalton) both in normal and tumor tissues. The
results from 12 sets of tissue are displayed in Fig. 3A.
Weak expression (including no expression) of SOCS5
was noted in 25 normal (25/62, 40.3%) and in 18

tumor tissue samples (18/62, 29.0%). Interestingly,
there was significantly different trend of SOCS5
expression between normal and tumor tissues in most
of the tissue sets (35/62, 56.5%). Among these sets, 21
(21/62, 33.9%) and 14 (14/62, 22.6%) tumor tissue
samples
displayed
up-regulation
and
down-regulation of SOCS5 respectively compared to
their corresponding normal tissue samples. EGFR was
frequently detected in the sets of esophageal tissue
(Fig. 3A). Notably, the difference in expression
http://www.jcancer.org

Journal of Cancer 2021, Vol. 12
between SOCS5 and EGFR of tumor tissue was
negatively correlated with that of corresponding
normal tissue in about half of the tissue sets (30/62,
48.4%) which revealed the possible negative
regulating role of SOCS5 in EGFR expression.
Patients were sub-grouped into the strongexpression and weak-expression groups based on the
expression of SOCS5 in esophageal tissues. There was
no significant difference between the demographic
and clinical variables of the 2 groups (revised Table
S1). The Kaplan-Meier estimates revealed a trend of
better OS among patients with strong SOCS5
expression in normal tissue compared to those with
weak expression (P=0.283, MST =32.23 vs. 21.47 in the
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strong and weak groups respectively, Fig. 3B).
However, the trend associated with tumor tissue was
just the opposite. Strong SOCS5 in tumor tissue was
correlated with worse OS (P=0.073, MST =21.47 vs.
N.R. [not reach] in the strong and weak groups
respectively, Fig. 3B). Furthermore, weak expression
of SOCS5 in normal, but not in tumor tissue, was
strongly associated with distant metastasis after
surgery (P=0.004, Table 5). Over half of the patients
(58.3%) with weak SOCS5 expression had distant
metastasis in contrast to the patients with strong
expression of which only 22.2% had distant metastasis
(Table 5).

Figure 3. Correlation of EGFR and SOCS5 expression in esophageal tissue of patients with ESCC. (A) Representative expression of SOCS5 and EGFR in esophageal tissues.
Total protein was extracted from non-cancerous (normal, N) and tumorous (T) esophageal tissue samples. The expression of EGFR and SOCS5 were analyzed by western
blotting using anti-EGFR and anti-SOCS5 antibodies respectively. β-actin was used as a loading control. The ratio of intensities normalized to loading control are indicated below
the signals. (B) The expression levels of SOCS5 in the tissues were sub-grouped into strong or weak (normalized ratio less than 20%) groups based on the ratio of intensities
which normalized to loading control (β-actin or Ponceau S staining) [58]. Kaplan-Meier estimates of overall survival (OS) or progression-free survival (PFS) by the expression level
or the expression change of SOCS5 in normal (N) or tumor (T) tissue. MST, median survival time; N.R., the median survival was not reached.
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Table 4. Association under multivariate analysis of SOCS SNPs
with local recurrence and distant metastasis in ESCC patients
Variable Distant metastasis
(No:Yes=153:216)
N
OR (95% CI)
rs3814039
GG
79
1
GC
193
1.67 (0.91-3.05)
CC
95
1.71 (0.86-3.42)
Trend
1.30 (0.92-1.83)
rs3738890
CC
83
1
GC
190
0.64 (0.33-1.27)
GG
93
1.25 (0.70-2.23)
Trend
0.81 (0.57-1.14)
rs3768720
AA
86
1
CA
198
1.96 (1.09-3.52)
CC
85
2.17 (1.08-4.40)
Trend
1.49 (1.04-2.12)

Local recurrence
(No:Yes=187:68)
*P-value N
OR (95% CI)

0.100
0.128
0.143

0.205
0.447
0.225

0.025
0.030
0.028

*P-value

59
132
62

1
0.79 (0.37-1.67) 0.536
1.31 (0.57-3.02) 0.525
1.16 (0.75-1.78) 0.504

63
127
63

1
0.92 (0.44-1.92) 0.814
1.43 (0.63-3.27) 0.391
1.53 (0.67-3.53) 0.316

66
132
57

1
0.86 (0.42-1.77) 0.689
1.20 (0.52-2.77) 0.670
1.09 (0.71-1.66) 0.706

*Adjusted for age, gender, stage, surgical status and CCRT.

Table 5. Correlation of SOCS5 with distant metastasis of ESCC
Variables
Normal_tissue SOCS5
Weak
Strong
Tumor_tissue SOCS5
Weak
Strong

Distant metastasis (N=60)
No
Yes
10 (41.7)
28 (77.8)

14 (58.3)
8 (22.2)

14 (77.8)
24 (57.1)

4 (22.2)
18 (42.9)

p-value
0.004

0.155

To further analyzed whether SOCS5 was able to
regulate EGFR expression, we transiently overexpressed GFP-tagged SOCS5 (GFP-SOCS5) in 293T
cells. GPF-SOCS5 dose-dependently down-regulated
endogenous EGFR in 239 T cells (Fig. 4A). However,
the regulatory effect was not obviously on exogenous
myc-tagged EGFR (Myc-EGFR) (Fig. 4B). We further
analyzed the expression of SOCS5 in a few cell lines.
SOCS5 was hardly detected in cancer cells, including
ESCC (CE81T and KYSE-70), A549 (lung cancer),
ECV304 (bladder cancer), and HeLa (cervical cancer)
cells. Notably, SOCS5 could be markedly detected in
non-tumorigenic esophageal squamous epithelial
cells, HEsEpiC cells (Fig. 4C). The SOCS family of
proteins have been found to be rapid turnover
short-lived proteins whose degradation is mediated
by the proteasome-dependent pathway [41-42]. Since
the transcript of SOCS5 could be detectable in ESCC
cells (data not shown), we hypothesized that SOCS5
protein might be degraded in ESCC cells. As
expected, treatment with the proteasome inhibitor
MG132 markedly increased the expression of
endogenous SOCS5 (Fig. 4D). Thus, SOCS5
expression might be regulated by proteasomedependent degradation in ESCC cells.
We cannot perform functional assessment in

ESCC cells since both endogenous or exogenous
GFP-SOCS5 were hardly detected in these cells.
Het-1A is a transformed non-tumorigenic esophageal
cells which expressed low level of SOCS5. Transiently
over-expressing GFP-SOCS5 was likely to be detected
in Het-1A cells (Fig. 4E). EGFR and HER2 were
significantly decreased with increased amounts of
GFP-SOCS5 transfection. The phospho-AXL (pAXL)
was also decreased with increased expression of
GFP-SOCS5 (Fig. 4E).
Because SOCS5 seems to be correlated with
distant metastasis of esophageal cancer (Table 5), we
finally investigated the effects of SOCS5 on cell
migration by wound-healing assay. We transiently
over-expressed increased amounts of GFP-SOCS5 in
low-serum cultured ESCC cells and observed that
high expression of SOCS5 (3 µg/well) obviously
suppressed the migration activity of ESCC (Fig. 5A).
The relative migration area are markedly decreased in
cells transfected with higher amounts of GFP-SOCS5
(1, 2, and 3 µg/well) at 48, 72, 96, and 120 hours post
scratch (Fig. 5B).

Discussion
Regarding the function of the SOCS family in
regulating the expression of cytokine and growth
factors, we hypothesized that the prognostic function
of certain SOCS proteins might be observed in ESCC.
The correlation between cancer prognosis and the
SNPs of SOCS genes has not been widely
investigated. It has been reported that a SNP in the
SOCS1 gene (rs243327) correlated with the response to
imatinib treatment in newly diagnosed chronic-phase
chronic myeloid leukemia [43]. By screening the
prognostic effect of the SNPs of the SOCS genes, we
identified one family member, SOCS5, as a potential
prognostic factor for ESCC. Our study clearly
demonstrated the novel effect of 3 SNPs of SOCS5,
rs3814039, rs3738890, and rs3768720, on the survival
of ESCC patients (Table 2, Table 3 and Fig. 1). Patients
carrying unfavorable genotypes of these SNPs had
significantly less median overall or progression-free
survival time compared to those with favorable
genotypes (Fig. 1), especially in patients who did not
undergo esophagectomy (Fig. S1 and S2). Patients
who did not undergo surgery were usually those who
were inoperable. Those with metastatic disease.
Unfavorable genotypes of SOCS5 might play roles
such as the promotion of metastasis in inoperable
patients.
Genetic polymorphism within the promoter
region might influence the promoter activity
mediated by altering the binding efficiency of
transcription factors. We demonstrated the promoter
activity with the unfavorable allele C of
http://www.jcancer.org
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SOCS5:rs3814039 was reduced compared to that with
G allele (Fig. 2A-C). We analyzed the putative
transcription factor binding sites in SOCS5:
rs3814039_C and SOCS5:rs3814039_G by PROMO
[44]. Loss of putative p53 binding site was noted once
the sequence of SOCS5 promoter change from G to C
at rs3814039. Whether rs3814039 modulates the
binding efficiency of p53 need further investigation.
SOCS5:rs3768720 is within the regulatory region of
3'UTR which could influence RNA stability,
translation efficiency, or microRNA binding
efficiency. We also observed unfavorable SOCS5:
rs3768720_C displayed reduced reporter expression
compared to SOCS5:rs3768720_A (Fig. 2D-F).
However, we did not found any obvious difference of

human microRNA targeting between SOCS5:
rs3768720_A and SOCS5:rs3768720_C from the online
prediction database. We suggest rs3768720 SNP might
effect on SOCS5 expression mediated by modulating
mRNA transcript stability or translation efficiency.
SOCS5 is a potential negative regulator of EGFR,
as has been demonstrated in both human cancer cells
[25-26] and a Drosophila epithelial transformation
model [45]. A study further reported that SOCS5
improved control of influenza infection by inhibiting
EGFR signaling [46]. Our study provides evidence
that SOCS5 might suppress EGFR expression in
clinical ESCC tissue samples (Fig. 3A). In fact, we
have also observed such a negative correlation in
thymic tumor tissue (data not shown). We have
demonstrated the ability of transiently
over-expressing SOCS5 in regulating
endogenous EGFR in 293T cells. The
expression of SOCS5 was inversely
correlated with the expression of EGFR,
HER2 and phospho-AXL in Het-1A
transformed esophageal cells. We also
demonstrated the ability of SOCS5 to
regulate ESCC cell migration by
wound-healing assay (Fig. 5). Meanwhile,
the 3'-UTR SNP rs3768720 is significantly
correlated with distant metastasis of
ESCC (Table 4), which reveal the possible
regulatory function of SOCS5 in the
metastasis of ESCC. EGFR has been found
associated with postoperative recurrence
[47], and poor prognosis of ESCC [48-49].
We
previously
demonstrated
that
expression of AXL and/or HER2
significantly correlated with increased
risk of distant metastasis [50]. The results
revealed that SOCS5 might regulate cell
migration partly mediated by modulating
the expressions of these metastasis-related
receptor tyrosine kinases.
SOCS1, SOCS2, and SOCS3, the
feedback
regulators,
have
been
demonstrated to turnover rapidly with a
half-life of around 1 to 2 hours in COS-7
cells [42]. Proteasome inhibitors have
been shown to significantly stabilize
SOCSs proteins [41, 51]. In a
neuroimmune study, rapid degradation
Figure 4. Function of SOCS5 in regulating EGFR expression in cell model. (A)(B) Regulation function of
SOCS5 in cells. Indicated amounts of GFP- tagged SOCS5 (GFP-SOCS5, 0 to 3 µg) were transiently
of SOCS3 by a proteasome-dependent
expression (A) or co-expressed with myc-tagged EGFR (Myc-EGFR) (B) in 293T cells for 48 hours
pathway
allowed the corticotroph to go
followed by protein extraction and detection. (C) The basal expression of SOCS5 were detected from
different types of cells, including CE81T, KYSE-70, A549, ECV304, HeLa, 293T, Het-1A, and HEsEpic cells.
back to its basal state and thus be
Ponceau S staining was served as loading control. (D) KYSE-70 ESCC cells were treated with 0, 1, and 10
activated once again [52]. Our study also
µM of MG132 for 24 hours. Expressions of EGFR and SOCS5 were detected by western blotting using
specific antibodies. (E) Increasing amounts of GFP-SOCS5 (0 to 3 µg) were transiently transfected into
found that proteasome inhibitor markedly
Het-1A cells. Protein expression profiles were analyzed at 48 hours post-transfection. Both endogenous
increased the expression level of SOCS5 in
SOCS5 and GFP-SOCS5 were detected by using anti-SOCS5 antibody. β-actin served as a loading control.
The ratio of normalized intensities relative to control (lane 1) are indicated below the protein signal.
ESCC cells (Fig. 4D). Consistently high
http://www.jcancer.org
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expression might lead to inefficient function of
SOCS5, which could partially explain why SOCS5 was
frequently expression in ESCC tissues (Fig. 3A).
The prognostic implications of SOCS proteins on
cancers are controversial. Higher expression levels of
SOCS1, SOCS3, SOCS4, and SOCS7 have all been
reported to associate with better prognosis in human
breast cancer [53]. In colorectal cancer (CRC), SOCS2
is also considered favorable for clinical outcome [54].
SOCS1 was demonstrated to be unfavorable for
clinical outcome in patients with human melanoma
and in those with acute myeloid leukemia [55-56]. The
prognostic role of SOCS5 is hardly understood in
cancers. Recently, SOCS5 has been reported
over-expressed in hepatocellular carcinoma (HCC)
tissues, and was correlated with poor prognosis of
HCC patients [57].
Our results reveal a difference in the clinical
impact of SOCS5 expression in adjacent normal tissue
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compared to esophageal tumor tissue. Strong
expression of SOCS5 in normal tissue was correlated
with better PFS though without reaching statistically
significance, but the opposite trend was observed in
tumor tissue (P=0.070 and 0.011 respectively, Fig. 3B).
It is reasonable to speculate that SOCS5 expression in
normal tissue plays an anti-tumor role which is
mediated by regulating the oncogenic effects exerted
by certain cytokines and growth factors to prevent
disease progression. The question remains as to why
an opposite relationship exists in tumor tissue
regarding the correlation between SOCS5 expression
and PFS? One possibility is that persistent expression
of cytokines and growth factors in the tumor
microenvironment
might
stimulate
aberrant
over-expression of SOCS5, and thus, the correlation of
SOCS5 and unfavorable prognosis was observed.
In conclusion, our study is the first to
demonstrate the genetic and molecular function of
SOCS5 in ESCC prognosis. The hereditary
SNPs of SOCS5 served as novel biomarkers
for improving the prognosis of ESCC.
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