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Abstract

Purpose Constitutive activation of JAK/STAT pathway
is observed in various solid tumors and hematological
malignancies. SOCS3 acts as a key negative regulator of
JAK/STAT pathway and represents one of the candidate
tumor suppressor genes. In the current study, we aimed to
evaluate SOCS3 expression in breast carcinoma and to
explore the prognostic significance of SOCS3.

Methods The expression of SOCS3 was measured by
Western blot and immunohistochemistry in breast carci-
noma cells and a large cohort of tissue microarray,
respectively.

Results Among 367 human primary breast tumors,
SOCS3 protein was detected in 103 patients. Deficient
SOCS3 expression correlated significantly with lymph
node metastasis (P = 0.003), blood vessel invasion
(P = 0.029), VEGF (P = 0.001) and Ki-67 (P = 0.027).
Univariate and multivariate analyses revealed that SOCS3
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expression was an independent prognostic factor for dis-
ease-free survival (P < 0.0001). A positive SOCS3 protein
expression correlated significantly with a low pSTAT3
protein expression in breast carcinoma (P = 0.015). The
patients with a SOCS3 (4)/pSTAT3 (—) phenotype had a
better prognosis than any other combination (DFI:
P < 0.0001, BCSS: P = 0.013).

Conclusions Deficient expression of SOCS3 is associated
with an aggressive phenotype and portends a poor clinical
outcome in breast carcinoma.
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Abbreviations

ANT Adjacent non-cancerous tissues

BCSS  Breast carcinoma-specific survival

CI Confidence interval

DFI Disease-free interval

ER Estrogen receptor

IDC Infiltrating ductal carcinoma

IHC Immunohistochemistry

LN Lymph node

PR Progesterone receptor

RR Relative risk

SOCS3  Suppressor of cytokine signaling 3

STAT3  Signal transducers and activators of
transcription 3

TSG Tumor suppressor gene

TMA Tissue microarray

SDS Sodium dodecyl sulfate

VEGF  Vascular endothelial growth factor
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Introduction

Accumulating evidence has indicated that constitutive
activation of Janus kinase (JAK)/signal transducer and
activator of transcription (STAT) pathway occurs fre-
quently in diverse types of tumor cells and contributes to
malignant progression (Yu and Jove 2004). Among the
members of STAT family, STAT3 plays a pivotal role in
the oncogenesis. STATS3 is involved in many fundamental
cellular processes with obvious links to cancer, such as
cell-cycle progression, anti-apoptotic effects, proangio-
genesis, immune evasion and tumor metastasis (Hirano
et al. 2000; Niu et al. 2002; Abdulghani et al. 2008).
Aberrant STAT3 signaling has been identified to be suffi-
cient to induce tumor formation in a range of human
malignancies (Weerasinghe et al. 2007; Li et al. 2006).
There have been confirmed that constitutively activated
STAT3 is frequently found in breast carcinoma cell lines
and patients with advanced breast disease but is absent in
normal breast epithelial cells (Garcia et al. 1997, 2001;
Bowman et al. 2001). In particular, the phosphorylated
form of STAT3 at tyrosine residue 705 (Y705) is fre-
quently elevated in breast carcinogenesis and high
expression of STAT3 in cancer lesions may be a useful
biomarker for a poor prognosis in breast infiltrating ductal
carcinoma (IDC) cases (Garcia et al. 1997; Sheen-Chen
et al. 2008). Therefore, understanding the events leading to
STAT?3 suppression will provide critical insight for treating
and preventing breast tumorigenesis.

Suppressor of cytokine signaling (SOCS) proteins are
the classic negative counter regulatory inhibitors of JAK/
STAT pathway activation and they also have a regulatory
function on extracellular signal-regulated kinase/mitogen-
activated protein kinase (ERK/MAPK) (Isobe et al. 2006)
and nuclear factor-xB (NF-xB) signaling (Nakagawa et al.
2002). The SOCS family consists of eight members com-
prised of SOCS1-7 and CIS (cytokine-inducible SH2
domain proteins). As negative regulators of cytokine sig-
naling via JAK/STAT pathway or as STAT-induced STAT
inhibitors, the ability of SOCS to modulate signal trans-
duction is based on two functional domains, an SH2
domain, which binds to phosphorylated tyrosine residues
and a SOCS box, which serves as a recruiting site for
ubiquitin ligases (Hilton. 1999). SOCS3 is one of the well-
characterized members of SOCS family and is the key
negative regulator of the STAT3 signaling pathway; it is
also a potential tumor suppressor gene in specific cancers
(Isomoto et al. 2007). An increasing number of studies
have demonstrated the roles of SOCS3 in cytokine sig-
naling, including the immune suppression and cytokine
resistance of tumor cells. SOCS3 can bind both the cyto-
kine receptor and JAK and is recruited to the tyrosine
phosphorylated receptor, facilitating inhibition of JAK
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(Fujimoto and Naka 2003). Tumors often exhibit altera-
tions in SOCS3 protein expression: CpG island methylation
of SOCS3 gene loci and consequently, inhibition of SOCS3
expression was observed in a variety of solid tumors and
hematological malignancies (Ogata et al. 2006; Tokita
et al. 2007; Weber et al. 2005; Elliott et al. 2009). The fact
that SOCS3 silencing by promoter methylation reveals an
important epigenetic event during the development of
tumor. Once SOCS3 is silenced by promoter hypermethy-
lation, JAK activity and subsequent STAT3 activation is
triggered. The inactivation of SOCS3 may result in cells
becoming more sensitive to aberrant growth-stimulating
signals that function through JAK/STAT pathway, leading
to cell growth and survival. Previously, reports have indi-
cated that hypermethylation of the SOCS3 promoter region
correlates with silencing of SOCS3 in diverse cancer cell
lines and SOCS3 is involved in the suppression of tumor
growth and metastasis in lung cancer, malignant melano-
mas, HCC and neck and head squamous cell carcinoma
(Ogata et al. 2006; Tokita et al. 2007; Weber et al. 2005;
He et al. 2003). It has recently been reported that overex-
pression of SOCS3 markedly suppresses STAT3 expres-
sion and abrogates STATS phosphorylation, resulting in
decreased epithelial cell proliferation, survival and
anchorage-independent growth in breast carcinoma cells
(Barclay et al. 2009). However, to the best of our knowl-
edge, no study has yet been conducted regarding the
expression of SOCS3 protein in surgical specimens for
breast carcinoma; little is known about the association
between SOCS3 expression and clinicopathological fea-
tures, and its prognostic significance remains to be clari-
fied. We, therefore, elucidated the expression of SOCS3 by
immunohistochemistry (IHC) on tissue microarrays
(TMAs) in 367 primary breast carcinoma and corre-
sponding normal tissues. Our finding demonstrated for the
first time that SOCS3 can be a biomarker of disease
recurrence for breast carcinoma patients after surgery. The
patients with a combined SOCS3 (+)/pSTAT3 (—) protein
expression had a better prognosis that suggests a loss of
SOCS3 function to be associated with an aggressive phe-
notype in breast carcinoma.

Materials and methods
Cell lines

The human breast carcinoma cell lines MCF-7, HuL100,
BT474 and normal human mammary epithelial cells
(HMECs) were purchased from the American Type Culture
Collection (Manassas, VA). All cell lines were at 37°C and
5% CO, humid atmosphere in Opti-Mem medium with 1%
penicillin—streptomycin and 4% FBS (fetal bovine serum).
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Tumor material, patient characteristics and preparation
of TMAs

A total of 367 patients (median age, 52.8 years) with pri-
mary breast carcinomas who underwent curative surgery at
Changhai Hospital in Shanghai, People’s Republic of
China, from 1999 to 2005 were enrolled for this study.
Histological confirmation of primary breast carcinoma was
obtained from the Department of Pathology at Changhai
Hospital. None of the patients received preoperative
adjuvant chemotherapy. Of the 367 patients, paired non-
neoplastic breast tissues which were sampled from the
resection margins were available for 315. The following
variables were recorded: patient age, TNM stage (UICC),
tumor type, largest tumor diameter, lymph node status,
blood vessel invasion, hormone receptor, Her-2, the his-
tological grade (Bloom, Richardson, Elston-Ellis grading,
BRE), VEGF and Ki-67. All of the tissue specimens were
obtained for present study with patient informed consent
and the use of the human specimens was approved by the
Ethics Committee of Changhai Hospital.

TMA and immunohistochemistry

Seven paraffin-embedded TMA blocks of normal breast,
breast cancer tissue specimens obtained from the patients
were created using a manual arrayer (Beecher Instruments,
Sun Prairie, WI, USA). Each block had at least one 1.5-mm
core of non-neoplastic tissue and two 1.5-mm cores of
primary tumor tissue and 4-pm paraffin sections were then
made by standard technique. SOCS3 protein expression in
the sections was detected with SOCS3 rabbit poly-
clonal antibody (dilution 1:100, sc-9023, Santa Cruz Bio-
technology Inc., CA, USA), STAT3 rabbit polyclonal
antibody (dilution 1:100, sc-7179, Santa Cruz Biotechnol-
ogy Inc., CA, USA) and Phospho-Stat3 (Tyr-705) antibody
(dilution 1:200, #9145, Cell Signaling Technology Inc.,
Danvers, MA, USA). An EnVision kit (Dako, Carpinteria,
CA, USA) was used to visualize antibody binding, and
slides were subsequently counterstained with hematoxylin.

Evaluation of immunostaining

Expression of SOCS3, STAT3 and pSTATS3 in the TMAs
was evaluated by two individuals (Y.C. and M.X.H.) under
an Olympus CX31 microscope (Olympus Optical, Tokyo,
Japan). Discrepancies in the scores were resolved by dis-
cussion between the two evaluators. Briefly, a positive
reaction was indicated by a reddish-brown precipitate in
the cytoplasm. Two independent investigators scored the
sections without the knowledge of patient outcome (double
blinded). An average value of two independent scores was
presented in the present study. Depending on the

percentage of positive cells and staining intensity, SOCS3
staining positivity was classified into three groups: nega-
tive, weak positive, and strong positive. Specifically, the
percentage of positive cells was divided into five grades
(percentage scores):10% (0), 10-25% (1), 25-50% (2),
50-75% (3), and 75% (4). The intensity of staining was
divided into four grades (intensity scores): no staining (0),
light brown (1), brown (2), and dark brown (3). SOCS3
staining positivity was determined by the formula: overall
scores = percentage score X intensity score. The overall
score of <3 was defined as negative, of >3 to <6 as weak
positive, and of >6 as strong positive.

Follow-up and survival analysis

The last date of follow-up was 31 December 2008 with a
median observation time of 43.3 months (range from 24 to
77 months). No patients were lost to follow-up throughout
the experiments. Data relating to survival were collated in a
prospective manner including breast carcinoma-specific
survival (BCSS) defined as the interval (in months) from
the date of the primary treatment to the time of death due to
breast carcinoma and disease-free interval (DFI) defined as
the interval (in months) from the date of the primary
treatment to the first loco-regional recurrence or distant
metastasis. Patients were censored on the date of last
contact if a treatment failure event had not been observed.
Kaplan—-Meier survival analyses were carried out for breast
carcinoma-specific survival and DFI. The log-rank test was
used to examine the statistical significance of the differ-
ences observed between the groups.

The principal subgroups of interest were defined by
SOCS3 status (positive and negative) and combined
SOCS3/pSTATS3 status: group I, both negative; group II,
positive SOCS3 but negative pSTAT3; group III, negative
SOCS3 but positive pSTAT3; and group IV, both positive
status. To evaluate the effects of age, size, lymph node
status, grade, hormone receptors and Her-2, a multivariate
Cox regression model was used to compute relative ratios
(RRs) and 95% confidence intervals (95% Cls). Estimates
were considered statistically significant for two-tailed val-
ues of P < 0.05. All analyses were performed using the
SPSS statistical software program 13.0 for Microsoft
Windows (SPSS Inc., Chicago, IL, USA).

Western blot analysis

Whole cell extracts were prepared from pulverized breast
cancer and normal adjacent tissue specimens. Standard
Western blot was performed using rabbit polyclonal anti-
body anti-human SOCS3 (dilution 1:200, sc-9023, Santa
Cruz Biotechnology Inc., CA, USA) and further incubated
in anti-rabbit IR 800 secondary antibody (dilution 1:5,000,
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Rockland Immunochemicals, Gilbertsville, PA, USA).
Equal protein sample loading was monitored by incubating
the same membrane filter with an anti-f-actin antibody.
The probe proteins were detected using a LICOR Odyssey
Infrared Imager (LICOR, Biosciences, Lincoln, NB)
according to the manufacturer’s instructions.

Statistical analysis

Associations between different variables were assessed by
Pearson’s i test. Within-group correlations of continuous
and ordinal variables were assessed using Pearson or
Spearman rank correlation analysis where appropriate.
Univariate survival analysis of DFI was assessed by the
product-limit method (Kaplan—Meier) with the log-rank
test for differences between categories of each variable.
Cox regression analysis was used to estimate RRs and their
95% Cls. A factor was considered statistically significant if
it had a two-sided P value of <0.05. All statistical analyses
were performed using the SPSS 13.0 statistical software
program for Microsoft Windows (SPSS Inc., Chicago,
IL, USA).

Results

Down-regulation of SOCS3 is frequently detected
in primary breast carcinoma

Western blot analysis revealed that breast carcinoma cell
lines, including MCF-7, HuL100 and BT474, exhibited
significantly lower levels of SOCS3 expression compared
to levels in normal HMECs at protein levels (Fig. 1a).
Comparative analysis indicated that SOCS3 was differen-
tially down-regulated in ten breast carcinoma specimens
paired with adjacent non-cancerous tissues (ANT) from the
same patients which were confirmed by Western blot and
IHC analysis of TMA (Figs. 1b, 2).

In clinical specimen test, the expression of SOCS3
protein was significantly higher in adjacent non-cancerous
breast tissues than in breast cancer tissues (P < 0.0001,
Pearson 12 test) (Table 1). The expression level of SOCS3
was significantly related with lymph node metastasis
(P = 0.003), blood vessel invasion (P = 0.029), VEGF
(P =0.001) and Ki-67 (P = 0.027, Pearson }52 test)
(Table 2). Taken together, our data suggest that SOCS3
was down-regulated in breast carcinomas.

Expression of SOCS3 is associated
with phospho-STATS3

SOCS3 protein expression was deficient in 264 of 367
(71.93%) breast carcinoma cases, while the nuclear
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Fig. 1 Expression of SOCS3 was reduced in breast carcinomas.
a The expression of SOCS3 in four breast cell lines was determined
by Western blot. One normal human mammary epithelial cell
(HMEC) was used as a normal control; f-actin was used as internal
control. Lane 1, HMEC; lane 2, MCF-7; lane 3, HuL100; lane 4,
BT474. b Western blotting analysis of SOCS3 expression in each of
the primary breast cancer tissue (T) and adjacent non-cancerous tissue
(ANT) paired from the same patient

accumulation of pSTAT3 protein was detected in 253 of
367 (68.94%) cases. A significant correlation was
observed between SOCS3 and pSTAT3 protein expression.
A reduced SOCS3 protein expression correlated signifi-
cantly with a high pSTATS3 protein expression (P = 0.015,
Table 3).

Expression of SOCS3 is associated with early distant
recurrence

Tissues were scored on the basis of the intensity of SOCS3
cytoplasm labeling and percentage of SOCS3-positive
tumor cells (Fig. 3a). An inverse correlation between N
stage and SOCS3 expression was analyzed by Pearson >
test (P < 0.0001) (Fig. 3b). Among these specimens,
Kaplan—-Meier survival analysis of 367 breast cancer
specimens revealed a correlation between higher SOCS3
expression levels and longer DFIs (P < 0.0001) (Figs. 3c, 4).
However, SOCS3 was not correlated with breast cancer-
specific survival (P > 0.05). Moreover, multivariate Cox



J Cancer Res Clin Oncol (2010) 136:1617-1626

Fig. 2 Representative
photographs of SOCS3 and
pSTAT3 immunoreactivity in
breast determined using
immunohistochemistry. SOCS3
expression in a normal breast,
b breast cancer; pSTAT3
expression in ¢ breast cancer,
d normal breast. a, d x20,

b, ¢ x40

e, > A

0
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Table 1 SOCS3 expression in adjacent non-cancerous tissues and
breast cancer tissues

Samples SOCS3 expression P value®
Total  Positive (%)

Adjacent non-cancerous tissues 315 157 (49.84) <0.0001*

Breast cancer tissues 367 103 (28.07)

 Statistical analyses were performed by the Pearson xz test

* P < 0.05 is considered significant

regression analysis including categorized SOCS3 expres-
sion, STAT3 phosphorylation and clinical parameters such
as age, histology, lymph node metastasis, TNM stage and
blood vessel invasion identified SOCS3 as an independent
prognostic marker for early distant recurrence
(P < 0.0001). N stage as an established prognostic factor
was also confirmed in our set (P < 0.0001) (Table 4).

Expression of SOCS3/pSTAT3 has a prognostic
relevance

Figures 5 and 6 show the survival curves stratified
according to the combination of SOCS3/pSTAT3 protein
expression. Univariate analyses indicated that patients with
the combination of positive SOCS3/reduced pSTAT3
protein expression have a significantly better DFI
(P < 0.0001) (Fig. 5) and breast cancer-specific survival
(P = 0.013) (Fig. 6) than those with other combinations of
the two protein expressions. Multivariate analyses of

-

prognosis indicated that the combination of the positive
SOCS3/reduced pSTAT3 protein expression is indepen-
dently significant prognostic factors for DFI (P < 0.0001)
(Table 4).

Discussion

In the present study, we offered clinical evidence for the
first time that SOCS3 protein expression was signifi-
cantly down-regulated in breast cancer specimens and
altered expression of SOCS3 protein might directly
influence the prognosis of breast cancer. We also con-
firmed that the SOCS3 expression was missing or dra-
matically under expressed in all three breast carcinoma
cell lines tested but was detected in normal breast cell
line, in keeping with literature data (He et al. 2003). In
our series, the SOCS3 expression is associated with
lymph node metastasis, blood vessel invasion, VEGF and
Ki-67, suggesting SOCS3 is a valuable biomarker for the
malignant potential in breast carcinoma. Survival analy-
sis indicated that SOCS3 expression is a strong negative
prognosticator of breast cancer relapse and the specific
combined phenotypes of SOCS3/pSTAT3 can be a good
predictor of postoperative survival in patients with breast
cancer.

Previous studies have shown that JAK-STAT pathway
alterations are believed to mediate neoplastic transforma-
tion and constitutive activation of STAT3 protein is cor-
related with cell proliferation and apoptosis in various solid
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Table 2 SOCS3 expression in
367 breast cancer patients

according to clinicopathologic Total (n = 367) Positive (n = 103)
characteristics

Clinicopathologic characteristics SOCS3 Percentage P value®

Age
>50 229 66 28.8 0.678
<50 138 37 26.8
Histological type
IDC 275 74 26.9 0.394
Others 92 29 31.5
Tumor size
<2 171 44 25.7 0.353
>2 196 59 30.1
TNM stage
1 61 18 29.5 0.935
1I 151 48 31.8
1 155 47 30.3
Lymph node status
NO 141 51 36.2 0.003*
N1 131 38 29
N2 48 9 18.8
N3 47 5 10.6
Blood vessel invasion
Negative 262 82 31.3 0.029*
Positive 105 21 20
Estrogen receptor
Negative 180 49 272 0.724
Positive 187 54 28.9
Progesterone receptor
Negative 250 66 26.4 0.299
Positive 117 37 31.6
HER2
Negative 279 74 26.5 0.242
Positive 88 29 33
Nuclear grade
1 24 6 25 0.547
2 146 37 253
3 197 60 30.5
Histological grade
1 11 5 45 0.443°
2 181 51 28.2
3 175 47 26.9
STAT3
Negative 79 20 253 0.539
Positive 288 83 28.8
pSTAT3
Negative 115 42 36.8 0.015*
Positive 252 61 24.1
VEGF
 Statistical analyses were Negative 148 27 18.2 0.001*
performed by the Pearson y” test Positive 219 76 34.7
® The value was obtained via Ki-67
the likelihood ratio test Negative 118 42 35.6 0.027*
* P < 0.05 is considered Positive 249 61 245

significant
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Table 3 Correlation between the SOCS3 expression and pSTAT3
status

No. of  SOCS3 protein (%) P value®
patients
Positive (103)  Negative (264)
pSTATS3 status
Positive 252 61 (24.11) 191 (75.49) 0.015%
Negative 115 42 (36.84) 73 (64.04)

® Statistical analyses were performed by the Pearson y> test

* P < 0.05 is considered significant

tumors and hematological malignancies. As an established
negative regulator of STATs, SOCS3 function has been
examined in vitro and in vivo using diverse transformed
cell lines. It has been identified that forced expression of
SOCS3 resulted in growth inhibition of human lung ade-
nocarcinoma A549 cells (He et al. 2003) and lung cancer
xenografts in nude mice (Nakagawa et al. 2008). Mice
deficient in SOCS3 die in utero as a consequence of
uncontrolled leukemia inhibitory factor (LIF) signaling
inactivation of the LIF receptor rescues the SOCS3—/—
phenotype (Takahashi et al. 2008; Roberts et al. 2001).
Conditional SOCS3 knockouts displayed sustained inter-
leukin (IL)-6-mediated activation of STAT3, establishing
SOCS3 as a crucial inhibitor of STAT3 in vivo (Takahashi
et al. 2003). Furthermore, SOCS3 is part of a STAT3-
inducible negative feedback loop and plays a role in
determining the outcome of STAT3 signaling in the con-
text of the DNA damage response. SOCS3 could support

Fig. 3 SOCS3 staining
positivity is associated with N
stage and early distant
recurrence. A Three sets of
consecutive tissue sections
represented negative (a), weak
(b) and strong (¢) SOCS3
expression. Representative
pictures were presented (x400).
B Of note is that SOCS3
expression inversely correlated

cell-cycle arrest by inhibiting p21 gene repression by
STAT3. SOCS3 controls the DNA damage response by
inhibiting STAT3-dependent radio-resistant DNA synthe-
sis and promoting DNA repair by supporting p21 expres-
sion and G1 arrest. Thus, SOCS3 may be a key factor in the
decision between cell-cycle arrest and radio-resistant DNA
synthesis following DNA damage. Methylation silencing
of SOCS3 is one of the most important mechanisms of
constitutive activation of JAK-STAT pathway in cancer
pathogenesis. It has been identified that the methylation of
SOCS3 promoter may be involved in the pathogenesis of
glioblastoma multiforme (GBM) (Martini et al. 2008),
follicular lymphoma (Krishnadasan et al. 2006), neck and
head squamous cell carcinoma (Weber et al. 2005), chol-
angiocarcinoma (Isomoto et al. 2007), malignant mela-
noma (Tokita et al. 2007) and hepatocellular carcinoma
(Yang et al. 2008). SOCS3 itself may function as an
important tumor suppressor gene and may be involved in
the resistance of these neoplasms to conventional treat-
ment. It was reported that SOCS3 deficiency enhances
hepatocyte proliferation in association with enhanced
STAT3 and ERK activation. SOCS3 h-KO mice develop
hepatocellular carcinoma at an accelerated rate in the
model of chemical-induced carcinogenesis (Riehle et al.
2008). In vitro, exogenous expression of SOCS3 in the
highly aggressive anaplastic thyroid cancer cells reduces
STAT3 phosphorylation and PI3K/Akt pathway activation
resulting in alteration in the balance of proapoptotic and
anti-apoptotic molecules and sensitization to chemothera-
peutic drugs (Francipane et al. 2009). Likewise, exogenous

with N stage. C A log-rank test
showed significant differences
in DFI between groups
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Fig. 4 Prognostic impact of SOCS3 expression in breast cancer.
Kaplan—Meier graph compares the DFI according to SOCS3 expression.
P value (two-sided) was calculated using the log-rank test

expression of SOCS3 significantly reduces tumor growth
and potently enhances the efficacy of chemotherapy
in vivo. Restoration of SOCS3 in cancer cells where SOCS3
was methylation-silenced resulted in the down-regulation
of active STATS3, induction of apoptosis and growth sup-
pression in diverse types of cancer (Kim et al. 2008; Kinjyo
et al. 2007). Given the biologic functions mentioned above,
it is not surprising to find an inverse relationship between
expression of SOCS3 and pSTAT3. Recent work on human
breast carcinoma demonstrated that PRL could stimulate
SOCS3 expression in T47D cells, SOCS3 overexpression
markedly reduces activated STAT3 in the nucleus and
decreases cell proliferation while SOCS3 siRNA knock-
down increases proliferation in both T47D and MCF-7 cell
lines (Barclay et al. 2009). Hypermethylation of the
SOCS3 promoter region also correlates with silencing of
SOCS3 in breast carcinoma cell lines. Collectively, these

1.0 - SOCS3/pSTAT3
+]-
+ [+
Q -
3 038
c
@
=
3 0.6
S 0.
L=
—
o
F
= 0.4
e
1 o
2
4 o
a 0.2 P<0.0001
0.0 -
T T T T
20 40 60 80

Disease-Free Interval (months)

Fig. 5 The disease-free survival curves stratified according to the
combination of SOCS3 and pSTAT3 protein expression

in vivo and in vitro data may suggest that SOCS3 modulates
both neoplastic proliferative and anti-apoptotic processes
and may act as a tumor suppressor in breast carcinoma.
Axillary lymph node status is vital for the staging of
breast carcinoma. Whether or not prevention of regional
recurrences has a true impact on survival remains unclear
but nodal status is thought to be the most important inde-
pendent prognostic indicator in breast cancer and plays an
important role in adjuvant decision making (Quan and
McCready 2009). Nakagawa et al. (2008) recently provided
the first evidence that SOCS3 mRNA level is associated
with lymph node status in breast cancer specimens. In our
study, SOCS3 expression in the lymph node positive group
was significantly lower than that in the negative group.
Reduced expression of SOCS3 is closely related to lymph
node metastasis. We also demonstrated that the expression
of SOCS3 is associated with DFS but not BCSS, and DFS
was strongly correlated to SOCS3 expression comparing no

Table 4 Univariate and
multivariate analyses of distant

Univariate analysis

Distant recurrence

recurrence in patients with P value Regression coefficient (SE) P value RR (95% CI)
breast cancer Cox regression
analysis Lymph node status
0 <0.0001* 1.678 (0.161) <0.0001* 5.356 (3.908-7.340)
1
2
3
SOCS3
Positive <0.0001* —1.712 (0.334) <0.0001* 0.181 (0.094-0.347)
Negative
RR relative risk, CI confidence SOCS3/pSTAT3
interval Positive/negative ~ <0.0001*  —2.709 (1.010) 0.007* 0.067 (0.009-0.482)
* P < 0.05 is considered
L Other type
significant
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Fig. 6 The breast carcinoma-specific survival curves stratified
according to the combination of SOCS3 and pSTAT3 protein
expression

versus weak and strong expression. Our report suggested
that the presence of SOCS3 in breast carcinoma may be
protective against ipsilateral recurrence particularly in
lymph node negative lesions and down-regulated SOCS3
expression is an independent predictor of increased risk of
ipsilateral in breast recurrence. It is noteworthy that, for all
investigated tissues, SOCS3 expression strictly correlated
with the status of pSTAT3. Based on the above evidence
that showed effects of SOCS3 on activation of STAT3 are
negative, we speculated that the combined phenotype of
SOCS3/pSTAT3 may have prognostic significance on
breast cancer specimens. In our set, the patients with a
combined SOCS3"/pSTAT3~ protein expression had a
better recurrence-free survival and breast cancer-specific
survival suggesting targeting the STAT3-SOCS3 signaling
loop may effectively modulate tumor biological behavior
clinically.

Conclusions

In summary, our results have shown the first definitive
evidence that low SOCS3 expression was an independent
prognostic factor for recurrence of breast carcinoma
patients after surgery. We also demonstrated that a sig-
nificant correlation was observed between SOCS3 and
pSTAT3 protein expression in breast carcinoma. The
inverse correlation between SOCS3 expression and lym-
phatic and vascular invasion in breast carcinoma suggested
that SOCS3 might be involved in angiogenesis and/or
lymphangiogenesis and promote tumor metastasis. Further
investigation of SOCS3 as a therapeutic target and as a
clinical tumor marker appears to be warranted.
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