ONCOLOGY LETTERS 16: 383-387, 2018

Correlation of SOCS-1 gene with onset
and prognosis of breast cancer
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Abstract. The aim of the present study is to study the expres-
sions of suppressor of cytokine signaling (SOCS)-1 in the
tumor tissues and adjacent normal tissues of patients with
breast cancer. The study was also planned to investigate the
association of SOCS-1 gene expression with patients' clinical
pathology, molecular subtype and prognosis. A total of 60 cases
of frozen and paraffin-embedded specimens of tumor tissues
and corresponding adjacent normal tissues of patients with
breast cancer were selected. Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) was used to detect
the expression levels of SOCS-1 messenger RNA (mRNA)
in the patients' tumor tissues and adjacent normal tissues.
The immunohistochemical method was applied to detect the
expressions of SOCS-1 proteins in the patients' breast cancer
tissues and adjacent normal tissues. Moreover, the correla-
tions of SOCS-1 protein expressions in breast cancer tissues
with patients' pathological parameters, molecular subtypes
and prognosis were analyzed in combination with the clinical
data. The results of RT-qPCR showed that the SOCS-1 mRNA
expression in breast cancer tissues was significantly lower
than that in adjacent normal tissues (p<0.01). The immuno-
histochemical results indicated that the positive expression
rate of the SOCS-1 proteins in breast cancer tissues (23.33%)
was remarkably lower than that in adjacent normal tissues
(88.33%) (p<0.01). The low expression of SOCS-1 in breast
cancer tissues was related to lymph node metastasis and
clinical staging. The positive expression rates of the luminal
A SOCS-1 proteins were the highest (47.62%) (p<0.01). The
5-year overall survival rate of the breast cancer patients was
63.33% (38/60). The univariate survival analysis revealed
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that the patients with low expression of SOCS-1 had poorer
prognosis. In conclusion, the low expression of SOCS-1 plays
a key role in the pathogenesis of breast cancer; in particular,
it is associated with the lymph node metastasis and clinical
staging of the tumor; so, the SOCS-1 expression in breast
cancer tissues can be regarded as an important reference for
the prognostic estimation of breast cancer.

Introduction

Breast cancer is one of the common malignant tumors that
occur among women, with a very high incidence rate (1).
In addition, breast cancer has a high metastasis rate, which
is mainly instigated by lymphatic vessels and reflux veins of
the female breasts. Further, lung, liver and brain metastases
are often reported in breast cancer patients at an early stage.
Therefore, the clinical treatment effects of the patients are quite
poor, and the death rates are significantly high (2). Currently,
the clinical treatment of breast cancer mainly includes surgical
resection, radiotherapy and chemotherapy. Although a certain
effect has been achieved, the relapse and metastasis rates of
the breast cancer in patients are still fairly high, leading to
universally poor prognosis of the patients (3-5).

Suppressor of cytokine signaling (SOCS) is a newly
discovered category of immunosuppressive molecules.
Furthermore SOCS-1 is a type of suppressor gene that has
been widely studied. It has been confirmed for its regulatory
role in multiple cytokine signal transduction pathways (6).
SOCS-1 gene is located on the chromosome 16p13.3 and could
encode proteins containing 211 amino acids (7). SOCS-1
could adjust the Janus kinase/signal transducer and activator
of transcription (JAK/STAT) signaling pathway as it has the
ability to interact with JAK kinases, induce inactivation of JAK
tyrosine kinases and further inhibit the activation of STAT (8).
When the SOCS-1 expression is lowered, it could activate the
JAK/STAT pathway, causing proliferation, metastasis and
invasion of tumor tissues (9).

Current studies have found that SOCS-1 protein is expressed
slowly in cervical, prostate, liver, esophageal and pancreatic
cancer (10-13). However, there is no literature reporting the
expression of SOCS-1 in tissues of breast cancer patients. As
a result, the present study aimed to investigate the expression
of SOCS-1 in the tumor tissues of patients with breast cancer.
Also, its effects on the pathological parameters, molecular
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subtypes and prognosis of breast cancer were evaluated. In this
experiment, the reverse transcription-quantitative polymerase
chain reaction (RT-gPCR) and immunohistochemical methods
were utilized to study the SOCS-1 expressions in tumor tissues
and adjacent normal tissues of the patients with breast cancer.
Further, the effects of SOCS-1 expressions on the pathological
parameters, molecular subtypes and prognosis of the patients
with breast cancer were analyzed in combination with the
clinical data.

Materials and methods

Materials. In the present study, 60 women patients with breast
cancer who were admitted to Jining First People's Hospital
(Jining, China) from September, 2010 to September, 2011 were
selected as study subjects. Subjects aged 22-77 years old, with a
median age of 53 years old. All the patients were clinically and
pathologically diagnosed with breast cancer and were given
surgical treatments for the first time without chemotherapy and
radiotherapy. The tumor tissues and cancer-adjacent normal
tissues were located 10 cm away from each other and were
excised during the surgery. A part of the tissues were stored
in liquid nitrogen immediately, and the remaining was fixed
in 10% paraformaldehyde solution. This was followed by
formation of paraffin sections. All the patients had complete
follow-up records, including age, tumor size, lymph node status,
clinical staging and survival conditions. The present study was
reviewed and approved by the Medical Ethics Committee of
Jining First People's Hospital, and all the patients or their fami-
lies had signed the informed consent.

TRIzol RNA extraction kit, reverse transcription kit and
RT-qPCR kit (Invitrogen; Thermo Fisher Scientific, Inc.,
Carlsbad, CA, USA); primer synthesis (Takara Biotechnology
Co., Ltd., Dalian, China); SOCS-1 antibodies, glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) antibodies and
horseradish peroxidase (HRP)-labeled secondary antibodies
(BD Pharmingen, San Diego, CA, USA); immunohistochem-
ical staining kit SP-9001 (Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd.; OriGene Technologies, Beijing,
China).

Detection of SOCS-1 messenger RNA (mRNA) expressions in
patients' tissue specimens via RT-qPCR method. The TRI1zol
method was used to extract the total RNA in the patients'
frozen tissues. Further, the concentration and purity of the
extracted RNA were measured via ultraviolet spectropho-
tometric assay. The samples with an A260/A280 ratio of
1.8-2.0 were selected for subsequent operations. One milli-
gram total RNA of every patient was measured and taken for
reverse transcription in accordance with the procedures as
prescribed in the kit instructions. This was followed by addi-
tion of SOCS-1 primers, and qPCR method was applied to
detect the expression of SOCS-1 mRNA. In this experiment,
GAPDH was selected as the internal control. The primer
sequences are shown in Table I. Specific reaction conditions:
94°C for 5 min, denaturation at 94°C for 30 sec, annealing at
60°C for 30 sec, extension at 72°C for 30 sec and amplifica-
tion for 35 cycles. The experimental results were analyzed
using 2-24% method, of which ACq (target gene) = Cq (target
gene) - Cq (reference gene).
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Table I. RT-qPCR primer sequences.

Gene Primer sequence

SOCS-1 F 5-CACGCACTTCCGCACATrCC-3'
R 5-TCCAGCAGCTCGAAGAGGCA-3'

GAPDH F 5-GCACCGTCAAGGCTGAGAAC-3'

R 5-TGGTGAAGACGCCAGTGGA-3'

RT-qPCR, reverse transcription-quantitative polymerase chain reac-
tion; SOCS, suppressor of cytokine signaling; F, forward; R, reverse.

Detection of SOCS-1 protein expressions in patients'
tissues via immunohistochemical method. The streptav-
idin-peroxidase (SP) two-step method was utilized to perform
immunohistochemical staining. Major steps: after deparaf-
finization via conventional methods, 3% H,O, was used to block
the endogenous peroxidase, citric acid solution was utilized
for hotfix, and goat serum for blocking. SOCS-1 primary
antibodies (diluted at 1:200; cat. no. 554002; BD Pharmingen,
San Diego, CA, USA) were added in drips and then kept at 4°C
overnight. The secondary polyclonal antibodies (diluted at 1:
1,000) were then added and incubated at room temperature for
1 h. All the above-mentioned steps underwent washing with
phosphate-buffered saline (PBS) for 3 min 3 times. Finally,
the diaminobenzidine (DAB) was added in drips for develop-
ment and hematoxylin for counterstaining. PBS as the negative
control replaced the primary antibodies.

The double-blind method was applied to analyze the results
observed by a microscope (Olympus, Tokyo, Japan). The judg-
ment of positive expression was based on the comprehensive
judgment of the percentage of positive cells and staining inten-
sity. Percentage of positive cells: <5%, 0 point; 6-25%, 1 point;
26-50%, 2 points; and >50%, 3 points; staining intensity:
not stained, 0 point; light yellow, 1 point; yellowish-brown,
2 points; and sepia, 3 points. Six high-power fields were
selected randomly. Further, the two kinds of scores were added
together: <3 points, negative; and >3 points, positive.

Correlation of SOCS-1 expressions in breast cancer patients'
tumor tissues with patients' pathological parameters and
prognosis. A total of 60 patients with breast cancer were
divided into positive and negative SOCS-1 expression groups
according to the expression levels of SOCS-1 in breast cancer
tissues. The clinicopathological parameters of the patients
were recorded, and the correlation of SOCS-1 expressions with
patients' pathological parameters, molecular subtypes and
prognosis were analyzed. All the patients underwent modified
radical mastectomy. The follow-up time was counted from the
first day after the surgery and the survival time was calculated.
The overall survival time referred to the duration from the first
day after the surgery to the date of death or the last follow-up.
The follow-up was conducted once a month for 5 years.

Statistical processing. Statistical Product and Service
Solutions (SPSS) 17.0 software (SPSS, Inc., Chicago, IL,
USA) was used for data recording and processing. All the
measurement data are expressed as mean + standard deviation.
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Figure 1. Detection of SOCS-1 mRNA expressions in patients' tissues via
RT-gqPCR method. The expression of SOCS-1 mRNA in tissues of patients with
breast cancer is obviously decreased compared with that in adjacent normal
tissues, “p<0.01. SOCS, suppressor of cytokine signaling; mRNA, messenger
RNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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Figure 2. Detection of SOCS-1 protein expressions in patients' tissues via
immunohistochemical method. The expression level of SOCS-1 in breast
cancer tissues is significantly decreased compared with that in adjacent
normal tissues. SOCS, suppressor of cytokine signaling.

Further, t-test was utilized for comparison between two
groups; x> test was performed for comparison of enumeration
data between groups. The Kaplan-Meier method was utilized
to conduct univariate survival analysis. P<0.05 suggested that
the difference was statistically significant.

Results

Detection of SOCS-1 mRNA expressions in patients' tissues
via RT-gPCR method. The results of SOCS-1 mRNA expres-
sions in tumor tissues and adjacent normal tissues of patients
with breast cancer are shown in Fig. 1. The relative expression
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Table II. Correlation of abnormal SOCS-1 expressions with
clinicopathological parameters of breast cancer patients.

SOCS-1
Cases Negative  Positive 2
Clinical data (n) (n, %) (n, %) value P-value
Age (years)
<40 32 26(81.25) 6(18.75) 0.81 0.12
>40 28 20(7143) 8(28.58)
Tumor size (cm)
<5 29  21(7241) 8(2759) 057 0.11
>5 31  25(80.65) 6(19.35)
Lymphatic
metastasis
No 24 15(62.50) 9(37.50) 449 0.03
Yes 36 31(86.11) 5(13.89)
Clinical staging
I-11 31 20(64.52) 11(3548) 529 0.02
II-1v 29  26(89.66) 3(10.34)

SOCS, suppressor of cytokine signaling.

of SOCS-1 mRNA in tumor tissues of patients with breast
cancer was significantly decreased as compared to adjacent
normal tissues (p<0.01).

Detection of SOCS-1 protein expressions in patients' tissue
specimens via immunohistochemical method. The immu-
nohistochemical results are shown in Fig. 2. The positive
SOCS-1 protein was manifested as sepia deposition of
cytoplasm. According to the statistical analysis on the staining
results, the positive expression rate of SOCS-1 proteins in tumor
tissues of patients with breast cancer was 23.33% (14/60), and
in adjacent normal tissues was 88.33% (53/60), respectively.
The differences were statistically significant (p<0.01).

Correlation of SOCS-1 expressions in breast cancer patients'
tumor tissues with clinicopathological parameters. The
patients with breast cancer were divided into positive and
negative SOCS-1 expression group in accordance with the
immunohistochemical results. % test was performed to analyze
the relationship between the SOCS-1 expressions in the tissues
of patients with breast cancer and the patients' clinicopatholog-
ical parameters. The negative SOCS-1 expression in patients'
tumor tissues was associated with the lymph node metastasis
and clinical staging of the tumor (p<0.05) (Table II).

Correlation of SOCS-1 expressions with molecular typing
in breast cancer patients' tumor tissues. > test was utilized
to analyze the relationship between the SOCS-1 expressions
and molecular typing in the tissues of patients with breast
cancer; as shown in Table III. The positive expression rate of
luminal A SOCS-1 proteins was the highest (47.62%), and the
SOCS-1 expressions in different molecular subtypes varied
remarkably (p<0.01).
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Table III. Correlation of abnormal SOCS-1 expressions with
molecular typing of breast cancer.

SOCS-1
Molecular Cases Negative  Positive v
subtype (n) (n, %) (n, %)  value P-value
Luminal A 21 11(52.38) 10(47.62) 11.62 0.067
Luminal B 18 17(94.44) 1(5.56)
HER-2
overexpression 12 11 (91.67) 1 (8.33)
Basal-like 9 7(77.78) 2(22.22)

SOCS, suppressor of cytokine signaling; HER-2, human epidermal
growth factor receptor-2.

Table IV. Univariate analysis on correlation of SOCS-1
expressions with overall survival rate of breast cancer patients.

Cases 5-year
SOCS-1 Cases survived in survival Wald
group (n)  Syears(n) rate (%) (log-rank) P-value
Positive 14 12 85.71 4.15 <0.05
expression
Negative 46 26 56.52
expression

SOCS, suppressor of cytokine signaling.

Analyses on patients' survival conditions and prognosis. After
5 years of follow-up, among the 60 patients with breast cancer,
38 survived and 22 were dead. The 5-year overall survival rate
of the patients was 63.33% (38/60). The Kaplan-Meier survival
analysis results are shown in Fig. 3. The prognosis of patients
with negative SOCS-1 expression was poor. The univariate
survival analysis results are shown in Table IV. SOCS-1 could
influence the overall survival rate of the patients with breast
cancer (p<0.05).

Discussion

Recently, literature has shown significant rise in the incidence
of younger breast cancer patients. Moreover, its death rate is
also rising year by year. The onset of breast cancer is related
to variations in transcriptions and expressions of many genes,
and the clinical treatment effects fail to live up to people's
expectations. Therefore, breast cancer has posed a serious
threat to women's life and health (14-16). So far, the indi-
vidualized treatment of breast cancer is an emerging treatment
protocol that requires analysis of the gene expressions of the
breast cancer patients. This divides the patients into different
subtypes, which allow application of different therapeutic
methods and drugs according to the subtypes (17).

The N-terminal of SOCS-1 protein is the inhibition
section of kinase, in which a tyrosine residue is used as the
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Figure 3. SOCS-1 expressions and Kaplan-Meier survival curves of patients
with breast cancer. Compared with patients with positive SOCS-1 expression,
the patients with negative SOCS-1 expression have poorer prognosis. SOCS,
suppressor of cytokine signaling.

pseudosubstrate of JAK-2. Further, it could compete with
STAT for the binding sites in the JAK catalytic zone, thereby
negatively regulating the JAK/STAT signaling pathway (18).
The JAK/STAT signaling pathway plays key roles in the
occurrence, proliferation, metastasis and invasion processes
of tumor tissues (19). Some studies have found that SOCS-1
protein was slowly expressed in the tumor tissues of patients
with prostate cancer. Furtehr, the low SOCS-1 expression
could lead to upregulation of the expressions of cyclins and
cyclin-dependent kinases, thereby, enhancing the proliferative
capacity of prostate cancer cells (12). Moreover, the down-
regulated SOCS-1 expressions have also been discovered in
multiple tumors, including hepatocellular carcinoma, pancre-
atic cancer, multiple myeloma and acute myeloid leukaemia.
The proliferation activity of the tumor tissues was suppressed
when the SOCS-1 was highly expressed in them. As a result,
SOCS-1 is a suppressor gene (20-22).

The RT-qPCR method was used to detect the expressions
of SOCS-1 mRNA in the tumor tissues and adjacent normal
tissues of patients with breast cancer in order to investigate
the expression of SOCS-1 in the tumor tissues of patients.
The results showed that the SOCS-1 mRNA expression level
in breast cancer tissues was significantly lower than that of
adjacent normal tissues. The immunohistochemical results
indicated that the expression of the SOCS-1 proteins in breast
cancer tumor tissues was remarkably lower than that of adjacent
normal tissues. ¥ test was performed to analyze the relation-
ship between the SOCS-1 protein expressions and the patients'
pathological parameters along with molecular subtypes. The
results revealed that the negative expression of SOCS-1 protein
in patients' tumor tissues was associated with the lymph node
metastasis and clinical staging of the tumor. In addition, the
SOCS-1 expressions in different molecular subtypes varied
remarkably. Furthermore, univariate Kaplan-Meier survival
analysis was applied to study the impact of SOCS-1 expres-
sions on the 5-year overall survival rate of the patients. It was
observed that the SOCS-1 had a significant influence on the
overall survival time of breast cancer patients. The patients
with lower expression of SOCS-1 had a lower 5-year survival
rate and poorer prognosis. The 5-year overall survival rate of
the patients was 63.33%, and the Kaplan-Meier survival anal-
ysis results showed that the prognosis of patients with negative
SOCS-1 expression was poor. So, SOCS-1 could be regarded
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as an independent factor influencing the overall survival rate
of the breast cancer patients.

In conclusion, SOCS-1 has low expression in the tumor
tissues of patients with breast cancer, and plays a crucial role
in the pathogenesis of breast cancer. Therefore, the SOCS-1
expression in patients' tumor tissues could be regarded as a
reference for the prognostic estimation of breast cancer patients.
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