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Abstract: Breast cancer is the most common cancer in women worldwide. miR-155 has been discovered to have an 
important role in the development of breast cancer. miR-155 targets many mRNAs of tumor suppressor genes, 
one of them is SOCS1. The discovery of miRNA in body fluids provides a novel alternative for the 
development of minimally invasive biomarker in cancer. However, limited study has been reported on the 
expression of miR-155 and SOCS1 mRNA in plasma breast cancer patients especially in Indonesian 
population.This study analyzed expressions of miR-155 and SOCS1 mRNA in plasma breast cancer patients 
This study was conducted using cross-sectional design, 32 plasma samples were collected from Dr.Sardjito 
Hospital. RNA was extracted from plasma and then cDNA was synthesized from RNA samples. Real-time 
qPCR was used to detect expression of miR-155 and mRNA SOCS1. Both expression was analyzed using 
Livak's method. The significance of the results were tested statistically using independence T-test. Expression 
of miR-155 at advanced stage was 2.43  higher than the early stages (p=0.047), while the mRNA expression 
of SOCS1 at advanced stage was 1.29 lower than early stage (p=0.170). Expression of miR-155 in ER, PR, 
& HER2 status revealed differences among subgroups, while the mRNA expression of SOCS1 was not 
significantly different. Other result showed that miR-155 expression was higher in triple negative tumor, while 
SOCS1 higher in luminal A tumor. Nevertheless, the difference was also not statistically significant (p value 
> 0,05). This study showed that expressions of miR-155 and SOCS1 mRNA was deregulated in breast cancer 
plasma and it believed to have an important role in breast cancer. 
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1 INTRODUCTION 

MicroRNAs (miRNA) are short non-coding RNA 
molecules that play important role as regulators of 
various cellular processes in post-transcriptional 
process (Ying et al. 2008). The role of miRNA is 
mediated by inhibition of translation or target 
mRNAs degradation. The mechanism of interaction 
between miRNA and mRNA is based on sequence 
complementation (Iorio & Croce 2009). Several 
biological processes are modulated by miRNAs, 
therefore deregulation of miRNAs expression is 
associated with various disease. Deregulation of 
miRNA expression has also been widely reported in 
various cancers, including breast cancer (Singh & Mo 
2013; Iorio & Croce 2012; Ventura & Jacks 2009; 
Garzon et al. 2006). 

Based on the target mRNAs, miRNA are divided 
into oncogenic miRNAs (oncomirs) and tumor 
suppressive miRNAs (Cho, 2011; Garzon et al. 
2006). miR-155 plays as oncomir, and its 
overexpression is frequently reported in a number of 
malignant diseases (Higgs & Slack 2013; Johansson 
et al. 2013; Zhang et al. 2013; Jiang et al. 2012; Kong 
et al. 2010; Faraoni et al. 2009). Overexpression of 
miR-155 is reported during early development and 
progression of breast cancer. The expression of miR-
155 has been studied that it has correlation with 
SOCS1 expression. It was reported that SOCS1, 
tumor suppressor gene, become target of miR-155 
(Zhao et al. 2013; Huang et al. 2013; Cho, 2011; Jiang 
et al. 2010). 

SOCS1 (Suppressor of cytokines signaling 1) is a 
negative feedback pathway regulator of Janus-
activated kinase (JAK) / signal transducer and 
activator of transcription signaling (STAT) (Fujimoto 
& Naka 2010; Croker et al. 2009). Activation of JAK 
/ STAT stimulates cells to proliferate, migrate or 
undergo apoptosis (Murray 2007; Rawlings et al. 
2004). In the mammary gland, JAK / STAT plays role 
in the development of the mammary gland 
(particularly JAK1 and JAK2). Uncontrolled 
activation of JAK / STAT lead to tumorigenesis 
(Santillán-Benítez et al. 2014; Wagner & Schmidt 
2011). SOCS1 regulates activation of JAK / STAT in 
order to maintain breast cells in homeostasis. 

The initial study of the miR-155 and SOCS1 was 
reported in pancreatic cancer cells by Huang et al. 
(Huang et al., 2013). They reported that miR-155 
played an important role in the regulation of invasion 
and migration of cancer cells via modulation of 
STAT3 and SOCS1 (Huang et al. 2013). The 
discovery of miRNA in body fluids represents a new 
alternative for the development of minimally invasive 

biomarker in breast cancer in addition to the use of 
Ca-153 which is not specific ( Zheng et al. 2011; 
Corcoran et al. 2011; Brase et al. 2010). Previous 
studies showed that the expression of miR-155 in the 
serum of breast cancer patients was associated with 
clinical stages, molecular types, proliferation index 
and p53 expression ( Zeng et al. 2014; Zheng et al. 
2012). However, no study reported the expression of 
miR-155 and SOCS1 mRNA in the plasma of breast 
cancer patients especially for the Indonesian 
population. Expressions of miR-155 and SOCS1 
mRNA from plasma of breast patients were 
performed in this study. 

2 MATERIALS AND METHODS 

This study was designed as observational study and 
cross sectional study. 

2.1 Sample 

Plasma samples of breast cancer patients were 
obtained from Dr. Sardjito Hospital. Samples were 
collected from patients that clinically and 
pathologically confirmed have breast cancer, not have 
another cancer, have not received any treatment, and 
aged 30-70 years. 

Table 1: Characterics of samples 

Characteristic N %
Stage  

Early stage (I-II) 10 31,25%
Advanced stage (III-IV) 22 68,75% 

Receptor  
ER        Positive 17 60,71%
ER        Negative 11 39,29%
PR        Positive 13 50,00%
PR        Negative 13 50,00%

HER2   Positive
10 

 
40,00%

HER2   Negative 15 60,00%
Molecular subtype  

Luminal A 10 35,71%
Luminal B 8 28,57%
HER2 overexpression 4 14,28%

   Triple negative 6 21,42%

2.2 RNA Extraction and cDNA 
Synthesis 

RNA extraction was performed using RNA Isolation 
Kit miRCURY-Biofluid according to the 
manufacturer’ protocol. After RNA isolation, cDNAs 
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were synthesised using cDNA Synthesis kit II, 8-64 
rxns. Each reaction was incubated 42°C for 60 
minutes, 95°C for 5 minutes and followed by 
indefinite incubation at 4°C in PCR themal cycler 
(Biorad c1000). 

2.3 Real Time-quantitative PCR 
(qPCR) of miR-155 

qPCR was performed using ExiLent SYBR Green 
master mix (Cat No. 203402, Exiqon) and miRCURY 
LNATM Universal RT microRNA PCR for hsa-miR-
155-5p. one reaction was mixed according to the 
manufacturer’s protocol. Each reaction was then 
incubated with following programs : denaturation 
95°C for 10 minutes, 40 cycles amplification : 95oC, 
58oC for 10 seconds in Biorad CFX 96. MiR-16 was 
used as reference gene for miR-155-5p 
quantification. Relative expression was calculated 
according to the comparative Livak’s Method : 2-∆∆Cq. 
If the fold change <1, value of fold decreased was 
calculate by 1/fold change.  

2.4 Real Time PCR mRNA SOCS1 

One-Step qRT-PCR using KAPA™ SYBR® kit was 
used to analyze SOCS1 mRNA expression. One 
reaction was mixed according to the manufacturer’s 
protocol. qPCR program were performed on Biorad 
CFX 96. cDNA synthesis 45oC for 5 minutes, RT 
inactivation 95°C for 3 minutes, denaturation 95° C 
for 10 s, annealing for 30 seconds 59,4°C 
amplification of 45 cycles : 95°C for 10 seconds and 
59 , 4 °C for  30-second ramp-rate 1,6°C / s Optical 
read and melting curve analysis. Beta Actin mRNA 
was used as reference gene for SOCS1 mRNA 
quantification. Relative expression was calculated 
according to the comparative Livak’s Method : 2-∆∆Cq. 
If the fold change <1, value of fold decreased was 
calculate by 1/fold change. 

2.5 Statistical Analysis 

All of the miR-155 and SOCS1 expression 
differences among breast cancer subgroup was then 
analyzed statistically using Independent T-tests. 
Statistical significance was determined when P value  
≤ 0.05. 

 

 

3 RESULT 

3.1 Interaction Analysis of miR-155 
with mRNA SOCS1 (in silico) 

Interaction analysis of miR-155 with its target mRNA 
was carried out through bioinformatic analysis on 
miRanda/mirtarbase  
(www.mirtarbase.mbc.nctu.edu.tw). One of the 
targets for mir-155 is mRNA SOCS1. The SOCS1 
mRNA sequence has a length of 1216 base pairs with 
the region predicted to interact with miR-155 being in 
the 3'UTR (untranslated region) of SOCS1 mRNA. 
Possible interaction of miR-155 with 3'UTR mRNA 
SOCS1 occur at three site, at 15-34 nucleotides withal 
Minimum Free Energy (MFE) -15,50 kj/mol, at 218-
242 nucleotides withal MFE -15,90 kj/mol and at 
nucleotides 404-425 withal MFE -9,13 kj/mol (see 
figure 1). 

 

Figure1. Binding site of miR-155 on 3’UTR region 
mRNA SOCS1 

3.2 Expression of miR-155 and mRNA 
SOCS1 

Expressions of miR-155 and SOCS1 mRNA were 
analyzed by qRT-PCR as previously described. 
Expression of miR-155 was calculated defined from 
Cq value. Cq value represents first cycle in PCR when 
the quantitative graph increased exponentially. The 
small Cq value means concentration of PCR product 
is high in the sample. Then Cq value were used to 
calculated the expression of  miR-155 and SOCS1 
mRNA using Livak’s Method. The fold change (FC) 
value could upregulated (FC>1) or downregulated 
(FC<1). If the fold change <1, value of fold decreased 
was calculate by 1/fold change. 

Expression of miR-155 in advanced stage of 
breast cancer patients was significantly higher than 

TGACCGGCAGCGCCCGCCGTGCACGCAGCATTAAC
TGGGATGCCGTGTTATTTTGTTATTACTTGCCTGG
AACCATGTGGGTACCCTCCCCGGCCTGGGTTGGAG
GGAGCGGATGGGTGTAGGGGCGAGGCGCCTCCCGC
CCTCGGCTGGAGACGAGGCCGCAGACCCCTTCTCA
CCTCTTGAGGGGGTCCTCCCCCTCCTGGTGCTCCC
TCTGGGTCCCCCTGGTTGTTGTAGCAGCTTAACTG
TATCTGGAGCCAGGACCTGAACTCGCACCTCCTAC
CTCTTCATGTTTACATATACCCAGTATCTTTGCAC
AAACCAGGGGTTGGGGGAGGGTCTCTGGCTTTATT
TTTCTGCTGTGCAGAATCCTATTTTATATTTTTTA
AAGTCAGTTTAGGTAATAAACTTTATTATGAAAGT
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early stage. Expression of miR-155 in advanced stage 
of breast cancer was 2.43 times higher than the early 
stage. In addition, expression of SOCS1 in early stage 
was higher than advanced stage. Fold change 
expression of SOCS1 in advanced stage of breast 
cancer was 0.77 times to early stage. It was mean 
expression of SOCS1 in advanced stage of breast 
cancer was 1.29 fold decreased from early stage 
However, the differences were not statistically 
significant (See Table 2). 

Table 2: miR-155 and SOCS1 mRNA expression 
according to clinical stage 

Sample 
Mean 
(ΔCq) 

∆∆Cq 
Fold 

change  
(2-∆∆Cq) 

P 
value# 

miR-155     

Advanced stage 11.51 -1.28 2.43 
(up-

regulated) 
0.047 

Early stage 12.79 

SOCS1 mRNA  
Advanced stage 

 
4.90 

0.38  
0.77 

(down-
regulated) 

 
0.170 Early stage 4.53 

# p value were analyzed with independent t-test 

We subclassified samples by their estrogen 
receptor (ER), progesterone receptor (PR) and HER2 
receptor. Expression of miR-155 was not 
significantly different between ER + and ER -. Fold 
change expression miR-155 in PR - was 0.76 times to 
PR +. It was mean that  expression miR-155 in PR - 
was 1.31 fold decreased from PR +.   Expression of 
miR-155 in HER2  - was higher 2.55 times from 
HER2 +. However, the different miR-155 expression 
was not statistically significant (see Table 3). 

The expression of SOCS1 mRNA was also 
analyzed according ER, PR, and HER2 status. The 
results showed that expression of SOCS1 were not 
different in both in ER + and ER - and also in HER2 
+ and HER2 -. But in PR - was slightly lower than in 
PR +. However, that were not statistically different 
between different ER, PR, and HER2 status (see 
Table 4).  

Subtypes of breast cancer have been implicated to 
determine prognosis. We subclassified breast cancer 
patients according to the subtypes. Our result showed  
expression of miR-155 was higher in triple negative 
than the other subtypes, while the highest expression 
of SOCS1 mRNA was in Luminal A subtype and the 
lowest was in triple negative subtype.  

 
Then, we compared expression of miR-155 and 

SOCS1 mRNA between Luminal A and other 
subtypes. The result showed that miR-155 in Luminal 

A was upregulated/higher than Luminal B dan HER2 
overexpressions subtype, but lower than Triple 
negative subtype. However, the differences were not 
statistically significant. Our result also showed that 
expression of SOCS1 mRNA in Luminal A subtype 
was higher than in the other subtypes but that were 
not statically significant. 

Table 3. miR-155 expression according to ER, PR, 
HER2  

Sample 
Mean 
(ΔCq)

∆∆Cq 
Fold change (2-

∆∆Cq) 
P 

value#

ER- 11.47
-0.17 1.13 0.838 

ER+ 11.64
PR- 11.84

0.39 
0.76 

(downregulated) 
0.648 PR+ 11.45 

HER2- 11.17
-1.35 

2.55 
(upregulated) 

0.074 
HER2+ 12.52

# p value were analyzed with independent t-test 

Table 4.  SOCS1 mRNA expression according to ER, PR, 
and  HER2 expression 

Sample Mean 
(ΔCq)

∆∆Cq Fold change  
(2-∆∆Cq)  

P 
value

ER- 4.74
0.01 0.99 0.994 ER+ 

4.73 

PR- 5.04
0.32 

0.80 
(down-

regulated) 
0.482 PR+ 

4.72 

HER2- 4.87
-0.10 1.07 0.830 

HER2+ 4.97
#p value were analyzed with independent t-test 

Table 5 miR-155 expression in subtype 

Subtype 
Mean 
(ΔCq)

∆∆Cq 
Fold change  

(2-∆∆Cq) 
P 

value#

Luminal A 10.94
-0.68 

1.60 
(up-

regulated) 
0,506 Luminal B 

11.62 

Luminal A 10.94

-0.94 
1.92 
(up-

regulated) 
0,547 HER2 

overexpression 11.88 

Luminal A 10.94
0.92 

0.53 
(down-

regulated) 
0,461 

Triple negative 10.02 

#p value were analyzed with independent  t-test 
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Table 6 SOCS1 mRNA expression in subtype 

Subtype 
Mean 
(ΔCq) 

∆∆Cq 
Fold 

change (2-

∆∆Cq) 
P value# 

Luminal A 4.59 
-0.27 

1.21 
(up-

regulated) 
0,570 Luminal B 

 
4.86 

Luminal A 4.59 

-0.57 
1.48 
(up-

regulated) 
0.353 HER2 over 

expression 
 

5.16 

Luminal A 4.59 
-0.61 

1.52 
(up-

regulated) 
0.380 Triple 

negative 
5.20 

#p value were analyzed with independent  t-test 

4 DISCUSSION 

MicroRNAs (miRNA) are short non-coding RNAs 
that play an important role in the regulation of gene 
expression post-transcriptionally (Ying et al. 2008). 
In bioinformatics analysis, miR-155 targets many 
genes, one of which is SOCS1 mRNA. miR-155 
interacted with SOCS1 mRNA at 3'UTR. The 
strongest interaction between miR-155 and SOCS1 
mRNA might be in 218-242 base of 3'UTR SOCS1 
which was indicated by the most negative mfe value. 
Ragan et al. (2011) reported that the mfe value 
indicates the free energy used to break the structure 
of the interactions that occur between miR and target 
mRNA. The more negative mfe value will make it 
difficult to break this structure. This means that the 
structure has high stability (Chan & Zhang, 2009). 
The high stability of the miR-mRNA interaction 
structure allows the role of miR-155 in the regulation 
of SOCS1 mRNA expression. 

Our study has been performed with plasma of 
breast cancer patients and the expression of 
microRNA can be detected in this samples. It showed 
that microRNA in plasma was relatively stable and 
provides to be potential alternative for minimal 
invasive cancer biomarkers (Zheng et al. 2011; 
Kosaka et al. 2010). MiRNAs are relatively stable in 
body fluids because miRNAs are protected in lipid 
complex or lipoprotein such as apoptotic bodies, 
microvesicle, or exosome (Cortez et al. 2011; Kosaka 
et al. 2010) or presence in a modified structure 
(methylation, adenylation, uridilasi) (Chen et al. 
2012). 

Our results also showed SOCS1 mRNA can be 
detected in plasma samples. This might occur because 
SOCS1 mRNA was also protected within 
microvesicle (Kosaka et al. 2010; Marini et al. 2006).  

In this study, expression of miR-155 was 
significantly higher (2.43 times) at an advanced stage 
than early stages of breast cancer patients (p=0,047). 
Other study showed overexpression of miR-155 both 
at an early stage and advanced stage breast cancer 
compared with healthy controls. In the advanced 
stage breast cancer, expression of miR-155 was 
significantly higher compared with than early stages 
(p <0.05) (Wang et al. 2012). Studies by Zheng et al. 
and Liu et al showed increased expression of miR-
155 in breast cancer patients. They found that the 
expression of miR-155 correlated with proliferation 
index, lymph node infiltration, and advanced stage 
(Zheng et al. 2012; Zeng et al. 2014). 

miR-155 has been reported as regulator in the 
growth stimulating factor and metastasis (Sun et al. 
2012). The role of microRNA in metastasis is 
suggested by the presence of microRNA within 
exosome in circulation. Exosomal microRNAs plays 
a role in the intercellular communication 
(Schwarzenbach et al. 2014; Cortez et al. 2011). 
Plasma miR-155 is thought to be uptaked by recipient 
cells, causing changes in the expression of mRNA 
targets of miR-155 in these cells (Cheng, 2015). The 
cancer cells might be utilized miRNA to influence 
their development and has been reported to have a 
strong correlation with cancer invasion and 
metastasis (Sun et al., 2012; Cheng et al., 2015). 

One of the miR-155 targets is SOCS1 mRNA. 
SOCS1 is a major regulator JAK-STAT pathway that 
affects expression of various genes involved in cancer 
progression (proliferation, invasion, migration, 
apoptosis resistance, and angiogenesis) (Huang et al. 
2013). Our study showed that expression of SOCS1 
at an advanced stage was lower than in the early stage 
of breast cancer. Our results were similar with  a study 
by Sasi et al, that SOCS1 expression decreased in the 
higher-stage breast cancer and positively correlated 
with the clinical outcome of patients (Sasi et al. 
2010). Jiang et al. (2010) reported that in breast 
cancer cell line, the decreased expression of SOCS1 
was thought to be due to SOCS1 mRNA being 
targeted by miR-155. Huang et al. (2013) reported 
that miR-155 plays an important role in regulating the 
invasion and migration of cancer cells by decreasing 
SOCS1 expression, resulting in continuous STAT3 
activation. 

In this study, we also demonstrated that 
expression of miR-155 in different of ER, PR and 
HER2 status. The result was not statistically different 
both ER status. miR-155 was higher in PR + than PR- 
breast cancer, and was higher in HER2- than HER2 + 
breast cancer. Expression of miR-155 on PR + might 
be affect the growth of breast cancer. Tanos et al. 
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(2012) reported that through binding to its receptor, 
progesterone induces STAT3 activation in breast 
cancer via the JAK and Src pathways. Absence or 
reduction of negative regulator (SOCS1), resulting in 
continuously active STAT3 leading to cancer 
progression. However, this result is not supported by 
fold change of SOCS1 mRNA. This might occur 
because miR-155 targets other PR-related mRNAs. 

Expression of SOCS1 in both PR+ and PR- breast 
cancer was similiar in our study. This result was 
different with the study conducted by Sun et al. Sun 
and colleagus showed that progesterone up regulated 
SOCS1 expression through induction of LPS (Sun et 
al. 2012).  

In this study, miR-155 expression appeared to be 
higher in patients with HER2- than HER2+, whereas 
SOCS1 mRNA expression was almost the same in 
both HER2 states. Bischoff et al. (2015) reported that 
miR-155 might be act as a negative regulator of 
HER2 signaling. miR-155 was reported to decrease 
HER2-induced Akt activity, but miR-155 played a 
role in increasing basal Akt activity. This is in line 
with reports that miR-155 is positively correlated 
with basal PI3K activation by targeting PI3K negative 
regulators (p85α and SHIP) (Huang et al., 2013), and 
upstream negative regulator PI3K (SOCS1) (Jiang et 
al., 2010). 

In subtype breast cancer, our result showed that 
expression of miR-155 was elevated in Triple-
negative breast cancer. However, the result showed 
not statistically significant. This result was same as 
result of a study by Blenkiron et al. (2007) that 
documented elevated miR-155 expression in the 
triple negative breast cancer. Lu et al (2012) also 
reported that expression of miR-155 in plasma also 
showed significant differences among the subtypes of 
breast cancer with the highest expression was seen in 
triple negative subtype followed by HER2 
overexpression, Luminal B, and Luminal A (p = 
0.027). 

In Triple negative breast cancer, expression of ER, 
PR, and HER2 is negative. A microRNA profiling 
study by Gasparini et al. (2014) showed that there 
were 4 miRNAs that were correlated with triple 
negative subtypes, one of them was miR-155. The 
high expression of miR-155 in triple negative subtype 
might be associated with BRCA1 (Chang & Sharan 
2012). BRCA1 is a gene that is frequently mutated in 
breast cancer, especially in the triple negative subtype 
(Bange et al. 2001). Davis et al reported that silencing 
of BRCA1 leads to reduced expression of ER and PR 
(Davis et al , 2014).  

SOCS1 expression was higher in luminal A. The 
luminal subtype is the subtype with the best 

prognosis. This is in accordance with Sasi et al. 
(2010) who reported that the expression of SOCS1 
was positively correlated with good outcomes (the 
lowest recurrence and the lowest mortality rate). (Sasi 
et al. 2010). 

5 CONCLUSIONS 

In plasma of breast cancer patients, expression of 
miR-155 in advanced stage was higher than in the 
early stages, while the expression of SOCS1 mRNA 
in advanced stage was lower than the early stage. 
MiR-155 was differentially expressed according to 
ER, PR, HER2 while the expression of SOCS1 was 
not different according to ER, PR, HER2. miR-155 
expression was higher in triple negative, while 
SOCS1 was higher in luminal A. However, the 
differences were not statistically significant. 
Deregulation of miR-155 dan SOCS1 expressions is 
believed to have important role in breast cancer 
progressivity. 
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