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Abstract: Breast cancer severely affects women’s health. The role of microRNA (miR) in the pathological process 
of tumors has been widely studied as one novel biological marker for diagnosis, typing and prognosis. Previous 
study has suggested the correlation between breast cancer and miR. This study thus investigated expression level 
of miR-155 and miR-34a in both blood and tissue samples from breast cancer patients, thus investigating their 
relationships with tumor occurrence and potential values in early diagnosis and prognosis prediction. A total of 40 
breast cancer patients who received surgeries in our hospital were recruited as the experimental group, in parallel 
with 40 healthy controls. RT-PCR was used to test the expression of miR-155 and miR-34a level in blood samples, 
and tumor or adjacent tissues. Correlation analysis was performed regarding their expression level and pathological 
features of tumors. Blood samples of cancer patients had higher miR-155 and lower miR-34a compared to con-
trol group (P<0.05). Breast cancer tissue had higher miR-155 and lower miR-34a than adjacent tissues (P<0.05). 
The expression of miR-155 and miR-34a is correlated with TNM stage, lymph node metastasis and differentiation 
degree (P<0.05). With advanced TNM stage, lymph node metastasis, and lower differentiation grade, miR-34a 
was up-regulated while miR-155 was down-regulated. MiR-155 expression was increased and miR-34a was down-
regulated in breast cancer patients. Their expression level is related with TNM stage, lymph node metastasis and 
differentiation grade. Both miR-155 and miR-34a might participate in the occurrence, progression, infiltration and 
metastasis of breast cancer.
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Introduction

Breast cancer is one common malignant tumor 
in females, and can be caused by the activation 
of oncogenes and/or inactivation of tumor sup-
pressor gene. Among various tumor suppressor 
genes, the most common one is p53, whose 
mutation and consequent over-expression may 
account for 25%~40% of all breast cancers [1]. 
MicroRNA (miR) is one endogenous non-coding 
single-stranded RNA composing of 17~25 base 
pairs, and is widely expressed in the body [2]. 
As one genetic modulating factor, miR partici-
pates in about 30% gene transcription in 
human, and plays a crucial role in cell differen-
tiation, growth, apoptosis and metabolism [3]. 
As one research hotspot in epigenetics, serum 
miR-155 expression has been suggested to be 
closely related with tumor occurrence [4]. For 
example, in non-small cell lung cancer, p53 
regulates miR-34a expression, which can be 

down-regulated by p53 knock-down or dysfunc-
tion [5]. This study thus recruited breast cancer 
patients in our hospital, and tested serum lev-
els of miR-155 and miR-34a by real-time quan-
titative PCR. The differential expression of miR-
34a and miR-155 between tumor and adjacent 
tissues was expressed, in order to analyze their 
relationships with TNM stage, lymph node 
metastasis and other clinical/pathological fe- 
atures.

Materials and methods

General information

A total of 40 breast cancer patients (aging 
between 30 and 65 years old, average = 
50.2±3.6 years) who received surgery in 
Changsha Central Hospital from January 2014 
to January 2015 were recruited as the experi-
mental group, which consisted of 10 papilloma, 
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14 adenoma, 8 squamous carcinoma and 8 
myeloma. Based on differentiation grade, there 
were 19 high, 10 moderate and 11 low differ-
entiation cases. TNM staging revealed 14 stage 
I, 17 stage II and 9 stage III patients. Another 
cohort of 40 healthy females (aging between 
25 and 65 years old, average = 49.7±3.2 years) 
were recruited as the control group. There was 
no significant difference regarding sex or age 
between two groups (P>0.05), which were thus 
comparable.

The study protocol was approved by the Re- 
search Ethics Committee of Changsha Central 
Hospital, and all patients gave their informed 
consent before study commencement.

Inclusive criteria: (1) Being diagnosed by pa- 
thological examinations; (2) No mesenchymal 
disease or immune dysfunction; (3) Not receiv-
ing radio-/chemo-/immune-/cyro-/laser-thera-
py before surgery.

Exclusive criteria: (1) Dysfunctions in major 
organs including heart, liver or kidney; (2) 
Complicated with other malignant tumors; (3) 

Shuzo, Japan); PCR cycler model PTC-100TM 
(PE, US); Trizol reagent (Gibeo BRL, US); RNase-
free H2O (Sangon, China); NanoDrop UV spec-
trometer (NanoDrop, US).

Primer design

Specific primers for RT-PCR were synthesized 
by Sangon (China) as shown in Table 1.

Expression of miR-155 and miR-34a in blood 
samples

Fasted blood samples were collected from both 
experimental and control groups. Blood sam-
ples were collected in EDTA-containing tube 
and were centrifuged at 1500 rpm of 20 min 
under 4°C. Serum was then saved and stored 
at -20°C.

Trizol reagent was employed to extract total 
RNA, which was then tested under electropho-
resis for the integrity. Nano Drop was then 
employed to determine the concentration and 
purity of RNA. Total RNA (1 μg) was used as the 
template for synthesizing cDNA by reverse tran-
scription. The relative expression level of miR-
155 and miR-34a in serum was then tested by 
quantitative PCR under the following condi-
tions: 95°C pre-denature for 2 min, followed by 
40 cycles each containing 94°C denature for 1 
min, 60°C annealing for 1 min, and 72°C elon-
gation for 1 min, and ended with 55°C~95°C 
gradient treatment (step: 0.5°C; duration: 30 
sec). Curve analysis was then performed.

RT-PCR for the expression of miR-155 and 
miR-34a in breast cancer tissues

Tissue samples collected from surgery of 
breast cancer patients were frozen in liquid 
nitrogen and stored in -80°C.

Trizol reagent was used to extract mRNA from 
breast cancer tissues. Total concentration of 
RNA was determined by D260 nm/D280 nm. 
200 ng total RNA was used to synthesize cDNA 
based on polyA tail. Using cDNA as the tem-
plate, PCR amplification was performed using 

Figure 1. Expression of miR-155 and miR-34a in 
breast cancer and adjacent tissues. *P<0.05 com-
pared to tumor adjacent tissues.

Table 1. Primer sequence
Gene Forward primer Reverse primer
miR-155 5’-GCGAAAGCATTTGCCAAGAA-3’ 5’-CATCACAGACCTGTTATTGC-3’
miR-34b 5’-AAATCACCACCTTCACAGCC-3’ 5’-GTTGTAATGGTTCTCCTCCAGC-3’
β-actin 5’-AGCGGGAAATCGTGCGTGACA-3’ 5’-GTGGACTTGGGAGAGGACTGG-3’

Acute/chronic inflamma-
tion; (4) With mental or 
psychological conditions.

Reagents

RT-PCR test kit for miR-
34b and miR-155 (Takara 

Table 2. Serum miR-155 and miR-34a levels
Group miR-155 miR-34a
Experiment group 2.330±0.211* 0.122±0.105*

Control group 1.000 1.000
Note: *P<0.05 compared to control group.
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primers as shown in Table 1. In a 20 μL reverse-
transcription system, 2 μL RNA plus 1 μL primer 
were added. 3 μL cDNA plus 1 μL primer and 
0.2 μL Taq DNA polymerase were used for PCR 
amplification under the following conditions: 
94°C pre-denature for 3 min, followed by 30 
cycles each containing 94°C denature for 40 
sec, 56°C annealing for 1 min, and 72°C elon-
gation for 1 min, ended with 72°C elongation 
for 5 min. Quantitative PCR was employed 
using 2-ΔCt method to determine the relative 
expression level of miR-34a and miR-155.

Statistical analysis

SPSS 17.0 software was employed to process 
all collected data, which were presented as 
mean ± standard deviation (SD). Measurement 
data were compared by student t-test while 
enumeration data were compared by chi-
square test. LSD comparison was performed 
across multiple groups. A statistical signifi-
cance was defined when P<0.05.

Results

Serum miR-155 and miR-34a expression

The relative expression level of miR-155 and 
miR-34 against internal reference was tested in 

0.113 vs. 0.506±0.142, P<0.05) as shown in 
Figure 1.

Correlation between miR expression and clini-
cal/pathological features of patients

Correlation analysis was performed regarding 
the expression of miR-155 and miR-34a and 
clinical features of breast cancer was per-
formed involving age, TNM stage, lymph node 
metastasis, pathological subtype, and differen-
tiation grade. Results showed the correlation 
between miR-155 or miR-34a expression with 
TNM stage, lymph node metastasis and differ-
entiation grade (P<0.05) but not with age or 
pathological subtype (P>0.05). With advanced 
TNM grade, occurrence of lymph node metas-
tasis or lower differentiation grade, miR-34a 
expression was further lowered while miR-155 
was up-regulated (Table 3).

Discussion

Breast cancer is the most common malignant 
tumor in females worldwide. A survey in 2010 
revealed that about 28% of all newly diagnosed 
cancer patients in American women are breast 
cancer, whose incidence was significantly ele-
vated [6, 7]. In China, the mortality of breast 
cancer is also increasing by years. The distal 

Table 3. Correlation between expression of miR-155 and miR-34a and 
clinical features of breast cancer patients
Item N miR-34a P value miR-155 P value
Age 40 0.257 0.187
    >50 19 0.228±0.215 2.641±0.201
    ≤50 21 0.245±0.121 2.628±0.103
TNM stage 40 0.044 0.041
    I 14 0.294±0.162 2.107±0.203
    II 17 0.261±0.141 2.363±0.227
    III 0 0.203±0.113 2.799±0.308
Lymph node metastasis 40 0.021 0.011
    Yes 21 0.201±0.132 2.898±0.314
    No 19 0.278±0.121 2.365±0.112
Pathological type 40 0.134 0.212
    Papilloma 10 0.241±0.126 2.673±0.121
    Adenoma 14 0.238±0.118 2.667±0.122
    Squamous carcinoma 8 0.241±0.113 2.673±0.133
    Myeloma 8 0.237±0.102 2.669±0.121
Differentiation grade 40 0.042 0.046
    High 19 0.287±0.512 2.201±0.103
    Moderate 10 0.238±0.317 2.459±0.142
    Low 11 0.201±0.101 2.689±0.172

serum from both groups. 
Results showed signifi-
cantly elevated miR-155 
(2.330±0.211) and sup-
pressed miR-23a (0.122± 
0.105) compared to con-
trol group (P<0.05, Table 
2).

Expression of miR-155 
and miR-34a in breast 
cancer and adjacent tis-
sues

We further tested the 
mRNA level of miR-155 
and miR-34a from both 
breast cancer and tumor 
adjacent tissues. Results 
showed significantly ele-
vated miR-155 in breast 
cancer tissues (0.532± 
0.124) higher than tumor 
adjacent tissues (0.212± 
0.112) and depressed 
miR-34a levels (0.117± 
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metastasis is the major mortality reason of 
breast cancer [8]. MicroRNA (miR) is one endog-
enous non-coding short RNA molecule consist-
ing of 20~25 nucleotides. Although having non 
open reading frame (ORF) itself, miR exerts cru-
cial role in modulating multiple gene expres-
sion inside cells [9]. Recently increasing num-
ber of studies have shown the abnormal expres-
sion of miR in various cancers including breast 
cancer. MiR participates in multiple biological 
processes of cells and plays a critical role dur-
ing tumor cell adhesion, migration, invasion 
and angiogenesis [10]. As the earlies discov-
ered miR with tumor accelerating activity, miR-
155 can bind onto 3’-non coding region at post-
transcriptional level for forming RNA-induced 
silencing complex, which can inhibit the trans-
lation of target genes or degrade target mRNA, 
to mediate biological activities such as cell pro-
liferation, differentiation and apoptosis [11]. 
Among ~1,000 miR that have been discovered, 
miR-155 was up-regulated in various malignant 
tumors, making it as one small “oncogene”, 
which has been correlated with B cell lympho-
ma, gastric cancer, lung cancer and colorectal 
carcinoma [12]. MiR-34 is one highly-conserved 
miR, and locates on 1p36 including 22 nucleo-
tides and 2 exons for separate gene transcrip-
tion and expression. It can also facilitate cell 
apoptosis, arrest at G1 phase, accelerate cell 
aging, and inhibit tumor migration [13].

In this study, we selected breast cancer 
patients who received surgeries in our hospital 
as the experimental group, in addition to 
healthy individuals as the control group. Serum 
assay showed significantly higher miR-155 and 
lower miR-34a in cancer patients compared to 
control ones, suggesting significantly higher 
elevation of miR-155 and depression of miR-
34a in breast cancer patients. A DNA microar-
ray assay revealed abnormal expression of 
miR-155 in human tissues, indicating its poten-
tial role as an oncogene [14]. Other studies 
focusing on breast cancer cells with estrogen 
receptor expression indicated that p53 induced 
nuclear protein 1 might be the target of miR-
155 [15]. MiR-34a can inhibit the progression 
of malignant tumors via regulating its down-
stream genes, and is abnormally expressed in 
various malignant tumors. A similar study in 
neuroblastoma cells also confirmed the corre-
lation between miR-34a down-regulation and 
malignant proliferation of tumor cells [16], as 
consistent with our results.

This study further tested the mRNA and protein 
expression levels of miR-155 and miR-34a, and 
found significantly elevated miR-155 and sup-
pressed miR-34a in breast cancer tissues com-
pared to tumor adjacent tissues. Study has 
indicated the up-regulation of miR-155 in vari-
ous human malignant tumors including pulmo-
nary carcinoma, colorectal cancer, pancreatic 
cancer, nasopharyngeal cancer and cervical 
cancer. The expression of miR-155 was signifi-
cantly higher in lung cancer tissues compared 
to normal tissues, indicating its potential role 
as oncogene to mediate the progression of 
tumors. Previous study has indicated signifi-
cantly depression of miR-34a in breast cancer 
tissues compared to adjacent normal tissues. 
Furthermore, miR-34a has been significantly 
down-regulated in p53-mutated breast cancer 
cells compared to wild type p53 tumor cells or 
normal epithelial cells [17].

Further correlation analysis regarding the 
expression of miR-155 and miR-34a and patho-
logical features of breast cancer patients 
revealed the correlation between miR-155, 
miR-34a and TNM stage, lymph node metasta-
sis and differentiation grade of tumors. As 
advancement of TNM stage, occurrence of 
lymph node and lower differentiation grade, the 
expression of miR-155 was elevated while miR-
34a was down-regulated. Previous study has 
indicated that miR-155 might work as one index 
predicting the prognosis of non-small cell lung 
cancer, as its up-regulation normally suggested 
unfavorable prognosis [18]. Basic research 
also found down-regulation of miR-34a in K562 
cells, which also had elevated CCND1 and 
CDK6 expression, all of which may mediate cell 
cycle and facilitate cell proliferation [19]. As the 
down-regulation of miR-34a in prostate cancer, 
tumor cell proliferation and migration were all 
potentiated [20]. MiR-34a was also down-regu-
lated in various solid malignant tumors and 
blood hematological tumors, as it can regulate 
cell proliferation, cell cycle and aging.

In summary, miR-155 was up-regulated in 
breast cancer cells, whose miR-34a expression 
level was suppressed, as contrast to adjacent 
tumors. The expression of miR was correlated 
with TNM stage, lymph node metastasis and 
differentiation grade. As advancement of TNM 
stage, occurrence of lymph node, lowering of 
differentiation grade, miR-155 expression was 
further enhanced while miR-34a was down-reg-
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ulated. MiR-155 and miR-34a might participate 
in the occurrence, progression, infiltration and 
metastasis, and is one potential biomarker for 
breast cancer. The early assay of miR may ben-
efit the diagnosis and prognostic prediction of 
breast cancer.

Acknowledgements

This work was supported by the Key Research 
and Development Program Of Hunan Province 
(Basic Research), 2015JC3016.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Lei Guo, Depart- 
ment of Breast Surgery, Xiangya Hospital, Central 
South University, 87 Xiangya Road, Changsha 
410008, Hunan, PR China. Tel: +86-731-89753015; 
E-mail: guoleiyyu@sina.com 

References

[1]	 Kuo SJ, Lin HY, Chien SY, Chen DR. SIRT1 sup-
presses breast cancer growth through down-
regulation of the Bcl-2 protein. Oncol Rep 
2013; 30: 125-30.

[2]	 Bartels CL, Tsongalis GJ. MicroRNAs: novel bio-
markers for human cancer. Clin Chem 2009; 
55: 623-31.

[3]	 Visone R, Croce CM. MiRNAs and cancer. Am J 
Pathol 2009; 174: 1131-8.

[4]	 Lam TK, Shao S, Zhao Y, Marincola F, Pesatori 
A, Bertazzi PA, Caporaso NE, Wang E, Landi 
MT. Influence of quercetin-rich food intake on 
microRNA expression in lung cancer tissues. 
Cancer Epidemiol Biomarkers Prev 2012; 21: 
2176-84.

[5]	 Bommer GT, Gerin I, Feng Y, Kaczorowski AJ, 
Kuick R, Love RE, Zhai Y, Giordano TJ, Qin ZS, 
Moore BB, MacDougald OA, Cho KR, Fearon 
ER. p53-mediated activation of miRNA34 can-
didate tumor-suppressor genes. Curr Biol 
2007; 17: 1298-307.

[6]	 Jemal A, Siegel R, Xu J, Ward E. Cancer statis-
tics, 2010. CA Cancer J Clin 2010; 60: 277-
300.

[7]	 O’Day E, Lal A. MicroRNAs and their target 
gene networks in breast cancer. Breast Cancer 
Res 2010; 12: 201.

[8]	 Roth C, Rack B, Müller V, Janni W, Pantel K, 
Schwarzenbach H. Circulating microRNAs as 
blood-based markers for patients with primary 
and metastatic breast cancer. Breast Cancer 
Res 2010; 12: R90.

[9]	 Bartel DP. MicroRNAs: target recognition and 
regulatory functions. Cell 2009; 136: 215-33.

[10]	 Dumont N, Tlsty TD. Reflections on miR-ing ef-
fects in metastasis. Cancer Cell 2009; 16: 3-4.

[11]	 Mayoral RJ, Pipkin ME, Pachkov M, van Nimwe-
gen E, Rao A, Monticelli S. MicroRNA-221-222 
regulate the cell cycle in mast cells. J Immunol 
2009; 182: 433-45.

[12]	 Ling N, Gu J, Lei Z, Li M, Zhao J, Zhang HT, Li X. 
microRNA-155 regulates cell proliferation and 
invasion by targeting FOXO3a in glioma. Oncol 
Rep 2013; 30: 2111-8.

[13]	 Peurala H, Greco D, Heikkinen T, Kaur S, Bart-
kova J, Jamshidi M, Aittomäki K, Heikkilä P, 
Bartek J, Blomqvist C, Bützow R, Nevanlinna H. 
MiR-34a expression has an effect for lower 
risk of metastasis and associates with expres-
sion patterns predicting clinical outcome in 
breast cancer. PLoS One 2011; 6: e26122.

[14]	 Iorio MV, Ferracin M, Liu CG, Veronese A, Spiz-
zo R, Sabbioni S, Magri E, Pedriali M, Fabbri M, 
Campiglio M, Ménard S, Palazzo JP, Rosenberg 
A, Musiani P,Volinia S, Nenci I, Calin GA, Quer-
zoli P, Negrini M, Croce CM. MicroRNA gene 
expression deregulation in human breast can-
cer. Cancer Res 2005; 65: 7065-70.

[15]	 Zhang CM, Zhao J and Deng HY. MiR-155 pro-
motes proliferation of human breast cancer 
MCF-7 cells through targeting tumor protein 
53-induced nuclear protein 1. J Biomed Sci 
2013; 20: 79.

[16]	 Welch C, Chen Y and Stallings RL. MicroRNA-
34a functions as a potential tumor suppressor 
by inducing apoptosis in neuroblastoma cells. 
Oncogene 2007; 26: 5017-22.

[17]	 Li L, Xie X, Luo J, Liu M, Xi S, Guo J, Kong Y, Wu 
M, Gao J, Xie Z, Tang J, Wang X, Wei W, Yang M, 
Hung MC, Xie X. Targeted expression of miR-
34a using the T-VISA system suppresses 
breast cancer cell growth and invasion. Mol 
Ther 2012; 20: 2326-34.

[18]	 Yang M, Shen H, Qiu C, Ni Y, Wang L, Dong W, 
Liao Y, Du J. High expression of miR-21 and 
miR-155 predicts recurrence and unfavour-
able survival in non-small cell lung cancer. Eur 
J Cancer 2013; 49: 604-15.

[19]	 Ichimura A, Ruike Y, Terasawa K, Shimizu K, 
Tsujimoto G. MicroRNA-34a inhibits cell prolif-
eration by repressing mitogen-activated pro-
tein kinase kinase 1 during megakaryocytic 
differentiation of K562 cells. Mol Pharmacol 
2010; 77: 1016-24.

[20]	 Liu C, Kelnar K, Liu B, Chen X, Calhoun-Davis T, 
Li H, Patrawala L, Yan H, Jeter C, Honorio S, 
Wiggins JF, Bader AG, Fagin R, Brown D, Tang 
DG. The microRNA miR-34a inhibits prostate 
cancer stem cells and metastasis by directly 
repressing CD44. Nat Med 2011; 17: 211-5.


