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Abstract: Background: Dysregulation of miR-675 has been found in a variety of solid tumors. MiR-675 has been sug-
gested as having both oncogenic and tumor suppression properties in cancer. However, there is no evidence wheth-
er miR-675 is involved in breast cancer. The objective of this study was to evaluate the expression status of miR-675 
and its clinical relevance in breast cancer patients. Methods: The expression level of miR-675 was detected in 100 
breast cancer patients and 38 cancer-free controls using real-time quantitative PCR. The clinicopathological char-
acteristics of miR-675 in breast cancer were also investigated. All statistical analyses were performed using SPSS 
20.0. Results: The study showed that miR-675 was significantly up-regulated in breast cancer patients compared 
with controls (P < 0.01). There was no significant difference in age, lymph nodes stage, ER status and PR status 
between patients with and without miR-675 over-expression (P > 0.05). The frequency of miR-675 over-expression 
was higher in the patients of histological grade I-II than in others (50% versus 9%, P = 0.011). The expression level 
of miR-675 had a high correlation with miR-24/93/98/378 in breast cancer patients. Conclusions: Taken together, 
our study demonstrated that miR-675 in formalin-fixed paraffin-embedded (FFPE) tissues might serve as a good 
source for biomarker discovery and breast cancer validation.
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Introduction

MiRNAs are a class of eukaryotic endogenous 
small non-coding RNAs that are single-strand-
ed with a length of about 18~25 nt [1]. More 
than 1000 miRNAs have been identified in  
the human genome. MiRNAs can regulate the 
expression of target gene mainly through bind-
ing complementary sequences within the 3’- 
untranslated region (UTR) of its mRNAs, result-
ing in translational repression or mRNA degra-
dation [2]. MiRNAs are involved in different bio-
logic processes including tumor growth [3], 
tumor development [4], cell proliferation [5], 
cell differentiation [6], cell survival [3], tumor 
migration and invasion [7, 8], and apoptosis [9, 
10].

Dysregulation of miR-675 has been found in a 
variety of solid tumors. Some studies reported 

that miR-675 was up-regulated in colorectal 
cancer [11], hepatocellular cancer [12] and 
gastric cancer [13], through the regulation of 
different targets such as Cadherin11 [14], 
Twist1 (twist basic helix-loop-helix transcription 
factor 1) [12], RUNX1 (Runt Domain Trans- 
cription Factor 1) [15]. While other studies 
found that miR-675 expression was down-regu-
lated in non-small cell lung cancer [16], adrenal 
cortical carcinoma [17] and metastatic prostate 
cancer [18]. It suggested that the expression of 
miR-675 and its role in different tumors were 
different. However, limited knowledge is avail-
able concerning the role of miR-675 in breast 
cancer and its effect on the biological 
characteristics.

Fresh and frozen tissue samples are found to 
be a suitable source of DNA, RNA and protein 
for clinical experiment research [19]. However, 
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because of the limitation and ineffectiveness 
of prospectively collecting fresh and frozen 
samples as well as current deficiency of bio-
banking of patient samples, scientists began to 
choose alternative stocks of archived samples 
with potential utility for disease analysis such 
as formalin-fixed paraffin-embedded (FFPE) tis-
sues [20]. RNA was found to be degraded in 
FFPE tissue [21]. Surprisingly, due to their 
shorter lengths, miRNAs remained to be more 
stable when preserved. Using FFPE tissues, the 
expression of miRNAs has been successfully 
analyzed in various kinds of cancers [22]. There 
is a high association between the miRNA 
expression level derived from FFPE and 
matched fresh-frozen tissues [20]. As they 
carry abundant pathological data, FFPE tissues 
are found to be ideal for miRNA study and 
immunohistochemistry. Thereby FFPE tissues 
may serve as a valuable source for miRNA 
expression study, biomarker discovery and 
validation.

More and more evidence has demonstrated 
that miR-675 is aberrantly expressed in various 
cancers and may serve as a potential biomark-

er for cancer detection. But little is known 
about the expression level of miR-675 in FFPE 
tissue of breast cancer patients and its poten-
tial prognostic value. In this study, we examined 
the expression of miR-675 in FFPE tissue of 
breast cancer patients as well as the correla-
tion between miR-675 and miR-24/93/98/378. 
Subsequently, we investigated potential predic-
tive value of miR-675 as a kind of new molecu-
lar biomarker for breast cancer patients.

Methods

Patients and samples

100 FFPE tissue samples of breast cancer 
patients were collected from the Affiliated 
People’s Hospital of Jiangsu University in pres-
ent study. Moreover, FFPE tissue samples were 
obtained from 38 cancer-free people as con-
trols. All samples were acquired according  
to the guidelines of The Affiliated People’s 
Hospital’s protocol including patient consent 
and specimen collection. The diagnosis and 
classification of breast cancer patients was 
according to the Tumor-Node-Metastasis (TNM) 
system of American Joint Committee on Cancer 
(AJCC). All cases were diagnosed with histologi-

Table 1. Clinicopathological characteristics 
and expression of miR-675 in breast cancer

Characteristics Cases miR-675  
expression level

Low High P
Age (years)
    ≤ 40 19 18 1 0.362
    40-55 32 26 6
    > 55 49 44 5
Histological grade
    I-II 8 4 4 0.011
    II 39 36 3
    II-III 28 26 2
    III 25 22 3
N stage
    0 58 53 5 0.482
    1-3 24 20 4
    4-9 10 8 2
    > 10 8 7 1
ER status
    Negative 41 36 5 1
    Positive 59 52 7
PR status
    Negative 44 38 6 0.760
    Positive 56 50 6

Figure 1. Relative expression levels of miR-675 in 
breast cancer patients and controls.
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cally and clinically confirmed stage I-II, II, II-III 
and III breast cancer. The clinical characteris-
tics of patients were listed in Table 1.

RNA extraction and reverse transcription

Total RNA was isolated from 100 FFPE tissue of 
breast cancer patients and 38 controls using 
the RecoverAll™ Total Nucleic Acid Isolation Kit 
(Ambion, catalog no: AM 1975) and reverse 
transcribed to cDNA using miScript Reverse 
Transcription Kit (Qiagen, catalog no. 218061).

Real-time quantitative PCR

Real-time quantitative PCR (RQ-PCR) was per-
formed based on the manufacturer’s instruc-
tions using the miScript SYBR green PCR kit 
(Qiagen, catalog no. 218073) with the manu-
facturer-provided miScript universal primer  
and miR-675-specific forward primer: GCGG- 
AGAGGGCCCACAG; RQ-PCR amplification was 
described in our previous study (Qian et al., 
2013).

Statistical analyses

All statistical analyses were performed using 
SPSS 20.0 software. The difference of miRNA 
expression levels between patients and con-
trols was compared using the Mann-Whitney 
test. Spearman correlation coefficient was 
used to analyze the correlation between miR-
675 and miR-24, miR-93, miR-98 or miR-378 
expression, respectively. The Pearson χ2 analy-
sis or Fisher exact test was employed to ana-
lyze the correlation of miR-675 expression with 
clinicopathological characteristics. More than 
0.54 (determined as the mean plus 3SD) was 
chosen to define the miR-675 over-expression 
in breast cancer samples. All values shown 
were two sided, and a P-value < 0.05 was con-
sidered statistically significant.

Results

Expression and correlation of miR-675 in FFPE 
tissues of breast cancer patients

We evaluated the level of miR-675 expression 
in breast cancer and controls. The expression 

of miR-675 was found to be higher in FFPE tis-
sues of breast cancer patients than that in con-
trols (P < 0.01) (Figure 1; Table 2). The median 
of the miR-675 expression level was 0.0073 in 
breast cancer patients and 0.0021 in controls 
respectively. Furthermore, correlation analysis 
showed that the expression level of miR-675 
had a high correlation with miR-24/93/98/378 
in breast cancer patients; the Spearman corre-
lation scatter plot indicated a high association 
between miR-675 and miR-24/93/98/378, 
with r = 0.665 between miR-675 and miR-24 
(Figure 2A), r = 0.648 between miR-675 and 
miR-93 (Figure 2B), r = 0.662 between miR-
675 and miR-98 (Figure 2C), and r = 0.620 
between miR-675 and miR-378 (Figure 2D). 
These findings imply that the selected miR-675 
might be as a biomarker for breast cancer.

Correlation of miR-675 expression with clinico-
pathological characteristics of breast cancer

To investigate whether the up-regulation of 
miR-675 was related to the clinical progression 
of breast cancer, we analyzed the correlation 
between the expression level of miR-675 and 
the clinicopathological status of breast cancer 
patients (Table 1). No significant difference 
could be observed in age, tumor stage, lymph 
nodes stage, ER (estrogen receptor) status, 
and PR (progesterone receptor) status between 
patients with and without miR-675 over-expres-
sion (Table 1). However, a statistically signifi-
cant association between miR-675 expression 
level and histological grade was observed in 
this study. The frequency of miR-675 over-
expression was higher in the patients of histo-
logical grade I-II than in others (50% versus 9%, 
P = 0.011).

Discussion

Abnormal expression of miRNAs has been 
revealed in various tumor tissues, dysregula-
tion of miRNAs are found to play an important 
role in the occurrence and development of dif-
ferent cancers [23-26]. Breast cancer is one of 
the most malignant tumors in women, which 
seriously affect human health and even can be 
fetal. It is suggested to be a heterogeneous 

Table 2. Expression level of miR-675 and its diagnostic significance in breast cancer patients
Median in cancer patients Median in control P value AUC Cutoffs Sensitivity (%) Specificity (%)

miR-675 0.0073 0.0021 < 0.01 0.664 0.536 55 58



miR-675 in breast cancer patients

11198 Int J Clin Exp Med 2015;8(7):11195-11201

Figure 2. Correlation between miR-675 and miR-24/93/98/378, the spearman correlation scatter plot indicated association between miR-675 and miR-
24/93/98/378, with r = 0.665 between miR-675 and miR-24 (A), r = 0.648 between miR-675 and miR-93 (B), r = 0.662 between miR-675 and miR-98 (C), r = 
0.620 between miR-675 and miR-378 (D). miRNA expression levels were presented after log10 transformation.
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neoplasm, involving a variety of profile altera-
tions in both expression of miRNA and mRNA 
[27]. Large number of studies about the aber-
rant expression status of various miRNAs and 
their functions in breast cancer have been 
reported [27-29]. Over-expression of miR-21 
and under-expression of miR-125b have been 
found in breast cancer patients [30]. Sun Y et 
al. revealed that serum miR-155 was up-regu-
lated in breast cancer patients [31]. Recent 
studies demonstrated that miRNAs may serve 
as ideal potential candidates for the develop-
ment of therapeutic targets and novel bio- 
markers. 

This study measured and statistically analyzed 
the expression level of miR-675 in FFPE tissues 
of 100 breast cancer patients and 38 cases in 
control. We found that miR-675 showed higher 
expression level in breast cancer patients when 
compared with controls (P < 0.01), which might 
imply that miR-675 might be an onco-miRNA in 
breast cancer. MiR-24, miR-93, miR-98 and 
miR-378 are all thought to be onco-miRNAs for 
their capabilities of enhancing tumor growth [3, 
26, 32, 33]. Our previous study found that miR-
24/93/98/378 had a high expression in FFPE 
tissue of breast cancers and the four miRNAs 
were highly correlated with each other in breast 
cancer patients (data not shown). In this study, 
we have revealed that miR-675 is associated 
with miR-24/93/98/378, respectively. The miR- 
675 might be thought as a good potential can-
didate for the development of novel biomarker 
in breast cancer.

In addition, the relativity between the expres-
sion of miR-675 and clinicopathological charac-
teristics of breast cancer patients were also 
studied. However, there were no significant dif-
ferences between miR-675 over-expression 
with clinicopathological characteristics except 
for histological grade. No significant difference 
was observed in age, tumor stage, lymph nodes 
stage, ER status and PR status between 
patients with and without miR-675 over-expres-
sion (P > 0.05, Table 1). The frequency of miR-
675 over-expression was dramatically higher  
in the patients of histological grade I-II than  
in others (50% versus 9%, P = 0.011), which 
meant that miR-675 over-expression was much 
more common in lower histological grade than 
higher grade. It might implicate that high miR-
675 expression can be associated with high 

degree of malignancy in breast cancer, which 
are in need of further investigation. According 
to our observations and analyses of miR-675 
expression status and clinical characteristics, 
the lack of correlation between miR-675 and 
clinicopathological characteristics might imply 
that the potential mechanisms of miR-675 
over-expression is different from that of other 
clinic factors in breast cancer, which makes 
them potential candidates for the diagnosis 
and prognosis of breast cancer that are inde-
pendent from other known biomarkers.

FFPE tissues could be long-term stored and 
they can permanently preserve the tissue 
structure. MiRNAs were proved to be more sta-
ble in FFPE tissues when preserved due to their 
shorter length. The biomarkers derived from 
FFPE tissues can provide efficient biological 
insight because they are linked to pathological 
and clinical databases. Recent studies revealed 
that miRNAs obtained from FFPE tissues 
showed reliable expression levels when com-
pared with frozen tissues [34-36]. Taken 
together, our study demonstrated that miR-675 
in formalin-fixed paraffin-embedded (FFPE) tis-
sues might serve as a good source for biomark-
er discovery and validation in breast cancer 
patients.

Conclusions

In conclusion, we suppose that over-expression 
of miR-675 in FFPE tissues could be a refer-
ence for the diagnosis of breast cancer 
patients, which might conduct as a valuable 
source for biomarker discovery and breast can-
cer validation.
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