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Abstract: Objective: Our study aims to measure the expression level of serum microRNA-205 (miRNA-205, miR-205) 
in breast cancer, and evaluate the diagnostic value of miR-205 as a noninvasive biomarker for the early detection of 
breast cancer and other human cancers through a meta-analysis. Methods: In the first phase, an experiment based 
on 58 breast cancer patients and 93 healthy controls was carried out to figure out the diagnostic performance of 
serum miR-205 for breast cancer. The study was conducted by using Reverse Transcription and quantitative Real-
time polymerase Cycle Reaction (RT-qPCR). In the second phase, a meta-analysis was performed to evaluate the 
diagnostic value of miR-205 for various cancers. Results: The test showed that the normalized expression levels of 
miR-205 in serum were evidently higher in healthy control than in breast cancer with a sensitivity and specificity at 
the optimal cutoff of 86.2% and 82.8%, respectively. The meta-analysis received a sensitivity of 75% and a specific-
ity of 84%, and an AUC of 0.87. Conclusion: Our study determined that as a noninvasive and accessible biomarker, 
miR-205 not only has high clinical diagnostic value in the detection of breast cancer, but also plays an important 
role in clinical utilization of diagnosing various cancers. Further researches based on larger-scale subjects and ad-
ditional improvement should be carried out to confirm our results.
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Introduction

Breast cancer is the leading cause of death in 
women, contributing to 23% (1.38 million) of all 
new cancer cases and 14% (458,400) of all 
deaths in 2008 in females worldwide [1]. Early 
detection is an effective way to decline the 
mortality rate since the overall five-year surviv-
al rate is higher than 90% if it was diagnosed at 
an early stage in contrast to about 20% at a 
late stage when the malignant cells have 
already spread to other organs [2]. As a hetero-
geneous disease, breast cancer has evident 
tumor phenotypes, which indicates a wide 
range of potential molecular alterations and 
originally motivating events [3]. Therefore, 
breast cancer theoretically can be easily diag-
nosed in the early stage, but still many patients 
every year, which mostly accounts for the lack 
of specific diagnostic tests.

Currently, mammography serves as a gold diag-
nostic tool which has been widely applied to the 
detection of breast cancer in early stage, but it 
is strongly not recommended to young women 
because of its unpredictable hazards to body in 
ionizing radiation [4, 5]. Ultrasound is also a 
useful way for detection, but it largely depends 
on the testing environment [6]. Over the past 
decades, scientists have made progress to find 
noninvasive and stable biomarkers, and there-
by some protein-based circulating tumor bio-
markers were discovered, which include carbo-
hydrate antigen 15-3 (CA 15-3), carcinoembry-
onic antigen (CEA) and tissue polypeptide spe-
cific antigen (TPS) [7, 8]. However, these promis-
ing biomarkers were non-specific for breast 
cancer and suffered from a low sensitivity and 
specificity [9]. Therefore, novel minimally inva-
sive or even noninvasive diagnostic biomarkers 
with high sensitivity and specificity are urgently 

http://www.ijcem.com


Serum miR-205 for detecting breast cancer

3035	 Int J Clin Exp Med 2015;8(2):3034-3043

needed to the early detection of breast cancer 
[10].

Recently, new biomarkers, microRNAs (miR-
NAs), were found as important diagnostic tools 
for the detection of breast cancer. Composed 
of about 19-25 nucleotides, miRNAs serve as 
an important role in the regulation and develop-
ment of cancer, which regulate the expression 
of a large number of genes based on the 
3’untranslated regions of target mRNA in a 
sequence-specific process, causing the degra-
dation or suppression of translation in mRNA 

tistics we have gathered, we found that the 
majority of studies which concern both miR-
205 and breast cancer only focused on the 
exploration of mechanism or the association 
between miR-205 and breast cancer [16, 23, 
24], and few of them performed a research 
based on experiment of patients and healthy 
controls to confirm the diagnostic value of miR-
205 for breast cancer. So far, only one study 
carried out by Shahram Savad et al., who per-
formed a population-based research of the 
expression of miR-205 on breast cancer, show-
ing miR-205 was under-expressed in breast 

Table 1. Clinicopathological characteristics of patients with 
breast cancer and healthy control

Clinical characteristic Breast cancer 
(n = 58)

Healthy control 
(n = 93)

Age, years
    Median 47 48
    Range 21-78 27-74
Menstrual status
    Premenopausal 24 (41.4%) 42 (45.2%)
    Postmenopausal 34 (58.6%) 51 (54.8%)
Tumor size (mean ± SD) (range) (cm)
    > 2 32 (55.1%)
    q 2 26 (44.8%)
TNM stage
    I 25 (43.1%)
    II 33 (56.9%)
Histology subtype
    Ductal 39 (67.2%)
    Lobular 12 (20.7%)
    Other 7 (12.1%)
Lymph node metastasis
    Yes 31 (53.4%)
    No 27 (46.4%)
Estrogen receptor (ER)
    Positive 34 (58.6%)
    Negative 24 (41.4%)
Progesterone receptor (PR)
    Positive 36 (62.1%)
    Negative 22 (37.9%)
Proliferation index (Ki 67)
    Positive 30 (51.7%)
    Negative 28 (48.3%)
Her-2
    Positive 23 (39.7%)
    Negative 35 (60.3%)
Data were expressed as N (%).

[11-13]. Besides, miRNAs have the 
advantages of easy extraction and 
strong stability, since they exist in 
tissue and body fluid, such as urine, 
plasma, tissue, etc, and are resis-
tant to extended storage, RNase 
activity, boiling, extremes of PH, and 
multiple freeze-thaw cycles [14]. 
The evidences mentioned above 
show miRNAs can be noninvasive 
biomarkers for cancer with a high 
accuracy.

Among these tumor-specific miR-
NAs, microRNA-205 (miR-205) is 
likely to be a new biomarker in the 
early detection of breast cancer, 
according to previous studies [15-
18]. MiR-205, a miRNA of high con-
servation, was initially discovered 
by computational methods, whose 
expression mechanism in vivo was 
figured out subsequently, which 
indicated miR-205 can be a tumor 
suppressor [19-21]. Evidences sug-
gested that miR-205 would down-
regulate ErbB2, and meanwhile the 
expressions of cyclin E, cyclin D1 
and cyclin-dependent kinase 6 
(CDK6) go up in breast cancer [22]. 
Combined with the evidences of 
miRNAs mentioned above, miR-205 
was estimated to be qualified to be 
a breast tumor-specific biomarker 
along with the advantages of nonin-
vasiveness, convenience, cost-
effectiveness, and high accuracy.

However, there were insufficient 
data to confirm the diagnostic value 
of miR-205 to the detection of 
breast cancer. According to the sta-
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cancer patients, and only had diagnostic profi-
ciency in triple negative breast cancer (estro-
gen receptor/progesterone receptor/Her-2 neg-
ative) [17]. Therefore, a fundamental research 
using breast cancer patients and healthy con-
trols as experiment objects was conducted to 
comprehensively identify whether miR-205 can 
be a useful biomarker for the early-stage diag-
nosis of breast cancer with high sensitivity and 
specificity. Besides, a meta-analysis based on 
the study and other studies with respect to 
miR-205 as a biomarker to other cancers were 
carried out to evaluate the diagnostic value of 
miR-205 [25-34] for various cancers.

Materials and methods

Ethics statement

The present study was conducted in conformity 
to the declaration of the ethics committee of 
the Affiliated Hospital of Hebei Engineering 
University, with abidance by the international 
ethical guidelines for biomedical research in 
which human subjects are involved. In this dou-
ble-blind design, we have obtained informed 
consents from all participant subjects approved 
by the local institutional review board.

Study design and patients

The study was divided into two phases. In the 
first phase, we appraised the diagnostic perfor-
mance of serum miR-205 for breast cancer. 
Patient blood samples were collected from 58 

breast cancer patients with various stages and 
different clinicopathological characteristics. In 
total, 25 had stage I breast cancer, 33 with 
stage II. Histopathological characteristics and 
tumor stages of patients were identified by 
using breast biopsy specimens and imaging 
techniques in accordance with the World Health 
Organization (WHO) categories. Blood samples 
of healthy control were collected from 93 
healthy women with no history of malignant 
gynecological diseases, no blood donations 
within the latest 3 years and no inflammation 
during the blood-drawing process. All the sub-
jects are women, and no significant differences 
of age and ethnicity exist between the breast 
cancer patients and healthy controls. Table 1 
summarized all the relative information of 
patients and healthy controls.

In the second phase of the study, a meta-anal-
ysis was carried out to further evaluate the 
diagnostic value of miR-205 in the detection of 
various cancers, covering this study and other 
10 relative studies gathered. PubMed, Embase, 
Sinomed electronic databases, Chinese 
National Knowledge Infrastructure (CNKI), and 
Chinese Biomedical Literature Database (CBM) 
were searched up to July 15, 2014 without lan-
guage restrictions to find out all the articles 
concerning the diagnostic proficiency of miR-
205 for cancer. To be qualified for inclusion in 
this meta-analysis, studies should fulfill the fol-
lowing criteria: (1) concerning the diagnostic 
potential of miR-145 for cancers based on at 
least ten patients as subjects; (2) using the 

Table 2. Summary of articles evaluating the diagnostic value of miR-205 for human cancers

First author Year Country Ethnicity
Case Control

Cancer Specimen
Diagnostic power QUA-

DAS-2No. Age No. Age TP FP FN TN
Schaefer et al. 2010 German Caucasian 76 63 76 63 Prostate cancer Tissue 54 14 22 62 4

Xing et al. 2010 USA Caucasian 48 68 48 65 Lung cancer Sputum 31 4 17 44 5

Le et al. 2012 China Asian 82 n.a. 50 n.a. Lung cancer Blood 70 14 12 36 5

Lee et al. 2012 Korea Asian 22 47 31 n.a. Uterine cancer Tissue 17 4 5 27 4

22 47 22 n.a. Uterine cancer Tissue 17 5 5 17

Srivastava et al. 2013 USA Caucasian/African 40 59.3 40 59.3 Prostate cancer Tissue 29 7 11 33 4

36 66.5 12 66.8 Prostate cancer Urine 26 4 10 8

Torres et al. 2013 Poland Caucasian 73 62.8 31 44.8 Uterine cancer Tissue 61 4 12 27 4

Zheng et al. 2013 China Asian 134 53.8 70 53.8 Ovarian cancer Plasma 40 4 94 66 5

Orang et al. 2014 Iran Caucasian 36 n.a. 36 n.a. Colorectal cancer Tissue 31 3 5 33 6

Tsukamoto et al. 2014 Japan Asian 28 n.a. 14 n.a. Uterine cancer Tissue 22 3 6 11 5

12 n.a. 12 n.a. Uterine cancer Plasma 12 0 0 12

Shen et al. 2014 USA Caucasian 66 64 8 65 Lung cancer Sputum 36 3 30 5 5

Current study 2014 China Asian 58 47 93 48 Breast cancer Serum 50 16 8 77 5
n.a. not available, QUADAS-2 quality assessment of diagnostic accuracy studies-2.
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diagnostic gold standard to confirm cancer 
patients; and (3) providing sufficient data to 
work out relevant parameters, including true 
positive (TP), false positive (FP), true negative 
(TN) and false negative (FN).

Samples processing and miRNA extraction

To identify the discrimination of miR-205 
expression between breast cancer patients 
and healthy controls, blood (10 ml) were drawn 
from subjects into PAXgene Blood RNA Tubes 
(PreAnalytiX GmbH, Switzerland) before surgery 
or adjuvant therapy. Each blood sample was 
then centrifuged at 3,000 rpm for 5 min at 4°C 
so as to separate the serum from cellular com-

ponents. Serum was then immediately frozen 
and stored at -75°C into a fresh tube until RNA 
extraction. In all 10 µL RNA was isolated from 
each serum sample in 10 µL reactions includ-
ing reverse transcription (RT) mixture and prim-
ers, using miRNAeasy kit (Qiagen, Valencia, CA, 
USA) on the basis of the manufacturer’s proto-
col. Quantitative PCR was conducted on 
Mx3005P qPCR System (Agilent, Santa Clara, 
CA, USA). Comparative cycle threshold (Ct) 
method is used to calculate the expression 
level of the miR-205. Since levels of miR-16 
was found to be relatively stable in the test 
environment, so it was used as interval stan-
dard substance to normalize the expression of 
miR-205. The expression level of miR-205 was 
calculated and assessed using this equation: 
DCt = Ct (reference miR-16)-Ct (miR-205), the 
relative expression equal to 2-ΔΔCt. Each RT-PCR 
was performed in triplicate, including no-tem-
plate controls and repeated three times.

Statistical analysis

In the first stage, all statistical data were ana-
lyzed by SPSS 20.0 software (SPSS, Inc., 
Chicago, IL, USA). The significance of serum 
miR-205 levels of different stages was deter-
mined with Kruskal-Wallis test, while the 
expression of miR-205 between breast cancer 
patients and healthy controls was performed 
with Mann-Whitney test. Receiver operating 
characteristic (ROC) curves was established to 
evaluate the proficiency of miR-205 as a bio-
marker in differentiating patients from healthy 
control, using the following parameters: area 
under curve, diagnostic sensitivity and specific-

Figure 1. A: Different expression levels of serum miR-205 in healthy controls and stage I & II breast cancer; B: ROC 
curve to evaluate the application value of miR-205 for diagnosing breast cancer.

Figure 2. The Deeks’ test of the meta-analysis to ana-
lyze the publication bias of included studies.
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ity, positive and negative cutoff, positive and 
negative predictive values. The sensitivity and 
specificity were calculated using the various 
cutoff points based on the standard formulas, 
among which, the optimal sensitivity and speci-
ficity from ROC curves were decided by a pre-
test probability and cost ratio. A P value less 
than 0.05 was considered as highly statistical 
significance.

In the meta-analysis, the bivariate meta-analy-
sis model was employed to calculate the follow-
ing pooled parameters: sensitivity, specificity, 
positive likelihood (PLR) and negative likelihood 
ratio (NLR), and diagnostic odds ratio (DOR), 
with corresponding 95% confidence intervals 
(CIs). The summary receiver operator charac-
teristic (SROC) was constructed and the area 
under the SROC curve (AUC) was calculated by 
using the sensitivity and specificity offered by 
all the included studies. Furthermore, the het-
erogeneity of all studies (Table 2) was quanti-
fied by the Q test and the I2 to figure out wheth-
er there is inconformity. The Fagan’s nomogram 

was conducted to dig out the clinical diagnostic 
value of miR-205 in the detection of cancer. 
Finally, the Deek’s funnel plot was performed 
so as to explore the potential sources of publi-
cation bias [35]. All statistical analyses were 
performed on Stata 12.0 software, when with a 
P < 0.05 shows statistical significance.

Results

Clinicopathological characteristics patients 
involved in the study

A total of 58 breast cancer patients and 93 
healthy controls were recruited in this test. No 
significant difference of age, ethnicity and gen-
der (all subjects are women) existed between 
breast cancer patients and healthy controls. 
Moreover, we investigated clinicopathological 
characteristics of breast cancer patients, inc- 
luding tumor stage, menstrual status, histology 
subtype, lymph node metastasis, status of ER, 
PR, Ki 67, Her-2, which were shown in Table 1.

Figure 3. Forest plots to estimate the sensitivity and specificity of the meta-analysis.
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Dysregulated expression of miR-205 in serum 
of breast cancer

We further investigated whether the regulation 
of miR-205 in serum become abnormal in 
breast cancer patients. Figure 1A indicated the 
concentrations of normalized levels of miR-205 
in serum were evidently higher in healthy con-
trol than in breast cancer, which suggested that 
miR-205 was under-expressed in breast cancer 
patients. The P value of between healthy con-
trols and breast cancer was less than 0.001, 
which indicated significant difference in the 
expression levels of these two types of subjects 
in serum. The P value of between stage I and 
healthy control was less than 0.01, suggesting 
that miR-205 can differentiate those with early-
stage breast cancer from healthy controls, 
while the P value of between stage I and stage 
II of breast cancer was higher than 0.05, show-
ing no statistical significance in expression lev-
els between these two stages.

High sensitivity and specificity of miR-205 for 
diagnosing breast cancer

To further evaluate the diagnostic proficiency of 
miR-205 for breast cancer, a ROC curve was 
performed, which can be seen at Figure 1B. 
The AUC and confidence interval (CI) for miR-
205 were as follows: 0.84, (0.77-0.91). The 
sensitivity and specificity at the optimal cutoff 

were 86.2% and 82.8%, respectively. The sta-
tistics described above indicated miR-205 had 
a moderately high accuracy in discriminating 
the breast cancer patients from healthy con-
trols. Combined with the fact that miR-205 
showed dysregulated expression in breast can-
cer, we determined that miR-205 revealed high 
diagnostic value as a biomarker for the detec-
tion of breast cancer.

Basic characteristics of included studies

In total 13 studies from 10 articles and 1 study 
from our current research were included in this 
meta-analysis (Table 2), with 733 patients and 
543 healthy controls involved in [25-34]. 
Among these 13 included studies from ten arti-
cles studying the diagnostic value of miR-205, 
1focused on colorectal cancer, 1 on ovarian 
cancer, 3 on prostate cancer, 3 on lung cancer, 
5 on uterine cancer. The related characteristics 
of the studies and subjects were shown in Table 
2. To appraise the publication bias of all includ-
ed studies, Deeks’ funnel plot asymmetry test 
was performed (Figure 2), with a P value of 
0.51 higher 0.10, which indicated no statisti-
cally significant publication bias between these 
studies.

Diagnostic accuracy and clinical value of miR-
205 for cancers

A forest plot was performed for the overall stud-
ies to evaluate the diagnostic proficiency of 
miR-205 for cancers (Figure 3). We conducted 
a random-effect model, since the I2 for sensitiv-
ity and specificity were 91.86% and 54.84% 
respectively. Other relative parameters are as 
follows: sensitivity, 0.75 (95% CI: 0.66-0.82); 
specificity, 0.84 (95% CI: 0.80-0.88); PLR, 4.8 
(95% CI: 3.9-6.0); NLR, 0.30 (95% CI: 0.22-
0.41); and DOR, 16 (95% CI: 11-24). The AUC of 
the overall SROC curve (Figure 4) is of 0.87 
(95% CI: 0.84-0.90), demonstrating that miR-
205 as a biomarker has highly accuracy in the 
detection of cancer. Furthermore, a Fagan’s 
nomogram was carried out to explore the clini-
cal utilization of miR-205 for diagnosing can-
cers (Figure 5). For any people with a pre-test 
probability of 25% of suffering from cancer, the 
results showed that the positive results would 
raise the post-test probability of correctly diag-
nosing cancer to 62% with miR-205 as a screen 
tool, while negative post-test probability will 
lower to 7%. This test implied that miR-205 can 

Figure 4. Summary receiver operator characteristic 
(SROC) curves to appraise the diagnostic value of 
miR-205 as biomarker for various cancers.
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be a moderately persuasive and useful bio-
marker in differentiating the patients from 
healthy controls.

Discussion

One of the effective methods to reduce the 
high mortality of breast cancer is early detec-
tion as the five-year survival rate of early stage 
is much higher than late stage [36]. To date, the 
standard screening tools for breast cancer are 
mammography, ultrasound and some useful 
biomarkers, which have been applied to the 
early detection of breast cancer successfully 
for decades, but still a lot of limitations showed 
up to hamper their further application. Thus, 
novel minimally invasive or even noninvasive 
and easily accessible diagnostic methods are 
urgently needed to improve or replace the cur-
rent methods for early diagnosis of breast 
cancer.

Recently, the research of tumor-specific miR-
NAs become more and more popular as they 
can be serve as biomarkers noninvasively with 
easy accessibility and high accuracy [37-39]. In 
our study, we made a research to identify the 
correlation between miR-205 expression level 

and breast cancer based on 58 breast cancer 
patients (25 for stage I and 33 for stage II) and 
93 healthy controls by RT-qPCR. There was no 
significant difference of age, gender and ethnic-
ity between breast cancer patients and healthy 
controls. As we know, the present study is the 
first study using serum samples to comprehen-
sively assess the diagnostic value of miR-205 
as a screening tool for breast cancer. Results 
were presented in Figure 1. The data indicated 
that the expression levels of miR-205 in healthy 
controls were markedly higher than that of 
breast cancer patients. However, there was no 
outstanding significance between stage I 
breast cancer and stage II breast cancer, which 
suggested miR205 has potential diagnostic 
value to be a serum-based biomarker to differ-
entiate the healthy controls from breast cancer 
patients. A ROC curve was further performed to 
investigate the accuracy of our results, which 
showed that the sensitivity and specificity and 
AUC are 86.2%, 82.8% and 0.84, respectively, 
indicating the highly accuracy of miR-205 as a 
biomarker for breast cancer detection.

MiR-205 was shown to be a breast cancer sup-
pressor as it was identified to be down-regulat-
ed in serum in this study. We suspected that 
the dysregulated expression of miR-205 has an 
impact on breast cells or related proteins based 
on some relevant researches. One of the relat-
ed study by Hailong Wu et al. in 2009 suggest-
ed that miR-205 is evidently under-expressed 
in malignant cells of breast tissue through sup-
pressing anchorage independent growth, cellu-
lar proliferation and cellular invasion [40]. The 
other study by Marilena V. Iorio et al. in 2009 
has proven that the under-expression of miR-
205 targets Her-3 receptor, inhibiting the acti-
vation of Akt, which is a kind of downstream 
mediator proteins [41]. Although these underly-
ing mechanisms have been figured out to inves-
tigate why miR-205 can be diagnostic target for 
breast cancer, more research are still needed 
to be done for comprehensive explanation 
based on larger subject sample.

Additionally, miR-205 has been proven to func-
tion as regulator for many different types of 
cancers. From the studies we included in our 
meta-analysis, miR-205 was up-expressed in 
lung cancer, uterine cancer and ovarian cancer, 
while under-expression of miR-205 was found 
in breast cancer, prostate cancer and colorec-
tal cancer, compared with the healthy controls, 

Figure 5. Nomogram of Fagan of all included stud-
ies to estimate the post-test probabilities for positive 
and negative findings.
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but they were based on different specimens. 
Even so, these facts suggested that miR-205 
also can serve as a biomarker for various can-
cers on the basis of dysregulated expression. 
However, inconsistency on accuracy existed 
among these studies. Therefore, we performed 
a meta-analysis to systematically evaluate the 
diagnostic value of miR-205 for various 
cancers.

In total, 13 clinical diagnostic studies and this 
study based on breast cancer were included in 
the analysis. All of the studies satisfied the 
QUADAS-2 standards (Table 2) and showed no 
publication bias (Figure 2), thus ensuring the 
quality of these included studies. The pooled 
parameters of meta-analysis are as follows: 
sensitivity, 0.75 (95% CI: 0.66-0.82); specificity, 
0.84 (95% CI: 0.80-0.88), AUC of the overall 
SROC curve, 0.87 (95% CI: 0.84-0.90) (Figures 
3, 4), indicating miR-205 as a promising bio-
marker for cancer detection with moderately 
high accuracy. Furthermore, we performed the 
Fagan’ nomogram to evaluate the clinical utili-
zation of miR-205 for diagnosing cancers, and 
found a moderately high post-test probability of 
62% to correct cancer detection and a negative 
post-test probability of 6% under the circum-
stance of 25% pre-test possibility of carrying 
cancer, which suggested assays based on miR-
205 can serve as confirmatory test to comple-
ment current screening methods for cancer 
due to the high accuracy on clinical diagnosis. 

However, there are some undeniable limita-
tions in this study, expect for the deficiency on 
exploring mechanisms we mentioned above. 
We divided the limitations into two parts, one 
part for our fundamental research on the diag-
nostic value of miR-205 as a biomarker for 
breast cancer, the other part for the meta-anal-
ysis. In the first part, the limitations are sum-
marized as follows: (1) our sample size was rel-
atively small, and the long-term follow-up stud-
ies haven’t been carried out; (2) we only focused 
on the expression levels of serum miR-205 on 
the diagnosis of breast cancer. It is necessary 
to perform tests on other body fluids or tissues 
to find out the most sensitive specimen for 
extracting miR-205 persuasively [42]. The sec-
ond part of limitations are listed below: firstly, 
we may miss some relevant studies during the 
screening process; secondly, only few of African 
population are involved in this meta-analysis 
compared with Asian and Caucasian popula-

tion, making it hard to fully evaluate the diag-
nostic value of miR-205 for cancer. Despite 
these deficiencies mentioned above, our study 
was still the first one to systematically confirm 
the diagnostic application of miR-205 for breast 
cancer based on moderately sufficient experi-
mental data and fully evaluate the diagnostic 
value of miR-205 as a biomarker in the detec-
tion of various cancers by meta-analysis.

In conclusion, our study shows that as a nonin-
vasive and accessible biomarker, miR-205 not 
only has high clinical diagnostic value in the 
detection of early-stage breast cancer, but also 
plays an important role in clinical diagnosis of 
various cancers. However, more complementa-
ry researches with large scale samples should 
be considered in the future study.
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