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Abstract. Serum microRNAs (miRNAs) have been proposed
as novel non-invasive biomarkers for the early detection of
cancer. Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) is the most commonly used method for
investigating miRNA expression levels, however, the interpreta-
tion of RT-qPCR results depends largely on normalization to
an appropriate endogenous control. The present study involved
129 patients with non-muscle-invasive bladder cancer (NMIBC),
121 patients with muscle-invasive bladder cancer (MIBC) and
158 healthy controls. The aim of the present study was to deter-
mine the most stable reference genes for the investigations of
serum miRNA in bladder cancer (BC). MiSeq sequencing was
performed and the expression levels of 10 miRNAs and U6 were
then measured using RT-qPCR. Following RT-qPCR, five
genes (hsa-miR-193a-5p, hsa-miR-16-5p, U6, hsa-miR-191-5p
and hsa-let-7d-3p) were selected for stability analysis using
geNorm and NormFinder software. These algorithms identi-
fied hsa-miR-193a-5p and hsa-miR-16-5p as the most stably
expressed reference genes. The availability of hsa-miR-193a-5p
and hsa-miR-16-5p was confirmed in an additional cohort.
One-way analysis of variance indicated that no significant
differences were present in the expression levels among the
three groups. Furthermore, miR-148b-3p was selected as a
target miRNA to determine the effect of hsa-miR-193a-5p and
hsa-miR-16-5p on miRNA quantification. The combined use
of hsa-miR-193a-5p and hsa-miR-16-5p enabled the detection
of a significant upregulation of miR-148b-3p in the BC serum.
The results of the present study demonstrated that normalization
of miRNA data, using a combination of hsa-miR-193a-5p and
hsa-miR-16-5p as reference genes, may produce reliable and
accurate results for the detection of serum miRNAs in BC.
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Introduction

Bladder cancer (BC) is one of the most frequently occurring
types of malignancy worldwide (1). In 2012, 73,510 new cases of
BC were diagnosed in the United States, resulting in mortality of
14,880 individuals (2). In patients with bladder cancer, ~70% are
diagnosed with non-muscle-invasive bladder cancer (NMIBC),
which is a type of BC with a good survival rate, but high rate of
recurrence. The remaining 30% of BC patients have muscle-inva-
sive bladder cancer (MIBC), which often metastasizes and leads
to mortality (3). Furthermore, BC is one of the most expensive
types of cancer to treat in the United States, accounting for ~3.7
billion US dollars (2001 values) in direct costs (4). However, the
current treatment strategies do not always provide satisfactory
results, particularly for disease extending outside the bladder (5).
Since the detection of BC in its early stages improves the chance
of successful treatment, early detection and diagnosis of BC will
significantly improve survival rates. At present, urine cytology
screening has been widely adopted for the detection of BC.
However, it can produce false-positive results due to the subjec-
tive morphological criteria (6). Although alternative diagnostic
methods including cystoscopic and histological evaluation of
multiple bladder biopsies have been used for diagnosis, these
methods are impractical for population screening due to their
invasiveness and inconvenience (7). Therefore, the development
of non-invasive screening assessment, with high sensitivity and
specificity for the early detection of BC, has become a major
challenge.

MicroRNAs (miRNAs) are endogenous single-stranded
small RNA molecules of 19-24 nucleotides in length, which are
transcribed from DNA, but are not translated into proteins (8,9).
By binding to the 3'-untranslated region of target mRNAs,
miRNAs are able to negatively regulate gene expression at the
post-transcriptional level (10). Previous studies have demon-
strated that miRNAs are frequently dysregulated in human
cancer and exert significant effects on cancer development (11).
Previous studies have suggested that serum/plasma miRNAs
exist in a cell-free form (12,13) and are resistant to the degra-
dation of RNases (12,14). Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) is an effective technique
to examine the gene expression levels of circulating miRNAs,
and the interpretation of RT-qPCR results depends largely on
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normalization of the data. At present, the use of reference genes
is the most widely used method used for normalization, however,
normalization to inappropriate reference genes may lead to
misinterpretation, confounding or significant deviation of the
data (15,16), thus highlighting the importance of selecting suit-
able reference genes. In previous studies of circulating miRNAs,
reference genes have been selected predominantly on the basis
of previous literature or their own experience, and a method of
selection remains to be fully established. Therefore, it is neces-
sary to systemically evaluate the suitable reference genes for the
investigation of circulating miRNAs in different types of human
cancer. In a previous study, the combination of miR-191-5p and
U6 was identified as suitable for use as reference genes in the
investigation of serum microRNAs in patients with colorectal
adenocarcinoma and adenoma (17). However, few studies have
been performed concerning the identification of reference genes
for RT-qPCR analysis of serum miRNAs in BC.

In the present multiphase, case-control study, candidate
reference genes were screened using MiSeq sequencing in the
first screening phase. In the second selection phase, RT-qPCR
and two different algorithms were used to evaluate their
expression stability. In the third validation phase, the selected
reference genes were confirmed in an independent cohort. In
addition, miR-148b-3p was selected as a target miRNA for
further validation.

Materials and methods

Study population and design. The present study enrolled
250 patients with newly diagnosed BC in the Department of
Urologic Surgery, Qilu Hospital, Shandong University (Jinan,
China) between 2007 and 2013. A total of 176 patients with BC
underwent transurethral resection of bladder tumor, 13 patients
with BC underwent partial excision of BC and 61 patients with
BC underwent total removal of BC. The tumors of 64 patients
were on the left bladder wall, 56 were on the right bladder
wall, 25 were on the anterior wall, 29 were on the posterior
wall, 19 were in the neck of the bladder, 8 were in the apex
of bladder and 49 patients had multiple bladder tumors. The
size of tumor specimens ranges from 0.1-4 cm?. During the
operation, the patients were administered the following anaes-
thesia: Intravenous drip of midazolam, 0.1 mg/kg; propofol
injection, 1.5 mg/kg; cis-benzenesulfonic acid with atracurium,
0.15 mg/kg; sufentanil citrate injection, 2 ug/kg. Prior to surgery,
fentanyl (2 pg/kg) was administered to the patients and during
the surgery, patients received oral sevoflurane. Histological
specimens from all the patients were reviewed to confirm the
diagnosis of BC, and the tumors were staged based on the
following criteria of the Union for International Cancer Control
(Geneva, Switzerland): pTa, noninvasive papillary urothelial
carcinoma; pT'l, tumor invading into the lamina propria; pI2,
tumor invading into muscularis propria; pI'3, tumor invading
into perivesical soft tissue; pI4, tumor invading into an adjacent
organ, including the uterus, vagina, prostate, pelvic wall or
abdominal wall (18). A group of 158 healthy participants were
selected as controls from a large pool of individuals for general
health checks at the Healthy Physical Examination Centre of
Qilu Hospital (Jinan, China). All the controls were matched to
the patients by age and sex (Tables I and II). The present study
was performed with the approval of the ethics committee of
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Qilu Hospital, Shandong University (Jinan, China) and written
informed consent was obtained from each participant.

A multiphase, case-control study was designed to identify
suitable candidate reference genes for normalizing the RT-qPCR
data of the serum miRNAs in BC (Fig. 1). In the first phase,
MiSeq sequencing was performed to screen candidate reference
miRNAs in three pooled serum samples from 10 patients with
MIBC (stages pI'2-pT4), 10 patients with NMIBC (stages pTa
and pT1) and 10 controls. Only miRNAs with a minimum of
50 copies in all three pooled samples, and exhibiting no differ-
ential expression among the three pooled samples (P>0.05)
were selected as candidate reference genes. In the second phase,
RT-qPCR was performed in additional participants (30 patients
with MIBC, 30 patients with NMIBC and 35 controls) in
order to examine the expression levels of the selected genes,
to further validate the most suitable genes. In the third phase,
the selected genes were validated in an independent cohort
consisting of 61 patients with MIBC, 63 patients with NMIBC
and 67 controls. miR-148b-3p was selected as a target miRNA
for further validation in 46 patients with BC and 46 controls.

Sample preparation. Venous blood samples (5 ml) were collected
from 158 controls and 250 patients with BC who had not under-
gone surgery, chemotherapy or radiotherapy. Venous blood
samples were collected using a single use Vacutainer® blood
collection tube (BD Biosciences, Franklin Lakes, NJ, USA). The
serum was separated within 2 h of blood collection by centrifu-
gation at 1,500 x g for 10 min, followed by 15 min high-speed
centrifugation (13,800 x g; Thermo Electro LED GmbH,
Osterode, Germany) to completely remove the cell debris. The
serum samples were then stored at -80°C until further analysis.

MiSeq sequencing. Equal 1 ml volumes of the serum from
10 patients with MIBC, 10 patients with NIMBC and
10 sex- and age-matched controls were pooled, respectively.
An miRNeasy mini kit (Qiagen, Valencia, CA, USA) was used
to extract and purify total RNA, including miRNA, according
to the manufacturer's instructions. Briefly, the 3' adaptor was
ligated sequentially to the miRNA and then selected using PAGE
electrophoresis (adaptors and PAGE from Berry Genomics
Co., Ltd., Shanghai, China). Subsequently, the 5' adaptor was
ligated sequentially to the miRNA. Thus, a pair of adaptors
was ligated to the 3' and 5' ends of the miRNA and the ligated
miRNA molecules were used as templates for cDNA synthesis.
The cDNAs were then amplified to establish a cDNA library.
A KAPA SYBR FAST Universal qPCR kit (Kapa Biosystems,
Inc., Wilmington, MA, USA) was used to determine the library
quality based on the following criteria: i) cDNA concentration
>1 nM, ii) no dimer contamination. The sequencing analysis was
performed using the purified cDNA with a MiSeq Sequencing
system (Illumina, Inc., San Diego, CA, USA), according to the
manufacturer's instructions. For the MiSeq sequencing, the final
reads of each miRNA were determined by normalization with
the total reads of all the miRNAsS in the sample. Bioinformatics
analysis was performed by searching against the miRBase,
version 17.0 (http://www.mirbase.org/) to identify known
mature miRNAs.

cDNA synthesis and RT-gPCR analysis. The cDNA of the
miRNAs was synthesized using a One Step PrimeScript miRNA
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Table I. Characteristics of patients and controls.
Characteristic Screening phase Selection phase Validation phase
Controls (n) 10 35 67
Age (mean = SD) 65.38+14.31 62.15+12.18 63.30+12.54
Gender (n)
Male 6 (60.0%) 19 (54.3%) 41 (61.2%)
Female 4 (40.0%) 16 (45.7%) 26 (38.8%)
NMIBC (n) 10 30 63
Age (mean = SD) 66.72+13.28 65.31+14.23 63.46+12.66
Gender (n)
Male 6 (60.0%) 17 (56.7%) 39 (61.9%)
Female 4 (40.0%) 13 (43.3%) 24 (38.1%)
Pathological stage (n)
pTa 7 (70.0%) 22 (73.3%) 38 (60.3%)
pTl 3 (30.0%) 8 (26.7%) 25 (39.7%)
MIBC (n) 10 30 61
Age (mean = SD) 63.27+13.29 64.53+11.36 64.71+14.65
Gender (n)
Male 7 (70.0%) 19 (63.3%) 34 (55.7%)
Female 3 (30.0%) 11 (36.7%) 27 (44.3%)
Pathological stage (n)
pT2 2 (20.0%) 5(16.7%) 9 (14.8%)
pT3 5 (50.0%) 14 (46.7%) 31 (50.8%)
pT4 3 (30.0%) 11 (36.7%) 21 (34.1%)
SD, standard deviation; NMIBC, non-muscle-invasive bladder cancer; MIBC, muscle-invasive bladder cancer.
Table II. Characteristics of patients and controls in the target miRNA validation phase.
Characteristic MIBC NMIBC Control
Number 20 26 46
Age (mean = SD) 67+13.59 65+15.21 61+11.33
Gender (n)
Male 14 (70.0%) 17 (65.4%) 27 (58.7%)
Female 6 (30.0%) 9 (34.6%) 19 (41.3%)
Pathological stage (n)
pTa N/A 21 (80.8%) N/A
pT1 N/A 5(19.2%) N/A
pT2 4 (20.0%) N/A N/A
pT3 11 (55.0%) N/A N/A
pT4 5(25.0%) N/A N/A

MIBC, muscle-invasive bladder cancer; NMIBC, non-muscle-invasive bladder cancer; SD, standard deviation.

cDNA Synthesis kit (Takara Bio Inc., Otsu, Japan). The reaction =~ Technology Co., Ltd, Beijing, China) (19). The mixture was
mixture (20 ul) contained 10 u1 2X miRNA Reaction Buffer mix,  subsequently incubated at 37°C for 60 min, at 85°C for 5 sec and
2 ul miRNA Primescript RT Enzyme mix and 2 p1 0.1% bovine  then at 4°C for 60 min. Following centrifugation at 9,600 x g for
serum albumin, which were provided in the kit, as well as 10 min at 4°C, the cDNA was stored at -20°C until use.

3 ul serum mixed with 3 ul serum buffer (2.5% Tween 20, The RT-qPCR reaction for the detection of miRNAs was
50 mmol/l Tris and 1 mmol/l EDTA; Solarbio Science and  performed in a final volume of 25 ul using an ABI PRISM
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and 10 controls
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|
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Validation of hsa-miR-193a-5p and hsa-miR-16-5p in 61 patients with MIBC,
63 patients with NMIBC and 67 controls. Normalization of the expression of
\miR—148b—3p to hsa-miR-193a-5p and hsa-miR-16-5p in 46 BC and 46 controls

Figure 1. Workflow chart of the design of the present study.

7500 Sequence Detection system (Applied Biosystems Life
Technologies, Foster City, CA, USA) using a SYBR PrimeScript
miRNA gqPCR kit (Takara Bio Inc.). The reaction mixture
contained 2.0 ul template cDNA, 12.5 ul SYBR Premix Ex
Taq II, 0.5 ul Dyell, 2 ul 5 uM forward primer (Ribobio Co.,
Ltd, Guangzhou, China), 1 1 10 uM Uni-miR qPCR primer and
7 ul ddH,0. The thermal cycling protocol was as follows: An
initial 30 sec denaturation step at 95°C, followed by 45 cycles
of 95°C for 5 sec and 57°C for 34 sec. Melting curve analysis
was performed at the end of the RT-gPCR run between 65 and
95°C to verify the specific amplification. Each measurement
was performed in triplicate and the threshold cycle (Ct) value
was obtained by the ABI PRISM 7500 software. The candi-
date reference genes were identified based on the criteria that:
i) miRNA was expressed in all samples; ii) the mean Ct value
was <35 and iii) the expression of miRNA was not significantly
different among the three groups.

Statistical analysis. The average Ct values were converted
into relative quantities for analysis of the overall stability
using geNorm and intergroup stability using NormFinder soft-
ware. One-way analysis of variance was used to calculate the
differences in candidate reference genes between the groups.
Comparison of the expression levels of miR-148b-3p between
different groups was estimated using the Mann-Whitney U test.
Statistical analyses and graph construction were performed
using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) and Minitab 15
software (Minitab, Inc., University Park, PA, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Selection of candidate reference genes. In the MiSeq sequencing
results, 206, 259 and 180 miRNAs were detected (>10 copies)
in the serum from the MIBC patients, NMIBC patients and
controls, respectively. Following normalization of the final
reads for each miRNA in the pooled sample of total miRNAs,
23, 16 and 27 miRNAs with >50 copies were identified, with

no differential expression identified between the MIBC and
NMIBC, the MIBC and control or the NMIBC and control
groups. According to the selection criteria, described above
in ‘study population and design’, 10 miRNAs were selected as
candidate reference genes (Table III).

RT-qPCR analysis of candidate reference genes. In this
second phase of the present study, RT-qPCR was performed
in an independent cohort to examine the expression levels of
11 genes, including the U6 and 10 selected candidate reference
genes. The hsa-miR-10a-5p and hsa-miR-345-5p miRNAs were
excluded from further examination as they were not detected
in all samples. Based on the Ct values of the remaining nine
genes, no significant differences were observed in the gene
expression levels among the three groups (P>0.05; Table IV
and Fig. 2). Of the nine candidate reference genes, the Ct values
varied markedly, ranging between 23.19 and42.97. The expres-
sion levels of four miRNAs (hsa-miR-143-3p, hsa-miR-140-3p,
hsa-miR-502-3p and hsa-miR-141-3p) were deemed too low, with
median Ct values>35. Therefore, five genes (hsa-miR-193a-5p,
hsa-miR-16-5p, U6, hsa-miR-191-5p and hsa-let-7d-3p) were
included for subsequent stability analysis.

geNorm and NormFinder analysis. Table V lists the stability of
the five genes analyzed by geNorm and NormFinder (20). geNorm
calculates the stability measure (M) of each gene, and lower
values indicate the genes with higher stability. Subsequently,
geNorm excludes the least stable miRNA following each calcula-
tion and recalculates the M values of the remaining candidate
reference genes, with the two most stable miRNAs remaining
(Fig. 3). It is also able to calculate the optimal number of reference
genes needed for normalization by generating a normalization
factor (NF), which is first calculated with the two most stable
genes, and then subsequently recalculated in a stepwise-manner
by including the most stable remaining gene. The pair-wise
variation (V,,,,,) of two sequential NFs (NF, and NF,,)) is then
calculated, with the lowest V,,,, indicating the optimal number
of reference genes. The cut-off value for the lowest V,,,, is 0.15,
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Table III. Characteristics of the candidate reference miRNAs.
Copies in Copies in Copies in
miRNA Mature miRNA sequence (5'-3") MIBC (n) NMIBC (n) control (n)
hsa-miR-193a-5p UGGGUCUUUGCGGGCGAGAUGA 5911 7507 5759
hsa-miR-191-5p CAACGGAAUCCCAAAAGCAGCUG 2714 3320 2937
hsa-miR-16-5p UAGCAGCACGUAAAUAUUGGCG 1110 1422 1226
hsa-miR-10a-5p UACCCUGUAGAUCCGAAUUUGUG 462 559 431
hsa-miR-345-5p GCUGACUCCUAGUCCAGGGCUC 435 412 314
hsa-miR-143-3p UGAGAUGAAGCACUGUAGCUC 312 394 272
hsa-miR-140-3p UACCACAGGGUAGAACCACGG 192 245 263
hsa-miR-502-3p AAUGCACCUGGGCAAGGAUUCA 121 156 184
hsa-let-7d-3p CUAUACGACCUGCUGCccuuucu 67 72 67
hsa-miR-141-3p UAACACUGUCUGGUAAAGAUGG 69 58 55
miRNA, microRNA; MIBC, muscle-invasive bladder cancer; NMIBC, non-muscle-invasive bladder cancer.
Table IV. Ct values of the candidate reference miRNAs.
Mean Ct += SD

Name Ct Range Ct min Ct max MIBC NMIBC Control P-value
U6 542 23.19 28.61 25.50+1.03 25.56+0.79 25.69+0.94 0.701
hsa-miR-16-5p 3.25 31.03 34.28 32.65+0.78 32.43+0.78 32.50+0.74 0.544
hsa-miR-191-5p 5.05 29.22 3427 31.66+0.91 31.78+0.95 31.45+1.05 0.391
hsa-miR-193a-5p 2.30 30.31 32.61 31.37+0.51 31.55+0.50 31.33+0.55 0.238
hsa-let-7d-3p 5.64 30.17 35.81 32.64+1.18 32.92+1.14 32.69+1.12 0.599
hsa-miR-140-3p 9.25 32.07 41.32 35.21x1.50 35.69+1.65 35.39+1.67 0.508
hsa-miR-143-3p 1001 31.94 41.95 35.31+1.89 35.48+1.53 34.89+1.46 0.320
hsa-miR-502-3p 13.34 29.63 4297 35.02+1.84 35.35+2.17 34.72+2.53 0.527
hsa-miR-141-3p 16.04 24 .99 41.03 35.14+2.07 35.36+2.46 35.37+2.57 0916

Ct, threshold cycle; miRNA, microRNA; SD, standard deviation; MIBC, muscle-invasive bladder cancer; NMIBC, non-muscle-invasive

bladder cancer.

Table V. Stability ranking of the candidate reference genes and the most stable combination.

NormFinder geNorm
Rank Gene Stability Gene Stability (M)
1 (highest) hsa-miR-193a-5p 0.088 hsa-miR-193a-5p 1.065
2 hsa-miR-16-5p 0.131 hsa-miR-16-5p 1.164
3 U6 0.158 ueé 1.223
4 hsa-miR-191-5p 0.169 hsa-miR-191-5p 1.271
5 (lowest) hsa-let-7d-3p 0.204 hsa-let-7d-3p 1.378
Most stable combination hsa-miR-193a-5p/16-5p 0.080 hsa-miR-193a-5p/16-5p 0.957

above which the additional gene is necessary for normalization.
However, 0.15 is not an absolute cut-off value, and the number
of reference genes can be determined according to the require-
ment of the investigation (21). In the present study, geNorm

analysis suggested that all of the five genes (hsa-miR-193a-5p,
hsa-miR-16-5p, U6, hsa-miR-191-5p and hsa-let-7d-3p) were
suitable as candidate reference genes. NormFinder and geNorm
identified hsa-miR-193a-5p as the most stably expressed
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Figure 2. Ct values of the candidate reference genes in the MIBC, NMIBC and control groups. Values are presented as the mean + standard deviation and
outliers are represented by “*’. No significant differences were observed between the three groups (P>0.05). Ct, threshold cycle; miR, microRNA; MIBC,
muscle-invasive bladder cancer; NMIBC, non-muscle-invasive bladder cancer.
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Figure 3. geNorm analysis of the candidate reference genes. (A) Stability ranking of the candidate reference genes. The least stable of the genes with the highest
M values was excluded in a stepwise-manner until the two most stable genes remained, identified as hsa-miR-193a-5p and hsa-miR-16-5p. (B) Determination
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the pair-wise variation values (V,,,). The geNorm output file indicated that optimal normalization of gene expression was attainable using the five selected
reference genes. miR, microRNA; NF, normalization factor.

reference gene and selected hsa-miR-193a-5p and hsa-miR-16-5p  Gene validation. The stability of hsa-miR-193a-5p,
as the pair of reference genes with the highest stability. hsa-miR-16-5p and the combination of hsa-miR-193a-5p and
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Figure 5. Expression of miR-148b-3p normalized with the combina-
tion of hsa-miR-193a-5p and hsa-miR-16-5p. Significant upregulation of
miR-148b-3p was detected in the BC group (P<0.05, compared with the
control). miR, microRNA; BC, bladder cancer.

hsa-miR-16-5p were further confirmed with RT-qPCR in an
independent cohort (Fig. 4). No significant differences in expres-
sion levels were observed among the three groups (P>0.05). In
addition, to determine the effect of the two reference genes on
the quantification of miRNAs, circulating miR-148b-3p was
selected as the target miRNA, according to the sequencing
results, and it has been demonstrated to have potential in
evaluating BC (22). The expression of miR-148b-3p was signifi-
cantly higher in patients with BC compared with the controls,
using hsa-miR-193a-5p or hsa-miR-16-5p as reference genes
(P<0.05; data not shown). This difference remained significant
following normalization of the data with the combination of
hsa-miR-193a-5p and hsa-miR-16-5p (P<0.05; Fig. 5).

Discussion

Cell free miRNAs have been reported to be released and
circulate in the blood of patients with cancer. Previous studies
have also demonstrated that there are distinct miRNA expres-
sion patterns associated with specific types of cancer (23,24).
The dysregulation of miRNA expression may be an early
event during tumorigenesis, thus the detection of differentially
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expressed circulating miRNAs in easily accessible surrogate
tissues, including serum or plasma, may be of value for the early
detection of cancer and real-time monitoring of disease progres-
sion, including BC (25).

There are currently three methods, including next genera-
tion sequencing, chip-based microarrays and RT-qPCR, which
are widely used for the identification of miRNA expression
patterns (26,27). Although next generation sequencing and
chip-based microarrays can be used to simultaneously filter or
screen hundreds of miRNAs in a single sample, the results from
these high-throughput methods require further validation by
RT-gPCR (28,29). In order to obtain reliable RT-qPCR results,
a valid standard for normalization is required to minimize
technical-associated effects, and remove systematic bias and
experimental variation. In previous studies, input volume and
spike-in synthetic RNA have been used for normalization of
RT-gPCR results (30,31). However, adding the same volume of
samples does not ensure an equal quantity of total RNA, while
adding spiked-in RNAs only corrects technical variations in
miRNA isolation (32). Therefore, selecting appropriate reference
genes as endogenous controls has become the most common
normalization method for accurate RT-qPCR analysis (33).

It has been demonstrated that inappropriate reference genes
can markedly affect overall RT-qPCR results (34). In a previous
study of colorectal cancer, the use of inappropriate reference
genes resulted in alterations in gene expression, which are
biological meaningful (16). In addition, sample type and study
design require consideration when selecting a reference gene,
as a previous study did not identify any reference genes with
constant expression levels in all sample types when exposed to
different experimental conditions (21). As a consequence, the
expression stability of reference genes requires verification in
experiments with different designs (32,35). In previous studies,
several miRNAs have been identified as reference genes for
the RT-qPCR analysis of serum miRNAs, including miR-484
and miR-191 in breast cancer (36), and miR-16 and miR-93 in
gastric cancer (34). To the best of our knowledge, no widely
accepted reference genes have been reported for normalizing
serum miRNA RT-qPCR data in BC.

U6 is a gene, which is used as a stable reference gene in
the investigation of miRNA in different tissues. However,
several studies have observed that U6 may be not reliable for
the normalization of serum miRNAs (37,38). Therefore, in the
present study, U6 was also included for RT-qPCR analysis.
Of the 11 genes examined, six miRNAs (hsa-miR-10a-5p,
hsa-miR-345-5p, hsa-miR-143-3p, hsa-miR-140-3p,
hsa-miR-502-3p and hsa-miR-141-3p) were identified with
no or low expression (Ct values >35) and were excluded for
evaluation, while the remaining five genes (hsa-miR-193a-5p,
hsa-miR-16-5p, U6, hsa-miR-191-5p and hsa-let-7d-3p), which
were expressed in all samples and had a mean Ct value of <35,
were analyzed using geNorm and NormFinder for stability.
geNorm is a pairwise comparison model, which calculates the
optimal number of required reference genes to obtain reliable
results from RT-qPCR, while NormFinder uses an analysis
of variance-based model to estimate intra- and intergroup
variations in reference genes (39). In the present study, based
on NormFinder and geNorm analysis, hsa-miR-193a-5p was
identified as the most suitable gene with constant expression,
and the combination of hsa-miR-193a-5p and hsa-miR-16-5p
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was recommended as the most suitable pair of reference genes
for serum miRNA investigations in BC. In addition, two
methods were used in the validation of hsa-miR-193a-5p and
hsa-miR-16-5p, including the analysis of expression levels in a
large independent cohort and validation with miR-148b-3p as
a target miRNA in an additional cohort. These results were
consistent with a previous study, which demonstrating upregu-
lated levels of miR-148b-3p in serum from patients with BC (22).

In conclusion, the results of the present study demonstrated
that normalization of miRNAs RT-qPCR data using a combina-
tion of hsa-miR-193a-5p and hsa-miR-16-5p as reference genes
may produce reliable and accurate results for serum miRNA
investigations in BC. However, since the samples size was
small, a large sample size and multicenter trials are required to
confirm this conclusion.
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