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Abstract. Serum exosomal microRNAs (miRNAs) have
received considerable attention as potential biomarkers for
tumor diagnosis. Reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) is commonly used to detect
miRNA expression levels in various types of cancer. One
prerequisite for valid RT-qPCR data is the correct normaliza-
tion of miRNAs to stably expressed endogenous reference
genes (RGs). The study of liver carcinoma resection requires
the use of reliable RGs in order to assess the expression levels
of serum exosomal target miRNAs. However, the assess-
ment of RG suitability for optimum serum exosomal miRNA
expression analysis has yet to be investigated. The present
study investigated the expression stability of 10 candidate
RGs. The candidate genes included eight miRNAs (miR-16,
miR-103, miR-191, let-7a, miR-26a, miR-221, miR-181a, and
miR-451) and two small RNAs (5S and U6). The stability
values of the candidate genes were calculated using the
following algorithms: geNorm, NormFinder, BestKeeper, and
the comparative ACt method. The overall ranking obtained
from these analyses revealed that miR-221, let-7a, and miR-26a
were appropriate internal RGs for analysis of serum miRNAs
in patients with hepatocellular carcinoma. In addition, normal-
ization with miR-221 and let-7a combined, as recommended by
geNorm, or with miR-26a, as recommended by NormFinder,
increased the accuracy of interpretation of the target miRNA
expression levels in hepatopathy studies.

Introduction

MicroRNAs (miRNAs) are a small (18-21 bp) evolutionarily
conserved subclass of RNA molecules that have important
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roles in development, immunity, stem cell differentiation, and
cancer (1,2). Exosomes are 40-100 nm membrane microvesicles
of endocytic origin, which are released from various cell types
under both normal and pathological conditions (3,4). To date,
exosomes have been identified in body fluids, including urine,
amniotic fluid, malignant ascites, saliva, and blood (5-7).

Valadi et al (8) demonstrated that exosomes contain both
mRNA and miRNA. A previous study also demonstrated that
extracellular miRNA from exosomes has a role in cell-to-cell
communication in hepatocellular carcinoma (HCC) cells (9).
Taylor et al (10) reported that human tumor-derived epithelial
cell adhesion molecule-positive exosomes could be detected
in the blood by targeted miRNA expression profiling.
Exosomes have been suggested as promising biomarkers
of both ovarian (10) and lung cancer (11). These results
suggested that exosomal miRNAs may serve as biomarkers
for disease. Bala et al (12) demonstrated that the expression
levels of circulating miRNAs were significantly upregu-
lated in the plasma exosomes of patients with liver injuries,
suggesting that circulating miRNAs may serve as biomarkers
to differentiate between hepatocyte injury and inflamma-
tion. In addition, Murakami et al (13) demonstrated that the
miRNA expression pattern in exosome-rich fractionated
serum may serve as a biomarker for diagnosing the grade
and stage of liver disease.

HCC is a major histological subtype of liver cancer, which
presents as an aggressive tumor with poor prognosis (14).
It is critical that the diagnosis of HCC be made at an early
stage if effective therapeutic treatment is to be carried out. In
circulating exosomes, the difference between miRNA expres-
sion levels pre- and post-resection of liver carcinoma allows
for the identification of molecular markers for the diagnosis
and predicted outcome of HCC. The first requirement for the
detection of a reliable biomarker is the accurate measurement
of the quantity of miRNA present in circulating exosomes.
Currently, the stem-loop reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) is widely used to
quantitatively analyze the levels of circulating miRNAs (15).
Notably, the normalization of RT-qPCR data to stable reference
genes (RGs) is critical for accurate miRNA quantification, due
to variations that are not a direct consequence of the disease
itself, including sample procurement, stabilization, RNA
extraction, and target quantification (16). Therefore, the iden-
tification of optimal RGs that are stably expressed irrespective
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of treatment is necessary for the accurate normalization of
exosomal miRNA quantification data.

In the present study, various RGs were used to normalize
the circulating miRNA levels in patients of primary HCC
with hepatitis B infection (HBV) following surgical treat-
ment. The expression levels of 10 RGs were then examined,
in accordance with the available literature (16-20). The most
appropriate combination of RGs determined by each algo-
rithm was subsequently used to assess the expression levels of
miR-122, a known non-invasive biomarker of HCC (21). The
results of the present study are the first, to best of our knowl-
edge, to identify a set of RGs suitable for serum exosomal gene
expression studies in liver carcinoma resection.

Materials and methods

Ethics statement. The present study was approved by the
Medical Ethics Committee of the Second Affiliated Hospital
of the Third Military Medical University (Chongging, China),
in accordance with the Helsinki Declaration. All patients
provided written informed consent.

Serum preparation. Pre- and post-operative blood samples
from patients with HCC were donated by the Second Affiliated
Hospital of the Third Military Medical University (Table I). A
tissue biopsy was performed prior to blood donation in order
to diagnose HCC. All patients underwent complete resection
without major morbidity or mortality.

The peripheral blood samples were collected in 5 ml
Vacutainer SST Plus Blood Collection Tubes (BD Biosciences,
Franklin Lakes, NJ, USA). The samples were incubated at room
temperature between 30 min and 2 h. The tubes containing
the samples were subsequently centrifuged at 1,500 x g for
10 min, and the sera were aliquoted and centrifuged again at
2,000 x g, in order to completely remove any remaining cells.
The sera were stored at -80°C until further processing for
exosome isolation.

Exosome preparation. A total of 250 ul serum was mixed with
66 ul ExoQuick Exosome Precipitation Solution (SBI System
Biosciences, Mountain View, CA, USA). The exosome isola-
tion was performed in accordance with the manufacturer's
instructions. Briefly, the samples were incubated at 4°C for
30 min, followed by centrifugation at 17,760 x g for 2 min.
The protein-rich supernatant was then removed, and the
exosome-rich pellet was retained for RNA extraction, electron
microscopy and western blot analysis.

Transmission electron microscopy. Electron microscopy was
performed on the serum exosome samples at the Biomedical
Analysis Center, Third Military Medical University. The
samples were prepared as described by Théry et al (22). Briefly,
the exosomal fraction was mixed 1:1 with 4% paraformalde-
hyde in phosphate-buffered saline (PBS). The solution was
subsequently placed onto formvar-carbon coated copper grids
(Beijing Zhongjingkeyi Technology Co., Ltd., Beijing, China),
and left to dry at room temperature for 20 min. Following
washing, the grids were fixed with 1% w/v glutaraldehyde
in PBS, prior to being washed numerous times with distilled
water. The samples were then contrasted using 4% w/v uranyl
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acetate and UA-Methylcellulose mix solution for 10 min on
ice (22). The grid was dried at room temperature, and observed
using a Tecnai 10 transmission electron microscope (FEI,
Eindhoven, The Netherlands).

Western blot analysis. The exosome-rich pellet was resuspended
in I X radioimmunoprecipitation assay buffer (Beyotime Institute
of Biotechnology, Shanghai, China), and protein concentration
was quantified using a Bicinchoninic Acid assay (Beyotime
Institute of Biotechnology, according to the manufacturer's
instructions. The proteins (5 mg) were denatured by boiling in
Laemmli sample buffer and separated by 12% SDS-PAGE, prior
to being transferred onto a polyvinylidene fluoride membrane
(Merck Millipore, Billerica, MA, USA). The blotting membrane
was blocked with bovine serum albumin (Sigma-Aldrich,
St. Louis, MO, USA) and incubated with CD63 and CD9 anti-
bodies (1:1,000 dilution; cat. no. EXOAB-KIT-1; SBI System
Biosciences) for 1 h at room temperature, followed by incuba-
tion with goat anti-rabbit horseradish peroxidase-conjugated
secondary antibody (1:20,000 dilution; cat. no. EXOAB-KIT-1;
SBI System Biosciences) for 1 h at room temperature. The blots
were visualized using enhanced chemiluminescence (Thermo
Fisher Scientific, Inc., Waltham, MA, USA).

Candidate RGs and primer design. A total of 10 candidate
endogenous RGs were selected based on previous reports of
their suitability for RT-qPCR associated with hepatopathy
in tissues, serum, or plasma (16,17-20). Four of these genes
were previously described as RGs for serum miRNA analysis:
miR-26a, miR-221, miR-181c, and miR-451 (17,19,20). The
remaining genes: miR-16, miR-103, miR-191, let-7a, 5S, and U6,
were obtained from liver tissue studies.

The primer sequences of the candidate RGs, along with their
corresponding bibliographic reference and amplicon param-
eters, are listed in Table II. The primers for 5S and U6 were
purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou,
China). The NCBI (http:/www.ncbi.nlm.nih.gov) and miRBase
(http:/www.mirbase.org/) databases were used to search for
available gene sequences, and Primer 5 software (Premier
Biosoft, Palo Alto, CA, USA) was used to design the primers.
Primers were synthesized by Shanghai Bioengineering Co.,
Ltd. (Shanghai, China). The reaction conditions were optimized
by determining the optimal annealing temperature and primer
concentration.

RNA extraction and reverse transcription. Exosome-rich
pellets were resuspended in 200 xl PBS and lysed with 1 ml
QIAzole® (Qiagen GmbH, Hilden, Germany). The RNA was
isolated using the miRNeasy Serum/Plasma kit (Qiagen
GmbH), according to the manufacturer's instructions for
liquid samples. Each RNA sample was then eluted in the
same volume (normalization by volume) from a given volume
of starting serum (250 ul), and reverse transcribed to cDNA
using the GoScript™ Reverse Transcription system (Promega
Corporation, Madison, WI, USA).

RT-qPCR reaction. The RT-qPCR reactions were performed
in 96-well reaction plates using a StepOne Plus Real-Time
PCR system (Applied Biosystems Life Technologies, Foster
City, CA, USA). The final reaction volume was 20 yl, including
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Table I. Demographic and clinical features of patients used for microRNA expression analysis.
Paired sample set 1 (n=33) Paired sample set 2 (n=20)
Pre-operative Post-operative Pre-operative Post-operative
Variable patients patients P-value patients patients P-value
Average age (mean + SD) 47.7+11.6 46.1£12.1 0.675*
Age (years), n (%) 0.966°
<40 6 (18.2) 4(20.0)
40-60 21 (63.6) 12 (60.0)
>60 6(18.2) 4(20.0)
Gender, n (%) 0.871°
Male 31 (93.9) 19 (95.0)
Female 2(6.1) 1(5.0)
Tumor number, n (%) 0.723°
Single 23 (69.7) 13 (65.0)
Multiple 10 (30.3) 7 (35.0)
Tumor grade, n (%) 0.805°
Tand IT 16 (48.5) 9(450)
I and TV 17 (51.5) 11 (55.0)
Average ALT (mean + SD) 55.0+55.7 110.7+86.6 0.008¢ 60.9+51.8 108.1+£85.0 0.072°
ALT (U/l), n (%) 0.001° 0.027°
<40 16 (48.5) 4(12.1) 8 (40.0) 2 (10.0)
40-100 14 (42.4) 17 (51.5) 10 (50.0) 10 (50.0)
=100 3(9.1) 12 (36.4) 2(10.0) 8 (40.0)

All subjects are hepatitis B virus patients with hepatocellular carcinoma. Paired sample set 1 was used for research of candidate reference genes, and
paired sample set 2 was used for verification of the selected candidate reference genes. “t-test between two sets of data (paired sample set 1 vs. paired
sample set 2); "two way y” test between two sets (paired sample set 1 vs. paired sample set 2) or two cohorts (pre-operative vs. post-operative) of data.
“paired t-test between two cohorts of data (pre-operative vs. post-operative). “Tumor grade was obtained according to the tumor node metastasis criteria.

SD, standard deviation; ALT, alanine aminotransferase.

10 ul SYBR® Select Master Mix (Applied Biosystems Life
Technologies), 250 nM of each primer, and 2 ul cDNA at a
1:4 dilution. The thermal cycling conditions included one
cycle at 50°C for 2 min, one cycle at 95°C for 2 min, followed
by 40 cycles of amplification at 95°C for 15 sec and 60°C
for 1 min. The threshold cycle (Cq) was calculated using
SDS software 2.1 (Applied Biosystems Life Technologies),
at a threshold value of 0.38. Since the Cq values of all gene
RT-negative controls >36, Cq values <36 were accepted for
further experimentation.

PCR efficiency (E). In order to calculate the efficiency of the
RT-gqPCR, standard curves were generated using 10-fold serial
dilutions from a pool of cDNA (23). Duplicate standard curves
were included in all RT-qPCR assays. The obtained individual
Cq values were then plotted against the logarithm of the dilu-
tion factor, and both the Pearson's correlation coefficient (R),
and PCR efficiency (E) for each assay were determined from
the respective plots. Regression correlation coefficients (R?)
and efficiency (E) values were obtained from the GenEx 5
Standard software (BioMCC, Freising, Germany). In the
present study, the Minimum Information for Publication of
Quantitative Real-Time PCR Experiments guidelines (24)
were followed, which promoted the effort for experimental
consistency and transparency, and increased the reliability of
the obtained results.

Statistical analysis. The expression stability of the candi-
date RGs was calculated using four widely used algorithms:
geNorm (25), NormFinder (26), BestKeeper (27), and the
comparative ACt method (28). These four methods were
implemented using an online tool for evaluating reference gene
expression (http://www.leonxie.com/referencegene.php) (29).
The ranking of the RGs according to their stability was gener-
ated by each algorithm, and a series of continuous integers
starting from 1 was assigned to each RG. The geomean of
each gene weight across the four algorithms was subsequently
calculated, following which the RGs were re-ranked according
to geomean. The gene with the lowest geomean was consid-
ered to be the most stable RG (29). Statistical analyses were
performed using SPSS 19.0 software (IBM SPSS, Armonk,
NY, USA) followed by a paired t-test. P<0.05 was considered
to indicate a statistically significant difference. For the evalu-
ation of statistical equivalence, a Student-Newman-Keuls test
was used.

Results

Characterization of serum exosomes. Previous studies indi-
cated that serum exosomes may enrich miRNAs, and thus
more accurate and reproducible data may be obtained from
exosome miRNA quantitative analysis (5,13). The successful
isolation of exosomes from serum is necessary for miRNA
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Table III. Expression levels of candidate reference genes.
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Gene geNorm NormFinder BestKeeper ACt Comprehensive

name M-value Stability value SD + CP Mean + SD gene stability Ranking order*
miR-221 0.67 (1) 0.67 (2) 0.52 (2) 1.50 (2) 1.68 1
let-7a 0.67 (1) 0.73 (3) 046 (1) 1.56 (3) 1.73 2
miR-26a 0.84 (3) 0.27 (1) 0.88 (4) 143 (1) 1.86 3
miR-103 1.13 (5) 1.22 (6) 0.85(3) 1.81 (6) 4.82 4
miR-191 1.23 (6) 0.87 (4) 1.22 (6) 1.63 (4) 490 5
miR-181a 1.03 (4) 1.46 (7) 0.92 (5) 1.92 (7) 5.60 6
miR-16 1.35(7) 1.20 (5) 145 (7) 1.79 (5) 592 7
58 1.52(8) 1.71 (8) 1.71 (8) 2.16 (8) 8.00 8
miR-451 1.69 (9) 2.16 (9) 1.99 (9) 246 (9) 9.00 9
U6 1.9 (10) 2.44 (10) 2.11 (10) 2.71 (10) 10.00 10

*miRNAs are ranked according to gene stability as determined by RefFinder. The numbers in brackets represent the ranking values, regarded as a

recommended final ranking. SD, standard deviation.

Table IV. Gene expression stability values and accumulated standard deviation (Acc. SD) analysis as determined by NormFinder.

NormFinder
Gene name Stability value Acc. SD value* Optimal RGs (n)
miR-26a 0.27 0.27 1
miR-221 0.67 0.36 2
let-7a 0.73 0.34 3
miR-191 0.87 0.34 4
miR-16 1.20 0.36 5
miR-103 1.22 0.36 6
miR-181a 1.46 0.37 7
58 1.71 0.39 8
miR-451 2.16 042 9
U6 244 045 10

*Acc.SD value was calculated by equation A. The recommended optimal RG was marked in bold. SD, standard deviation; miR, microRNA; RG,

reference gene.

B CD9  CD63
55 kDa— ——
40 kDa—
35 kDa—
25 kDa— P

Figure 1. Identification of serum exosomes using transmission electron microscopy and western blot analysis. (A) Nanoscale structures in serum exosomes.
Scale bar, 100 nm. (B) The exosomes extracted from the serum were lysed with 1X radioimmunoprecipitation assay buffer. The exosomal tetraspanin protein

markers CD63 and CD9 were then detected.

quantitative evaluation. In the present study, serum exosomes
were obtained using an ExoQuick exosome precipitation solu-
tion. Electron microscopy indicated the presence of 30-100 nm
spherical structures (Fig. 1A), consistent with previously
reported exosome characteristics (30). These results were
further confirmed with western blot analyses, using anti-

bodies targeting two common exosomal markers, tetraspanin
molecules CD63 and CD9Y, the results of which supported the
endocytic origin of the vesicles (31-33) (Fig. 1B).

RT-qPCR assay validation. All PCR assays produced a
single amplicon, as shown by the presence of a single marked
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increase on the melting curve. The negative controls did not
contain template (“no-template control” (NTC)). The NTCs
of 55, miR-181c, and miR-191 were successfully detected,
and their Cq values were <36. The PCRs displayed efficiency
between 91.9 and 98.5% (Table II). PCR E values between
90 and 110% were also considered acceptable. The R* values
ranged between 0.993 and 0.999 (Table II).

Transcript profiles of RGs. The expression profiles of the 10
candidate RGs were assessed in paired sample set 1 (Fig. 2).
The Cq values are represented for each transcript amplified
from each biological replicate. The Cq values ranged between
19.25 (5S) and 35.75 (miR-181a). The Cq values for 5S and
U6 were significantly different in the pre- and post-operative
serum, P<0.001, whereas no significant difference was
detected for miR-16, miR-103, miR-451, miR-26a, miR-191,
and miR-181a (P>0.05).

Gene expression stability analysis. In order to rank the stability
of the tested genes, four algorithms: geNorm, NormFinder,
BestKeeper, and the comparative ACt method, were used.
These four methods evaluated the expression stability of the
RGs, according to different variables. GeNorm provides an
M-value based on the average pairwise expression ratio. The
most stable transcript has the lowest M-value, and RGs with
Mz=<1.5 were deemed to be stably expressed (25). According to
this method, the M-values of the candidate RGs in 33 pairs of
samples were <1.5, except for 5S, miR-451, and U6, suggesting
that these were not reliable RGs. miR-221 and let-7a were
the most stable genes, with an average expression stability of
M=0.67 (Table I1I),

NormFinder analyzes the expression stability of the RGs
using linear scale quantitative data, and provides a stability
value for each investigated gene. A higher stability value indi-
cates a lower stability (26). In the present study, the NormFinder
analysis identified miR-26a as the most stably expressed RG,
with a stability value of 0.27, followed by miR-221 (0.67) and
let-7a (0.73) (Table III). The NormFinder algorithm was used
to calculate the Accumulated Standard Deviation (Acc. SD)
of the candidate RGs using the GenEx Standard software,
according to equation A. The lowest Acc. SD value indicates
the optimal number of control genes. Based on the ranking
of gene stability, the lowest Acc. SD value was determined to
correspond to one optimal gene: miR-26a (Table I'V).

1 [&
SD(acc) = Eq.A
(acc) m .Il'ESD (Eq.A)

In the present study, the Acc. SD based on any given RG (n)
was calculated as the geometric average of raw RG quantities,
for any given gene (i).

BestKeeper determines gene stability according to SD,
with a lower SD indicating a more stably expressed gene (27).
The results of the BestKeeper analysis showed a high SD
variation for miR-103, miR-16, 5S, miR-451 and U6. In the
present study, let-7a was shown to be the most stable RG with
SD=0.46, followed by miR-221 with SD=0.52 (Table III).

The comparative ACt method was also used to estimate the
most stable RGs. The results of the ACt method were the same
as those of the NormFinder analysis, with the three most stable
RGs being miR-26a, miR-221, and let-7a (Table I1I).

LI et al: ENDOGENOUS CONTROLS FOR SERUM EXOSOMAL microRNA EXPRESSION ANALYSIS

» 1 [ Pre-operative

7] Pest-aperative

CqValue
—
HTH
SR

" 8s  miR16 miR103 mR4ST mRZ21 mR26a let7a  US  mIR-1$1 miR-181a
Figure 2. Expression levels of candidate reference genes in circulating
exosomes. Reverse transcription-quantitative polymerase chain reaction
was performed on the serum exosome samples. The boxplot indicates the
interquartile range (IQR) and median. The whiskers indicate the highest and
lowest Cq values that remain within 1.5xIQR of the 25th and 75th percentiles.
The small circles indicate the outliers. miR, micro RNA; Cq, cycle threshold.
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Figure 3. Gene stability of 10 candidate reference genes (RGs) in pre- and
post-operative sera from patients with hepatocellular carcinoma. The geo-
mean of the ranking values of gene stability (x-axis) are plotted against the 10
RGs (y-axis). Lower geomean values indicate stable gene expression.

Since there were differences in the results generated from
the various software programs, normalization and integration
of the data was necessary. RefFinder (http://www.leonxie.
com/referencegene.php) is a web-based tool used to generate
an overall ranking of candidate RGs (29). According to the
output of RefFinder, the least stable RGs were U6, miR-451,
and 5S. The three most stable RGs were miR-221, let-7a, and
miR-26a (Fig. 3). Notably, the three algorithms also ranked
miR-221, let-7a, and miR-26a as the most stable RGs, except
in the case of miR-26a, which was ranked fourth most stable
by BestKeeper (Table III). These results indicate the possible
use of miR-221, let-7a, and miR-26a as stable RGs in liver
carcinoma resection studies.

Impact of RGs on the expression levels of target genes.
RT-qPCR assays were performed in order to further evaluate
the expression patterns of the selected candidate RGs in the
paired sample set 2. Liver-specific miR-122 was chosen for
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Figure 4. Relative microRNA (miR)-122 expression levels were measured by normalization to various reference genes (RGs). 3RGs represents miR-221, let-7a,
and miR-26a, as recommended by RefFinder. 2RG represents miR-221 and let-7a as recommended by geNorm. miR-26a was recommended by NormFinder.

let-7a, miR-26a, or miR-16 were used as single RGs for normalization.

analysis, due to its higher expression levels in the sera of
patients with HCC following surgery (21) . The miR-122 expres-
sion level data were normalized (Fig. 4) using the RefFinder
recommended combination of miR-221, let-7a, and miR-26a
(3RGs), and using the geNorm recommended combination
of miR-221 and let-7a (2RGs). miR-26a was recommended
by NormFinder according to the lowest Acc. SD value. In
addition, the data was further normalized using a single gene;
let-7a, miR-221, or miR-16. Although BestKeeper and geNorm
did not recommend miR-16 as a suitable RG, it is nevertheless
frequently used in expression studies (34,35). The fold changes
in serum exosomal miR-122 between the various groups were
calculated using the GenEx software. In the present study,
normalization with miR-16 indicated that serum exosomal
miR-122 was downregulated following liver cancer surgery,
whereas normalization using other RGs, except for miR-221,
did not indicate differential expression of the target miRNA.
In addition, normalization of miR-122 expression by miR-221,
a statistically significant value of P<0.05 was generated.
These results suggest that the reliability of miR-221 as a RG
needs to be confirmed in further studies with larger sample
sizes. In conclusion, the use of miR-16 for data normalization
generated identical results to that of Qi et al (21). A previous
study demonstrated that the expression levels of miR-122
were significantly reduced in post-operative serum samples,
as compared with pre-operative samples (21). However, other
normalization approaches used based on the recommenda-
tions of the present study indicated that hepatic surgery did not
change the expression levels of miR-122 in serum exosomes.

Discussion

Selecting an appropriate RG is important for gene expres-
sion analysis, as the use of an inappropriate RG may lead
to false experimental conclusions (36,37). Therefore, one or
more appropriate RGs need to be selected depending on the
experimental conditions.

The evaluation of the expression stability of candidate
RGs in serum exosomes from individuals with liver carci-
noma has yet to be reported. The use of optimal RGs would
contribute significantly to the accurate identification of
biomarkers and predictive factors used to diagnose HCC,

and to predict early post-operative relapse in patients with
HCC. Based on previous studies, 10 commonly used RGs
were selected for gene stability analysis (16-20). In order
to evaluate the average expression stability of the RGs,
four algorithms (geNorm, NormFinder, BestKeeper and the
comparative ACt method), were used.

A conventional statistical test was initially conducted in
order to evaluate the expression dispersion of each gene in pre-
and post-operative patients with HCC (Fig. 2). The stability of
the candidate RGs in the various sample sets were subsequently
analyzed using the four algorithms. The pair-wise comparison
approach methods (geNorm and BestKeeper) selected the
most suitable RGs based on the variation of expression ratios
between the genes across the sample sets. Both methods
generated similar rankings, and both considered miR-221 and
let-7a to be the most suitable RGs for normalization (Table III).
However, the rankings differed significantly for miR-26a,
miR-103, and miR-181a. This may be due to the fact that
geNorm excludes genes with differences in expression in the
subgroups, but includes pairs of co-regulated genes based on
their similar expression profiles (26). Therefore, NormFinder
and the comparative ACt method were used in order to elimi-
nate the effects of co-regulation, and to evaluate the RGs from
all aspects. These two algorithms generated the same RG
rankings based on the calculation of gene stability. miR-26a
was considered the most suitable RG for serum exosomal
miRNA expression studies in patients with HCC following
surgery. Finally, using the web-based comprehensive tool
RefFinder, miR-221, let-7a, and miR-26a were determined to
be the most stable RGs. Furthermore, the results of the present
study demonstrated that 5S, miR-451, and U6 were not suit-
able as housekeeping genes for the present experimental setup.
With regards to miR-16, geNorm and BestKeeper indicated
that its stability value exceeded that required for a stable RG,
making it unreliable for miRNA expression analysis.

The effects of the normalization strategies were further
illustrated by the accuracy of the RT-qPCR results. miR-122
serum expression levels have previously been shown to be
downregulated in the serum of post-operative patients with
HCC (21). The results of the present study revealed that circu-
lating miR-122 was significantly reduced in the post-operative
serum samples when miR-16 was used as an RG, in a similar
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manner to that of Qi ef al (21). However, when the data were
normalized to miR-221, let-7a, and miR-26a combined,
miR-221 and let-7a combined, or miR-26a alone, as recom-
mended by the results of the present study, a statistically
significant difference in miR-122 expression was not detected.
Therefore, rigorous validation of RG suitability is required, as
different normalization controls were shown to significantly
influence serum expression levels of miR-122, despite the
fact that the miRNA samples were donated by patients of
the same descent with the same disease. A previous study
reported that normalization with miR-16 resulted in signifi-
cantly higher miR-122 expression levels detected in patients
with HCC, as compared with HBV-infected individuals (21).
In addition, when miR-181a, miR-181c, and miR-122 were
used as RGs, miR-122 expression was higher in patients with
HCC, as compared with HBV-infected controls (19). However,
Qu et al (38) demonstrated that the serum expression levels
of miR-16 were significantly lower in patients with HCC,
suggesting that miR-16 itself may act as a novel biomarker for
HCC. Therefore, the use of miR-16 as a normalizer of target
miRNA expression levels may result in erroneous results,
confirming the results of the present study that miR-16 is not
a suitable RG candidate. The present study also demonstrated
that systematically selected RGs should offer more appropriate
normalization than miR-221.

The results of the present study indicated that the accu-
rate selection of reliable RGs is a prerequisite for the correct
measurement of serum exosomal miRNA expression levels by
RT-gPCR. The following RGs: miR-221, let-7a, and miR-26a,
were the most stably expressed genes of the present study.
Furthermore, due to the technical and economic advantages of
using a smaller number of RGs, miR-221 and let-7a combined,
or miR-26a alone may be used as optimal RGs in order to
detect a single target miRNA.
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