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Background: Few study has been done to evaluate the stability and superiority of normalizers for serum
microRNA (miRNA) study in cardiovascular disease. Therefore, the aim of this study is to assess the
suitability of several common normalizers (miR-16, SNOUS, 5S, miR-19b, miR-24, miR-15b, let 7i) in
cardiovascular disease.

Methods: We evaluated the stability of the seven circulating miRNAs as reference genes in the blood
samples from patients with cardiovascular disease [heart failure (HF) and hypertension] and healthy people.
Stability was quantified by combining BestKeeper, NormFinder and comparative delta Cq analysis.
Results: A total of 62 subjects were included in this study, of which 25 patients were with HF, 10 patients
were with hypertension, and 27 were healthy people. The analysis from both BestKeeper and comparative
delta ct analysis demonstrated that let-7i and miR-16 showed the best performance [the standard deviations
(SD) in BestKeeper for let-7i and miR-16 were 0.60 and 0.72, and the mean SD in comparative delta ct
analysis for let-7i and miR-16 were 1.79 and 1.82, respectively], while SNOUG6 and 5S had the highest
variability. In NormFinder analysis, miR-15 show best stability (p=0.029), followed by miR-19b (p=0.037),
let-7i (p=0.064), SNOUG6 (p=0.064), 5S (p=0.064), miR-16 (p=0.064), while miR-24 (p=0.075) showed worst
stability.

Conclusions: This study pointed out that in the serum studies focused on cardiovascular disease, let-
71 and miR-16 had the best performance, while SNOUG6 and 5S were not suitable as reference gene. This
study indicate that the selection of an optimal reference genes is important to get an accurate result in serum
miRNA studies, the findings are of clinical significance to guide the further miRNA studies or tests.
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Introduction fine-tune cellular phenotypes through controlling the

expression of complementary target mRINAs (3). Functional
MicroRNAs (miRNAs) are a class of endogenous 20-27 nt

long RNAs involved in post-transcriptional gene silencing and pathological processes, such as cell proliferation (4,5),

(1,2). In general, their overall function is to modulate or fat metabolism (6,7), inflammation (8), apoptosis (9,10)

studies have shown that miRNAs play a role in physiological
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and carcinogenesis (11). Therefore, miRNAs participate
in the process of various diseases, including cardiovascular
disease (12,13), cancer (14,15) and so on (16,17). In
addition, considering the fact that miRINAs remain stable
in serum and other body fluids, miRNAs can be used as the
biomarker for human disease (18). These findings suggest
broad opportunities for developing miRNAs as potential
therapeutic targets or biomarkers for human disease.

Circulating miRNAs have been a hot topic as a biomarker
for human disease for several years (18-21), but there’s still
no consensus on the reference genes in miRNA studies,
which makes it difficult to compare between different
samples and studies. There’re several major suggested
normalization strategies for circulating miRNA studies,
small nucleolar RNA (SNOUG, 58, et 4l.), miRNAs with
stable expression (miRNA-16, let-7i, miR-19b, miR-15b,
miR-24, et al.) and exogenous controls (synthetic miRNAs).
Among the above normalization strategies, synthetic miRNA
molecules, used as spike-in control, cannot correct sample-
to-sample variation. And thus, the normalization against
a stable reference gene (or better a set of multiple stable
reference genes) is currently the most accurate and suitable
method for evaluation of circulating miRNAs.

However, despite the fact that those small RNAs were
commonly used as reference genes in previous studies, the
levels of those reference miRINAs differ in different disease
(22-25), indicating that it’s necessary to evaluate the stability
and superiority of those previously used reference genes in
different diseases. Specially, few previous study has been
done to evaluate the stability and superiority of serum in
cardiovascular disease. Therefore, the aim of this study is to
assess the suitability of SNOUG, 5S, miR-16 as normalizers
in cardiovascular disease.

Methods
Patients and control subjects

Serums samples were collected from patients hospitalized
for heart failure (HF) or hypertension in Zhongshan
Hospital. The blood samples were collected before any
therapeutic procedures. Control subjects were recruited
from healthy participants during physical examinations
performed at Zhongshan Hospital. All participants signed
an informed written consent to participate in the study
that was approved by Ethical Committee of Zhongshan
Hospital, Fudan University, China.
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Serum preparation and RNA isolation

Blood samples (~5 mL) were collected from each donor and
placed in a serum separator tube. Samples were processed
within one hour. Separation of the serum was accomplished
by centrifugation at 800 g for 10 min at room temperature,
followed by a 15-min high-speed centrifugation at 10,000 g
at room temperature to completely remove the cell debris.
The supernatant serum was recovered and stored at -80 °C
until analysis.

For RNA isolation, miRNA was extracted from 200 pL
of each serum sample and eluted in 30 pL of RNase-free
water using a miRcute serum/plasma miRNA isolation kit
(Tiangen, Beijing, China) according to the manufacture’s
instruction.

Selection criteria for the candidate normalizers

We based on our selection of candidate miRNAs from
literature review on reference genes with several additional
criteria. First, the candidate miRNAs must be highly
expressed in human heart tissue, and can be easily detected
in serum (26). Second, candidate miRNAs must be
unambiguously annotated in miRBase (version 16) (27).
Third, candidate miRNAs must not be clustered in the
genome with any other candidate miRNA so as to reduce
the possibility of co-regulation (28). In addition, two
commonly used small RNA controls (SNOUG6 and 5S) were
also analyzed in this study.

¢DNA synthesis and RT-qPCR

The miRINA isolated from blood sample of the same volume
was polyadenylated and reverse transcribed to cDNA in a
final volume of 20 pL using miRcute miRINA First-Strand
cDNA Synthesis Kit (Tiangen, Beijing, China). Real-
time PCR was performed in duplicate measurements using
miRcute Plus miRNA qPCR Detection Kit (SYBR Green)
(Tiangen, Beijing, China). The miRNA-specific primer
sequences were designed by a biologics company (Tiangen,
Beijing, China). Each amplification reaction was performed
in a final volume of 20 pL containing 1 pL of the cDNA,
0.2 mM of each primer and 1x miRcute plus miRNA premix
(with SYBR & ROX). At the end of the PCR cycles, melting
curve analyses as well as electrophoresis of the products
on 3.0% agarose gels were performed in order to validate
the specific generation of the expected PCR product. Each
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Table 1 Baseline characteristics of patients with cardiovascular disease
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Patients with cardiovascular disease

Baseline characteristics

Total patients

HF patients (n=25)

Hypertension patients (n=10)

Healthy people (n=27)

Age 63.89+13.21 65.8+14.26
Male (%) 27 (77.1) 20 (80.0)
Smoking (%) 9(25.7) 6 (24.0)
Hypertension (%) 23 (65.7) 13 (52.0)
MI (%) 15 (42.9) 15 (60.0)
Diabetes (%) 8(22.9) 7 (28.0)
Hyperlipidemia (%) 3(8.57) 1(4.0)
Cerebral infarction (%) 2 (5.71) 14.0)
Heart rate 78.86+21.03 84.04+22.60
LVEF 54.97+16.35 38.84+13.93
HB 131.67+19.69 130.81+22.17
HDL 1.18+0.39 1.13+0.34
LDL 2.03+0.77 2.04+0.71
ALT 27.86+20.00 29.96+14.48
AST 27.31+£13.38 29.12+21.65

59.10+9.05 47.11£10.27

7 (70.0) 17 (63.0)

3 (30.0) NA

10 (100.0) 0

0 0

1 0

2 (20.0) 0

1(10.0) 0
65.90+10.35 NA
68.50+5.02 64.89+4.09

133.90+11.60

148.74+14.18

1.30+0.48 1.33+0.48

2.00+0.94 2.78+0.97
24.60+15.36 26.00+22.66
20.40+6.38 26.22+8.99

HF, heart failure; MI, myocardial infarction; LVEF, left ventricular ejection fraction; HB, hemoglobin, HDL, high-density lipoprotein; LDL, low
density lipoprotein; ALT, alamine aminotransferase; AST, aspartate transaminase; NA, not available.

sample was run in duplicates for analysis.

Data analysis

Data are expressed in terms of mean and SD for numeric
variables and as number (percent) for categorical variables.
Comparisons of continuous variables among groups were
performed by the Student #-test. Statistic analysis was
performed with SPSS 22.0 (SPSS Inc., Chicago, Illinois,
USA).

Gene expression stability was evaluated according to
four gold-standard statistical approaches: BestKeeper (29),
NormFinder (30), and the comparative delta Cq method (31).

Results
Baseline characteristics of total patients

A total of 62 subjects were enrolled, among which there
were 25 patients with HF, 10 patients with hypertension,
and 27 healthy people. Male patients were more likely to
have cardiovascular disease (HF patients vs. hypertensive
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patients vs. healthy patients: 80% vs. 70% wvs. 63%). Patients
with cardiovascular disease were older, and have a lower
level of hemoglobin (HF patients vs. hypertensive patients
vs. healthy patients: 130.81+22.17 vs. 133.90+11.60 wvs.
148.74+14.18) and high-density lipoprotein (HF group
vs. hypertensive patients vs. healthy patients: 1.13+0.34 vs.
1.30£0.48 vs. 1.33£0.48) (Tuble 1).

Reference gene stability calculated by BestKeeper,
NormFinder and comparative delta Cq method

The distributions of the qQPCR quantification cycle (Cq)
values of seven reference genes over the whole sample set
were shown in Figure 1. Among the seven candidates, the
interquartile range for SNOUG6 (2.42) and 5S (2.38) were
larger than others, and miR-16 (1.01) and let-7i-5p (1.05)
showed a lower interquartile range.

BestKeeper

The descriptive statistics given by BestKeeper are reported
in Table 2. The stability of the candidate reference gene is

F Thorac Dis 2018;10(5):2599-2607
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mainly evaluated by standard deviation (SD), correlation
coefficient (R), and coefficient of variation (CV) by this
software. A high R value, low SD and CV value indicated

Cq
30

25 4

IR

15 4

10 4

miR-16 U6 58 miR-15b miR-24 miR-19b Let-7i

Figure 1 The distributions of the qPCR quantification cycle
(Cq) values of the seven reference genes over the whole sample
set. The median and interquartile range for the seven candidates
were: miR-16, 18.87 (18.32-19.34); U6, 22.58 (21.36-23.79); 58,
14.95 (13.88-16.26); miR-15b, 21.86 (20.94-22.59); miR-24, 21.94
(20.88-22.57); miR-19b, 21.92 (20.94-22.85); let7i, 21.80 (21.48—
22.53).
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a stably expressed gene, and SD >1 means that this
reference gene is unacceptable. In terms of variability,
let-7i displayed the lowest SD values of 0.60, followed by
miR-16 (SD: 0.72), while the SD of SNOU6 and 5S
showed the highest variability (SD >1). Correlation
analysis was performed between each reference gene and
BestKeeper index (BKI). This analysis showed that, except
for miR-24, all of the rest six miRNAs showed a significant
correlation.

NormFinder

The stability analysis performed by NormFinder is
displayed on 7ible 3 in terms of stability value (p) and inter-
group and intra-group variations in total patients. Best
overall performance was observed for miR-15b (p=0.029)
and the smallest intra-group variability (0.002). The worst
performance was shown by miR-24 (p=0.075), which
displayed large values of both intra-group (0.023) and inter-
group (0.066). Overall performance was low also for miR-
16 (p=0.074).

Comparative delta Cq method

The comparative delta Cq analysis indicated miR-16 and
let-7i as the most stable gene, with a lowest average SD of
Cq differences for pairwise comparisons (1.78 and 1.82,
respectively), followed by miR-15b, miR-19b. The least
stable genes were 5S and SNOUG6 with average SD of 2.28

Table 2 Evaluation of gene expression stability of the seven candidate normalizers by BestKeeper

Variables miR-16 SNOU6 58 miR-15b-5p miR-24-3p miR-19b-3p let-7i-5p
N 63 62 61 59 61 62 56
Geo mean [Cq] 18.74 22.26 14.85 22.15 21.91 22.15 22.04
Min [Cq] 16.71 18.03 11.00 18.63 19.34 18.26 20.54
Max [Cq] 19.96 27.20 21.51 32.57 29.58 27.87 24.02
Std dev (+ Cq) 0.72 1.43 1.70 1.10 0.95 1.21 0.60
R with BKI (P value) 0.449 (0.001)  0.523 (0.001) 0.758 (0.001) 0.361(0.005) 0.176 (0.176)  0.437 (0.001)  0.430 (0.001)
cv 3.84 6.41 11.36 4.96 4.32 5.45 2.73
Table 3 The stability analysis performed by NormFinder

Variables miR-16 SNOU6 58 miR-15b miR-24 miR-19b let-7i-5p
Stability value 0.074 0.064 0.064 0.029 0.075 0.037 0.064
Intragroup variation 0.008 0.022 0.015 0.002 0.023 0.001 0.046
Intergroup variation -0.071 0.076 -0.023 -0.007 0.066 -0.023 -0.018
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Table 4 Evaluation of gene stability of candidate reference
gene (miR-16, 55, SNOU6, miR-15b-5p, miR-24-3p, miR-19b-3p,
let-7i-5p) using comparative delta ct

Mean Mean
Sample delta ct StdDev StdDev
Reference gene: miR-16 1.788

miR-16 vs. miR-15b-5p -3.332 1.954

miR-16 vs. miR-24-3p -3.1565 1.566

miR-16 vs. miR-19b-3p -3.431 1.702

miR-16 vs. let-7i-5p -3.166 1.255

miR-16 vs. SNOU6 -3.535 2.062

miR-16 vs. 5s 3.720 2.187
Reference gene: 5s 2.283

5s vs. miR-15b-5p 0.209 2.656

5s vs. miR-24-3p 0.500 1.945

5s vs. miR-19b-3p 0.102 2.481

5s vs. let-7i-5p 0.395 1.942

5s vs. miR-16 3.478 2.096

5s vs. SNOU6 6.856 2.576
Reference gene: SNOU6 2.609

SNOUSG vs. miR-15b-5p -7.107 3.0376

SNOUSG vs. miR-24-3p -6.894 2.783

SNOUS6 vs. miR-19b-3p -7.079 2.653

SNOUES vs. let-7i-5p -6.572 2.476

SNOUG vs. miR-16 -3.667 2.235

SNOUS vs. 5s -7.084 2.467
Reference gene: miR-15b-5p 2.035

miR-15b-5p vs. miR-24-3p 0.239 2.229

miR-15b-5p vs. miR-19b-3p -0.032 1.329

2603

Table 4 (continued)

sample deract SO giip
miR-15b-5p vs. let-7i-5p —-0.081 0.983
miR-15b-5p vs. miR-16 3.377 1.939
miR-15b-5p vs. SNOU6 -0.241 2.789
miR-15b-5p vs. 5S 7.220 2.939

Reference gene: miR-24-3p 2.007
miR-24-3p vs. miR-15b-5p -0.236 2.210
miR-24-3p vs. miR-19b-3p —-0.407 2.010
miR-24-3p vs. miR-let-7i-5p -0.171 1.599
miR-24-3p vs. miR-16 3.194 1.543

miR-24-3p vs. SNOU6 -0.561 1.980
miR-24-3p vs. 5s 6.945 2.701
Reference gene: miR-19b-3p 1.911

miR-19b-3p vs. miR-15b-5p 0.020 1.321

miR-19b-3p vs. miR-24-3p 0.373 2.017
miR-19b-3p vs. let-7i-5p -0.071 1.343
miR-19b-3p vs. miR-16 3.446 1.690
miR-19b-3p vs. SNOU6 -0.130 2.491
miR-19b-3p vs. 5s 7.106 2.603
Reference gene: let-7i-5p 1.821
let-7i-5p vs. miR-15b-5p 0.068 0.979
let-7i-5p vs. miR-24-3p 0.133 1.603
let-7i-5p vs. miR-19b-3p 0.013 1.345

let-7i-5p vs. miR-16 -0.357 2.090
let-7i-5p vs. SNOU6 6.618 2.318

let-7i-5p vs. 5bs 21.720 2.592

Table 4 (continued)

and 2.61, respectively (Table 4).

Overall ranking

The comprehensive ranking of gene stability obtained by
combining the three analyses. Let-7i and miR-16 were the
two best reference miRNA, followed by miR-15b, miR-19b,
miR-24, while SNOUG6 and 5S were the least stable gene,
displaying the worst performance according to all analyses
(Table 5, Figure 2).
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Discussion

This study assessed for the first time the stability
properties of the reference genes in serum from patients
with cardiovascular disease. In our analysis using a multi-
technique quantitative approach, let-7i-5p and miR-16 were
the most recommended candidate reference miRNAs in
cardiovascular disease (hypertension and HF), followed by
miR-15b, miR-19b and miR-24. SNOUG6 and 5S were not
suitable as normalizers for circulating miRNA research in

F Thorac Dis 2018;10(5):2599-2607
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Table 5 Overall stability of candidate reference genes according to the three evaluation algorithms. Genes are ordered according to the compre-

hensive ranking given by the geometric mean of the rankings obtained by the three analyses

BestKeeper
Rank Gene Overall ranking NormFinder Comparative delta ct
SD (cq) r, BKI
1 Let-7i-5p 1.817 0.60 0.430 0.064 1.821
2 miR-16 2.289 0.72 0.449 0.074 1.788
3 miR-15b-5p 2.714 1.10 0.361 0.029 2.035
4 miR-19b-3p 3.107 1.21 0.437 0.037 1.911
5 miR-24-3p 4.380 0.95 NA 0.075 2.007
6 58 4.762 1.70 0.758 0.064 2.283
7 SNOU6 5.013 1.43 0.523 0.064 2.609

BKI, BestKeeper index, calculated excluding the two genes with the highest variability (N=3); Cq, gqPCR quantification cycle; SD(ACq),
average standard deviation of Cq differences; NA, not assigned; r, Pearson’s linear correlation coefficient; SD, standard deviation.

~

Overall rank
w

2 I I
| I
0

Let-7i miR-16 miR-15b

ue

miR-19b

miR-24 58

Figure 2 Overall ranking of the seven candidate reference gene. Let-7i and miR-16 were the two best reference miRINA, followed by miR-

15b, miR-19b, miR-24, while SNOUG6 and 5S were the least stable gene.

cardiovascular disease. Our results are of important value
for researches focused on serum miRNAs in cardiovascular
disease.

qRT-PCR is the golden method for the accurate and
sensitive detection in gene expression assay (32-34),
it is a powerful technique due to its high sensitivity,
specificity, accuracy, and broad quantification range. The
accuracy of qRT-PCR results is influenced by numerous
factors including the quality of RNA, method of cDNA
preparation, PCR efficiency, and very importantly, the
selection of reference gene (35). Thus, the selection of
an optimal reference gene is critical (30,33), considering
that a valid control gene will ensure the real-time PCR
data to be reliable for target genes. However, previous
studies have shown that the performance of the common
recommended reference genes (such as SNOUG, or 5S)
varied under different disease or different samples (22,24).

© Journal of Thoracic Disease. All rights reserved.
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And thus, it’s necessary to select an optimal reference
gene in the studies of different disease or samples, which
can ensure the accuracy of the analysis to some degree. A
workflow strategy has been proposed for the normalization
of miRINA expression data in an attempt to provide a basis
for the establishment of a global standard procedure that
will allow comparison across studies (36). Besides, several
algorithms, including NormFinder (30), BestKeeper (29),
and comparative delta Ct (cycle thresholds) method (31)
have been developed for the selection of suitable reference
gene.

Some studies have been done to evaluate the suitability
of the reference genes in vitro test (37) or animal models
(38,39), however, cell or animal models cannot represent the
status of human disease precisely. Studies focused on human
disease also have been done to identify a valid control gene,
but most of the samples were tissues from cancer disease or

7 Thorac Dis 2018;10(5):2599-2607
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neurological disease (22,24,40). In terms of HE, studies have
shown that HF can affect gene expression levels which may
have effects on the disease research (41). Gene expression
changes in whole heart tissue have been assessed by
previous approaches (42). However, studies for the selection
of optimal reference gene of miRNA study focused on
cardiovascular disease is few (43). Masé et al. evaluated the
stability of the reference genes in the heart tissue focused
on atrial fibrillation (43), but there’re some limitations in
this study: (I) the samples in this study is the heart tissue
from atrial fibrillation patients, and these results can not be
applied to serum studies focused on cardiovascular disease;
(II) the results can only be used in AF studies, considering
that the expression levels of miRNAs differs in different
disease; (III) this study failed to compare some other well-
known reference genes as control group.

For normalizer miRNA studies in cardiovascular disease,
Mase et al. showed that the performance of 5S is the best,
while SNOUS6 displayed the worst stability. But in our
serum study of their stability, miR-16 showed the best
stability, while 5S is the worst stable reference gene. The
reason for this inconformity may be that the stability of
reference genes in tissue is different from serum, indicating
that it’s necessary to identify the best housekeeping gene
in tissue and serum, respectively. What’s more, previous
selection studies of reference gene in serum showed that
5S and SNOUG6 maybe are not suitable as a valid control
(24,25), which is in consistent with our study.

Some studies have also compared the performance of the
selected candidate miRs in other kinds of human disease.
For let-7i, Chen et al. evaluated the performance of let-
7i/d/g and some other miRNAs (miR-30d, miR-140-3p
and so on) as stable reference for normalization of serum
miRINAs, and the results showed that let-7i was better that
others as the optimal reference gene for normalization,
which is in consistent with our results (44). Controversies
existed for the suitability of miR-16 as normalizers, several
studies identified miR-16 as the most stable reference gene
(25,45,46), while the study by Kok et /. showed that a
proposed normalization panels is better than miR-16 (47).
But we should notice that there’re some limitations in
the study by Kok et al. (47): firstly, all of the 3 proposed
normalization panels by Kok et 4/. contains 2 or more
miRNAs, and such normalization methods containing
several miRNAs are seldom used in the analysis of qPCR;
secondly, the miRNAs included in the panels are not very
common used; thirdly, they only compared miR-16 with
the 3 normalization panels, so we cannot conclude the
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conclusion that miR-16 cannot be used as normalizer. In
consistent with previous studies, miR-15b (21), miR-19b (21)
and miR-24 (25,48) showed good performance in other
studies, while serum 5s and SNOUG6 were unsuitable to be
used as reference miRINAs in cardiovascular disease (22,24).
Considering that few studies have identified the
optimal reference miRNNAs in circulating miRNA research
in cardiovascular disease, our study provide important
information for further qPCR analysis in miRNA study.
The limitation of our study is that we only included patients
of HF, hypertension, but considering that both of the
expression level and stability of those reference genes varied
with the disease status, it’s necessary to assess the suitable of
reference genes in more kinds of cardiovascular disease.

Conclusions

This study pointed out that in the serum studies focused
on cardiovascular disease, let-7i and miR-16 had the best
performance, while SNOUG6 and 5S were not suitable as
reference gene. This study indicate that the selection of
an optimal reference genes is important to get an accurate
result in serum miRNA studies, the findings are of clinical
significance to guide the further miRINA studies or tests.
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