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Abstract Circulating microRNAs (miRNAs) are promis-

ing biomarkers for many diseases. Quantitative reverse

transcription polymerase chain reaction (qRT-PCR) is a gold

standard for miRNA expression profiling that requires

proper data normalization. Since there is no universal nor-

malizer, it is recommended to evaluate normalizers under

every experimental condition. This study describes the

identification of suitable endogenous normalizer(s) (ENs)

for plasma miRNA expression in essential hypertension.

Expression levels of 5 candidate ENs and 2 plasma quality

markers were determined by qRT-PCR in plasma samples

from 18 hypertensive patients and 10 healthy controls.

NormFinder, GeNorm, and DataAssist software programs

were used to select the best EN(s). Expression levels of the 5

candidate ENs were also analyzed in urine samples from

hypertensive patients and compared to the plasma samples of

the hypertensive patients. Among the analyzed candidates,

hsa-miR-92a-3p was identified as the best EN, and hsa-miR-

21-5p and hsa-miR-16-5p as the next best. Moreover, hsa-

miR-92a-3p showed the most consistent expression between

plasma and urine. In conclusion, this study showed that hsa-

miR-92a-3p, hsa-miR-21-5p, and hsa-miR-16-5p may be

used as normalizers for plasma miRNA expression data in

essential hypertension studies.
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Introduction

Hypertension is among the most common chronic diseases,

affecting more than one billion persons worldwide. The

chronically elevated blood pressure is a common cause of

chronic renal failure, myocardial infarction, stroke, heart

failure, and even death [1]. Approximately 90–95 % of

hypertension is the essential hypertension type, whose

exact cause is unknown but has been recognized to result

from a combination of genetic and environmental factors

[2, 3]. Understanding causes of hypertension and identi-

fying approaches to ensure appropriate management are

top research priorities [4].

MicroRNAs (miRNAs) are small (22–26 nucleotides)

non-coding RNA molecules that provide post-transcrip-

tional regulation for many human genes [5, 6]. MiRNAs

play important roles in many processes such as early

development, cellular differentiation, and apoptosis [7].

Dysregulation of miRNAs has been observed in cancer,

cardiovascular diseases, and other diseases [8, 9]. The

discovery of miRNAs circulating in body fluids, such as

serum and plasma, with high stability, has generated much

interest in the assessment of such extracellular miRNAs as

minimally invasive biomarkers for a variety of diseases,

such as hypertension [10, 11].

Quantitative reverse transcription polymerase chain

reaction (qRT-PCR) is a widely used method for profiling

miRNA expression patterns with high sensitivity, speci-

ficity, speed, and reproducibility [12–14]. To obtain valid

qRT-PCR data, accurate normalization of miRNA expres-

sion is essential [15]. One of the most common strategies to

& Julie A. Johnson

johnson@cop.ufl.edu

1 Department of Pharmacotherapy and Translational Research,

Center for Pharmacogenomics, College of Pharmacy,

University of Florida, Box 100484, Gainesville,

FL 32610-0484, USA

2 Department of Clinical Pharmacy, Faculty of Pharmacy, Ain

Shams University, Cairo, Egypt

123

Mol Biotechnol (2016) 58:179–187

DOI 10.1007/s12033-015-9912-z

http://crossmark.crossref.org/dialog/?doi=10.1007/s12033-015-9912-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12033-015-9912-z&amp;domain=pdf


normalize miRNA qRT-PCR data is the ‘‘endogenous

control method’’, which involves standardization to

endogenously expressed normalizer(s) using relative

quantification [16]. The validity of this method depends on

the endogenous normalizer used; the use of improper

normalizer can lead to an incorrect conclusion [17].

Stable expression in different disease conditions, along

with experimental variables, is one of the major charac-

teristics of an ideal normalizer. However, a universal

endogenous normalizer is unlikely to exist, so the stability

of each candidate normalizer(s) has to be validated before

conducting the experiment [15, 18]. This introduces a

challenge, as the expression data of the tested candidate

normalizer(s) need to be standardized. A number of soft-

ware algorithms can be used to address this issue, including

NormFinder [19], GeNorm [15], and DataAssist [20].

To the best of our knowledge, there are no published

reports on the systematic evaluation of suitable endogenous

normalizers for qRT-PCR data from circulating miRNA

expression in hypertension. Therefore, the aim of this study

was to select, from pre-selected candidates, the best

endogenous normalizers for plasma miRNA expression

qRT-PCR data in essential hypertension based on empirical

evidence.

Materials and Methods

Study Samples

Sample sets included (1) 18 plasma samples from hyper-

tensive patients (from the multicenter randomized clinical

trial: Pharmacogenomic Evaluation of Antihypertensive

Responses, PEAR [21]; (2) 9 urine samples from hyper-

tensive patients (from the PEAR clinical trial); and (3) 10

plasma samples from healthy controls [22, 23]. The base-

line demographics of study participants are presented in

Table 1. All samples used in this study were from subjects

who provided informed written consent and agreed to

participate in the study and to the use of their samples for

future research. The studies have been approved by the

corresponding institutional review boards and have been

performed in accordance with the ethical standards in the

Declaration of Helsinki and its later amendments [21–23].

miRNA Isolation and cDNA Synthesis

Total RNA, including miRNA from both plasma and urine

samples, was isolated using miRNeasy Serum/Plasma Kit

(Qiagen, Valencia, CA, USA). The manufacturer’s

instructions were followed except in the final step; the

miRNA was eluted in 20 lL RNase-free water instead of

14 uL. Spike-In control and corresponding Ce_miR-39_1

primer assay (Qiagen, Valencia, CA, USA) were used,

according to manufacturer’s instructions, to monitor

miRNA purification and amplification. The cDNA was

synthesized using miScript II RT Kit (Qiagen, Valencia,

CA, USA) according to the manufacturer’s instructions.

The 20 lL reverse transcription reaction consisted of

10 lL RNA, 4 lL miScript HiSpec buffer, 2 lL 109

miScript Nucleics mix, 2 lL RNase-free water, and 2 lL
miScript Reverse Transcriptase mix. Reactions were

incubated for 60 min at 37 �C and then 5 min at 95 �C,
using thermal cycler (Veriti� 96-Well Thermal Cycler,

Applied Biosystems, CA, USA). The cDNA product was

diluted by adding 200 lL RNase-free water to the 20 lL
reverse transcription reaction. The synthesized cDNA was

stored at -20 �C.

Selection of Candidate Endogenous Normalizers

and Plasma Quality Indicators

As shown in Table 2, five candidate endogenous normal-

izers were included in the study. The candidates were

selected based on the following criteria: (1) evidence of

high expression in plasma, (2) evidence of being a nor-

malizer or a candidate normalizer in at least one previous

study, and (3) availability of a reliable quantification assay

at the time of the study. Additionally, RNU6-2 and

SNORD72 were selected as plasma quality indicators.

These two targets were selected as they are highly

expressed in different cell types, but not well expressed in

Table 1 Baseline demographics of the study participants

Hypertensive patients-plasma (n = 18) Healthy controls-plasma (n = 10) Hypertensive patients-urine (n = 9)

Age; mean (SD) 49.6 (11.5) 28.1 (11.4) 44.2 (11.1)

Gender, female; n (%) 9 (50 %) 5 (50 %) 5 (55.6 %)

Race/ethnicity

Caucasians, n (%) 11 (61 %) 5 (50 %) 5 (55.6 %)

African Americans, n (%) 7 (39 %) 2 (20 %) 3 (33.3 %)

Other, n (%) 0 3 (30 %) 1 (11.1 %)
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serum/plasma. If the average Cycle Threshold (Ct) value of

these targets is below 32, this indicates that cellular con-

tamination in serum/plasma is more than 0.1 % [24].

qRT-PCR for Profiling Mature miRNA Expression

The qRT-PCR was carried out using the miRNA-specific

miScript miRNA PCR primer assays and the miScript

SYBR Green Kit (Qiagen, Valencia, CA, USA). The qRT-

PCR was performed in triplicate. Each 10 lL per well

qRT-PCR reaction consisted of 1 lL cDNA, 2 lL RNase-

free water, 1 lL 109 miScript primer assay, 1 lL 109

miScript universal primer, and 5 lL 29 QuantiTect SYBR

Green PCR master mix. The cycling conditions for qRT-

PCR started with initial HotStar Taq DNA Polymerase

activation step at 95 �C for 15 min, then 40 cycles each of

three steps (94 �C for 15 s, 55 �C for 30 s, and 70 �C for

30 s), and then the dissociation curve stage was added to

verify specificity of the PCR products. The qRT-PCR was

performed using QuantStudioTM 12 K Flex Real-Time

PCR System (Life Technologies, Thermo Fisher Scientific,

Carlsbad, CA, USA). The Ct data were calculated using a

manually set threshold for each target and an automatically

set baseline, by QuantStudioTM 12 K Flex Software v1.2.2

(Life Technologies, Thermo Fisher Scientific, Carlsbad,

CA, USA). Any Ct[ 37 was excluded from the analysis.

Stability Analysis of qRT-PCR Data

Three software programs were used, including GenEx

version 6 (http://www.biomcc.com/genex-software.html),

NormFinder version 0.953 (http://moma.dk/normfinder-

software), and DataAssistTM version 3.01 (https://www.

lifetechnologies.com/us/en/home/technical-resources/soft

ware-downloads/dataassist-software.html). These software

programs are briefly described below.

NormFinder

NormFinder is a Microsoft Excel-based application that

uses a model-based approach to assign a stability value to

each candidate normalizer. It accounts for intra- and inter-

group variation. The lower the stability value, the higher

the stability of the candidate normalizer. The input data are

supposed to be on a linear scale. When specifying the study

groups, the output includes not only the best endogenous

normalizers, but also the best combination of two

endogenous normalizers [19]. Moreover, NormFinder

implemented in GenEx software version 6 (will be called

GenEx NormFinder) was used to assess the optimum

number of endogenous normalizers required, through cal-

culating the accumulated standard deviation (Acc.SD). The

optimum number of endogenous normalizers is the one that

achieves the lowest accumulated SD value [31].

Table 2 Characteristics of the candidate endogenous normalizers and plasma quality indicators evaluated in this study

Name Molecular type Accession Reason (reference)

hsa-miR-92a-3p miRNA MIMAT0000092* Candidate normalizer, due to

Evidence of expression in plasma [24]

Evidence of candidacy as a normalizer in previous studies [25, 26]

hsa-miR-21-5p miRNA MIMAT0000076* Candidate normalizer, due to

Evidence of expression in plasma [24]

Evidence of candidacy as a normalizer in previous studies [27]

hsa-miR-25-3p miRNA MIMAT0000081* Candidate normalizer, due to

Evidence of expression in plasma [24]

Evidence of candidacy as a normalizer in previous studies [25]

hsa-miR-16-5p miRNA MIMAT0000069* Candidate normalizer, due to

Evidence of expression in plasma [28]

Evidence of candidacy as a normalizer in previous studies [28–30]

hsa-miR-223-3p miRNA MIMAT0000280* Candidate normalizer, due to

Evidence of expression in plasma [28] Evidence of candidacy as a

normalizer in previous studies [28, 29]

RNU6-2 snRNA NR_002752** Plasma quality indicator [24]

SNORD72 snoRNA NR_002583** Plasma quality indicator [24]

* MiRBase accession number, ** NCBI Reference Sequence

miRNA microRNA; snRNA small nuclear RNA; snoRNA small nucleolar RNA
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GeNorm

This algorithm calculates a stability value (M) for each

candidate endogenous normalizer, which is the mean

pairwise variation of that candidate with all other chosen

candidate(s). Using a step-wise pairwise variation, it

excludes candidates with the lowest stability. In this study,

GeNorm implemented in GenEx software version 6 (will

be called GenEx GeNorm) was used. It repeats the proce-

dure until the two most stable endogenous normalizers are

left. Similar to NormFinder, the lower score (M value)

signifies higher expression stability of the candidate

endogenous normalizer [15].

DataAssist

Like GeNorm, it uses a pairwise variation approach to

assign a score to each candidate endogenous normalizer.

The lower the score, the more stable the endogenous nor-

malizer. The score is calculated once, with no repeated

exclusion of the candidates with the highest score. To

perform step-wise exclusion of the least stable candidates,

the assay type can be changed from candidate control to

target and the software can then calculate the new scores

for the remaining candidate controls [20].

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS)

software version 17.0 (SPSS Inc., Chicago, IL, USA) was

used for statistical analysis. Normality was checked by

Kolmogorov–Smirnov and Shapiro–Wilk tests, as well as

Q–Q plots. Significance of circulating miRNA differential

expression was checked by Student t test. Tests with two-

sided p values \0.05 were identified as statistically

significant.

Results

Choosing a Suitable Endogenous

Normalizer(s) for Relative Quantification of Plasma

miRNAs in Essential Hypertension

The expression levels of 5 candidate endogenous normal-

izers in 18 hypertensive and 10 healthy control plasma

samples were compared. As shown in Fig. 1, there was no

statistically significant difference between hypertensive

and healthy control samples for any of the tested candidate

normalizers (all p values[0.05). Moreover, all 5 candidate

normalizers (hsa-miR-92a-3p, hsa-miR-21-5p, hsa-miR-

25-3p, hsa-miR-16-5p, and hsa-miR-223-3p) were rela-

tively abundantly expressed in plasma of hypertensive

patients and healthy controls (average Ct value range

22.3–24.7).

NormFinder Output

First, the data were analyzed by considering the study

groups: hypertensive group and healthy control group.

Among the 5 candidate endogenous normalizers, the soft-

ware determined hsa-miR-92a-3p as the best endogenous

normalizer (Fig. 2), and hsa-miR-92a-3p and hsa-miR-21-

5p as the best combination of two candidates. Then the

Fig. 1 Differential expression of the candidate endogenous normal-

izers between hypertensive patients and healthy controls. The

expression levels of five candidate endogenous normalizers were

compared between plasma of hypertensive patients and plasma of

healthy controls, using ‘‘Quantitative Real-Time Polymerase Chain

Reaction, qRT-PCR’’. The middle line in each box represents the

median and the box borders represent the inter-quartile range. The

lower and upper whiskers represent the 10th and 90th percentiles,

respectively. ‘‘HTN’’ represents the hypertension group and ‘‘HC’’

represents the healthy control group

Fig. 2 Ranking of the candidate endogenous normalizers using

NormFinder. The expression stability of five candidate endogenous

normalizers was evaluated by the stability values that NormFinder

generated by comparing plasma samples from hypertensive patient

group and healthy control group; the lower the stability value, the

more stable the candidate endogenous normalizer
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groups were ignored and the data were reanalyzed, using

GenEx NormFinder. As shown in Fig. 3a, hsa-miR-92a-3p

was the best endogenous normalizer. Moreover, as shown

in Fig. 3b, the lowest accumulated SD was achieved with 4

endogenous normalizers. However, the accumulated SD

did not change greatly from using 3 endogenous normal-

izers to using 4 endogenous normalizers.

GeNorm Output

Using GenEx GeNorm, it automatically performed the

pairwise comparison of the 5 candidate endogenous nor-

malizers and kept removing the candidate with the highest

M value until the best pair was defined (hsa-miR-92a-3p

and hsa-miR-16-5p) and then output the ranking of the 5

candidates as shown in Fig. 4. The 5 candidate endogenous

normalizers showed M values\1.5, which indicates that all

of them had good stability [15].

DataAssist Output

Using DataAssist, the 5 candidate endogenous normalizers

were ranked according to pairwise comparison score. Then,

the candidate with the highest score (lowest stability) was

removed and the remaining 4 candidates were re-ranked,

and so on till ending up with the pair with the lowest

M value (highest stability): hsa-miR-92a-3p and hsa-miR-

16-5p. The ranking of the 5 candidate endogenous nor-

malizers from the least stable to the most stable was in the

order of hsa-miR-223-3p, hsa-miR-21-5p, hsa-miR-25-3p,

and hsa-miR-92a-3p/hsa-miR-16-5p.

Comprehensive Ranking

Putting the output of all the algorithms together by calcu-

lating the mean rank for each of the 5 candidate endoge-

nous normalizers, hsa-miR-92a-3p followed by hsa-miR-

16-5p and hsa-miR-21-5p was the best (Table 3).

Comparing the Expression of Different Candidate

Normalizers in Plasma and Urine

The expression levels of the 5 candidate endogenous nor-

malizers in 9 hypertensive urine samples were quantified

using qRT-PCR and compared to the expression data of the

5 candidate endogenous normalizers in the 18 hypertensive

Fig. 3 a Ranking of the candidate endogenous normalizers using

GenEx NormFinder. The expression stability of five candidate

endogenous normalizers was evaluated by the standard deviation

(SD) that was generated by GenEx NormFinder by ignoring the

grouping into hypertensive and healthy control groups. The lower the

SD, the more stable the candidate endogenous normalizer. b Optimum

number of endogenous normalizers required. The number of candi-

date endogenous normalizers that achieves the lowest accumulated

standard deviation (Acc.SD) is recommended by GenEx NormFinder

as the optimum number of normalizers required

Fig. 4 Ranking of the candidate endogenous normalizers using

GenEx GeNorm. The expression stability of five candidate endoge-

nous normalizers was evaluated by calculating the mean pairwise

variation (M value) between each candidate and all the other

candidates. Then, using step-wise approach, the software excludes

the least stable candidate (with the highest M value) and M values are

recalculated for the remaining candidates and so on till the most

stable pair of candidates is reached

Mol Biotechnol (2016) 58:179–187 183

123



plasma samples mentioned above. As shown in Fig. 5, all

candidate normalizers were more abundant in plasma than

urine, as indicated by the lower average Ct value in plasma

than urine in each respective candidate normalizer. Also,

hsa-miR-92a-3p has the most consistent expression between

plasma and urine, as indicated by the smallest difference in

the median Ct values between plasma and urine, when

comparing to the other tested candidate normalizers.

Quality Measure of Plasma Using RNU6-2

and SNORD7

The expression levels for both RNU6-2 and SNORD72

were relatively low (average Ct value [32), which indi-

cates that the plasma samples were essentially free from

cellular contamination [24].

Discussion

Circulating miRNAs are promising and minimally invasive

biomarkers. The qRT-PCR is the gold standard for miRNA

profiling. However, the validity of qRT-PCR analysis

depends on proper normalization for the individual exper-

imental conditions. In this study, we investigated 5 candi-

date endogenous normalizers to identify the best ones for

normalizing the qRT-PCR data of essential hypertension

studies in plasma.

The stability of the candidate endogenous normalizers

was analyzed using NormFinder, GeNorm, and DataAssist.

We applied NormFinder ‘‘requirements for validity of the

results’’ while determining the number of candidate

endogenous normalizers to be tested and the sample size

required. It required having a minimum of 3 candidate

normalizers and 2 samples per group and recommended

using 5–10 candidates and 8 samples or more per group.

In this study, the ranking of the different candidate

normalizers using NormFinder showed some differences as

compared to that by DataAssist and GeNorm (Table 3).

This was anticipated, due to the use of different approa-

ches. However, GeNorm and DataAssist showed the same

results, which was also anticipated because they use the

same approach (see the ‘‘Stability Analysis of qRT-PCR

Data’’ section of the ‘‘Materials and Methods’’ above). This

highlights the importance of using software programs that

are based on different approaches for better assessment of

candidate endogenous normalizers.

This study also showed that hsa-miR-92a-3p was ranked

the first with each of the three software programs used,

which qualifies it to be the best normalizer among the

tested candidates. On the other hand, hsa-miR-223-3p was

ranked the last with each of the three software programs,

which makes it the least stable normalizer, among the

tested candidates, under these experimental conditions

(essential hypertension studies using plasma for miRNA

profiling). For each candidate normalizer, the mean of the

rank reported by each of the 3 algorithms was calculated,

which revealed that both hsa-miR-21-5p and hsa-miR-16-

5p have the same comprehensive rank that is right after

hsa-miR-92a-3p. Thus, hsa-miR-92a-3p is considered the

single best EN and this as well as hsa-miR-21-5p and hsa-

miR-16-5p are considered the top three.

Many studies have investigated pre-selected candidates

to find suitable endogenous normalizers for the miRNA

qRT-PCR expression data for specific tissue/body fluid and

Fig. 5 Differential expression of the candidate endogenous normal-

izers between plasma and urine. The expression levels of five

candidate endogenous normalizers were compared between plasma of

hypertensive patients and urine of hypertensive patients using

‘‘Quantitative Real-Time Polymerase Chain Reaction, qRT-PCR’’

Table 3 Ranking of the five

measured candidate endogenous

normalizers according to

NormFinder, GenEx

NormFinder, GenEx GeNorm,

and DataAssist

Rank NormFinder GenEx NormFinder GeNorm/DataAssist Mean rank valuea

1 miR-92a miR-92a miR-92a/miR-16 miR-92a (1)

2 miR-21 miR-21 miR-21/miR-16 (2.67)

3 miR-16 miR-25 miR-25

4 miR-25 miR-16 miR-21 miR-25 (3.33)

5 miR-223 miR-223 miR-223 miR-223 (5)

a Mean rank value is the mean of the rank of the individual candidate endogenous normalizer according to

NormFinder, GenEx NormFinder, and GenEx GeNorm/DataAssist
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disease of interest. Davoren et al. examined the expression

of 5 candidate miRNAs (let-7a, miR10b, miR-16, miR-21,

and miR-26b) and 3 candidate small nucleolar RNAs

(RNU19, RNU48, and Z30) to determine the most suit-

able endogenous normalizer(s) for miRNA qRT-PCR

expression data in human breast cancer using breast cancer

tissue. The study showed that the combination of miR-16

and let-7a was the best [32]. Song et al. examined 6

miRNA candidates (let-7a, miR-16, miR-93, miR-103,

miR-192, and miR-451) and one small nucleolar RNA

candidate, RNU6B, for suitability as endogenous normal-

izers for miRNA qRT-PCR data in gastric cancer studies

using serum. miR-16 and miR-93 were shown to be the

best [33].

Besides the endogenous normalizer method, the ‘‘global

mean expression’’ is another commonly used method of

qRT-PCR data normalization. As the name indicates, this

method is based on using the mean expression level of all

the miRNAs that were detected in the sample for normal-

izing the data. It is suitable for studies in which a large

number of miRNAs are being analyzed, not those with a

limited number of miRNAs [34].

It is worth mentioning that there was variation in the

expression levels of the different candidate normalizers

between subjects within the hypertensive group as well as

the healthy control group. However, this is consistent with

the literature where others have shown similar, or even

larger, variation. For example, in the McDermott et al.’s

study, the best 2 endogenous normalizers (miR-16 and

miR-425) showed variation in the qRT-PCR Ct values

among the study groups. For miR-16, Ct range is

13.565–18.765 in the cancer group and 13.585–17.812 in

the control group. For miR-425, Ct range is 18.100–24.206

in the cancer group and 17.459–23.395 in the control group

[14]. Also, in Zhu et al.’s study, the most stable set of

normalizers (miR-26a, miR-221, and miR-22*) showed

variation in the qRT-PCR Ct values among the study

groups. For miR-26a, Ct range is approximately 24–33 in

the patient group and 24–31 in the control group. For miR-

221, Ct range is approximately 25–34 in the patient group

and 26–33 in the control group. For miR-22*, Ct range is

approximately 29–37 in the patient group and 29–36 in the

control group [35].

In order to check if any of the 5 candidate normalizers

will show consistent expression in other body fluids, the

expression levels of these candidates were compared

between plasma and urine. Hsa-miR-92a showed another

piece of evidence that it is the best endogenous normalizer

among the tested candidates by having the most consistent

expression between plasma and urine of hypertensive

patients. The fact that other body fluids like urine, cere-

brospinal fluid, and saliva have less miRNA than serum

and plasma can explain the observed difference in the

expression of all the candidates between plasma and urine.

To overcome the low level of circulating miRNAs in urine,

some studies recommend pre-amplification to be conducted

for urine samples in miRNA expression analysis studies

[36, 37]. NormFinder can be used not only to rank the

candidate normalizers according to the expression stability,

but also to determine the optimum number of endogenous

normalizers required. The GenEx NormFinder results from

this study showed that four (hsa-miR-92a-3p, hsa-miR-21-

5p, hsa-miR-16-5p, and hsa-miR-25-3p) is the optimal

number of endogenous normalizers that will provide the

best normalization under these experimental conditions.

However, using 4 endogenous normalizers may be time

and resource consuming. We recommend using the best 3

endogenous normalizers (hsa-miR-92a-3p, hsa-miR-21-5p,

and hsa-miR-16-5p) especially with the small difference in

the accumulated SD between the 3 endogenous normalizers

and the 4 endogenous normalizers.

To the best of our knowledge, this is the first study that

tries to identify suitable endogenous normalizers for qRT-

PCR analysis of plasma miRNA expression in hypertension

studies. Future studies with larger sample size and number

of candidate endogenous normalizers are recommended to

further validate our findings.

Conclusion

The findings from this study suggest that, among the tested

candidates, hsa-miR-92a-3p, hsa-miR-21-5p, and hsa-miR-

16-5p may be used for normalizing plasma miRNA qRT-

PCR expression data in essential hypertension studies.
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