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Abstract—Reverse Transcription quantitative Polymerase Chain Reaction (RT-qPCR) is a method of choice
for quantifying micro RNAs (miRNAs). Typically, RT-qPCR data are normalized to reference genes. While
miRNAs are used for diagnosing and subtyping breast cancer, various studies show their deregulation in this
condition, thus, undermining miRNAs’ utility as a reference. This review examines the expression pattern of
miR-16 and suggests normalization approaches for breast cancer. We analyzed the data from selected peer-
reviewed studies to calculate the standardized mean difference (SMD) with subsequent Chi-square testing
and identified the difference in miR-16 expression between breast cancer patients and healthy controls. With
a negative SMD value of ‒0.56 and Chi-square of 62.62 (p-value = 0.05), the deregulation of miR-16 in
breast cancer was confirmed. High variance in the stability value (SV) of miR-16 expression levels confirmed
its inappropriateness as a control gene in breast cancer. The combination of miR-16 and miR-425 was con-
firmed as an accurate endogenous control.
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INTRODUCTION
Over the past few years, breast cancer (BC) is

reported to be the second leading cause of death in
women among all types of cancer. The death rate of
breast cancer in women is significant, estimated at
about 1 in 38 (2.6%) [1]. The chance that a woman is
diagnosed with breast cancer is 1 in 8 (13%), while 1 in
39 women (3%) will die from this disease [2]. Even if
the overall percentage of women getting breast cancer
has not changed over the last decades, for African-
American, Asian and Pacific Islander women, the rate
has surged [3]. Improvement of the early diagnosis of
breast cancer may aid in planning the treatment.
miRNAs levels may be employed as biomarkers for the
early diagnosis of breast cancer.

The history of microRNA (miRNA) began when it
was first discovered as part of a group of regulatory
genes in Caenorhabditis elegans in 1993 by Ambros and
Ruvkun groups [4]. Years later, studies of miRNA went
into blossom. From the DNA sequences in the
nucleus, primary miRNAs are transcribed and then

processed into precursor miRNAs and mature miRNAs.
The mature versions of miRNAs are short, non-cod-
ing, and single-stranded RNA sequences, usually 19–
23 nucleotides in length. To perform the regulatory
function, they incorporate into the effector complex,
RNA-induced silencing complex (RISC) [5]. By bind-
ing to the 3′ untranslated region of certain mRNAs, the
complex consequently causes either mRNA degrada-
tion or translational inhibition. One miRNA can lead
to the silencing of hundreds of genes. Thereby, as a
class of molecules, miRNAs regulate cellular prolifer-
ation, differentiation, apoptosis, and glucose, choles-
terol, and iron homeostasis [4].

As miRNAs play an important role in the normal
development of animals, abnormal expression of
miRNAs provides a window into pathophysiology of
many human diseases, including cancer [6]. Most
examined tumors have shown the unusual miRNAs
profiles compared to healthy people, which suggests
that miRNAs could be used as biomarkers for cancer
diagnosis, prognosis, and therapy [6]. One of the ear-
liest discoveries of miRNAs in relation to cancer is the
loss of miR-15a/16-1 gene observed in B-cell chronic
leukemia [6].

Abbreviations: miRNAs, microRNAs; BC, breast cancer; Cq,
quantitative cycle; RT-qPCR, reverse transcription quantitative
polymerase chain reaction; SMD, standard mean difference; I2,
inter-study heterogeneity; SV, stability value.
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The utility of miRNAs in studying cancer and cer-
tainly breast cancer depends on reliable quantifying of
their expressions. Methods to detect the expression of
miRNAs include Northern blot [7], bead-based f low-
cytometry [8], and microarray technology [9]. Reverse
transcription quantitative PCR (RT-qPCR) has been
the first choice and used most commonly in miRNAs
quantification because of its high sensitivity, wide
dynamic range, and low template requirements [10].

Regardless of the technique employed, data nor-
malization is a key for obtaining an accurate and reli-
able quantification of gene expression levels [11]. Vari-
ations including differences in initial sample amount,
RNA recovery, RNA integrity, and efficiency of
cDNA synthesis are likely to be generated through the
multi-step process of qRT-PCR [11]. Internal refer-
ence genes is among the most preferred normalization
approaches [12, 13]. These target sequences should
experience the same variations during the quantifica-
tion process. Hence, the success of the whole quanti-
fication assay is highly dependent on the choice of the
appropriate control gene [11].

miR-16 is widely used as a reference gene in cancer
studies, including breast cancer. It has also being dis-
turbed in various types of cancers. In miR-16, a 9-nucle-
otide seed region targets the 3'UTR of various genes,
including the anti-apoptotic protein BCL2. Further-
more, genes included in the G1-S checkpoint such as
CCND1 (cyclin D1), CCND3 (cyclin D3), CCNE1
(cyclin E1), and CDK6 (cyclin-dependent kinase 6)
[14, 15]; and in the Wnt signaling pathway, such as
WNT3A (wingless-type MMTV integration site fam-
ily, member 3A) [15] are also miR-16’s targets. There-
fore, miR-16 regulates the cell cycle, elevates cells
apoptosis, and suppresses tumorigenicity [16]. While
various studies have demonstrated the highly stable
expression of miR-16 in human miRNAs profile
across a wide range of cancers types as well as sample
sources, which emphasizes their role as reference
miRNA, miR-16 has also been used as a biomarker in
detecting various human cancers. Therefore, a contro-
versy exists, and has to be sorted out.

In this review, we will discuss in detail the expres-
sion profile of miR-16 in breast cancer, evaluate its
suitability as an internal control gene and further sug-
gest a potential normalization approach using refer-
ence genes.

EXPERIMENTAL

Publication search. Relevant studies, published up
to 2020, were identified in PubMed, Embase, and Sci-
enceDirect databases. The article searching was per-
formed using the following keywords: “microRNA 16”
OR “miRNA-16” OR “mir-16” OR “mir16” AND
“expression” OR “reference gene” OR “control gene”
OR “internal control” OR “housekeeping” OR
“deregulation” OR “biomarker” AND “breast can-
cer” OR “breast neoplasm.” The last search was per-
formed on 11 April 2020.

Inclusion and exclusion criteria. The following cri-
teria are required for studies to be included in this
meta-analysis: (1) evaluation of miR-16 expression in
breast cancer; (2) a case-control design; (3) written in
English; (4) availability of sample size (AND) Cq
value (OR) stability value. Studies were excluded when
they are: (1) review articles, meta-analysis, abstracts
or conference papers; (2) duplicate publications;
(3) studies on animals; (4) studies without a case-con-
trol design; BIOCROSS score is smaller than 7.

Data extraction. Data were extracted from each eli-
gible study and manually checked. Then, items were
recorded for each eligible study: the first author, pub-
lication year, country, ethnicity, sample size and mean
age of subjects in the case and the control groups, type
of cancer, source of controls, Cq value or stability
counts in the case and the control groups.

Quality assessment. The review question checklist
of BIOCROSS was applied to evaluate the quality of
each study involved in this meta-analysis. BIOCROSS
is the method of choice to examine the quality of bio-
marker cross-sectional studies [17]. As our analysis
also contained the studies of endogenous control, we
only obtained the first seven items in the list, which
could be applied for all kinds of cross-sectional analy-
ses. Three “Issues to consider” (IC) are provided, if
they all are, the study will have a score of “2.” If one or
two issues are missing, a reduced score of “1” should
be awarded. Not mentioning any of the issues should
lead to a score of “0”. Thus, the highest score is 14.

Statistical analysis. The expressions of miR-16 in
terms of Cq value, SD, and sample size were obtained
and used to determine the differences between patients
with (cases), and without (controls) breast cancer. An
inverse-variance random-effects model was applied to
determine the standardized mean difference (SMD),
Chi-square test and Inter-study heterogeneity via the
I2 index. All statistical analyses were performed using
RevMan v5.3 software: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014, and normal excel
software.

RESULTS AND DISCUSSION
Study Characteristics

Eligible studies were selected after a process of
searching and screening, which is illustrated in Fig. 1.
Throughout various sources of data, a total of 350 articles
were found by reading titles and abstracts. 296 articles
then were excluded as they did not meet the criteria, in
which 121 articles were duplicates, 65 articles were
abstracts, 2 articles were meta-analysis, 31 were review
articles, 9 articles were related to other diseases, 47 articles
were related to other miRNAs, and 21 more articles
were not conducted in a case-control design. Remain-
ing 54 articles were examined in detail, with 35 more
MOLECULAR BIOLOGY  Vol. 55  No. 6  2021
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Fig. 1. Flowchart of the identification of eligible studies for meta-analysis of miR-16 expression in breast cancer. 350 articles were
initially obtained through databases and other sources searching. 331 articles were then excluded during the process of screening
with various criteria, finally giving a number of 19 articles that were included in the meta-analysis.
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• Others miR (47)
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Full-text articles assessed
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• Not sufficient data (35)
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in the meta-analysis (n = 19)

BIOCROSS score excluded (n = 0)

• Smallerthan 7 (0)

• 8 articles about aberrant expression
of miR-16 in breast cancer

• 8 articles used miR-16 as reference
gene

• 7 articles suggest potential
reference approaches
articles excluded since they did not provide sufficient
data. Finally, a total of 19 eligible articles remained for
final analysis [14, 15, 18‒34].

miR-16 as Reference Gene in Breast Cancer Studies

miR-16 was recommended as a suitable reference
gene in various breast cancer studies as it stably
expressed and showed no difference between cancer
and control groups [14]. A total of 8 studies examined
in this review had employed miR-16 in this manner
(Table 1).

Davoren et al. [14] in 2008 identified miR-16 as the
single most stably expressed miRNA, with a GeNorm
M-value of 1.191. miR-16 was also selected in the top
15 most stably expressed miRNAs across 40 normal
human tissue types [14]. Moreover, the expression of
miR-16 indicated no difference between the primary
site and metastatic one [23]. It was reported that the
expression and reproducibility of miR-16 were stable
across 226 peripheral blood samples [19]. In 2013
McDermott et al. [15] compared miR-16 as endoge-
MOLECULAR BIOLOGY  Vol. 55  No. 6  2021
nous control to other candidates, including U6, a
common endogenous control in breast cancer. The
result has shown significant f luctuation in the expres-
sion levels of U6 while the expression of miR-16 was
relatively stable. Most serum miRNAs were unstable
after repeated freezing and thawing; yet, the levels of
miR-16 were not affected [21]. In another study [22],
four commonly-used controls (miR-16, miR-223,
let-7a, and RNU6B) were tested for their expression
levels in breast specimens. While let-7a and RNU6B
failed to pass the criterion, miR-16 displayed an abun-
dant expression and high stability.

Six studies reported the stability values (SV) of
miR-16 using the same NormFinder software, which
provides a direct measure for evaluating the systematic
error introduced when using the gene for normaliza-
tion. This software takes into account intra- and inter-
group variations and calculates the stability value for
the best combination of two genes. The lower SV indi-
cates the more stable expression pattern of reference
genes. Although these studies all indicated a small SV
for miR-16, it is necessary to examine how the data
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Table 1. Main characteristics of studies evaluating MIR16 as reference gene in breast cancer

Study 

ID
Country Ethnicity

Sample 

size
Mean age Cancer 

type
Control

miR-16 

expression

Spe-

cimen

Biocross 

score
case CT case CT

[14] Ireland Caucasian 31 5 NA
Breast 

cancer
Healthy tissue No difference Tissue 6

[15] Ireland Caucasian 50 30 56.17 49.65
Breast 

cancer
Healthy people No difference Blood 9

[19] Ireland Caucasian 83 63 55.1 52.1
Breast 

cancer
Healthy people No difference Blood 9

[20] American

Caucasian, 

African- 

American

13 8 NA
Breast 

cancer
Healthy people No difference Blood 6

[21] China Asian 30 20 56 53
Breast 

cancer
Healthy people No difference Serum 8

[22] China Asian 21 30 41 55
Breast 

cancer
Healthy people No difference Blood 9

[23] Austria Caucasian 16 41 Age-matched Metastases Primary site No difference Tissue 6

[24] America Caucasian 10 12 Age-matched
Breast 

cancer

Cancer-free 

people
No difference Plasma 6
vary. From the included six studies, we built a graph to

show the mean and standard deviation of miR-16’s SV

(Fig. 2). It is clear that the data obtained varied with

the standard deviation of 0.479, which is 71% of the

mean (0.6776). In each study, miR-16 has demon-

strated a stable expression; yet, when we compared

between different studies, high variation was observed.
Fig. 2. SV of miR-16 from included studies with calculation of th
and the standard deviation of SV were calculated and displayed a
standard deviation of “across all studies” (0.6776 ± 0.479).
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miR-16 Is Deregulated in Breast Cancer Studies

Aberrant expression of miR-16 was evident in
many studies of numerous types of cancers as well as
non-aligmant diseases. Breast cancer is among the
most reported cancer with dysregulated miR-16. The
following eight studies displayed this cancer-related
expression pattern of miR-16 (Table 2).
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e mean and SD. SV data were obtained from 6 studies. The mean
s a number above each bar. “Total” bar depicts the mean and the

1.28

0.654

0.24

0.6776

[23] [31] [34] Total

Studies
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Table 2. Main characteristics of studies evaluating the deregulation of MIR16 in breast cancer

Study 

ID
Country Ethnicity

Sample 

size
Mean age Cancer 

type
Control

miR-16 

expression

Spe-

cimen

Biocross 

score
case CT case CT

[18] Germany Caucasian 111 39 63 59
Breast 

cancer

Healthy 

People
Up-regulated Plasma 10

[25] Pakistan Asian 90 14 43 NA
Breast 

cancer

Healthy 

People
Up-regulated Blood 11

[26] China Asian 67 95 55.7 55.1 TNBC Non-TNBC
Down-regu-

lated
Plasma 10

[27] China Asian 260 170 59 58
Breast 

cancer

Healthy 

People
Up-regulated Tissue 11

[28] China Asian NA NA NA NA
Breast 

cancer

Healthy 

People
Up-regulated Blood 6

[29] American Caucasian 29 15 46 53.26
Breast 

cancer

Healthy 

People
Up-regulated Serum 10

[30] Germany Caucasian 111 46 56 63
Breast 

cancer

Healthy 

People
Up-regulated Plasma 11

[31] China Asian 84 96
54.00 + 

10.30

51.04 + 

12.80

Breast 

cancer

Healthy 

people
Up-regulated Plasma 12
In a nutshell, miR-16 was significantly up-regu-

lated in breast cancer patients in comparison to
healthy people. There were higher levels of exosomal
miR-16 in estrogen receptor (ER) and progesterone
receptor (PR) positive BC patients as compared to

ER‒, PR‒ and triple-negative BC patients [18]. The

high expression of miR-16 in breast cancer patients
was affected by stages of the disease as ones suffering
from stage III invasive intraductal carcinoma show a
significant up-leveled pattern [25]. This microRNA
was showed to be significantly increased in lymph
node-negative patients while decreased to normal lev-
els when lymph node metastases occur. Unlike other
tested miRNAs, the increased levels of miR-16 were
not affected by chemotherapy in plasma of the BC
patients [30]. One study carried out on 30 plasma sam-
ples suggested that their expressions are non-gender

specific [27]. Interestingly, Appaiah et al. [29] in 2011
showed a significant upregulation of miR-16 in the
serum of disease-free patients, who previously were
diagnosed with breast cancer, when compared with
healthy subjects. The elevated level of miR-16 was also
observed in patients with active metastatic process
[29]. Furthermore, the deregulation of miR-16 in a
triple-negative breast cancer (TNBC) was shown. The
result confirmed the low level of miR-16 associated
with tumor load, which may potentially be used as a

diagnostic marker for TNBC. Also, in post-surgery
patients’ plasma, the level of miR-16 was significantly
restored [26].
MOLECULAR BIOLOGY  Vol. 55  No. 6  2021
Aberrant expression patterns of miR-16 were
reported in breast cancer. An inverse-variance ran-
dom-effects model was applied (using Cq value, SD,
and sample size) to investigate the SMD value and
chi-square test. The SMD is sometimes used inter-
changeably with the term “effect size.” Generally, the
comparator is a placebo or an alternative active treat-
ment. An SMD of zero means that the new treatment
and the placebo have equivalent effects. If improve-
ment is associated with higher scores on the outcome
measure, SMDs greater than zero indicate the degree
to which treatment is more efficacious than placebo,
and SMDs less than zero indicates the degree to which
treatment is less efficacious than placebo [35]. Addi-
tionally, the chi-square test was used to examine the
difference between classes in population. If the
observed chi-square test statistic is greater than the
critical value, the null hypothesis will be rejected,
which means there is a difference between the investi-
gated groups.

With the SMD result of –0.52 [–1.25, 0.22], it
indicated that there was a significant difference in the
expression of miR-16 between breast cancer patient
samples and healthy control samples. In terms of the
Chi-square test, the obtained F-value is 62.62, which
was larger than the F critical value of 12.59 (degrees of
freedom = 6, p-value= 0.05), and the p-value was
smaller than 0.00001 (Table 3). This confirmed that
there was a statically significant difference in miR-16
expression between breast cancer patients and healthy
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Table 3. Result of SMD value and Chi-square test for
involved studies

No. Study Weight, % SMD (95% CI)

1  [16] 15.4 –0.14 [–0.59, 0.32]

2  [18] 15.7 –0.53 [–0.90, –0.18]

3  [20] 13.2 0.16 [–0.72, 1.05]

4  [22] 14.9 0.33 [–0.23, 0.90]

5  [24] 13.5 –0.09 [–0.93, 0.75]

6  [25] 12.7 –3.92 [–4.90, –2.94]

7  [29] 14.5 0.15 [–0.45, 0.79]
people. It supports the idea that miR-16 deregulated in
breast cancers and could not be used as an internal
control gene for this type of cancer.

Potential Endogenous Control Approaches

Apart from its deregulation in breast cancer, there
was other evidence suggesting that miR-16 is unsuit-
able to be a normalizer. Erythrocytes are the plentiful
source of miR-16. Errors made in course of extraction
easily lead to hemolysis, which sends miR-16 levels in
plasma into artificial increase [36]. McDonald et al.
[37] reported that the level of circulating endogenous
miR-16 was higher in plasma samples than in serum
samples due to hemolysis, increasing in Cq of 1–2
(i.e., a 2- to 4-fold increase in copy number). The
result emphasized that the errors in normalization are
likely to occur if endogenous miR-16 used as an inter-
nal control. Thereby, this miRNA may not be an ideal
Table 4. Main characteristics of studies evaluating different m

Study 

ID
Country

Ethni-

city

Sample 

size
Mean age

Can

case CT case CT

[14] Ireland
Cau-

casian
31 5 NA

Brea

canc

[15] Ireland
Cau-

casian
50 30 56.17 49.65

Brea

canc

[30]
Ger-

many

Cau-

casian
111 46 56 63

Brea

canc

[31] China Asian 84 96
54.00 + 

10.30

51.04 + 

12.80

Brea

canc

[32]
Ameri-

can

Cau-

casian
87 35 NA

Brea

canc

[33]
Ger-

many

Cau-

casian
16 16 NA

Prim

BC

[34] China Asian 25 20 52 50.5
Brea

canc
internal control without being strictly monitored for
hemolysis [34].

Shen J. et al. [32] examined the efficiency of five
microRNAs (miR-93, miR-103, miR-191, miR-423-3p,
and miR-425) as candidate reference microRNAs for
normalization. It turned out that miR-93 was the most
stably expressed, thus was chosen as reference
microRNA. Early Stückrath et al. [30] showed that
miR-16 expressed aberrantly and chose miR-1207 as a
reference to normalize the RT-qPCR data. This is
because this miR had a constant expression with no
difference between all testing cohorts as well as the
smallest coefficient variation of the populations [30].
Nevertheless, these miRNAs were shown in other
studies to be deregulated [18, 38]. Thus, choosing a
housekeeping gene, which could be ideal, is hard to
achieve.

More accurate approach for normalizing RT-qPCR
data is needed. Use of combined reference genes was
proposed to improve the accuracy of the assay (Table 4).
In 2013 McDermott et al. [15] presented that the com-
bination of 2 miRNAs, (miR-16 and miR-425) as
endogenous control generated more precise and reli-
able results than any methods using miRNA alone or
U6. This approach combined was able to detect the
deregulation pattern of target miRNA expression dif-
ferentiated between cancers and controls in human
blood specimens [16]. MiR-16 continued to be used in
combination with other miRNAs as, for example, in
the study by Davoren et al. [14] who, based on the
results of NormFinder, indicated let-7a and miR-16 as
the most stable pair of endogenous controls.

Raychaudhuri et al. [33] explored potential refer-
ence genes in various samples of primary breast cancer
MOLECULAR BIOLOGY  Vol. 55  No. 6  2021

ethods for endogenous control in breast cancer

cer Control
Reference 

miRNA

Stabi-

lity
Specimen

Biocross 

score

st 

er

Healthy 

People

miR-16 + 

let-7a
0.221 Tissue 6

st 

er

Healthy 

people

miR-16 + 

miR-425
0.184 Blood 9

st 

er

Healthy 

People
miR-1207 NA Plasma 11

st 

er

Healthy 

People

miR-484 + 

miR-191
0.305 Plasma 12

st 

er

Healthy 

people
miR-93 NA

Plasma, 

urine, tissue
11

ary Lympnode 

metastases

U48 +

let-7a
0.21 Tissue 10

st 

er

Healthy 

People

miR-103a + 

miR-132
0.44 Serum 11
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Fig. 3. Comparison of SV between miR-16 and combined control genes strategy. The stability in expression of miR-16 was com-
pared with those of combined control genes in terms of SV. The higher SV of miR-16 confirmed its lower stability to the combined
strategy.
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and lymph node metastases and demonstrated that,
across the use of miR-16, let-7a, U48, U44 alone, and
combined use of various miRNA pairs, the combina-
tion of U48 and let-7a had the lowest SV of 0.21. As
Hu Z. et al. [31] show, the combination of miRNA-484
and miRNA-191 was the best choice as an endogenous
control for serum miRNA detection, at least for most
common cancers. In another study, the combination of
miR-103a and miR-132 had the highest stability [34].

The comparison between miR-16 and the new
combined control genes was performed by investigat-
ing the SV (Fig. 3). Combining miR-16 with other
control genes helped decreasing the SV. For example,
SV of miR-16 and miR-425 calculated by Davoren
et al. [14] was 0.185, or 85% lower than that for using
miR-16 only. The combination of miR-16 and let-7a
also reduced the SV to 0.221, or 42% lower than for
miR-16 alone [15]. Other studies employed other
miRNA combinations, including U48 and let-7a,
miR-484 and miR-191, as well as miR-103a and miR-
132 [31, 33]. In all cases, obtained SV were lower than
for miR-16 alone.

Sources of Heterogeneity

The heterogeneity test was described in terms of I2

statistic, which quantifies the amount of dispersion
and illustrates to what extent the results of studies are

consistent (range from 0 to 100%). The range of I2 is
independent of effect size and unaffected by the num-

ber of studies in the meta-analysis. I2 statistic describes
MOLECULAR BIOLOGY  Vol. 55  No. 6  2021
the percentage of the variability in effect estimation,
which is due to heterogeneity rather than sampling
error [39]. A low p-value provides evidence of hetero-

geneity of intervention effects. The higher I2 is, the
more heterogeneity the analysis gets. Regarding to

Table 3, a high I2 value (90%) illustrated a significant
heterogeneity in the meta-analysis.

The studies included in this review varied in many
aspects. The first reason could be due to differences of
the techniques employed to measure miR-16 expres-
sion. Most studies used plasma/serum samples, but
the others extracted miRNAs from tissue samples. The
stages of breast cancer could also be a source of hetero-
geneity. The samples were obtained in different stages
of breast cancer, which have been stated to have differ-
ent miRNA profiles. Most studies lack information
about the follow-up time, and a history of previous
treatments. The outcomes of these studies were
demonstrated in various ways. Some reported the Ct
and SD values but other studies use fold change or
illustrate their findings in term of quartile range,
which can lead to the difficulty in calculating the Ct
for meta-analysis.

CONCLUSIONS

This study provides an overall view of the expres-
sion pattern of miR-16 and clarifies its ability as an
endogenous control in breast cancer. Although various
studies have used miR-16 to normalize their RT-
qPCR data, it showed deregulation in breast cancer as
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well as its subtypes. Moreover, as miR-16 is likely to be
released from erythrocytes via hemolysis, its levels in
the plasma may be prone to artificial elevation during
the extraction. Combining miRNAs into panels may
help, for example, use of the combination of miR-16
and miR-425 as in the study of McDermott A.M. et al.
[15]. The accuracy of this combined endogenous con-
trol has been proven by other subsequent studies.
While finding an ideal housekeeping gene for internal
control may not be possible, this strategy allows
improvement in the accuracy of the RT-qPCR assays
for the diagnosis of breast cancer.
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