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for cancer: A systematic review and meta-analysis
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Abstract. An increasing number of studies have proven that
microRNAs play an important role in the occurrence, devel-
opment and prognosis of various types of cancer. As a vital
gene cluster, the microRNA (miR)-23a/24-2/27a cluster may
be an important marker for predicting cancer prognosis and
tumor progression. A search was conducted through PubMed,
Medline and the Cochrane Library to identify studies investi-
gating the association between the miR-23a/24-2/27a cluster
and cancer, and the identified related studies were included
in the present meta-analysis. The strength of the association
was assessed by hazard ratio (HR) and its 95% confidence
interval (95% CI). A total of 21 studies were included in
this meta-analysis. The results indicated that a high level of
miR-23a exerted a significant effect on overall survival (OS)
(HR=2.33,95% CI: 1.18-4.58; P=0.014), but not on disease-free
survival (DFS)/recurrence-free survival (RFS) (HR=1.13,95%
CI: 0.37-3.44; P=0.836). There was an obvious statistically
significant association between OS and the expression of
miR-24 (HR=2.49, 95% CI: 1.84-3.37; P=0.000), particularly
in the digestive system (pooled HR=2.99, 95% CI: 2.17-4.13,
P=0.000). In addition, the result suggested a statistically
significant association between the expression of miR-27a and
OS (pooled HR=1.89, 95% CI: 1.32-2.69; P=0.001), as well as
DFS/RFS/progression-free survival (HR=2.19, 95% CI:
1.29-3.70; P=0.003), particularly in renal cell carcinoma
(HR=2.30, 95% CI: 1.16-4.67; P=0.017). A subgroup analysis
by ethnicity, cancer type and statistical methodology was
performed. There was no obvious publication bias. In conclu-
sion, the present study demonstrated that the miR-23a/24-2/27a
cluster may be a useful marker for predicting cancer prognosis
and tumor progression.
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Introduction

MicroRNAs (miRNAs, miRs) are ~22-nucleotide long,
single-stranded non-coding RNA molecules (1). They were
first discovered in the nematode Caenorhabditis elegans with
the identification of the developmental regulator lin-4 (2).
Thus far, there are ~2,588 annotated miRNAs found in the
human genome (3). With advances in research, it has been
demonstrated that miRNAs may play an important role in
various diseases. An increasing number of miRNAs were
proven to participate in crucial biological processes, such as
cell proliferation, migration, invasion and apoptosis (4-7),
which may enable use of the miRNA family in the diagnosis
and treatment of disease, due to the extensive alterations in
miRNA expression in different diseases.

miR-23a/24-2/27a encodes a ~2,159-nt pri-miRNA
transcript, which is located in chromosome 19p13.12 as
an intergenic miRNA cluster (8). The profiling analysis
suggested that the miR-23a/24-2/27a cluster was significantly
upregulated in hepatocellular carcinoma (HCC) (9), pancreatic
adenocarcinoma (10) and breast cancer (11). There are several
studies on the association of the miR-23a/24-2/27a cluster
with various types of cancer. Thus, the present systematic
review and meta-analysis were designed to confirm whether
miR-23a/24-2/27a may serve as a diagnostic marker for cancer.

Data collection methods

Literature search. Two of the authors (Jing Quan and Suyue Liu)
independently conducted a search through PubMed, Medline and
the Cochrane Library to identify studies on miR-23a/24-2/27a
and cancer. The databases were searched from inception to
September 26, 2016. In order to distinguish between miR-24-1
(also referred to as miR-189 and miR-24-1") and miR-24-2 (also
referred to as miR-24 precursor-19 and miR-24-2%*), the miRBase
was searched. The following search terms were used: (miR-23a
or microRNA-23a or has-miR-23a or miR-24 or microRNA-24
or has-miR-24 or miR-27a or microRNA-27a or has-miR-27a)
and (cancer or neoplasm or carcinoma or tumor).

Inclusion and exclusion criteria. All the studies met the
following criteria: i) They were studies on miR-23a or miR-24
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or miR-27a expression in cancer patients; ii) they used tissue
samples obtained from surgically resected tumors and neigh-
boring non-cancerous or normal tissues for comparison; iii) the
expression of miR-23a or miR-24 or miR-27a was measured
by quantitative polymerase chain reaction (QPCR) or reverse
transcription qPCR (RT-qPCR) analysis; iv) the association
between the expression level and survival outcome was clearly
demonstrated.

The exclusion criteria were as follows: i) Duplicated
studies; ii) studies without a control group; iii) insufficient
data; iv) meetings, reviews and meta-analysis articles on
animal and cell studies.

Data extraction and quality assessment. Two independent
authors (Jing Quan and Kangfu Dai) extracted the following
information from the studies: First author, publication year,
country, type of miRNA, type of cancer, role of the gene,
validation sample, number of the cases, survival analysis,
hazard ratio (HR), months of follow-up and quality scores. The
Newcastle-Ottawa Scale (NOS) was used to assess the quality
of the selected studies (a score of >5 was considered as high

quality).

Statistical analysis. The HR and associated 95% confidence
interval (CI) for each study was used to estimate the survival
outcome of cancer associated with miR-23a or miR-24
or miR-27a expression. Heterogeneity of combined HRs
was assessed by Cochran's Q test and Higgin's I? statistic.
Heterogeneity was considered statistically significant when
P<0.05 or I*>>50%. In order to evaluate the association between
miR-23a or miR-24 or miR-27a expression and survival rate,
a fixed-effects or random-effects model was used to calculate
the pooled HR. A fixed-effects model (Mantel-Haenszel test)
was applied in the absence of between-study heterogeneity
(P=0.05 or I’<50%), while the random-effects model (Der
Simonian and Laird method) was applied if significant hetero-
geneity was observed (P<0.05 or I*>50%). Stata 14.0 software
(StataCorp, College Station, TX, USA) was used to analyze the
data from the studies and construct the forest plot. The poten-
tial publication bias among the included studies was assessed
by Begg's funnel plot and Egger's bias indicator test. P<0.05
in all the two-sided statistical tests was considered to indicate
statistically significant differences.

Results

Basic information from the included studies. A search
through PubMed, Medline and the Cochrane Library identi-
fied 572 potentially relevant studies. A total of 79 full-text
articles were selected for detailed evaluation following exclu-
sion of studies that were not in English, not human, unrelated
to cancer, letters, case reports or review articles, unrelated
to miR-23a/24-2/27a cluster, or unrelated to survival or
prognosis. Further selection depended on relevance to
overall survival (OS), recurrence-free survival (RFS),
progression-free survival (PFS), cancer-specific survival, key
survival data and survival data on miR-23a/24-2/27a, without
any other miRNAs. Finally, 21 studies were included in the
analysis. The flow chart of the study selection process is
shown in Fig. 1.
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The 21 studies included in this meta-analysis included 8
studies on miR-23a, 6 on miR-24 and 8 on miR-27a (12-32).
A total of 1,974 cases were included, including diffuse large
B-cell lymphoma, laryngeal cancer, non-small-cell lung cancer
(NSCLCQ), prostate cancer, hepatocellular carcinoma (HCC),
colorectal cancer and renal cell carcinoma (RCC). The NOS
score was used by two independent authors to determine study
quality, and the scores of all the studies were >5. The basic
information from the 21 studies is summarized in Table I.

Association of OS with the expression of miR-23a. In order
to elucidate the association between OS and the expression
of miR-23a, a survival analysis was performed. As shown in
Fig. 2A, a random-effects analysis was used to calculate the
pooled HR and its 95% CI due to the relatively high hetero-
geneity in 7 cohorts (I1°=86.1%, P=0.000). However, the result
indicated that there was a statistically significant association
between OS and the expression of miR-23a (pooled HR=2.33,
95% CI: 1.18-4.58; P=0.014).

To further elucidate this association, a stratified analysis
was performed (Table II). In the subgroup analysis by cancer
type, the result predicted that a high expression level of
miR-23a was associated with poorer OS in digestive system
cancers (pooled HR=2.69, 95% CI: 1.57-4.63; P=0.034) by a
random-effects model (I°=53.6%, P=0.142). However, it failed
to predict OS in respiratory system cancers (pooled HR=2.03,
95% CI: 0.38-10.80; P=0.408) by a random-effects model
(I*’=95%, P=0.000). In the subgroup analysis by statistical
methodology, there was a statistically significant association
between OS and the expression of miR-23a in the multivariate
analysis (pooled HR=2.33, 95% CI: 1.18-4.58; P=0.014) by
a random-effects model (I’=86.1%, P=0.000), while there
was no statistically significant association between OS and
the expression of miR-23a in the univariate analysis (pooled
HR=1.58, 95% CI: 0.08-30.81; P=0.76) by a random-effects
model (I’°=95.7%, P=0.000). When stratified by dominant
ethnicity, a significant association was observed in Asians
(random-effects model; pooled HR=2.33, 95% CI: 1.18-4.58;
P=0.014).

Association of OS with the expression of miR-24. A survival
analysis was performed to elucidate the association between
OS and the expression of miR-24. As shown in Fig. 2B, a
fixed-effects analysis was used to calculate the pooled HR and
its 95% CI in 5 cohorts (I’=18.4%, P=0.298). The result indi-
cated that the dysregulation of miR-24 in various cancers may
predict a poorer OS (pooled HR=2.49,95% CI: 1.84-3.37). The
association was statistically significant (P=0.000).

As shown in Table II, further stratified analysis by detected
samples suggested that a poorer OS was associated with high
expression level of miR-24 in tissues (fixed-effects model,
pooled HR=2.74, 95% CI: 2.02-3.73; P=0.000) as well as in
the blood (fixed-effects model, pooled HR=2.05, 95% CI:
1.22-3.45; P=0.000) sample. An obvious statistically signifi-
cant association was observed between OS and the expression
of miR-24 in digestive system cancers (pooled HR=2.99, 95%
CI: 2.17-4.13; P=0.000) by a fixed-effects model (I?=0.0%,
P=0.394). In the subgroup analysis of dominant ethnicity, a
significant association was observed in Asians (fixed-effects
model, pooled HR=2.99, 95% CI: 2.17-4.13; P=0.000) as well



MOLECULAR AND CLINICAL ONCOLOGY 8: 159-169, 2018 161

Potential relevant citations

| _identified bv search terms: N=573

Full-text article retrieved for detailed

Excluded by title and abstract screening due to:
Not English language articles

Not a human study

1 Unrelated to cancer

Letters, case report or review articles

Unrelated to miR-23a/24/27a cluster

Unrelated to survival or prognosis

evaluation: N=79

Excluded following items by full-text
Irrelevance to OS, DFS, PFS,CSS or RFS (N=24)
Lack of key survival data (N=8)

Survival data dependent on miR23a/24/27a and
other miRs (N=20)

The comparsion between genotypes (N=6)

21 articles included in this analysis

Figure 1. Flow diagram of the identification and selection of studies. OS, overall survival; DFS, disease-free survival; PES, progression-free survival; CSS,

cancer-specific survival; RFS, recurrence-free survival.
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Figure 2. Forest plots on the association of overall survival with (A) miR-23a, (B) miR-24 and (C) miR-27a. miR, microRNA; HR, hazard ratio; CI, confidence

interval.

as Caucasians (fixed-effects model, pooled HR=1.81, 95% CI:
1.13-2.88; P=0.013).

Association of OS with the expression of miR-27a. A total of
5 studies evaluated OS and miR-27a. Due to the relatively low
significant heterogeneity, a fixed-effects model was used to
calculate the pooled HR and its 95% CI (I1’=37.3%, P=0.173).
The result suggested that the association between OS and the
expression of miR-27a was statistically significant (pooled
HR=1.89, 95% CI: 1.32-2.69; P=0.001; Fig. 2C).

Subgroup analyses failed to demonstrate a significant
association between poorer OS and high level of miR-27a
expression in the tissue subgroup (pooled HR=1.50, 95% CI:
0.79-2.69, P=0.214) by a random-effects model (I*=37.3%,
P=0.173), but revealed that a high level of miR-27a in the blood
was a significant predictor of poor OS (pooled HR=2.09, 95%
CI: 1.36-3.22; P=0.001) by a fixed-effects model (I>=0.0%,
P=0.792). In addition, there was an obvious statistically signif-
icant association between OS and the expression of miR-24 in
osteosarcoma (fixed-effects model, pooled HR=2.37, 95% CI:
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Table I. Continued.

Hazard ratios Follow-up

Sample  Survival

Validation

Cancer

NOS  (Refs.)

(months)

(95% CI)

analysis

size

sample

Gene role

type

Year Country miR type

First author

7 (22)

120

1.21 (0.57-2.60)!
2.33 (1.07-5.47)Y
271 (1.23-6.42)M
2.17 (1.303.62)M
139 (0.464.22)M

183 CSS, PFS

Tissue

Oncogene

ccRCC

Japan miR-27a

2015

Nakata

8 (29)

100

OS, DFS

166

Oncogene Serum

Osteosarcoma

miR-27a

China

2015

Tang

8 27

34

0.59 (0.20-1.77)M

(ON)

35

Tissue

Anti-

Glioblastoma
multiforme

Puerto miR-27a
Rico
RCC

2015

Rivera-Daz

oncogene
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7 24)

36

0.91 (0.14-5.96)1
1.61 (0.47-5.44)1

133 OS, RFS

Tissue

Oncogene

miR-27a

China

2015

Peng

HCC, hepatocellular carcinoma; NSCLC, non-small-cell lung cancer; RCC, renal cell carcinoma; AL, acute leukemia; ALL, acute lymphatic leukemia; ccRCC, clearcell renal cell carcinoma; OS, overall

survival; RFS, recurrence-free survival; PFS, progressionfree survival; CSS, cancer-specific survival; M, multivariate analysis; U, univariate analysis; NOS, Newcastle-Ottawa Scale; CI, confidence

interval.

1.52-3.68; P=0.000). In the subgroup analysis by dominant
ethnicity, a significant association was observed in Asians
(fixed-effects model, pooled HR=2.01, 95% CI: 1.32-3.05;
P=0.001), but not in Caucasians (random-effects model, pooled
HR=1.60, 95% CI: 0.81-3.17; P=0.175; Table II).

Association of tumor progression [disease-free survival
(DFS)/recurrence-free survival (RFS)] with the expression of
miR-23a. To access the association of tumor progression with
miR-23a expression, disease recurrence and metastasis were
assessed. As shown in the Fig. 5, a random-effects model was
used to calculate the pooled HR and its 95% CI in 3 cohorts
(I*)=84.8%, P=0.001), but failed to show a significant asso-
ciation between the expression of miR-23a and poor DFS/RFS
(pooled HR=1.13, 95% CI: 0.37-3.44; P=0.836; Fig. 3A).

Association of tumor progression (DFS/RFS) with the expres-
sion of miR-24. Disease recurrence and metastasis were used to
access the association of tumor progression with miR-24
expression. Due to the low heterogeneity, the pooled HR and
its 95% CI were calculated by a fixed-effects model (I°=42.5%,
P=0.157) and the meta-analysis result suggested that high
expression of miR-24 was significantly associated with poor
DFS/RFS (pooled HR=2.85, 95% CI: 1.96-4.14; P=0.000;
Fig. 3B).

As shown in Table II, further stratified analysis indicated
that tumor progression was associated with a high expression
level of miR-24 in tissue samples (fixed-effects model, pooled
HR=4.10, 95% CI: 2.40-7.00; P=0.000), as well as in the blood
(fixed-effects model, pooled HR=2.00, 95% CI: 1.18-3.38;
P=0.01).

Association of tumor progression [ DFS/RFS/progression-free
survival (PFS)] with the expression of miR-27a. The asso-
ciation of tumor progression with miR-27a expression was
analyzed to combine disease recurrence and metastasis. A
total of 6 studies included a DFS/RFS/PFS analysis, with
significant heterogeneity (I’=0.00%, P=0.698), and demon-
strated a significant association between the expression of
miR-27a and poor DFS/RFS/PFS (pooled HR=2.19, 95% CI:
1.29-3.70; P=0.003) (Fig. 3C).

In the subgroup analysis of the association of high expres-
sion of miR-27a and tumor progression, a significant association
was observed for tissue samples (fixed-effects model, pooled
HR=2.58,95% CI: 1.41-4.72; P=0.002). However, no significant
association was observed between tumor progression and high
expression of miR-27a in blood samples (fixed-effects model,
pooled HR=1.32, 95% CI: 0.46-3.80; P=0.608). Moreover, we
found that high expression of miR-27a was significantly asso-
ciated with poor DFS/RFS/PFS in RCC (fixed-effects model,
pooled HR=2.30, 95% CI: 1.16-4.67; P=0.017). No obvious
heterogeneity was observed (I’=0.00%, P=0.49) and the
fixed-effects model was used. A significant association was
also observed in Asian patients (fixed-effects model; pooled
HR=1.95, 95% CI: 1.10-3.47;, P=0.022).

Heterogeneity analysis result. To assess OS for miR-23a
(I’=86.1%), miR-24 (I’=18.4%) and miR-27a (1>=37.3%), as well
as DFS/RFS/PFS for miR-23a (I’=84.8%), miR-24 (1’=42.5%)
and miR-27a (I’=0.00%), heterogeneity was analyzed among
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Figure 3. Forest plots on the association of disease-free survival/recurrence-free survival/progression-free survival with (A) miR-23a, (B) miR-24 and (C)
miR-27a. HR, hazard ratio; CI, confidence interval.
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Figure 4. Begg's funnel plots of publication bias test. (A) Association of overall survival (OS) with miR-23a; (B) Association of disease-free survival/recur-
rence-free survival (DFS/RFS) with miR-23a; (C) Association of OS with miR-24; (D) Association of DFS/RFS with miR-24; (E) Association of OS with
miR-27a; (F) Association of DFS/RFS/progression-free survival with miR-27a.
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Figure 5. Sensitivity analysis. Meta-analysis estimates, given named study is omitted. (A) Effect of individual studies on the pooled hazard ratio (HR) for
overall survival (OS) associated with miR-23a expression; (B) effect of individual studies on the pooled HR for OS associated with miR-24 expression;
(C) effect of individual studies on the pooled HR for OS associated with miR-27a expression. CI, confidence interval.

studies. In the subgroup analysis by cancer type and miR-23a
expression, significant heterogeneity was observed in respira-
tory system cancers (I’=95%). In the stratified analysis by
statistical methodology and miR-23a expression, significant
heterogeneity was also observed in the univariate analysis
(I’)=95.7%) as well as in the multivariate analysis (I’=86.2%).
However, in a subgroup analysis, there was also significant
heterogeneity among Asians (OS for miR-23a: 1°=86.1%), as
well as Caucasians (OS for miR-27a: 1’=81.1%). In addition,
significant heterogeneity was observed in the subgroup of
tissue samples (OS for miR-27a: 1’=64.3%), while no signifi-
cant heterogeneity was observed in other sample subgroups.

Publication bias and sensitivity analysis. Begg's funnel plot
and Egger's test were used to assess the potential publication
bias. For miR-23a, 7 cohorts evaluating OS and 3 cohorts
evaluating DFS/RFS were included. No obvious asymmetry
was observed in the Begg's funnel plot (Fig. 4A and B) and
Egger's test indicated no potential publication bias (OS:
t=0.30, P=0.778; DFS/RFS: t=0.23, P=0.854). For miR-24, 5
and 4 cohorts evaluating OS and DFS/RFS, respectively, were
included. There was no obvious asymmetry in the Begg's funnel
plot (Fig. 4C and D) and Egger's test also indicated no poten-
tial publication bias (OS: t=-0.99, P=0.395; DFS/RFS: t=-0.94,
P=0.448). To evaluate OS and DFS/RFS/PFS for miR-27a, 5
and 4 cohorts were included, respectively. No obvious asym-

metry was observed in the Begg's funnel plot (Fig. 4E and F)
and Egger's test also indicated no potential publication bias
(OS: t=-1.21, P=0.312; DFS/RFS/PFS: t=-0.82, P=0.472).

In order to assess the effect of any individual study on the
stability of the overall result, the sensitivity analysis was used
by omitting each study at a given time. As shown in Fig. 5A, the
result of sensitivity analysis for miR-23a with OS was affected
due to the results of 2 studies: Qu et al (26) and Qu et al (25).
The result of the sensitivity analysis for miR-24 with OS
(Fig. 5B) reflected the stability of the studies, as did the result
of the sensitivity analysis for miR-27a with OS (Fig. 5C). Due
to lack of a sufficient number of studies, sensitivity analyses
for miR-23a, miR-24 and miR-27a with DFS/RFS were not
preformed.

Discussion

To the best of our knowledge, this is the first meta-analysis
to investigate the association between the miR-23a/24-2/27a
cluster and various cancers. The miR-23a/24-2/27a cluster
exists in the vertebrate genome, and has been confirmed to
play an important role in cancer progression (33,34). This
cluster must be distinguished from the miR-23b/24-1/27b
cluster, as the latter is located in close proximity on the human
chromosome 9q22.32 region and also plays an important role
in cancer (35).
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In the present meta-analysis, it was demonstrated that
a high expression level of miR-23a, as well as miR-24 and
miR-27a, was associated with worse OS in various types
of cancers. Particularly in cancers of the digestive system,
high expression of miR-23a and miR-24 indicated a worse
prognosis. For cancers of the respiratory system, there was
no statistical significance in the overall study sample, but
significant relevance was observed in certain individual
studies. Therefore, more studies are required to prove the
association between high expression of miR-23a and OS in
respiratory system cancers. Furthermore, due to the lack of
studies on the association of high expression of miR-23a and
OS in Caucasians, the association of high expression level of
miR-23a with worse OS was only investigated in Asians. For
miR-24, a significant association was observed in Asians as
well as Caucasians. Unlike miR-23a and miR-24, a significant
association between a high expression level of miR-27a and
OS was observed in Asians, but not in Caucasians. A strati-
fied analysis by detected sample suggested that poorer OS
was associated with high expression levels of miR-24 and
miR-27a in tissue as well as in blood samples. And the results
by tissue were more sensitive compared with the results by
blood for miR-24 and miR-27a. Moreover, there was a statisti-
cally significant association between OS and the expression of
miR-24 in osteosarcoma.

In addition, there was a significant association between the
expression of miR-24, as well as miR-27a, and tumor progres-
sion. However, there was no obvious association between the
expression of miR-23a and poor DFS/RFS. Further stratified
analysis indicated that a high expression level of miR-24, as
well as miR-27a, in tissue samples was associated with tumor
progression. The association persisted for miR-24, while no
significant association was observed for miR-27a expression
in the blood.

Recently, a number of studies indicated that the
miR-23a/24-2/27 cluster plays an important role in the occur-
rence and development of cancer. Huang et al demonstrated
that a high expression level of miR-23a/24/27a decreased
transforming growth factor-B-induced tumor-suppressive
activity in a Smad-dependent manner in HCC (9) and lung
cancer (36). Furthermore, the cluster was also found to be
involved in altering lymphoid cell differentiation via the tran-
scription factor PU.1 (37). An increasing number of studies
demonstrated that several miRNA clusters may regulate the
occurrence and development of cancer by cooperating with the
c-Myc oncogene (38-40). The association of miR-23a/24-2/27a
with c-Myc has also been investigated and the findings
suggested that the miR-23a/24-2/27a cluster was upregulated
in breast cancer and was correlated with cancer cell metastasis,
migration and invasion via c-Myc (34).

There were some limitations to this meta-analysis. First,
all the included studies were published in English; therefore,
English language bias may exist in this meta-analysis. Second,
the number of eligible studies was not sufficient, despite the
fact that no significant publication bias was detected in this
meta-analysis; furthermore, the subgroup analysis was limited
by the sample size, compromising the validity of the results.
Third, some HRs were estimated from survival curves and
data were extracted according to the Tierney's method (41).
Finally, certain aspects were not uniform among studies,
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including clinical characteristics and follow-up time, which
may lead to estimation errors.

In summary, the present meta-analysis demonstrated that
high expression levels of miR-23a, miR-24-2 and miR-27a
were associated with poor survival in various types of cancer.
The miR-23a/24-2/27a cluster may prove useful for monitoring
the progression and prognosis of cancer in clinical practice.
However, to verify the association between the expression of
the miR-23a/24-2/27a cluster and cancer, a larger number of
relevant studies are required.
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