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ABSTRACT
microRNAs play important regulatory roles in hematologic malignancies, and 

dysregulation of circulating miRNAs serves as diagnostic, prognostic and predictive 
biomarkers in many diseases. The correlation of plasma miRNA profiles with the 
progression of chronic myeloid leukemia (CML) has not been investigated. We have 
applied microarrays to identify differentially expressed miRNAs, followed by qRT-
PCR to validate candidate miRNAs from four sample pools including chronic phase 
(CP), accelerated phase(AP), blast crisis(BC) and healthy control. Clustering analyses 
revealed varying phase-specific patterns of plasma miRNA expression during CML 
progression. Different phases of CML showed differential expression profiles between 
sample pools during the progression. The functional annotation tool, DAVID, found 
that putative targets of dysregulated miRNAs in different phases of diease are involved 
in several important signaling pathways. Gradually decreased expression levels of 
miR-451a were validated in CML patients from the CP to AP and BC; when CML patients 
achieved major molecular response (MMR), miR-451a expression was increased and 
restored to normal range. These data provide an important resource for studies on 
CML progression and allow a better understanding of the fundamental differences in 
plasma miRNA expression profiles among the different phases of CML. 

INTRODUCTION

Chronic myeloid leukemia (CML) is a kind of 
hematopoietic malignancy characterized by a reciprocal 
chromosomal translocation, t(9;22)(q34;q11), known as 
the Philadelphia (Ph) chromosome, producing the Bcr-
Abl oncogene [1, 2]. CML is a multiphase disease with 
the phases include chronic phase (CP), accelerated phase 
(AP) and blast phase, also known as blast crisis (BC), and 
can be diagnosed in each of the three distinct phases. Most 
newly diagnosed CML patients are in the chronic phase 
[3]. CML usually progresses from the chronic phase (CP) 
to the accelerated phase (AP) and blast crisis (BC) with 
an accumulation of other cytogenetic abnormalities. It 
has been reported that the dysregulation of microRNAs 

(miRNAs) had an important impact on the initiation, 
progression and drug-resistance in CML [4–6].

miRNAs are an abundant class of regulatory 
noncoding single-stranded RNA molecules, which are 
approximately 20~23 nucleotides in length. miRNAs 
can negatively regulate gene expression through partial 
base-pairing with the 3’-untranslated region of their 
target mRNAs, and they inhibit the translation and/
or lead to degradation of these mRNAs. Recently, 
more attention has been paid on the roles of circulating 
miRNAs in physiological and pathological processes. 
These circulating miRNAs are stable and can be protected 
from degradation by encapsulation in lipid vesicles 
including microvesicles, exosomes, and apoptotic 
bodies. Circulating miRNAs have a regulatory role in 
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immune-modulation, angiogenesis, pathogenesis and 
progression of cancers [7–10]. Dysregulated circulatory 
miRNAs have been served as biomarkers for diagnosis, 
prognosis and prediction in hematopoietic neoplasias 
[11]. In recent years, several studies have reported that 
circulating miRNAs were involved in pathogenesis and 
therapy prediction in CML patients. Exosomal miR-126 
in endothelial cells modulates the adhesive and migratory 
abilities of CML cells [12]. Patients with a low plasma 
miR-215 expression had a significantly higher total 
imatinib intake compared to patients with increased miR-
215 expression [13]. miR-21 was enriched in exosomes 
released by K562 and LAMA84 cells after treatment with 
curcumin, suggesting that selective packaging of miR-21 
in the exosomes may contribute to the antileukemic effect 
of curcumin in CML [14]. 

Advanced phases of CML are often accompanied 
by multiple genetic abnormalities. CML patients with 
AP/BC own enhanced cell proliferation, attenuated 
apoptosis, blocked differentiation and some other 
chromosomal abnormalities and molecules, except the 
Ph chromosome and the Bcr-Abl oncogene. Dysregulated 
miRNAs may play important roles in CML pathogenesis 
and progression from CP to AP and BC. It has been 
suggested that circulating miRNAs served as potential 
biomarkers in various diseases. However, the expression 
profile and biological implications of circulating miRNA 
have not yet been determined in CML. In this study, we 
used microarrays to detect the plasma miRNA expression 
profiles in CML. To better understand the progression of 
CML, we investigated the dynamics of plasma miRNA 
levels between different phases, and revealed its biological 
implications. Moreover, plasma miR-451a expression was 
found to decrease dramatically in different phases of CML. 
miR-451a may have regulatory roles in pathogenesis and 
imatinib resistance in patients with CML [15–17]. To 
further examine the possible roles of miRNAs in CML 
patients, we investigated plasma miRNA expression 
profiles at different stages of CML, which may shed light 
on the mechanisms involved in the progression of CML.

RESULTS

miRNA expression patterns of CML during 
different phases

To analyze the expression profiles of the plasma 
miRNAs in CML, we compared the microarray data from 
the different stages of CML during disease progression 
(Figure 1). Expression profiles of plasma miRNAs in the 
four sample pools were detected by miRNA microarray. 
We estimated the number of plasma miRNAs detected at 
different phases of CML. There were 302 differentially 
expressed miRNAs including 88 down-regulated and 
214 up-regulated miRNAs between the CP and healthy 

control, 222 differentially expressed miRNAs including 
66 up-regulated and 156 down-regulated miRNAs 
between the AP and CP, and 115 differentially expressed 
miRNAs including 48 up-regulated and 67 down-
regulated miRNAs between the BC and AP (Figure 2). 
The number of differential miRNAs between the CP and 
normal controls was larger than that between the AP 
and CP and the BC and AP. Moreover, 76 dysregulated 
miRNAs including miR-451a, miR-16-5p, and miR-
92a-3p showed differential expression patterns between 
the two sample pools during the progression of CML 
(Figure 3). 

Validation of microarray data and plasma 
sample pools

    Four down-regulated miRNAs (miR-122-5p, 
miR-16-5p, miR-451a and miR-92a-3p), two up-regulated 
miRNAs (miR-4644 and miR-6075) with more than a 2.0-
fold change in their expression, and two stably expressed 
miRNAs (miR-4656 and miR-5739) among sample pools 
were chosen to evaluate the microarray data and pooling 
precision by qRT-PCR. The heatmaps showed comparable 
results (Figure 4). Comparing the microarray and the qRT-
PCR data, we found that hierarchical clustering formed 
similar gene and sample clusters. However, there were 
some discrepancies in the data between the microarray and 
qRT-PCR. For example, in the normal control pool, the 
relative expression of miR-92a-3p detected by microarray 
was higher than that detected by qRT-PCR, however, 
regardless of the detection by microarray or PCR, the 
relative expression level of miR-92a-3p were consistent 
among these phases of CML. 

Differential expression patterns of miRNAs and 
functional annotation        

We analyzed the expression profiles of all 
differentially expressed plasma miRNAs during disease 
progression (Figure 5). The putative target genes were 
mediated by dysregulated miRNAs among the different 
phases of CML. There were 214 up-regulated miRNAs 
and 88 down-regulated miRNAs in the CP sample pool 
compared with the healthy control pool. The target genes 
of 302 differentially expressed miRNAs were analyzed 
by functional annotation, and found to play important 
roles in several biological processes (p < 0.0001). The 
putative targets were primarily involved in regulating 
signal transduction, multicellular organismal development, 
transmembrane transport, apoptosis and cell adhesion. 66 
miRNAs were significantly increased, and 88 miRNAs 
were significantly down-regulated in the AP sample pool 
compared with the CP sample pool. The putative target 
genes mediated by differentially expressed miRNA 
between the CP and AP pools were involved mainly in 
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regulating signal transduction, multicellular organismal 
development, transmembrane transport and apoptosis. 
Moreover, there were 48 up-regulated miRNAs and 67 
down-regulated miRNAs in the BC sample pool compared 
with the AP sample pool. These putative targets mediated 
by differentially expressed miRNAs participated primarily 
in biological processes involved in signal transduction, 
regulation of transcription, DNA-dependent processes, 
multicellular organismal development and transmembrane 
transport.

We further analyzed the expression patterns of all 
dysregulated miRNAs across the disease progression. 
Based on the expression patterns of the different CML 
phases, the differentially expressed miRNAs clustered 
into four major groups, demonstrated in a heat map and 
graphical format (Figure 6). Two patterns revealed low- 
to mid-range levels of expression in the healthy samples 
and increased during disease progression (groups 1 and 
3), while two other patterns showed higher levels of 
expression in the healthy samples and decreased distinctly 
during disease progression (groups 2 and 4).

We performed Gene Ontology (GO) analysis 
of the putative target genes, which were mediated by 
differentially expressed miRNAs within these four 

clusters. We also identified target genes enriched by 
GO terms to gain insight into the biological processes 
regulated across the disease progression (Figure 6).

Validation of plasma miR-451a expression in 
CML by qRT-PCR

Dramatic down-regulation of miR-451a in 
the progression of CML prompted us to determine 
expression patterns in a larger cohort of samples. To 
validate expression of miR-451a in CML patients, plasma 
samples were obtained from 20 healthy controls, 40 CP 
samples, 18 AP and BC samples and 20 MMR samples. 
Because it was very difficult to collect a large cohort of 
AP and BC patients, we incorporated them into a group, 
as previously reported [18]. We detected the expression 
of miR-451a by qRT-PCR, and the miR-451a expression 
was significantly lower in CML compared with the 
healthy controls. Furthermore, the expression level of 
miR-451a decreased gradually with the development 
of CML, and the level of miR-451a was significantly 
down-regulated in the AP and BC phases, as shown in 
Figure 7. However, when CML patients obtained MMR 
after treatment, the expression level of miR-451a was 

Figure 1: Global differential expression of plasma miRNA at different phases of CML. Differential expression of plasma 
miRNAs were detected in the four sample pools by miRNA microarray. Genespring software was used to finish the basic analysis of the raw 
data. The raw data was normalized with the quantile algorithm. The threshold value for up- and down-regulated genes was a fold change 
≥ 2.0.
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Figure 2: Representation of differential miRNA expression at different phases of CML. Differetially expressed miRNAs 
were analyzed between phases. The threshold value for up- and down-regulated genes was a fold change ≥ 2.0.

Figure 3: Venn analysis of differential miRNA expression between different phases of CML. Differetially expressed 
miRNAs were analyzed among multiple comparison. The threshold value for up- and down-regulated genes was a fold change ≥ 2.0.
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significantly increased and restored to a normal range. 
There was no significant change between the healthy 
controls and MMR patients.

 To estimate the clinical value of the plasma miR-
451a expression across the progression of CML, we used 
receiver operating characteristic (ROC) curves (Figure 8) 
to distinguish between different groups. Figure 8A shows 
that plasma miR-451a yielded an AUC (the area under the 
ROC curve) of 0.732 (p = 0.002) (95% confidence interval 
[CI] 0.603-0.862) with 65.0% sensitivity and 67.2% 
specificity for discriminating CML patients from healthy 
controls at a cut-off value of 5.08. miR-451a expression 
significantly decreased in AP and BC patients. Figure 8C 
shows that the AUC was 0.844 (p = 0.000) (95% CI 
0.724-0.965), suggesting that the plasma miR-451a level 
is down-regulated distinctly in AP/BC patients compared 
with healthy samples. Furthermore, Figure 8D shows that 
the AUC was 0.724 for miR-451a (p = 0.007) (95% CI 
0.588-0.895) with 62.5% sensitivity and 72.2% specificity 
for discriminating CP and AP/BC at a cut-off value of 1.74. 

DISCUSSION

It was recently reported that plasma and serum 
samples contained sufficiently stable miRNA signatures 
and that circulating miRNAs can be identified and 
measured accurately. Compared to conventional 
diagnostic parameters, the circulating miRNA profile is 
appropriate for diagnosing diseases as well as estimating 
their progression and therapeutic outcomes with higher 
specificity and sensitivity. The role of the Bcr-abl 
oncogene has been demonstrated in the pathogenesis of 
CML; however, the mechanisms at the advanced phases 
of CML remain unclear. In addition, more patients are 
resistant to tyrosine-kinase inhibitor (TKI) in the later 
stages, suggesting that other genetic abnormalities may be 
involved. We focused on the relationship between plasma 
miRNA profiles and disease progression. The circulating 
miRNA profiles may provide a better understanding of 
the in vivo intercellular communication in CML patients. 

Figure 4: Hierarchical clustering of plasma miRNA expression data. (A) microarray-pools, (B) real-time qPCR-sample pools. 
Eight candidate miRNAs were chosen to evaluate the microarray data and pooling precision by qRT-PCR, including four down-regulated 
miRNAs (miR-122-5p, miR-16-5p, miR-451a and miR-92a-3p), two up-regulated miRNAs (miR-4644 and miR-6075), and two stably 
expressed miRNAs (miR-4656 and miR-5739).
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Previous study has confirmed a relationship between 
clinical outcome of patients with acute myeloid leukemia 
and circulating miRNAs [19]. Moreover, The exosomal 
miR-140- 3p is significantly elevated in CML patients 
with musculoskeletal pain compared to those without pain 
and healthy individuals [20].

MicroRNA-seq is an effective technique in miRNA 
identification, and in particular, microRNA-seq also has 
the notable advantage of distinguishing among unknown 
RNA species that would not be detected by microarray [21, 
22]. However, it is less frequently used due to the increased 
starting material requirements and costly expense. In 
contrast, microarray can be performed with less amount of 
material [11, 23]. As miRNA abundance in plasma is very 
low, and the total amount of miRNA extracted by using 
miReasy Serum/Plasma kit is very little, microarray is still 
widely used in the detection of plasma miRNA [24–26]. 

We applied the functional annotation tool, DAVID, 
to reveal the biological functions of putative targets with 
conserved sites and high PCT values for the strongly 
dysregulated miRNAs between different phases. Using 
the KEGG pathways to analyze targets of dysregulated 
miRNAs across the progression of CML, we have 
found that many dysregulated potential target molecules 
were involved in several biological pathways including 
metabolic and cancer pathways, the MAPK signaling 
pathway, endocytosis, cytokine-cytokine receptor 
interaction and focal adhesion. Recent studies have 
confirmed that pathogenesis and progression of CML were 

closely related to the MAPK signaling pathway [27, 28], 
endocytosis [29, 30] and focal adhesion [31, 32].

To better understand this leukemogenesis, we 
investigated the dynamics of miRNA levels during 
the progression of CML. We selected four patterns to 
explore. The dynamically increased miRNAs participated 
in a series of biological processes including the MAPK 
cascade, homophilic cell adhesion via plasma membrane 
adhesion molecules, synaptic transmission and axon 
guidance. They were closely related to the MAPK 
signaling pathway, cAMP signaling pathway, focal 
adhesion and endocytosis. Moreover, dynamically reduced 
miRNAs were involved mainly in the PI3K-Akt signaling 
pathway, signaling pathways regulating the pluripotency 
of stem cells, the MAPK signaling pathway, focal 
adhesion and cancer pathways.

This study used real-time qPCR to validate the 
down-regulation of miR-451a in four sample pools and a 
larger cohort of individual samples. miR-451a decreased 
dramatically during the progression, which is related to 
CML pathogenesis and may reflect a transformation from 
the chronic to accelerated phases and blast crisis. Lopotová 
T et al. found that miR-451a was down-regulated in CML 
patients compared to healthy controls, and a complex 
relationship between miR-451a and BCR-ABL was revealed 
in CML [17]. Down-regulated miR-451a was observed in 
imatinib-resistant CML cases in which miR-451a and MYC 
formed a regulatory loop that may be a potential therapeutic 
target for CML [15]. Furthermore, it was confirmed that 

Table 1: Characteristics of study subjects in the pools

Pools No of patients 
(gender) Age WBC count

(× 109/L)
Thrombocyte

count (× 109/L)
Hemoglobin

(g/L)

Bcr-abl
(Positive/ 
Negative)

Therapy
months

NC

1 Male 55 9.28 196 146 Negative 0
2 Female 41 9.84 266 134 Negative 0
3 Female 44 5.41 165 118 Negative 0
4 Male 25 8.88 278 149 Negative 0

CP

5 Male 58 130.82 550 82 Positive 0
6 Male 49 37.65 11 77 Positive 0
7 Female 60 183.24 447 74 Positive 0

8 Male 66 303.88 130 70 Positive 0

AP

9 Female 55 28.88 264 70 Positive 8.1
10 Male 50 13.02 555 109 Positive 32.8
11 Female 45 1.66 3 23 Positive 55.3
12 Female 54 378.59 184 57 Positive 39.4

BC

13 Female 35 1.94 8 38 Positive 60.5
14 Male 21 12.46 150 129 Positive 37.8
15 Female 29 28.88 19 98 Positive 10.2
16 Female 59 16.18 297 53 Positive 45.9

NC: normal control; CP: chronic phase; AP accelerated phase; BC: blast crisis
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miR-451a was significantly down-regulated in IM-resistant 
compared to IM-responsive patients [16]. The expression 
level of miR-451a in CML plasma was consistent with 
that in leukemia cells. These results suggest that miR-
451a plays an important regulatory role in pathogenesis 
and drug-resistance in the progression of CML. Other 
studies demonstrated that the down-regulated expression 
of miR-451a was closely related to the pathogenesis of 
various hematological malignancies involved in multiple 

myeloma [33, 34], acute myeloid leukemia [35, 36], acute 
lymphoblastic leukemia [37, 38], myelodysplastic syndrome 
[39] and polycythemia vera [40]. In addition, miR-451a 
was required for erythroid homeostasis [41]. Svasti S 
et al. demonstrated that early erythroid progenitors in 
β-thalassemia have possessed  a dysregulated miRNA-451a 
expression program [42].

To further elucidate the possible role of miR-
451a across CML progression, we detected a larger 

Figure 5: Clusters of differentially expressed miRNA and GO analysis of their targets in CML among the different 
phases. The heatmap showed all differentially expressed plasma miRNAs between different phases among disease progression. Gene 
Ontology (GO) analysis were applied to annotate the biological functions of their predicted targets.
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cohort of individual samples including CP, AP and BC 
in comparison to healthy individuals. Plasma expression 
levels of miR-451a were significantly low, and expression 
gradually decreased from CP to AP and BC. The down-
regulation of miR-451a may be associated with the 
advanced disease stage of CML. However, when CML 
patients achieved MMR, miR-451a expression increased 
and was restored to normal range. This suggests that miR-
451a can function as a potential biological biomarker for 
diagnosis and evaluation of the prognosis of CML. Our 
observations of CML patients were consistent with those 
in other cancers. Redova M et al. confirmed that miR-451a 
level was decreased in the serum of patients with renal cell 
carcinoma (RCC), and a combination of miR-451a with 
miR-378 can distinguish RCC serum with 81% sensitivity, 

83% specificity and an AUC = 0.86 [43]. Serum miR-
451a levels were significantly decreased in breast cancer, 
and higher serum levels were associated with improved 
clinical and pathological responses and disease-free 
survival [44, 45].

In conclusion, it is not clear how CP patients 
progress into the advanced stages including BP and BC. 
Our data may provide insight into the disease pathobiology, 
allowing an understanding of the mechanisms of the 
advanced disease, and may provide insight for identifying 
potential biomarkers and therapeutic targets in CML. 
There are fundamental differences in plasma miRNA 
expression levels among the different phases of CML. We 
applied Gene Ontology and KEGG pathway analysis to 
annotate the biological functions of dysregulated miRNAs. 

Figure 6: Clusters of miRNA expression across the progression of CML. The heatmap showed the dynamics of miRNA 
expression levels during the progression of CML. Gene Ontology (GO) analysis were applied to annotate the biological functions of their 
predicted targets.
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This may provide novel insight into the differences 
between the different phases of the disease progression. 

MATERIALS AND METHODS

Ethics statement

The study was approved by the institutional ethics 
committee of the First Affiliated Hospital of South 
China University and Xiangya Hospital of Central South 
University. All patients signed an informed consent form 
approved. We have been obtained consent to publish 
individual participant’s data by the participant or legal 
parent. 

Patients and sample preparation

Plasma samples from CML patients and healthy 
controls were collected in EDTA-K2 tubes and centrifuged 
at 3,000 rpm for 15 mins at room temperature. The 
supernatants were collected, centrifuged at 15,000 rpm for 
30 mins at 4°C and stored at –80°C until RNA extraction. 

To optimize this detection step and identify the 
dysregulated miRNAs, plasma sample pools were applied 
for the microarray analysis to reduce individual variability 
and find common features of the CML at different phases 
of disease progression. A pooling strategy was conducted 
according to previously described recommendations 

[46]. Moreover, the pooling strategy to detect circulating 
miRNA profiles have been applied in a series of patients 
with multiple myeloma [46], acute myeloid leukemia 
[19] and breast cancer [47]. Each patient sample was 
equally important because it contributed to the same 
volume of plasma. Therefore, this procedure reduced 
variation between individuals and enriched the miRNAs 
most likely to change between CML patients in different 
phases as well as the control group. Twelve patient plasma 
samples and four healthy plasma samples obtained from 
peripheral blood (Table 1) were used to prepare pools 
representing the different CML phases for the microarrays, 
and they were divided according to diagnostic criteria. 
Newly diagnosed chronic-phase CML patients (n = 4), 
accelerated- phase CML patients (n = 4), blast crisis CML 
patients (n = 4) and healthy donors (n = 4) were used to 
create the sample pools. 

A total of 98 plasma samples were used to validate the 
miR-451a expression involved in CP (n = 40), AP together 
with BC (AP/BC) (n = 18), MMR (n = 20) and healthy 
donors (n = 20). The Bcr-abl gene was detected by real-time 
qPCR or fluorescence in situ hybridization (FISH).

RNA extraction

Total plasma miRNA was extracted from 200  μl 
samples using miReasy Serum/Plasma kit (Qiagen, 
Germany) according to the manufacturer’s protocol. 
Synthetic cel-miR-39 was added to each sample as an 

Figure 7: Expression of plasma miRNA-451a across the disease progression of CML. Expression of plasma miR-451a was 
detected by qRT-PCR across the disease progression of CML. The Mann-Whitney U test was employed to determine the difference in a 
larger cohort of samples between different groups, and p values < 0.05 were considered significant. 
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internal control for evaluation of successful extraction. 
RNAs were eluted twice with 14 µL of RNase-free water, 
and the RNA concentration was quantified by a NanoDrop 
ND-1000 spectrometer (Thermo Scientific, USA).

Plasma miRNA microarray analysis and 
expression profiling 

To reveal the expression profile of the plasma 
miRNAs at the different phases of CML, we performed 
miRNA expression profiling of the pooled samples 
including CP, AP and BC, as well as healthy control 
samples. Agilent Human miRNA (8×60K，Design 
ID:046064) was used per the manufacturer’s instructions. 
The miRNA profiling microarrays were conducted 
by the China Shanghai OE Technology Co., Ltd. 
Feature Extraction software (version 10.7.1.1, Agilent 
Technologies) was used to analyze array images for the 

raw data. Genespring software (version 12.5, Agilent 
Technologies) was used to finish the basic analysis of the 
raw data. The raw data was normalized with the quantile 
algorithm, and differentially expressed miRNAs were then 
identified through fold change. The threshold value for up- 
and down-regulated genes was a fold change  ≥  2.0. 

qRT-PCR for validation of independent 
individual miRNAs

Candidate miRNAs were detected by qRT-PCR 
with miRNA-specific stem-loop primers. Quantitative 
PCR for miRNA was preformed using the Mastercycler 
EP Gradient (Eppendorf, Germany). The reaction was 
initiated under the following conditions: 95°C for 2 min, 
50 cycles of 95°C for 15 s and 60°C for 60 s. Each assay 
was conducted in duplicate. Data points that generated 
duplicate Ct values with over one cycle variance were 

Figure 8: ROC curve of miR-451a to distinguish between different groups in progression of CML. (A) miR-451a can 
clearly distinguish between NC and CML groups (AUC = 0.732, p = 0.002). (B) and (C) miR-451a can distinguish between NC and CP 
groups and AP/BC groups; (AUC = 0.682, p = 0.023) and (AUC = 0.844, p < 0.001), respectively. (D) miR-451a can clearly distinguish 
between CP and AP/BC groups (AUC = 0.724, p = 0.007).
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excluded from analysis. The spike control (cel-miR-39) 
was used as an invariant control for the plasma miRNA. 
The ΔCt method was used for analysis [ΔCt = average 
Ct (miRNA of target)-average Ct (cel-39]. The relative 
expression of the miRNAs was calculated by the equation 
2-ΔCt [48]. 

Statistical analysis

Data were statistically analyzed using SPSS 
version 16.0 (SPSS, Inc, Chicago, IL, USA). The 
Mann-Whitney U test was employed to determine the 
difference in a larger cohort of clinical samples between 
different groups. We constructed the receiver operating 
characteristic (ROC) curve and calculated the area under 
the ROC. p values < 0.05 were considered significant for 
all analyses.

Bioinformatics analysis

The TargetScan Human release 7.1 (http://www.
targetscan.org) was applied to predict putative targets of 
the miRNA [18]. The predicted targets containing highly 
conserved binding sites were further studied according 
to the PCT values from the TargetScan release 7.1 [49]. 
The putative targets were selected according to the PCT ≥ 
0.1 and 0.5 for the miRNAs with low and high numbers 
of targets in the database, respectively. Gene Ontology 
(GO) analysis and the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway were applied to annotate the 
biological functions of the predicted targets [50].
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