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Abstract

Neolamarckia cadamba (Roxb.) Bosser (Rubiaceae) is a widespread plant with medicine value and has been used for
treating various diseases, such as coughs, fevers, anemia, blood disorders and stomach pains. It had been reported
that plant miRNAs might enter mammalian intestines and exert a special ingredient across the different species.
However, the knowledge about miRNAs in N.cadamba is scarce. In this study, we first applied high-throughput
sequencing to identify miRNAs in N.cadamba. Sequencing revealed a total of 11,285,965 raw reads in the small RNA
library of N.cadamba leaves. By bioinformatics analysis, we identified a total of 192 miRNAs, including 167
conserved miRNAs and 25 novel miRNAs, which were distributed among 30 families. Next, we used miRanda to
predict the targets of those miRNAs in human, 4030 target genes were predicted. Furthermore, Gene ontology (GO)
annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses indicated that the identified
miRNAs majored in binding, vibrio cholerae infection and insulin signaling, which were likely to provide valuable
references for further understanding of medical functions of N. cadamba.
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Introduction
The N. cadamba is a member of the tribe Naucleeae in
the family Rubiaceae and distributed widely in South Asia
and the south of China [28]. According to present data, N.
cadamba as a representative medicinal plants which is
widely known as India Ayurvedic system of Medicine
(IASM) [15] The studies of N. cadamba have mainly been
focused on its medicinal values in the treatment of eye in-
fections, antidiarrheal, skin diseases, dyspepsia and the
stomatitis, coughs, fevers, anaemia, blood disorders and
stomach pains [4, 26]. The identified major active compo-
nents in bark and leaf are alkaloids, saponins, flavoniuds,
terpenoids and chlorogenic acids [20]. Until now, scientific
bioactivity identification researches have uncovered its
antimalarial [30], anti-hepatotoxic [20], anti-inflammatory

[9], antioxidant, wound healing and antimicrobial activ-
ities [31]. Narayan’s group found that the application of
defatted methanol extract N. cadamba (MENC) on Ehr-
lich ascites carcinoma (EAC) played a constructive role on
antitumor activity and antioxidant activity in vivo [13].
MicroRNAs (miRNAs) are a class small non-coding

RNAs, which are 18–24 nucleotide in length and inhibit
gene expression by mRNA cleavage or translation re-
pression in the 3′ untranslated region (3’UTR) [8]. They
are crucial on gene expressions, and a number of articles
indicated that miRNAs not only execute biological func-
tions inherent in their system, but can also be trans-
ferred from one species to another. Recent studies have
shown that in addition to regulating intracellular levels,
microRNAs also affect intercellular levels, even in inter-
species [11, 23]. For instance, several years ago, plant
microRNAs were discovered in sera and tissues of hu-
man and other animals [35]. Further studies showed
these plant microRNAs were absorbed from food; one
that was relatively high in serum, miR168a, directly tar-
geted low-density lipoprotein receptor adaptor protein 1
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(LDLRAP1) in liver cells and decreased the clearance of
LDL from the blood. In 2015, Zhen et al. found plant
miRNA miR2911 (Lonicera japonica, Honeysuckle) can
directly target influenza A viruses to inhibited H5N1
and H7N9 viral replication [36]. Derived plant miR159
significant inhibited breast cancer cell proliferation by
targeting transcription factor 7 (TCF7) [12]. An ever in-
creasing number of researches indicated that plant-
engineered miRNAs can be absorbed in the mammalian
digestive tract and act as a bioactive constituen to target
mammalian genes to mediating cross-kingdom regula-
tions [24, 25, 34].
It is well known that a wide range of biological activ-

ities are in the N.cadamba And these substances play an
important role, Due to a large number of studies show-
ing that plant miRNAs can regulate biological activity
across boundaries, miRNAs of N. cadamba may also
play a certain role in addition to various roles of active
ingredients, however, miRNAs of N.cadamba still re-
main unknown. Because the yield of huangliang wood
leaves is large and easy to get, we choose leaves as raw
materials, In the present study, we used high-through
put sequencing and qPCR, and identified conserved and
novel miRNAs in N.cadamba leaves, and further ana-
lyzed the miRNAs functions in N.cadamba via bioinfor-
matics analysis. Next, we used miRanda to predict the
targets of those miRNAs in human. This is the first
reporte about miRNAs of N.cadamba and will Provide
foundation for further understanding of active compo-
nents in herbs.

Results
Summary of small RNA library data via deep sequencing
Total RNA was extracted and a small RNA library was
constructed from N. cadamba leaves. As a result, a total
of 11,285,965 raw reads were obtained. With filtering
the adapters and low quality reads, 10,878,015 clean
reads remained (Table. 1). The length distributions of
the small RNAs were shown in Fig. 1 and majority of
reads were 21 to 24 nts in length, the main size groups
were 24 nt, The amounts of 24 nt small RNAs were

approximately 39.42%. After initial processing, the high
quality small RNAs reads were mapped to the N. cam-
daba leaves transcriptome genome using the bowtie soft-
ware, and the number of total/unique sequences that
paired with the transcriptome were 6,935,424/3,328,945,
approximately half (48%) of total reads were mapped
successfully. Only a small portion of small RNAs could
be annotate (530,525 redundant reads, 28,031 unique
reads), thus, the unannotated reads were collected for
further prediction of novel miRNAs. The top 10 miR-
NAs occupied a percentage of 68.2%, top 20 miRNAs
and top 50 miRNAs has a dominant percentage of 85.9
and 96.4%, respectively (Fig. 2a). Therefore, the miRNAs
are highly concentrated in the top 50, as shown in
(Fig. 2b), and the top 10 miRNAs were miR159a,
miR166u, miR395b, miR395a, miR166a-3p, miR166h-3p,
miR166e, novel-1, and novel-4.

Identification and characterization of the conserved
miRNAs
To identify the conserved miRNAs in N. cadamba, the
small RNA sequences were compared to known plant
mature miRNAs in miRBase database (version 21). One
hundred sixty-seven known miRNAs that distributed in
30 families were identified. The most abundant con-
served miRNAs were miR159 (63,739 reads) and
miR166u (55,327 reads), followed by miR395b (48,862
reads) (Additional file 1: Supplemental Table S1). We
analyzed miRNA families of N. cadamba and found
miR-159 and miR-166 represented large families with 19
and 18 members, respectively.

Identified of potentially novel miRNAs in N.cadamba
As a result, we detected a total of 25 novel miRNAs,
with reads varying from 2 to 24,598 reads (Additional
file 1: Supplemental Table S1). The lengths of the novel
miRNAs ranged from 20 to 24nts, and the precursors
ranged from 45 to 279 nts. The most abundant novel
miRNAs were novel-1 with 24,598 reads, followed by
novel-4 and novel-8. Although the major novel miRNAs
were lower expressed than conserved miRNAs, the
species-specific functions they may played must not be
overlooked.

Validation of the expression of the predicted miRNAs
with RT-PCR
To further validate miRNAs in N.cadamba, we randomly
selected seven miRNAs including five conserved miRNAs
and two novel miRNAs for stem-loop qRT-PCR detection.
The qRT-PCR results showed that seven miRNAs were de-
tected successfully in samples (Fig. 3) and their abundance
were also in consistent with Illumina sequencing results.

Table 1 Summary of reads in small RNA libraries in N. cadamba

Category Reads Percent (%)

Total raw reads 11285965 100.00%

Clean reads 10878015 96.39%

Mapped to N. cadamba transcriptome 3328945 29.50%

Known_miRNA 243319 2.16%

Novel_miRNA 95552 0.08%

rRNA 186054 1.65%

snRNA 2905 0.03%

snoRNA 753 0.01%
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Prediction of human gene targets for N.cadamba miRNAs
To investigate whether N.cadamba miRNAs might regulate
human gene expression we used miRanda software to
search homologous human miRNAs. Result showed 43
miRNAs potentially targeted 4030 genes in human. GO
analysis assigned these putative targets into three main cat-
egories in terms of biology processes, cellular components,
and molecular functions (Additional file 2: Supplemental
Table S2). The most enriched GO terms in both species
were “cell process” “single-organism cellular process” (BP),
“cell”, “cell part” (CC), and “binding” (MF). The predicted
target genes were mapped to the KEGG database and clas-
sified into 279 and 276 pathways of which 18 and 9 signal-
ing pathways were significantly enriched, respectively
(Table 2).

As shown in Table 2, 18 of the 43 miRNAs might tar-
get about 17 related genes (ATP6V0D2, ATP6V0E1,
ATP6V0A4, ATP6V1D, SEC61A2, SEC61A1, PRKCB,
PRKCA, PRKACA, ADCY3, ADCY9, ARF1, KDELR3,
KCNQ1, PDIA4, AGL, SLC12A2) (Fig. 4a) and are likely
to be involved in the vibrio cholera infection in human.
In addition, a number of 22(EXOC7, SOCS2, INPPL1,
CBL, RPS6KB2, PPARGC1A, IRS1, RPTOR, PPP1R3D,
G6PC, TSC1, GSK3B, GYS1, MAPK9, MAPK8, PRKACB,
PRKAA2, SHC3, INSR, RAPGEF1, PYGB, FASN) (Fig. 4b)
genes targeted by N.cadamba miRNAs were concerned
with insulin signaling pathway, and 32 targeted genes
may be involved in lipogenesis, glycolysis, anti-lipolysis
and glycogenesis process, which contributed to anti-
diabetic (Additional file 2: Supplemental Table S2).

Fig. 1 Length distribution of small RNAs from N. cadamba leaves. A total of 6,935,424 clean reads were obtained, ranging from 18 to 30 nt. 24 nt
length reads were the most abundant

Fig. 2 Distribution of miRNA reads and top 10 miRNAs. a The distribution of miRNA reads showed that top 10, top 20, top 50 and top 100
miRNAs accounted for 68.2, 85.9 and 96.4% of total reads. b Cumulative proportions of top 10 miRNAs. The miR-159a ranked first, accounting for
10.61% of total reads. And the miRNA166 family accounted for four of them
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MiR-166e directly targets FASN
We used miRanda software to identify targets of
miR166e in human. A putative binding site conserved
among various species was located in FAS (Fig. 5a). To
explore this further, a partial FAS normal 3′-UTR se-
quence and a sequence in which the miR166e binding
site is deleted were cloned into a luciferase reporter
plasmid (Fig. 5a). HeLa cells were transfected with
the reporter plasmids along with synthetic miR166e

mimics or NC. The results showed that miR166e sig-
nificantly reduced luciferase activity, and deletion of
the miR166e binding site diminished this reduction
(Fig. 5b). These results indicate that miR166e can tar-
get FAS.

Discussion
The miRNAs derived from plants may regulate human
genes and have attracted great attention. Zhang and col-
laborators found rice miRNAs (miR168a) can enter
mammalian bloodstream. Later, the miR2911 from
honeysuckle were found to target influenza viruses and
protect the host. Lately, the miRNA162a can direct tar-
get amTOR and influence honeybee caste development
[35–37]. The plant miR159 significantly inhibited breast
cancer cell proliferation by targeting transcription factor
7 (TFC7) [12]. These articles indicated that plant miR-
NAs could play a vital role in regulating human health.
N.cadamba was used widely in Indian traditional for-

mulations, and it has been a remedy in the treatments
of diarrhea, bacterial infection, and diabetes. However,
few studies on the breadth of miRNA has yet been re-
ported for N.cadamba, therefore, the knowledge about
molecular mechanisms for compounds produced by
N.cadamba is still limited. A total of 167 conserved
miRNAs and 25 novel miRNAs were identified. From
what has been reported about the medicinal plant Mor-
inga oldifera L, plant miRNAs could regulate cell cycle,

Fig. 3 Quantitative RT-PCR analysis of mature miRNAs in N.
cadamba leaves. The expression level of miR-157a was set as control
and taken as 1, and the expression levels of other miRNAs were
quantified relative to it. The values represent the mean and standard
deviation of three independent experiments

Table 2 Highly enriched KEGG pathways for putative human targets

Term ID Input number P-Value

Vibrio cholerae infection hsa05110 18 4.93E-03

Proteoglycans in cancer hsa05205 72 1.53E-02

Melanoma hsa05218 30 1.86E-02

Pathways in cancer hsa05200 107 2.09E-02

Insulin signaling pathway hsa04910 51 2.66E-02

Glioma hsa05214 27 2.86E-02

ErbB signaling pathway hsa04012 34 2.91E-02

Bile secretion hsa04976 29 3.17E-02

Aldosterone-regulated sodium reabsorption hsa04960 18 3.34E-02

Endocrine and other factor-regulated calcium reabsorption hsa04961 21 3.40E-02

Long-term potentiation hsa04720 27 3.70E-02

SNARE interactions in vesicular transport hsa04130 16 3.86E-02

Focal adhesion hsa04510 69 4.14E-02

Bladder cancer hsa05219 17 4.61E-02

Synaptic vesicle cycle hsa04721 25 4.90E-02

Signaling pathways regulating pluripotency of stem cells hsa04550 49 5.12E-02

Thyroid hormone signaling pathway hsa04919 42 5.30E-02

Retrograde endocannabinoid signaling hsa04723 37 5.58E-02

He et al. ExRNA             (2020) 2:6 Page 4 of 9



apoptosis and metabolic in human [27]. Therefore, we
predicted the potential targets of N.cadamba miRNAs
in human by bioinformatics analysis. The 43 miRNAs
of the N.cadamba were targeted to 4030 putative genes
in human. GO and KEGG pathways analyses show that
those miRNAs may participate in vibrio cholera infec-
tion processes.
In human, vibrio cholera infection pathway was

highly enrich relative to other pathways. Vibrio cholera
is the predominate causes of acute dehydrating diarrhea

in developing countries, and the primary virulence fac-
tors are cholera toxin (CTX) and toxin-coregulated pi-
lus (TCP), both of which are required for colonization
of the human small intestine [14, 19]. Cholera toxin
ADP-ribosylates adenylate cyclase, resulting in in-
creased cAMP production and activation of protein
kinase A [22, 32].. SLC12A2 can co-express β-cells, and
specific co-expression transporters are known to regu-
late Cl−、K+, and KCNQ1 channels, maintaining the
Cl− secretory response by recycling K+ entering the cell

Fig. 4 MiRNAs targeting the genes (In this image, the orange circles show miRNA,the blue circles show target genes). a The 19 miRNAs were analyzed
to target 17 vibrio cholera infection genes. b The 34 miRNAs were analyzed to target 22 genes which were concerned with insulin signaling pathway
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[3, 6]. These relative regulations by vibrio cholerae leads
to severe and progressing dehydration and shock. In
our study, 18 miRNAs were found involved in vibrio
cholera infection. Adenylyl cyclase (AC) was the pre-
dicted target of miR166a-3p, miR166u, miR166g,
miR166m, miR166h, miR319a, miR396a-5p, miR396g-
3p, and miR396h, which can activate cAMP and further
influence some key genes that cause diarrhea. The
miR396a-5p and miR396h were predicted to target
KCNQ1, which were important for Cl− secretion in the
colon. An increase in secretion of Cl−, followed by the
movement of water, was able to restore the balance of
host that results from diarrhea. The SLC12A2, also
known as the Na+-K+-Cl− co-transporters, was identi-
fied as a possible target of miR396g-3p. We hypothesize
that some miRNAs identified in N.cadamba leaves
regulate vibrio cholera infection by suppressing the
processes related to ion transport. However, their regu-
latory mechanisms needs further studies.
The dynamic regulation of liver glucose metabolism is

vital for systemic carbohydrate homeostasis, and the dis-
order of insulin secretion could lead to diabetes. Previous
studies have reported that various extracts of N.cadamba
can reduce the blood glucose level of hyperglycemic mice
by increasing the glucose uptake [1, 2, 5, 29]. Based on our
bioinformatics prediction, PI3K/Akt pathway were targeted

by N.cadamba miRNAs. The high levels of blood glucose
will imbalance the insulin secretion and lead to insulin re-
sistance (IR), which is possibly attributed to a defect in the
insulin receptor/IRS-1/PI3K/Akt cascade. IRS-1 was found
targeted by miR395b-3p, miR858b, novel-27 and novel-8 in
human. IRS-1 tyrosine phosphorylation in response to insu-
lin stimulation, increases the association of IRS-1 with PI3-
kinase, which leads to activation of serine/threonine kinase
protein B (Akt), and p-Akt inhibites the GSK-3β protein
directly. The miR159, miR395, miR396 family and novel-1,
4, 8, 23, 28 miRNAs were predicted to target GSK-3β,
which phosphorylates and inactivates glycogen synthase
(GS) [33]. Therefore, the downstream activated gene en-
coding GS regulate glucose metabolism through affecting
glucose transport and the synthesis of glycogen [17]. Those
miRNAs may play a key role in glucose regulation network,
and reduce the level of blood glucose. While the direct role
of miRNAs in glucose metabolism need to further
demonstrated.

Conclusion
We present the first identification of miRNAs in
N.cadamba, and use bioinformatic analysis indicates
N.cadamba miRNAs are possibly potential medicinal
components involved in regulating mammal targets. Our
findings display a foundation for further investigation for

Fig. 5 MiR166e targets FAS. a Prediction of miR166e targets in the FAS 3′-UTR. b HeLa cells were transfected with the pmirGLO-FAS-WT/
pmirGLO-FAS-DEL/ pmirGLO-FAS-MUT luciferase reporters and co-transfected with miR166e mimics or NC mimics. The relative luciferase activity
was measured 24 h later, n = 6 in each group. Data with error bars mean ± SE *, P < 0.05
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functions of N.cadamba miRNAs, especially in cross-
kingdom manner.

Materials and methods
Plant material
The sample of N.cadamba was collected from the Col-
lege of Forestry, South China Agricultural University.
The fresh leaves were immediately frozen in liquid nitro-
gen and stored at − 80 °C.

RNA extraction
Frozen tissue was grounded to a fine powder in liquid ni-
trogen using a mortar and pestle. 100mg of the powder per
sample were transferred into individual RNase-free 1.5mL
tubes containing 600mL of pre-warmed extraction buffer
at 60 °C. The extraction buffer consisted of the following:
2% CTAB, 2% polyvinylpyrrolidone (PVP) K− 40, 100mmol/
L TrisHCl (pH 8.0), 25mmol/L ethylenediaminetetraacetic
acid (EDTA; pH 8.0), 2.0mol/L NaCl, 2 g/L spermidine and
2% b-mercaptoethanol (added immediately before use).
Lysis buffer without spermidine or b-mercaptoethanol was
treated with 0.1% diethyl pyrocarbonate (DEPC) and auto-
claved. 2 g/L spermidine was added and the mixture was
stored at room temperature. The extracts were mixed by
vortexing and incubated at 60 °C in a water bath for 10min
with vigorous shaking for several times. Then a third of 5
mol/LKAc (pH 4.8) was added. The supernatant was ob-
tained by ultra-centrifugation at 9000 rpm for 10min after
an ice water bath for 30min. An equal volume of chloro-
form/isoamyl alcohol (24,1) was added to the homogenate
and was mixed completely by vortexing. The mixture was
centrifuged at 12,000 r/min for 5min at 4 °C. The super-
natant was transferred to a new tube with 500 μL Phenol
Water (pH 5.2) and the previous step was repeated. The
supernatant was then transferred to a new tube containing
an equal volume of isopropyl alcohol for 30min. RNA is
acquired by centrifugal at 4 °C at 12,000 rpm for 10min.
An equal volume of ethanol was then applied to wash
RNA.

Small RNA library construction and deep sequencing
A total amount of 3 μg total RNA per sample was used
as input material for the small RNA library. Sequencing
libraries were generated using NEBNext® Multiplex
Small RNA Library Prep Set for Illumina® (NEB, USA.)
The quantity and purity of total RNA was measured by
NanoDrop ND-1000 spectrophotometer (Nano Drop,
USA) at 260/280 nm (ratio = 2.0). The integrity of total
RNA was confirmed by Bioanalyzer 2100 and RNA
6000Nano LabChip Kit (Agilent, USA) with RIN number
[7.0. Briefly, small RNAs of 18–35 nt in length were first
isolated from the total RNA by size fractionation. Then,
these small RNAs were ligated with 50-RNA and 30-
RNA adapters, and subsequently, reverse transcription

PCR was used to create cDNAs. The amplified cDNAs
were purified and sequenced with Illumina HiSeq 2500
platform.
After deep sequencing, raw data were processed

through Novogene Company’s Perl and Python scripts.
In this step, clean data were obtained by removing the
contaminating reads, sequences containing adapters,
without insert tags and reads containing poly A or T or
G or C. Sequences from 18 to 30 nt in length were se-
lected for further analysis. Then, the retained reads were
searched from NCBI, Rfam, and Repbase database to re-
move known classes of RNAs (mRNA mRNA, rRNA,
tRNA, snRNA, snoRNA, and repeats), so that every
unique small RNA is mapped to only one annotation.
Since there is no published genome information of
N.cadamba, the high-quality reads were mapped to Ara-
bidopsis thaliana genome sequence using the Bowtie
software [21]. The mappable small RNA tags were
aligned to the miRNA precursor in the miRNA database
(miRBase. 21.0; released in June, 2014) to obtain the
known miRNA count. Finally, novel miRNAs were pre-
dicted by exploring the secondary structure, the dicer
cleavage site, and the minimum free energy of the
former unannotated small RNA tags which could be
mapped to the reference sequence by available software
miRDeep 2[16].

Identification of conserved and novel miRNAs
Mapped small RNA tags were used to look for known
miRNAs. MiRBase21. 0 was used as reference, and
modified software mirdeep2 and srna-tools-cli were used
to obtain the potential miRNAs and draw the secondary
structures. Custom scripts were used to obtain the
miRNA counts as well as base bias on the first position
of identified miRNA with certain length and on each
position of all identified miRNA respectively. Those
lower than 10 reads were discarded. The characteristics
of hairpin structures of miRNA precursors can be used
to predict novel miRNAs [7]. The available softwares
miREvo and mirdeep2 were integrated to predict novel
miRNAs by exploring the secondary structures, the
Dicer cleavage sites and the minimum free energy (less
than − 18 kcal/mol) of the small RNA tags unannotated
in the former steps.

Human target gene prediction for the N.cadamba miRNAs
The miRNAs were used for human target prediction.
MiRanda was employed to predict putative target genes,
and then all the genes were mapped to the KEGG data-
base to identify significantly enriched signal transduction
pathways in target genes compared with the whole gen-
ome background.
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Validation of miRNAs by stem-loop qRT-PCR
To further verify our identification results, 7 randomly
chosen sequences (including 2 novel miRNAs as well as 5
conserved ones) were subjected to stem-loop qRT-PCR.
The primers for PCR were listed in (Additional file 2:
Supplemental Table S2). The stem-loop qRT-PCR steps
as previously described [10]. The novel-49 miRNA was
used as the internal control miRNA. The reverse primer
for miRNAs was the Uni-miR qPCR Primer offered by the
kit One Step PrimeScript miRNA cDNA Synthesis Kit
(TaKaRa, Dalian). All reactions were performed in tripli-
cate for each sample. The melting curve was generated to
test the specificity of PCR products and avoid the false-
positive peaks. No template control and no reverse tran-
scription control were included in all reactions.

GO and KEGG enrichment analysis
Gene Ontology (GO) enrichment analysis was used on
the target gene candidates of differentially expressed
miRNAs (“target gene candidates” in the following).
GOseq based Wallenius non-central hyper-geometric
distribution, which could adjust for gene length bias,
was implemented for GO enrichment analysis. KEGG
[18] is a database resource for understanding high-level
functions and utilities of biological systems, such as
cell, organism and ecosystem, from molecular-level in-
formation, especially large-scale molecular datasets
generated by genome sequencing and other high-
throughput experimental technologies (http://genome.
jp/kegg/). We used KOBAS (http://kobas.cbi.pku.edu.
cn/home.do) software to test the statistical enrichment
of the target gene candidates in KEGG pathways. The
relative correlations among miRNAs and miRNA-target
genes in N.cadamba Cytoscape networks were con-
structed by the Cytoscape 3.6.1.

Dual-luciferase reporter assay
Based on the predicted miRNA-mRNA binding se-
quences, normal sequences bearing an miR166e seed
binding site or with the FAS 3′-UTR site deleted were
generated by two complementary chemically synthesised
primers (Sangon Biotech) as follows:
wt-FAS-3’UTR-sense (ACTGACTTGGAGACACCCT

GGTCTGTGAGAGTCAGTGGAG)
mut-FAS-3’UTR-sense (ACTGACTTGGAGACACAA

GTTGATGTGAAGAGTCAGTGGAG)
del-FAS-3’UTR-sense (ACTGACTTGGAGACACTGT

GAAGAGTCAGTGGAG)
The complementary oligonucleotides were resus-

pended at a 1:1 ratio (1 μg/μL each) in annealing buffer
(10 mM TRIS pH 7.5–8.0, 50 mM NaCl, 1 mM EDTA)
and heated at 95 °C for 10 min to denature secondary
structure. The temperature was then gradually lowered
to room temperature. Annealed products were cloned

into the pmirGLO vector (Promega) downstream from
the firefly luciferase coding region (between XhoI and
XbaI sites). HeLa cells were seeded in 96-well cell cul-
ture plates (3.5 × 104 cells per well) and cultured in
RPMI 1640 (Life Technologies, Grand Island, NY, USA)
with 10% fetal bovine serum (FBS). The next day, cells
were transfected with recombinant pmirGLO-3’UTR
vector (100 ng/well) mixed with their corresponding
miR166e mimics or NC (3 pmol/well, RiboBio) for 6 h
using Lipofectamine 2000 (Life Technologies). Cells
were harvested at 24 h after transfection, and luciferase
activity was detected by a dual luciferase reporter assay
system (Promega) according to the manufacturer’s rec-
ommendations. Normalised firefly luciferase activity
(firefly luciferase activity/Renilla luciferase activity) for
each construct was compared with that of the pmirGLO
vector.
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