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Figure 5. miR-330-3p directly target PDCD4 by binding to the PDCD4 3'UTR. A. Sequence conservation of target
region of PDCD4 by in different species (left). Human PDCD4 gene 3'UTR region containing the wild-type or mutant
miR-330-3p binding site was cloned into luciferase reporter vectors (right). B. Overexpression or downexpression of
miR-330-3p in ESCC cells affected PDCD4 protein and mRNA expression. C. miR-330-3p repressed PDCD4 lucifer-
ase activity by targeted its wild-type but not mutant 3’'UTR. *P < 0.05.

increases of migration and invasion cells were
observed in EC109 cells transfected with miR-
330-3p mimics compared to control cells.

MIiR-330-3p targets PDCD4 via binding to its
3'UTR

MiRNAs usually play important roles in regula-
tion of gene expression by binding to 3'UTR of
target mRNAs. In silico analysis (TargetScan,
miRanda and PicTar), we found that the 3’UTR
of PDCD4 mRNA contained a highly conserved
binding site from position 433 to 439 for miR-
330-3p (Figure 5A). To determine if miR-330-
3p could regulate PDCD4 expression in esoph-
ageal cancer cells, we detected PDCD4 mRNA
and protein level by RT-PCR and western blot.
In EC109 cells, the protein and mRNA expres-
sion of PDCD4 were significantly suppressed by
miR-330-3p overexpression (Figure 5B).
Conversely, the expression level of PDCD4 was
markedly excited by miR-330-3p inhibition in
KYSE150 cells (Figure 5B). To further deter-
mine the relationship between PDCD4 and
miR-330-3p, we cloned the wild-type and
mutant 3'UTR of PDCD4 mRNA that included
the binding site of miR-330-3p into pMIR-
REPORT vector, named pmiR-PDCD4-WT and
pmiR-PDCD4-MUT respectively. And then these
constructs were co-transfected with miR-330-
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3p mimics or mimics control into EC109 cells.
Compared with the NC, luciferase activities
were decreased in cells cotransfected with
pmiR-PDCD4-WT vectors and miR-330-3p mim-
ics. However, when the binding site was mutat-
ed, this inhibition was attenuated (Figure 5C).
Collectively, these data showed that miR-330-
3p could regulate PDCD4 expression via direct
targeting its 3'UTR. We next tested the expres-
sion of PDCD4 in ESCC and normal esophageal
tissues. As indicated in Figure 6A, 6B, the
expression of PDCD4 protein and mRNA were
both down-regulated in ESCC tissues. In addi-
tion, the Pearson correlation analysis showed
that PDCD4 mRNA expression was inversely
correlated with miR-330-3p expression (r =
-0.5421, p =0.0008) (Figure 6C). These results
suggested that PDCD4 might be a direct down-
stream target for miR-330-3p in ESCC cells.

Effect of PDCD4 loss-of-function on cell growth
and invasion in ESCC cell lines

Given that miR-330-3p could promote cell pro-
liferation, invasion and migration as well as
inhibit the expression of PDCD4 in ESCC cells,
we predicted that miR-330-3p might affect the
biological behavior of ESCC cells by specifically
regulating PDCD4. To determine the effects of
PDCD4 on ESCC cells, we performed loss-of-
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Figure 6. miR-330-3p and PDCD4 are inversely correlated in ESCC tissues. PDCD4 expression was frequently down-
regulated in cancer tissues as showed by western blot (A) and qPCR (B). Data were analyzed using a 2*°" method
and expressed as log, | fold change. n = 35, **p < 0.01. (C) Scatter plots showed the inverse association between
miR-330-3p and PDCD4 expression (r =-0.5421, p = 0.0008).

function study using PDCDA4-specific siRNA.
Two siRNAs were synthesized, and the one with
better silence effect was chosen to use in the
subsequent  experiments  (Supplementary
Figure 4). CCK8 and Edu assay revealed that
inhibition of PDCD4 promoted cell growth and
proliferation in ESCC cells (Figure 7A, 7B).
Furthermore, Flow cytometric analysis showed
that knockdown of PDCD4 could promote G1/S
transition (Figure 7C) and inhibit cisplatin-
induced apoptosis in both two ESCC cell lines
(Figure 7D). In addition, transwell assay indi-
cated that knockdown of PDCD4 promoted
migration and invasion of EC109 cells (Figure
7E). Therefore, down-regulation of PDCD4
played a facilitative role on ESCC cell prolifera-
tion and invasion. These results are similar to
those obtained with over-expression of miR-
330-3p, which indicated that miR-330-3p
might play an oncogenic role in the develop-
ment of ESCC partially via downregulating
PDCD4 expression.

Discussion

MiRNAs are the most important gene-expres-
sion regulator found so far. Aberrant expression
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of miRNAs were reported to function in cancer
initiation and progression [16]. In this study, we
first identified dysregulated miRNAs in human
ESCC tumor tissues and their adjacent normal
tissues using miRNA microarray. Specially, miR-
330-3p was one of the up-regulated miRNAs in
ESCC tissues. This result was further confirmed
by gRT-PCR in other 35 paired tissues and
esophageal squamous cancer cell lines.
Unfortunately, there was no significant relation-
ship between miR-330-3p expression and clini-
cal stage. This might be due to small population
size, and further investigation of a larger sam-
ple was necessary to study its clinical signifi-
cance and prognostic evaluation in ESCC. In
consistent to our results, Lee KH’s miRNA
expression profiling data also showed up-regu-
lation of miR-330 in ESCC tissues [17].
Expressions of miR-330-3p in other types of
cancer were controversial, previous studies
showed that miR-330-3p was up-regulated in
glioblastoma and metastatic brain cancer [12,
18], while down-regulated in prostate cancer
[11]. Different expression status suggested
that miR-330-3p may exert diverse effects in
different cancers.

Am J Cancer Res 2015;5(3):1062-1075
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Figure 7. PDCD4 downregulation promotes ESCC cell proliferation and invasion in vitro. (A) Down-regulation of
PDCD4 promoted cell growth in both EC109 and KYSE150 cells. *p < 0.05. Knockdown of PDCD4 accelerated cell
proliferation (B), G1/S transition (C) and inhibited cisplatin-induced cell apoptosis (D). *p < 0.05. (E) EC109 cells

transfected with si-PDCD4 exerted an increase in cell migration and invasion ability.
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According to the abnormal expression of miR-
330-3p in ESCC tissues, we speculated that
miR-330-3p might contribute to ESCC carcino-
genesis and progression. CCK8 assay indicat-
ed miR-330-3p could promote ESCC cell growth
in vitro. Also in nude mice, tumors with overex-
pressed miR-330-3p emerged a significantly
faster growth rate than the control. These indi-
cated miR-330-3p had the ability of stimulating
ESCC cell growth. For cell growth was affected
by both cell proliferation and apoptosis, we
wondered which was responsible to the effect
elicited by miR-330-3p or both. Edu assay indi-
cated miR-330-3p had the ability to stimulate
ESCC cell proliferation. FACS studies showed
that ESCC cells with high miR-330-3p levels
had a lower proportion of GO/G1 cells.
Overexpression and knockdown experiments
showed that miR-330-3p levels were positively
related to CDK6 and cyclinA levels and nega-
tively associated with p21%af/Cirl gnd p27Krt
levels. CDK6 and cyclinA appeared at G1 phase
before DNA synthesis and it was required for S
phase entry and passage through G2/M phase
[19]. p21Wail/Cirt gnd p27¥Pt were members of
the cyclin-dependent kinase inhibitors which
could block cell cycle progression [20].
Therefore, the above results suggested that
miR-330-3p could promote ESCC cell prolifera-
tion through facilitating G1/S transition. In
addition, we found that miR-330-3p could pro-
tect ESCC cells against cisplatin-induced cell
apoptosis. Thus, we suggested that growth
stimulation effect caused by miR-330-3p may
be mediated both by accelerating cell cycle pro-
gression and resisting apoptosis. Except for
impact on cell growth, we also studied whether
miR-330-3p could affect ESCC cell motility and
found that ectopic expression of miR-330-3p
promoted migration and invasion in ESCC cells.
Taken together, our study first demonstrated
that miR-330-3p played an oncogenic role in
ESCC initiation and progression through pro-
moting cell cycle, cell survival, migration and
invasion.

Like the contradictory expressions of miR-330-
3p, complicated roles were reported in differ-
ent cancers. Similar to our results, transfection
of breast cancer cells with miR-330 decreased
G1 population and promoted cell survival [21].
Over-expression of miR-330 enhanced cell pro-
liferation, migration and invasion, and inhibit
apoptosis in glioblastoma cells [12]. On the
contrary, ectopic expression of miR-330 were
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reported to inhibit cell growth in prostate [11]
and colorectal cancer [13], and also inhibit cell
motility in prostate cancer cells [14]. With in-
depth understanding of miRNA, more and more
research indicated that some miRNAs may
function in tissue-dependent or context-depen-
dent manners. Besides miR-330-3p, function
of some other miRNAs was also found varied in
different cancer types. MiR-9 inhibited ovarian
cancer cell growth while promoted gastric can-
cer cell proliferation [22, 23]. Moreover, epithe-
lial-mesenchymal transition was suppressed by
inhibiting E-cadherin via miR-9 in breast cancer
and colon cancer [24, 25], and miR-9 also pro-
moted tumor metastasis by activating 3-catenin
pathway and inducing EMT via targeting
E-cadherin [26]. However, miR-9 targeted
matrix metalloproteinase 14 to inhibit invasion,
metastasis, and angiogenesis of neuroblasto-
ma cells [27]. miR-10a, miR-155 and miR-200
exhibited different function in different cancers
too [28]. As we all know, miRNAs silenced gene
expression by targeting 3’UTR of mRNAs, single
miRNA could target different genes and one
mMRNA could be regulated by several miRNAs.
Varied effects of the same miRNA might be due
to regulating different downstream genes in dif-
ferent environment. E2F1 [11], spl [14] were
target genes responsible for tumor suppressor
role of miR-330-3p. Qu S demonstrated miR-
330-3p played an oncogenic role in glioblasto-
ma cells by regulating SH3GL2 gene [12]. We
next identified the potential downstream tar-
gets of miR-330-3p in ESCC tissue.

Bioinformatical analysis suggested several
mRNAs had binding sites for miR-330-3p,
among which tumor suppressor gene PDCD4
drew our attention. PDCD4 was originally identi-
fied to inhibit transformation in a mouse model
[29, 30]. Recent studies have pointed to that
downregulation of PDCD4 could facilitate cell
survival and invasion in a variety of cancers,
such as breast cancer [31], colorectal cancer
[32, 33], ovarian cancer [34] and hepatocellu-
lar carcinoma [35]. Coincidently, Fassan M’s
work showed that PDCD4 was downregulated
in esophageal cancer and patient with higher
level of PDCD4 had a longer disease survival
rate [36]. These evidence suggested PDCD4 as
a potential downstream target for miR-330-3p
in ESCC tissues. So we investigated whether
miR-330-3p could regulate PDCD4 expression
in ESCC tissue. Ectopic expression of miR-330-
3p decreased PDCD4 mRNA and protein levels

Am J Cancer Res 2015;5(3):1062-1075



MiR-330-3p targets PDCD4 in esophageal cancer

in ESCC cells, while downregulation leaded to
the opposite effects. Luciferase reporter assay
indicated that miR-330-3p could repress
expression by targeting 3'UTR of PDCDA.
Moreover, we found that PDCD4 was frequently
downregulated in our ESCC tissues as Fassan
M’s work described and its expression was
inversely correlated with miR-330-3p level. In
addition, we also showed that knockdown of
PDCD4 significantly promoted ESCC cell
growth, invasion and migration, and inhibited
apoptosis induced by cisplatin, indicating
PDCD4 function as a tumor suppressor in ESCC
cancer. Combination the negative regulation
between miR-330-3p and PDCD4 and their
opposite roles in ESCC, we now demonstrated
that miR-330-3p might play the tumor stimula-
tion role in ESCC through negatively regulating
PDCD4 expression.

Inactivation of tumor suppressors was a key
rate-limiting step in early stage of oncogenesis.
PDCD4 was an important tumor suppressor
function in either the initial or progression
stage. Downregulation of PDCD4 expression
was frequently found in a variety of cancer.
Unlike other tumor suppressor genes, PDCD4
was not mutationally inactivated in human can-
cer [37]. Colburn NH who first discovered
PDCD4’s transformation suppressor role
revealed that PDCD4 downregulation in cancer
was attributable to increased proteasomal deg-
radation mediated by protein kinase B (Akt) or
70-kDa ribosomal protein S6 kinase 1
(p70S6K1) [38]. Except for that, abnormal
expressions of miRNAs which were recently-
founded post-transcriptional gene silencers
might be another prominent contributor to the
decrease of PDCDA4. Allgayer H found miR-21
down-regulated PDCD4 expression in colorec-
tal cancer in 2008 [39], after then, PDCD4
expressions in many other types of cancer were
revealed to be downregulated by miR-21 [40-
42], including ESCC [43]. Our work revealed
that miR-330-3p overexpression might be
another novel mechanism leaded to downregu-
lation of PDCD4 in ESCC.

In conclusion, for the first time, we demonstrat-
ed that miR-330-3p was frequently overex-
pressed in human esophageal squamous cell
carcinoma. MiR-330-3p functioned as an onco-
gene in ESCC involving in promotion of cell
growth, cell survival and invasion. PDCD4 was
a novel target for miR-330-3p and contributing
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to ESCC carcinogenesis. These findings may
provide a strategy for targeting miR-330-3p/
PDCD4 as new evidence to ESCC diagnosis and
therapy.
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Supplementary Table 1. All primers and sequences are provided in
the study

Name Sequence

miRNAs and siRNAs
hsa-miR-330-3p mimics sence GCAAAGCACACGGCCUGCAGAGA
hsa-miR-330-3p mimics antisence UCUGCAGGCCGUGUGCUUUGCUU
mimics control sence UUCUCCGAACGUGUCACGUTT
mimics control antisence ACGUGACACGUUCGGAGAATT
hsa-miR-330-3p inhibitor UCUCUGCAGGCCGUGUGCUUUGC
inhibitor control CAGUACUUUUGUGUAGUACAA
siPDCD4-1 GUGUUGGCAGUAUCCUUAG
siPDCD4-2 CAUUCAUACUCUGUGCUGG

hsa-miR-330-3pUP™ agomir sence GCAAAGCACACGGCCUGCAGAGA
hsa-miR-330-3pUP™ agomir antisence UCUGCAGGCCGUGUGCUUUGCUU

agomiR control sence UUCUCCGAACGUGUCACGUTT
agomiR control antisence ACGUGACACGUUCGGAGA ATT
For RT-PCR
PDCD4 Forward AGTGACGCCCTTAGAAGTGG
PDCD4 Reverse TCATATCCACCTCCTCCACA
CCND1 Forward TCCTCTCCAAAATGCCAGAG
CCND1 Reverse GGCGGATTGGAAATGAACTT
CCND2 Forward GCTGGCTAAGATCACCAACACA
CCND2 Reverse CCTCAATCTGCTCCTGGCAA
CDK4 Forward AAATCTTTGACCTGATTGGG
CDK4 Reverse CCTTATGTAGATAAGAGTGCTG
C-MYC Forward TGCTCCATGAGGAGACACC
C-MYC Reverse CTTTTCCACAGAAACAACATCG
For Reporter Assay
WT-PDCD4 3’UTR Forward CGAGCTCTCTGACTGCCACTCCTTT
WT-PDCD4 3’UTR Reverse CGACGCGTGATGTTCCAGCCACCTTT
MUT-PDCD4 3'UTR Forward ATACTGTTCTTAGGGAGTAAAA
MUT-PDCD4 3’UTR Reverse ACTCCCTAAGAACAGTATCTCA

Restriction sites are underlined.
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Supplementary Figure 1. Expression levels of miR-
330-3p in different clinical stages of ESCC patients.
MiR-330-3p expression had no significant correla-
tion with high-grade ESCC tissues (lI/lll/IV) com-
pared with low-grade tissues (I). p > 0.05.
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Supplementary Figure 2. Expression of miR-330-3p in ESCC cell lines EC109 and KYSE150 after transfection of
miR-330-3p mimics or inhibitor. Analysis of miR-330-3p expression following treatment of EC109 cells with miR-
330-3p mimics or mimics NC (A) and treatment of KYSE150 cells with miR-330-3p inhibitor or inhibitor NC (B). *p
<0.05, **p < 0.01.
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Supplementary Figure 3. Several cell cycle regulatory genes mMRNA expression caused by overexpression or downex-
pression of miR-330-3p. MiR-330-3p overexpression significantly upregulated the mRNA levels of CCND1, CCND2,
CDK4 and C-myc (A), and downregulated their expression by transfected miR-330-3p inhibitor (B). *p < 0.05, **p
< 0.01.
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Supplementary Figure 4. Analysis of PDCD4 protein and mRNA expression are reduced by small interfering RNA.
PDCD4 ablations in EC109 (A) and KYSE150 (B) cells were confirmed by western blot and qPCR. *p < 0.05, **p <
0.01.
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