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Background: Hepatocellular carcinoma (HCC) is the second leading cause of cancer mortal-
ity worldwide, however, the prognosis for HCC remains unsatisfactory. This study aimed to
explore the role of miR-339-5p in HCC.

Methods: We first used quantitative real-time PCR to examine the level of miR-339-5p in HCC
tissues. Then we further adopted Western blotting assay, CCK8, cell invasion assays, apoptosis
detection assay, and luciferase assay to analyze how it mediate the development of HCC.
Results: We found that miR-339 is significantly decreased in primary HCC tissues. Overexpres-
sion of miR-339 in HCC cells remarkably suppressed proliferation and invasion and induced
apoptosis. However, silencing miR-339 in HCC cells promoted proliferation and invasion,
and reduced apoptosis. Moreover, we demonstrated that ZNF689 is a target of miR-339 and
there is a negative correlation between miR-339 and ZNF689 expression in the HCC tissues.
Overexpression of ZNF689 in miR-339-overexpressing HCC cells partially antagonized the
inhibitory effects of miR-339.

Conclusion: Our study revealed that miR-339 inhibits HCC growth through targeting onco-
protein ZNF689 and restoration of miR-339 might be feasible therapeutic strategy for HCC
treatment.

Keywords: miR-339-5p, HCC, ZNF689, treatment, proliferation

Introduction
Liver cancer is the second leading cause of cancer mortality worldwide, causing >700,000
deaths annually. Although there has been progress in treatment, the prognosis for
hepatocellular carcinoma (HCC) remains unsatisfactory.' Therefore, identifying some
new biomarkers for early diagnosis of HCC and exploring the mechanisms of HCC
progression might be the feasible strategy for improving the survival rate and quality
of life of HCC patients.?

miRNAs are single-stranded and non-coding RNAs containing about 21 nucleotides.
miRNAs play some important regulatory roles within cells, including posttranscrip-
tional regulation and mRNA cleavage.*> Accumulating evidence shows that miRNAs
coordinate many biological processes, including cell proliferation, apoptosis, migra-
tion, invasion and oncogenesis.*’ In recent years, miR-339 has been reported to be a
suppressor for various cancers, such as lung cancer, ovarian cancer, colorectal cancer
(CRC) and melanoma.®'* However, the mechanism underlying miR-399 inhibiting
HCC carcinogenesis remains unclear.

Zinc finger (ZNF)-containing proteins are the transcription factors which bind
to sequence-specific DNA and, therefore, regulate differentiation, metabolism,
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development, apoptosis, stemness maintenance and autoph-
agy.’> ™ Previous studies revealed that aberrant expression
of ZNF proteins contributes to tumorigenesis. It has been
reported that ZKSCANS3 (aliases ZNF306 and ZNF309) is
a driver of invasive CRC progression.”’ Shigematsu et al’!
found that ZNF689 inhibits apoptosis of HCC cells via down-
regulating Bcl-2 family members. Also, Yi et al** showed
that ZNF689 is a poor prognostic factor for HCC patients.
Jen et al® firstly verified that ZNF3224 (aliases ZNF388 or
ZNF489) is an oncogene which promotes lung cancer cell pro-
liferation and metastasis. Therefore, inhibiting ZNF proteins
might be a feasible strategy to suppress cancer progression.

In this study, we found that the expression of miR-339 is
higher in normal liver tissues than in HCC tissues. Further
study showed that miR-339 suppresses HCC cell prolifera-
tion and invasion and promotes apoptosis through inhibiting
ZNF689 protein.

Materials and methods

Clinical specimens

Forty HCC tissue specimens and paracancerous tissues were
surgically obtained from Zhejiang Cancer Hospital between
May 2016 and May 2017. None of the patients had received
chemotherapy or radiotherapy before the surgery. Also, all
tissues were confirmed by pathological examination. This
study was approved by Zhejiang Cancer Hospital Institutional
Review Board and conforms to the Declaration of Helsinki
principles. Patients who were enrolled in our study were
asked to sign the informed consents.

Cell lines and cell culture

Human hepatoma cell lines HepG2, Hep3B, Bel7402,
HCCLM3 and human hepatic cell line LO2 were purchased
from Cell Bank of Type Culture Collection of Chinese Academy
of Sciences (Shanghai, P.R. China). All cell lines were cultured
in DMEM supplemented with 10% FBS and 1% streptomycin
and penicillin in a humidified atmosphere of 5% CO, at 37°C.

Quantitative real-time PCR

Total RNA was extracted from the cells or tissues using
E.Z.N.A.® Total RNA Kit I (Omega Bio-Tek, Norcross,
GA, USA) according to the manufacturer’s protocol. cDNA
was synthesized using the Transcriptor First Strand cDNA
Synthesis Kit. Next, ZNF689 cDNA was quantified with
the Lightcycler 480 real-time PCR system (Roche) using
SYBR Green I Master Mix (Roche). The reverse transcrip-
tion of miRNA was performed with the Prime-Script miRNA
cDNA Synthesis Kit (TaKaRa), and the miR-339 cDNA
was detected on the Lightcycler 480 real-time PCR system

(Roche) using the TagMan MicroRNA Assay Kit (ABI,
Foster City, CA, USA). GAPDH and U6 were used as the
endogenous control for normalizing ZNF689 and miR-339,
respectively. All primers used in this study are shown in
Table S1. The sequences of miR-339 and U6 were quoted
from Shen et al.** Also, the sequences of ZNF689 and
GAPDH were designed by ourselves using PubMed.

Western blotting assay

Total cellular proteins were extracted from HCC cells which
were lysed in RIPA buffer (Thermo Fisher Scientific) supple-
mented with protease and phosphatase inhibitors. The protein
concentrations were detected with BCA Protein Assay Kit
(Thermo Fisher Scientific, Waltham, MA, USA). Forty
micrograms of total cellular proteins was separated using
8% SDS-PAGE and then electrotransferred onto polyvinyli-
dene difluoride (PVDF) membrane (EMD Millipore). Next,
the PVDF membrane was incubated with 5% non-fat milk,
followed by a primary antibody and a secondary antibody.
Primary antibodies, including E-cadherin (1:1,000), vimen-
tin (1:1,000), B-actin (1:1,000), cleaved PARP (1:1,000),
cleaved caspase-3 (1:1,000) and cleaved caspase-8 (1:1,000),
and secondary antibodies, including anti-mouse IgG and anti-
rabbit IgG (1:5,000), were purchased from Cell Signaling
Technology. The primary antibody ZNF689 (1:2,000) was
obtained from Novus Biologicals. Protein bands were visual-
ized using enhanced chemiluminescence system (Bio-Rad
Clarity Western ECL; Bio-Rad Laboratories Inc.) according
to the manufacturer’s protocol.

Transfection miR-339 mimics, miR-339 inhibitors
and their respective negative control were purchased from
GenePharma (Shanghai, P.R. China). ZNF689 overexpres-
sion plasmid (pCMV6-AC-GFP-ZNF689) and its vector
pCMV6-AC-GFP were obtained from Origene Technologies
Inc. (Rockville, MD, USA). Transfection was carried out
using Lipofectamine 3000 (Thermo Fisher Scientific) accord-
ing to the manufacturer’s instructions.

Cell proliferation assay

HCC cells were transfected with miRNA-339 mimic, inhibitor
or ZNF689 overexpression plasmid and then seeded into the
96-well plate. After that, HCC cells were treated with the Cell
Counting Kit-8 (Beyotime Biotechnology, Shanghai, P.R.
China). The absorbance at 450 nm was detected at indicated
times (0, 24, 48 and 72 hours) using the microplate reader.

Cell invasion assays
After being transfected with miRNA-339 mimic, inhibitor
or ZNF689 overexpression plasmid, HCC cells were seeded
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into Matrigel-coated upper well of a 24-well polycarbonate
Transwell insert (Costar; Corning Incorporated, Corning,
NY, USA). FBS-free medium was added to the upper well,
while the complete medium was added to the lower well.
After 24 hours of incubation, the cells that had invaded
through the membrane were fixed and stained.

Apoptosis detection assay

After transfection, HCC cells were collected and stained
with fluorescein isothiocyanate (FITC)-Annexin V and prop-
idium iodide (PI) using the Annexin V-FITC/PI Apoptosis
Detection Kit (BD Biosciences) according to the manufac-
turer’s protocol. Stained cells were subjected immediately to
flow cytometry and the results were analyzed using CellQuest
3.3 software (FACScan; BD, Franklin Lakes, NJ, USA).

Luciferase assay

The 3’-UTR of ZNF689 containing the miR-339-binding
sites and its mutant was cloned into pGL3-control luciferase
reporter vector (Promega Corporation, Fitchburg, WI, USA).
pGL3-ZNF689 or mutant pGL3-ZNF689 was co-transfected
with miR-339 mimic or scramble into HCC cells by using
Opti-MEM and Lipofectamine 3000. After transfection,
cells were plated on a 96-well plate. The luciferase activities
were evaluated by using the dual luciferase reporter analysis
system (Promega Corporation). The relative firefly luciferase
activity was normalized to Renilla luciferase activity 48 hours
after transfection.

Statistical analyses

All statistical data were analyzed using GraphPad Prism
5.0 software. Data are expressed as the mean + SD. Differ-
ences among groups were determined by one-way ANOVA.
P<0.05 was considered as statistically significant.
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Figure | miR-339 is downregulated in HCC tissues.

Results
miR-339 is downregulated in HCC

tissues

For studying the expression of miR-339 in HCC, 20 paired
HCC tissues and adjacent non-tumor tissues were analyzed
using quantitative PCR. As shown in Figure 1A, the expres-
sion of miR-339 was downregulated in the HCC tissues.
Furthermore, miR-399 expression was markedly lower in the
HCC tissues than in adjacent non-tumor tissues (Figure 1B).
To investigate the clinical significance of miR-339 in HCC,
we analyzed the correlation between miR-339 expression
level and clinical features in these 20 HCC patients. As shown
in Table S2, miR-339 expression was significantly corre-
lated with the histological grade (P=0.008), clinical stage
(P=0.025) and metastasis (P=0.001).

Overexpression of miR-339 inhibits
HCCLMS cells’ proliferation and invasion

and induces apoptosis

The expression of miR-339 was lower in the HCC cell lines
(HepG2, Hep3B, Bel7402 and HCCLM3) than in the nor-
mal human liver cell LO2 (Figure 2A). From Figure 2A, we
can see that the expression of miR-339 in HCCLM3 cells
was the lowest. Therefore, we chose HCCLM3 cells for
further study. miR-339 expression in the HCCLM3 cells
was increased following transfection with miR-339 mimic
compared with the scramble parental cells (Figure 2B).
Ectopic expression of miR-339 decreased the proliferation
of HCCLM3 cells (Figure 2C), but increased apoptotic cells
(Figure 2D). E-cadherin and vimentin are the major markers
of epithelial-to-mesenchymal transition (EMT), and EMT
plays an important role in tumor metastases. Thus, we first
detected whether miR-339 modulates the expression of the
EMT markers. We found that E-cadherin was significantly
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Notes: (A) The expression of miR-339 in 20 paired HCC tissues and adjacent non-tumor tissues was measured by using qPCR. (B) The expression of miR-339 was
significantly higher in the HCC tissues than in adjacent non-tumor tissues. Data are shown as mean + SD. ***P<<0.001 vs the normal tissue group.

Abbreviations: HCC, hepatocellular carcinoma; qPCR, quantitative PCR.
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Figure 2 Overexpression of miR-339 inhibits HCCLM3 cells’ proliferation and invasion and induces apoptosis.

Notes: (A) miR-339 expression in the HCC cell lines (HepG2, Hep3B, Bel7402 and HCCLM3) and the human normal liver cell LO2 was determined by using qPCR.
(B) The expression of miR-339 in HCCLM3 cells transfected with miR-339 mimic was measured by using qPCR. (C) Overexpression of miR-339 decreased HCCLM3 cells’
proliferation. (D) Overexpression of miR-339 increased HCCLM3 cells’ apoptosis rate. (E) HCCLM3 cells were transfected with miR-339 mimic and the expression of
E-cadherin and vimentin was analyzed by Western blotting. (F) Data represent the relative protein expression. (G) After transfection with miR-339 mimic, the invasive ability
of HCCLM3 cells was determined by using Transwell. 200x magnification. (H) The relative amount of invasive cells was analyzed with GraphPad Prism 5.0. Data are expressed
as mean * SD, n=3. *P<0.05, **P<<0.01 and ***P<<0.001 vs the scramble group.

Abbreviations: HCC, hepatocellular carcinoma; qPCR, quantitative PCR.
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increased in miR-339 mimic transfection cells, while vimen-
tin was markedly decreased (Figure 2E and F). In addition,
after miR-339 mimic transfection, the invasive potential of
HCCLM3 cells was decreased compared with the scramble
transfected cells (Figure 2G and H).

Knockdown of miR-339 promotes
HepG2 cells’ proliferation and invasion

and reduces apoptosis

According to the result in Figure 2A, the expression of
miR-339 was the highest in HepG2 cells, while it was the
lowest in HCCLM3 cells among the four HCC cell lines.
In order to investigate if miR-339 inhibits HCC prolifera-
tion and invasion, we used miR-339 inhibitor to silence the
expression of miR-339 in HepG2 cells and miR-339 mimic
to overexpress miR-339 in HCCLM3 cells. miR-339 expres-
sion in the HepG2 cells was decreased following transfec-
tion with miR-339 inhibitor compared with the scramble
parental cells (Figure 3A). Silencing miR-339 increased
HepG?2 cells’ proliferation (Figure 3B), while it decreased
the apoptosis rate of HepG2 cells (Figure 3C). We also
detected the expression of E-cadherin and vimentin. It was
found that E-cadherin was significantly decreased in miR-
339 inhibitor transfected cells while vimentin was mark-
edly increased (Figure 3D and E). Meanwhile, the invasive
capability of HepG2 cells transfected with miR-339 inhibitor
was decreased compared with the scramble transfected cells
(Figure 3F and G).

miR-339 directly targets ZNF689

expression

We searched the potential targets of miR-339 using the
TargetScan tool and identified ZNF689 as a potential target
of miR-339 (Figure 4A). As shown in Figure 4B, miR-339
overexpression inhibited the luciferase activity of the wild-
type vector (ZNF689-3’-UTR-wild type [WT]), but not the
mutant vector (ZNF689-3’-UTR-Mut). Moreover, overex-
pression of miR-339 suppressed ZNF689 mRNA and protein
expression in HCCLM3 cells (Figure 4C-E).

ZNF689 is upregulated in HCC tissues

As shown in the Figure 5A, the expression of ZNF689 was
upregulated in the HCC tissues. Furthermore, ZNF689
expression was significantly higher in the HCC tissues
than in adjacent non-tumor tissues (Figure 5B). In addition,
we verified that there was a significant inverse correlation
between miR-339 and ZNF689 expression in the HCC tissues
(Figure 5C).

Overexpression of ZNF689 antagonizes
miR-339 inhibitory effect on

HCCLM3 cells

ZNF689 expression was higher in the HCC cell lines (HepG2,
Hep3B, Bel7402 and HCCLM3) than in the human normal
liver cell LO2 (Figure 6A). The mRNA and protein expres-
sion of ZNF689 in HCCLM3 cells was increased follow-
ing transfection with ZNF689 overexpression plasmid
(Figure 6B—D). Next, ZNF689 overexpression plasmid was
co-transfected with miR-339 mimic into HCCLM3 cells.
Also, we found that the proliferation and invasion potential
of miR-339—overexpressing cells was partially increased
after treatment with ZNF689 overexpression plasmid
(Figure 6E—H). Furthermore, ectopic expression of ZNF689
suppressed apoptosis of HCCLM3 cells overexpressing
miR-339 (Figure 6F). After ZNF689 overexpression plasmid
was co-transfected with miR-339 mimic into HCCLM3 cells,
the protein expression of cleaved PARP, cleaved caspase-3
and cleaved caspase-8 was decreased at 72 hours (Figure S1).

Discussion

miR-339 has been confirmed as a tumor suppressor in
many types of cancer. The reduced miR-339-5p expression
is associated with an increase in metastatic rate and high
clinical stages of breast cancer.”® Weber et al'* showed that
miR-339-3p is differentially expressed in melanoma cells
and healthy melanocytes. Further study determined that miR-
339-3p functions as a strong inhibitor of melanoma and high
levels of miR-339-3p decrease the invasive aggressiveness
of melanoma cells. It was observed that miR-339-5p was
significantly downregulated in Taxol-A549 cells compared
with A549 cells, and this study suggested that miR-339-5p
downregulation contributes to Taxol resistance in small-cell
lung cancer.? In ovarian cancer, miR-339-5p is speculated
to be a biomarker for inhibiting metastasis.'> Zhou et al'*
demonstrated that the low-level expression of miR-339-3p
was significantly associated with lymph node metastasis
in patients with CRC. Higher expression of miR-339-5p
indicates low metastatic potential in the non-small-cell lung
cancer (NSCLC) cells.”” Wang et al?® showed that miR-
339-5p expression level was significantly lower in HCC tis-
sues compared with non-cancerous liver tissues, and patients
with lower miR-339-5p expression level were associated with
a poorer overall survival.

In this study, we found that the expression of miR-339
was lower in HCC tissues than in the adjacent non-tumor
tissues. Moreover, the expression of miR-339 was sig-
nificantly lower in patients with metastases. Decreased
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Notes: (A) HepG2 cells were treated with miR-339 inhibitor for 48 hours and the expression of miR-339 in HepG2 cells was measured by using qPCR. (B) Knockdown of
miR-339 increased HepG2 cells’ proliferation. (C) Knockdown of miR-339 decreased HepG2 cells’ apoptosis rate. (D) HepG2 cells were transfected with miR-339 inhibitor
and the expression of E-cadherin and vimentin was analyzed by Western blotting. (E) Data represent the relative protein expression. (F) After transfection with miR-339
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Abbreviation: qPCR, quantitative PCR.
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Notes: (A) miR-339 and its presumptive binding sites in the 3’-UTR of ZNF689. Mutations were generated in the complementary site which binds to the seed region of miR-
339. (B) miR-339 mimic and luciferase plasmids which include WT ZNF689 3’-UTR or Mut ZNF689-3’-UTR were co-transfected into HCCLM3 cells. The relative luciferase
activity was determined. (C) The mRNA level of ZNF689 was measured by using qPCR after miR-339 mimic was transfected into HCCLM3 cells. (D) The protein expression
of ZNF689 was detected by using Western blotting after miR-339 mimic was transfected into HCCLM3 cells. (E) Data represent the relative protein expression, shown as

mean + SD, n=3. *P<<0.05, ¥**P<<0.01 vs the scramble group.
Abbreviations: Mut, mutant type; qPCR, quantitative PCR; WT, wild type.

expression of miR-339 was associated with clinical stage
(P=0.025), histological grade (P=0.008) and tumor metastasis
(P=0.001). Downregulation of miR-339 facilitated metasta-
sis of HCC, indicating poorer prognosis. This is consistent
with previous studies, implying the potential of miR-339 as
a positive marker for cancer metastasis and prognosis. Fur-
ther studies demonstrated that overexpression of miR-339
inhibited HCC cells’ proliferation and invasion, but induced
apoptosis. However, knockdown of miR-339 promoted HCC
cells’ proliferation and invasion and reduced apoptosis,
suggesting the tumor suppressor role of miR-339 in HCC.
Previous studies have shown the various oncogenes
involved in the mechanisms of miR-339 inhibiting cancer
cells’ proliferation, migration and invasion and inducing apop-
tosis. Ren et al?’ proved that miR-339 targets the 3’-UTR of
Skp2 mRNA to inhibit lung cancer cells’ proliferation. Shan
et al'? demonstrated that miR-339-5p suppresses migration
and invasion of ovarian cancer cell lines through targeting
NACCI1 and BCL6. miR-339-5p was reported to inhibit the

EMT via targeting B-cell chronic lymphocytic leukemia/
BCL6 and, therefore, restrain cell migration and invasion in
NSCLC." In CRC cells, miR-339-5p functions as a tumor
suppressor which suppresses cell growth, colony formation
and metastasis by downregulating the expression of PRL-1.%
A study by Jansson et al*' demonstrated that miR-339-5p
downregulates MDM?2 expression through directly targeting
the 3"-UTR of MDM2 mRNA, and thus promotes p53 func-
tion in breast cancer cell MCF-7 and CRC cell HCT-116.

In the weurrent study, we used TargetScan Human tool to
predict the target of miR-339, and the result showed that miR-
339 directly targeted the 3’-UTR of ZNF689 and there was a
significant inverse correlation between miR-339 and ZNF689
expression in the HCC tissues. ZNF689, a C2H2-type ZNF,
is a putative transcription regulating factor. A previous
study reported that downregulated ZNF689 inhibits cancer
cells’ proliferation.*? Also, it has been verified that ZNF689
suppresses apoptosis of HCC cell lines by decreasing the
expression of the proapoptotic factors.?!
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Figure 6 Overexpression of ZNF689 antagonizes miR-339 inhibitory effect on HCCLMS3 cells.

Notes: (A) ZNF689 mRNA expression in the HCC cell lines (HepG2, Hep3B, Bel7402 and HCCLM3) and the human normal liver cell LO2 was determined by using qPCR.
(B) The mRNA expression of ZNF689 in HCCLM3 cells transfected with ZNF689 overexpression plasmid was measured by using qPCR. (C) The protein level of ZNF689
in HCCLM3 cells transfected with ZNF689 overexpression plasmid was measured by using Western blotting. (D) Data represent the relative protein expression. (E-G)
ZNF689 overexpression plasmid was co-transfected with miR-339 mimic into HCCLM3 cells. (E) The cell proliferation was measured by using MTT. (F) Apoptotic cells
were determined by using Annexin V-FITC/PI Apoptosis Detection Kit. (G) The cell invasive capacity was measured by using Transwell. 200x magnification. (H) The relative
amount of invasive cells was analyzed with GraphPad Prism 5.0. Data are presented as mean * SD, n=3. *P<<0.05, **P<<0.0| and ***P<<0.001 vs the scramble group. *P<<0.05

and #P<0.001 vs the miR-339 mimic group.

Abbreviations: FITC, fluorescein isothiocyanate; HCC, hepatocellular carcinoma; Pl, propidium iodide; qPCR, quantitative PCR.

Conclusion

In our study, overexpressing ZNF689 antagonized the inhibi-
tory effect of miR-339 on HCC, providing the first clue that
miR-339 mechanistically acts by suppressing ZNF689. All
these results including ours suggest that miR-339 is associ-
ated with inhibition of tumorigenesis via targeting multiple
oncoproteins in tumors and, therefore, may be developed as
a therapeutic target in HCC.
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Table S| Primer sequences used in qPCR assay

Gene Forward (5’-3")
Reverse (5'-3")

miR-339 GGGTCCCTGTCCTCCA
TGCGTGTCGTGGAGTC

ué GCTTCGGCAGCACATATACTAAAAT
CGCTTCACGAATTTGCGTGTCAT

ZNF689 TGGAACGAAACACCGATGACT
CCATTCTTCTTTCTGGTTCTGCT

GAPDH TGCACCACCAACTGCTTAGC

GGCATGGACTGTGGTCATGAG

Abbreviation: qPCR, quantitative PCR.

Table S2 Correlation between miR-339 levels and the 20 HCC
patients’ clinicopathological parameters

Parameters MiR-339 expression P-value
High (n=9) | Low (n=11)

Age 0.964
=60 5
>60 4 5

Gender 0.653
Men 5 5
Women 4 6

Histological grade 0.008
Well 7 2
Moderate or poor 2 9

Clinical stage 0.025
I 7 3
i, Iv 2

Metastasis 0.001
Yes | 10
No 8 |

Note: P-value was calculated with a two-sided Pearson chi-square test.
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Figure S| Overexpression of ZNF689 antagonizes the apoptotic effect induced by
miR-339 in HCCLM3 cells.

Note: After ZNF689 overexpression plasmid was co-transfected with miR-339
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