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Long Intergenic Non-Protein Coding RNA 665
Regulates Viability, Apoptosis, and Autophagy
via the MiR-186-5p/MAP4K3 Axis

in Hepatocellular Carcinoma

Yong Shan' and Ping Li*

'Department of General Surgery, Jinchang Central Hospital, Jinchang, Gansu;
*Department of Ultrasound, Shenzhen Hospital of Southern Medical University, Shenzhen, China.

Purpose: Long intergenic non-protein coding RNA 665 (LINC00665) plays a vital role in the development of cancer. Its function
in hepatocellular carcinoma (HCC), however, remains largely unknown.

Materials and Methods: The expressions of LINC00665, miR-186-5p, and MAP4K3 were determined by qRT-PCR. Cell viability
and apoptosis were evaluated by MTT and flow cytometry, respectively. Autophagic puncta formation was observed by fluores-
cence microscopy. Bioinformatics analysis, luciferase reporter assay, RNA immunoprecipitation, and RNA pulldown were per-
formed to identify associations among LINC00665, miR-186-5p, and MAP4K3. Western blot was utilized to examine the expres-
sions of MAP4K3, Beclin-1, and LC3. Tumor growth was evaluated in a xenograft model.

Results: Elevations in LINC00665 were observed in HCC tissues and cells. The overall survival of HCC patients with high levels of
LINCO00665 was shorter than those with low levels. In vitro, LINC00665 depletion inhibited viability and induced apoptosis and
autophagy. miR-186-5p interacted with LINC00665 and was downregulated in HCC tissues and cells. Upregulation of miR-186-
5p inhibited viability and induced apoptosis and autophagy, which were attenuated by upregulation of LINC00665. MAP4K3 was
found to possess binding sites with miR-186-5p and was upregulated in HCC tissues and cells. MAP4K3 depletion inhibited via-
bility and induced apoptosis and autophagy, which were attenuated by miR-186-5p inhibitor. In vivo, miR-186-5p expression was
negatively correlated with LINC00665 or MAP4K3 in HCC tissues, while LINC00665 was positively correlated with MAP4K3.
LINCO00665 knockdown suppressed tumor growth.

Conclusion: LINC00665 was involved in cell viability, apoptosis, and autophagy in HCC via miR-186-5p/MAP4K3 axis, which may
provide a new approach for HCC treatment.
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malignant cancers worldwide," with a high recurrence rate
and limited treatment options.* Although great advancements
have been made,” HCC patients are still diagnosed at an ad-
vanced stage with poor prognosis. Thus, a better understanding
of the pathogenesis of HCC may provide new methods for the
management thereof.

Long noncoding RNAs (IncRNAs) are transcripts longer than
200 nucleotides (nts) with no protein-coding capacity. Emerg-
ing evidence has demonstrated that IncRNAs play important
roles in HCC progression.”" For example, IncRNA urothelial
carcinoma-associated 1 was found to be drastically increased
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in HCC tissues and associated with TNM stage, metastasis,
and postoperative survival."' LncRNA zinc finger antisense 1
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was shown to function as an oncogene in HCC progression by
binding miR-150." It has been reported that long intergenic
non-protein coding RNA 665 (LINC00665) may be involved in
the regulation of cell cycle pathways in HCC and upregulation
of LINC00665 in patients with HCC has been found to be sig-
nificantly associated with poorer overall survival (OS)." At pres-
ent, the underlying molecular mechanism and functional sig-
nificance of LINC00665 in HCC progression need to be further
explored.

MicroRNAs (miRNAs), small noncoding RNAs of approxi-
mately 22 nucleotides, play essential roles in the development
and progression of cancer.' An increasing number of reports
have highlighted associations between various miRNAs and
HCC development.’**” Autophagy is a catabolic mechanism
that maintains cellular homeostasis, along with formation of
autophagosomes,'® and it is involved in several biological pro-
cesses, including development, aging, and degeneration."
Moreover, aberrant regulation of autophagy is related to many
diseases, including cancer.*** It is well documented that miR-
NAs are involved in regulating autophagy.”** Previous studies
have reported that miR-143 could act as a potent inhibitor of
autophagy via targeting GABAA receptor associated protein
like 1 (GABARAPLI) in gastric cancer cells.* Meanwhile, the
IncRNA plasmacytoma variant translocation 1 (PVT1) has
been shown to act as an endogenous sponge for miR-186-5p
to promote the tumorigenesis of HCC.* However, the regula-
tion mechanism of miR-186-5p in apoptosis and autophagy in
HCC remains largely unclear.

In the current study, we explored the expression of LINC00665,
miR-186-5p, and mitogen activated protein kinase kinase ki-
nase kinase 3 (MAP4K3) in HCC tissues and cells, and ana-
lyzed correlations among them. We found that LINC00665
played an oncogene role in HCC by sponging with miR-186-
5p and that miR-186-5p played a tumor-suppressive role in
HCC by targeting MAP4K3. Furthermore, tumor growth was
also inhibited by LINC00665 depletion in vivo. In conclusion,
we deemed the LINC00665/miR-186-5p/MAP4K3 axis to be
involved in cell viability, apoptosis, and autophagy in HCC.

MATERIALS AND METHODS

Clinical samples and cell culture

We enrolled a total of 76 primary HCC patients who under-
went radical hepatectomy from Jinchang Central Hospital
(Gangsu, China) between March 2014 and October 2018.
LINCO00665 expression and clinicopathological features in
HCC patients (76 cases) are listed in Table 1. None of the re-
cruited patients received any treatment prior to surgery, and
all provided written informed consent. Also, our study was
approved by the Institutional Review Board (IRB without
number) of Jinchang Central Hospital. HCC cell lines (Huh-7,
HepG2, HCCLM6, MHCC-97H, and Hep3B) and the human
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Table 1. Correlation between LINC00665 Expression and Clinicopatho-
logical Features of Hepatocellular Carcinoma Patients

o LINCO00665
Clinical feature n = pvalue
High Low

Age 0.265
>60 4 24 17
<60 35 16 19

Sex 0.424
Male 51 32 19
Female 25 18

Tumor size 0.012
>5¢cm 44 28 16
<5cm 32 11 21

Hepatitis 0.109
Negative 48 20 28
Positive 28 17 1

Edmondson grade 0.010
[+ 47 32 15
[+l 29 11 18

Lymph node metastasis 0.592
Negative 57 32 25
Positive 19 12 7

LINC00665, long intergenic non-protein coding RNA 665.

liver cell line HL-7702 were purchased from American Tissue
Culture Collection (Rockville, MD, USA). Cells were main-
tained in Dulbecco’s Modified Eagle Medium (Thermo Fisher
Scientific, Waltham, MA, USA) supplemented with 10% fetal
bovine serum (Thermo Fisher Scientific). All cells were incu-
bated at 37°C with 5% COz.

Reagent and cell transfection

MiR-186-5p mimic (miR-186-5p), mimic negative control (NC),
miR-186-5p inhibitor (anti-miR-186-5p), inhibitor negative
control (anti-NC), small interfering RNA LINC00665 (siL-
INC00665), siMAP4K3, negative control si-NC (Scramble),
pcDNA3.0 (vector), and pcDNA-LINC00665 (LINC00665) were
purchased from Suzhou GENEWIZ Biological Technology Co.,
Itd. (Suzhou, China). A biotin molecule that was covalently at-
tached to the 3’ end of the mature miR-186-5p strand (3’-Bio-
tin-miR-186-5p mimic, Bio-miR-186-5p) and negative control
(3’-Biotin-miR-NC, Bio-NC) were purchased from Thermo
Fisher Scientific. HepG2 and Huh-7 cells in logarithm phase
were transfected with the above-mentioned plasmids or oli-
gos using Lipofectamine 3000 (Thermo Fisher Scientific), re-
spectively. The transfected cells were prepared for the follow-
ing experiments.

gRT-PCR assay

Total RNAs were extracted from HCC tissues and correspond-
ing adjacent normal tissues and cells using TRIzol (Thermo
Fisher Scientific). MiRNAs were isolated using miRNeasy Mini
Kits (Shanghai Hao Ran Biotechnology Co., Ltd., Shanghai,
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China) reversely transcribed into complementary DNA (cDNA)
using TagMan® MicroRNA Reverse Transcription kits (Biosys-
tems, Forster City, CA, USA). To quantify mRNAs, reverse tran-
scription was performed using Prime Script™ RT reagent kits
(Takara, Shiga, Japan). qPCR was carried out using the Tag-
Man® Universal PCR Master Mix II (Biosystems), qPCR primers
were as follows: LINC00665-F, 5’-AGCACCCCTAGTGTCAGT
CA-3; LINC00665-R, 5'-TGGTCTCTAGGGAGGCAGAA-3’;
GAPDH-E 5-AGAAGGCTGGGGCTCATTTG-3, GAPDH-R,
5-AGGGGCCATCCACAGTCTTC-3’; MAP4K3-F 5 -GGAGC
CGGGTGATTGTGA -3, MAP4K3-R, 5'-AGAAGGGAGGTG
GCAAAAAT-3’; U6-F, 5’-CTCGCTTCGGCAGCACA-3; U6-R,
5'-AACGCTTCACGAATTTGCGT-3’; miR-186-5p-F 5-CGGC
GGCAAAGAATTCTCCTT-3, miR-186-5p-R, 5'-GTGCAGGGT
CCGAGGT-3!

MTT assay

HepG2 and Huh-7 cells transfected with the above-mentioned
plasmids or oligos were seeded in 96-well plates for 24, 48,
and 72 h, and 20 pL/well of MTT solution (5 mg/mL, Sigma,
St. Louis, MO, USA) was added and incubated for another 4 h.
Then, the supernatants were removed, and formazan crystals
were solubilized in 200 pL of dimethyl sulfoxide (DMSO, Sig-
ma). The crystals were dissolved at room temperature for 10
min. Cell viability was evaluated by measuring absorbance at
490 nm using a microplate reader (Bio Tek, Winooski, VT, USA).

Cell apoptosis assay

Cell apoptosis was analyzed using FITC Annexin V Apoptosis
Detection Kits (BD Biosciences, Franklin Lakes, NJ, USA).
HepG2 and Huh-7 cells transfected with the above-mentioned
plasmids or oligos were collected. Cells were then treated with
10 pL of Annexin V-FITC and 5 pL of propidium iodide (PI) in
the dark for 15 min at room temperature. Cell apoptotic rate
was detected by a FACSCalibur flow cytometer with Cell Quest
software (BD Biosciences).

GFP-LC3 puncta assay

HepG2 and Huh-7 cells were co-transfected with pSELECT-
GFP-hLC3 plasmid (Invitrogen, San Diego, CA, USA) and the
above-mentioned plasmids or RNAs. 48 h post-transfection,
cells were fixed by 4% paraformaldehyde (Sigma) and stained
with 4; 6-diamidino-2-phenylindole (DAPI, 1 pg/mL, Beyotime,
Shanghai, China). The fluorescence of GFP-LC3-labelled vacu-
oles (autophagosomes) was observed under a fluorescence
microscope (Olympus, Tokyo, Japan). The number of GFP-LC3
positive cells was counted, and the percentage of GFP-LC3
positive cells indicated the autophagosome formation.

Western blot assay

Cells treated with the above-mentioned plasmids or oligos were
lysed in RIPA buffer (Beyotime). Protein lysates were quanti-
tated using the BCA™ Protein Assay Kit (Beyotime) and then
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separated by SDS-PAGE (Beyotime). The proteins were trans-
ferred into polyvinylidene difluoride membranes and then
blocked with 5% non-fat milk. Afterwards, membranes were
incubated with primary antibody at 4°C overnight and subse-
quently incubated with secondary antibody marked by horse-
radish peroxidase for 1 h. Primary antibodies, including anti-
MAP4K3 (1:1000, Novus Biologicals, Centennial, CO, USA),
anti-GAPDH (1:2000, Abcam; Cambridge, MA, USA). Anti-
microtubule-associated protein light chain 3 (LC3, 1:1000), an-
ti-beclin-1 (1:500), and HRP linked-secondary antibody
(1:2000), were purchased from Cell Signaling Technology
(Danvers, MA, USA). Protein bands were visualized using an
enhanced chemiluminescence solution (Beyotime).

Luciferase reporter assay

Wild-type (wt) fragments of LINC00665 or MAP4K3 harboring
the miR-186-5p binding site and their mutated (mut) seed se-
quences were purchased from Jin Wei Zhi Biotechnology Co.,
Ltd. (Beijing, China) and cloned into the pMirGLO reporter
vector (Promega, Madison, WI, USA), namely LINC00665-wt
and LINC00665-mut and MAP4K3-wt and MAP4K3-mut,
which were co-transfected with NC mimic or miR-186-5p
mimic, into HepG2 and Huh-7 cells. The luciferase activity
was examined using the Dual Luciferase Reporter Assay Sys-
tem (Promega).

RNA immunoprecipitation and RNA pulldown assays
RNA immunoprecipitation (RIP) was performed using a Mag-
na RIP RNA-Binding Protein Immunoprecipitation kit (Milli-
pore, Billerica, MA, USA) according to the manufacturer’s in-
structions with slight modifications. Briefly, the cells were
harvested and incubated with magnetic beads and anti-Ago2
antibody (Abcam) or IgG (Abcam). The beads were washed
and incubated with proteinase K to digest the protein at 24 h
after incubation. The RNA was purified by the phenol-chloro-
form-isoamyl alcohol reagent (Sigma) and detected by reverse
transcription and PCR assays. For the RNA pulldown assay,
Huh-7 cells were transfected with 3’-biotinylated miR-186-5p
mimic. Then, cells were lysed and incubated with streptavi-
din-coupled beads, forming biotin-miRNA-IncRNA complex-
es. RNA was isolated and detected by PCR after the complexes
were digested by proteinase K. MiR-67 of Caenorhabditis ele-
gans was used as a negative control.

Tumor xenografts in vivo

The experiments were approved by the Animal Care and Ex-
periments Committee of Jinchang Central Hospital. The 24 fe-
male BALB/c nude mice (20-22 g, 4-6 weeks) were purchased
from Shanghai Laboratory Animal Center (SLAC, Shanghai,
China). HepG2 and Huh-7 cells were transfected with siL-
INC00665 and siNC, respectively. Then, the cells were subcuta-
neously injected into nude mice. The tumor volume was mea-
sured and calculated by 0.5xlengthxwidthxheight every 5 days,
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and mice were euthanized 30 days after cell injection. Tumor
weight was measured, and qRT-PCR and Western blot were per-
formed to detect the expression of LINC00665 and MAP4K3, re-
spectively.

Statistical analysis

All data are presented as a mean+SD. All statistical analyses
were evaluated using SPSS 20.0 statistical software (IBM Corp.,
Armonk, NY, USA) with the Student’s t-test or ANOVA. A p val-
ue less than 0.05 was considered to be statistically significant.

RESULTS

LINC00665 expression upregulated in HCC

In this study, we examined the expression of LINC00665 in
HCC tissues and matched normal adjacent tissues. The results
showed that LINC00665 was upregulated in HCC tissues,
compared with matched adjacent normal tissues (Fig. 1A).
Similarly, LINC00665 was also increased in HCC cells, com-
pared to the human liver cell line HL-7702 (Fig. 1B). To inves-
tigate the effect of the increased expression of LINC00665 on
the survival of patients with HCC, the cases of HCC were split
into high-expression and low-expression groups. The Kaplan-
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Meier method was used for statistical analysis. The results in-
dicated that the OS of HCC patients with high LINC00665 ex-
pression was shorter than those with low LINC00665 expression
(Fig. 1C). In addition, we also found that LINC00665 expres-
sion was associated with tumor size and Edmondson grade
(Table 1).

Downregulation of LINC00665 inhibits HCC viability
and induces apoptosis and autophagy in vitro

Given that LINC00665 expression might be associated with
progression of HCC, we analyzed the effect of LINC00665 on
HCC cell viability, apoptosis, and autophagy. First, we trans-
fected siLINC00665 or siNC into HepG2 and Huh-7 cells (Fig.
2A). MTT assay demonstrated that LINC00665 knockdown
inhibited the viability in HepG2 and Huh-7 cells (Fig. 2B).
Moreover, the percentage of apoptotic cells was significantly
increased among HepG2 and Huh-7 cells transfected with
siLINC00665, compared with the scramble group (Fig. 2C). In
addition, we found that LINC00665 knockdown significantly
increased the ratio of LC3-1I/I and expression of Beclin-1 (Fig.
2E). Compared with control, the percentage of GFP-LC3 posi-
tive cells were significantly increased in the siLINC00665 group
(Fig. 2D).
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Fig. 1. LINC00665 expression upregulated in HCC. gRT-PCR assay was performed to measure the expression of LINC00665 in HCC tissues and cells. (A)
The expression of LINC00665 in HCC tissues and matched normal adjacent tissues. (B) The expression of LINC00665 in HCC cell lines (Huh-7, HepG2, HC-
CLM86, MHCC-97H, and Hep3B) and human liver cell line HL-7702. (C) The correlation between the LINC00665 gene expression and overall survival in 24
patients with HCC. *p<0.05. LINC00665, long intergenic non-protein coding RNA 665; HCC, hepatocellular carcinoma.
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Fig. 2. Downregulation of LINC00665 inhibits hepatocellular carcinoma proliferation and induces apoptosis and autophagy in vitro. HepG2 and Huh-7
cells were transfected with siLINC00665 or siNC. (A) LINC00665 expression was detected in HepG2 and Huh-7 cells by gRT-PCR. (B) MTT assay was per-
formed to evaluate cell proliferation. (C) Cell apoptotic rate was detected by flow cytometry. (D) Autophagy formation was analyzed by transfection of
GFP-LC3 into HepG2 and Huh-7 cells. (E) Western blot was performed to detect the protein expression of Beclin-1 and LC3. * p<0.05. LINC00665, long in-

tergenic non-protein coding RNA 665.

LINCO00665 interacts with miR-186-5p

To investigate the underlying molecular mechanism of LINC
00665, we predicted that LINC00665 had binding sites with
miR-186-5p using starBase v2.0 (Fig. 3A). Moreover, luciferase
reporter assay confirmed the relationship between LINC00665
and miR-186-5p. The results showed that miR-186-5p mimic
transfection significantly decreased the luciferase activity of
the LINC00665-wt group, while there was no significant im-
pact on the luciferase activity of LINC00665-mut group (Fig.
3B). RIP and RNA pull-down assays showed that a significant
amount of LINC00665 was detected, clarifying the relation-
ship between LINC00665 and miR-186-5p (Fig. 3C and D). In
addition, to further confirm the effect of LINC00665 on miR-
186-5p expression, the Huh-7 cells were transfected with sil-
INC00665, siNC, pcDNA LINC00665, or pcDNA3.0 vector.
miR-186-5p was strikingly upregulated in siLINC00665-trans-
fected Huh-7 cells and downregulated in pcDNA LINC00665-
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transfected cells (Fig. 3E).

LINCO00665 attenuates the tumor-suppressive effect of
miR-186-5p on HCC cells in vitro

To explore the expression of miR-186-5p in HCC, qRT-PCR
was performed to detect the expression thereof in HCC tissues
and cells. Our results demonstrated that miR-186-5p is down-
regulated in HCC tissues and cells, compared with matched
normal adjacent tissues and the human liver cell line HL-
7702, respectively (Fig. 4A and B). To further investigate
whether LINC00665 promotes HCC viability and blocks apop-
tosis and autophagy by sponging miR-186-5p, we transfected
miR-NC, miR-186-5p mimic, pcDNA3.0 vector+miR-186-5p
mimic, and pcDNA LINC00665+miR-186-5p mimic into Huh-
7 and HepG2 cells. miR-186-5p expression was significantly
increased in the miR-186-5p group, which was markedly de-
creased in the LINC00665+miR-186-5p group (Fig. 4C). MTT

https://doi.org/10.3349/ymj.2019.60.9.842
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Fig. 3. LINCO00665 interacts with miR-186-5p. (A) The binding sites between miR-186-5p and LINC00665 were predicted by starBase v2.0, and the lucif-
erase reporter plasmids containing the wild-type (wt) or mutated (mut) LINC00665 binding sites of miR-186-5p were established. (B) The luciferase
activity was measured in Huh-7 cells co-transfected with LINC00665-wt or LINC00665-mut luciferase reporter and miR-186-5p mimic or miR-NC. (C)
The RIP assay was performed, and expression of LINC00665 was detected in samples bound to the Ago2 antibody or IgG in Huh-7 cells. (D) Detection
of LINC00665 expression levels using qRT-PCR in samples pulled down by biotinylated miR-186-5p or negative control. (E) Expression levels of miR-
186-5p in Huh-7 cells transfected with siLINC00665, siNC, pcDNA LINC00665, or pcDNA3.0 vector. *p<0.05. LINC00665, long intergenic non-protein cod-

ing RNA 665.

assay demonstrated that upregulation of miR-186-5p inhibits
the viability of HepG2 and Huh-7 cells (Fig. 4D). The percent-
age of apoptotic cells was significantly increased in HepG2
and Huh-7 cells transfected with miR-186-5p mimic, com-
pared with the NC group (Fig. 4E). In addition, Western blot
showed that upregulation of miR-186-5p significantly in-
creased the ratio of LC3-II/1 and expression of Beclin-1 (Fig.
4G). Compared with control, the percentage of GFP-LC3 posi-
tive cells were significantly increased in the miR-186-5p mimic
group (Fig. 4F). Interestingly, our results showed that upregu-
lation of LINC00665 attenuated the effect of miR-186-5p mimic
on HepG2 and Huh-7 cells.

MAP4KS3 a target gene of miR-186-5p

To determine whether MAP4K3 is a direct target of miR-186-
5p, TargetScan was performed to predict the binding sites be-
tween miR-186-5p and MAP4K3. As shown in Fig. 5A, miR-

https://doi.org/10.3349/ym;.2019.60.9.842

186-5p has binding sites with MAP4K3. Luciferase reporter
assay confirmed the relationship between MAP4K3 and miR-
186-5p. The results showed that miR-186-5p mimic transfection
significantly decreased the luciferase activity of the MAP4K3-wt
group, while there was showed no significant impact on the
luciferase activity of MAP4K3-mut group (Fig. 5B). The RIP as-
say showed that a significant amount of MAP4K3 was detected,
clarifying the direct interaction between MAP4K3 and miR-
186-5p (Fig. 5C). In addition, we also found that MAP4K3 was
significantly downregulated in Huh-7 cells transfected with
miR-186-5p mimic, but upregulated in miR-186-5p inhibitor-
transfected cells (Fig. 5D).

Downregulation of miR-186-5p attenuates the effect
of MAP4K3 knockdown in HCC

To explore the expression of MAP4K3 in HCC, qRT-PCR was
performed to detect the expression of HCC tissues and cells.

847



YMJ

LINCO00665 Regulates Viability and Apoptosis

20 i
12 g *Huh 7 . a *HepGZ
8F 151 5 8 g 4 S
8z 8c 08 &2 =g
£E, 0. z2 82 ES
Es " Eg 25 28
22 22 04 5 =
£ €05 E® e 07 <
23 @ ﬁ &8 $ %9& cog& Coo&
$ SISRS
0.0 <S IR
" N ‘ | HE:C «\“W NS Q% “% & N *X@\@*{\\\
orma 7 N N> 7 ) <O
& \&1\\@ N &
A B c N
_ Huh-7 _ HepG2 Huh-7 HepG2
~ ~ 12 20 * . * *
8 8 = 15 =% 15
|5 £ 08 3 z
S S 2 10 2 10
2 2 5 5
2 g g5 5 S 5
= B < <
@ S 00 0 0
Q,\@\ N SRR R <\\®\ N B R SR
& AIPOIIRN Ny AR IIEN
RPN L & K
S S &
® & ¥
D E N N
. _ Huh-7 HepG2
= 3D =30 _
= P BClin-T s s Se SHER SN s e - —
B EpS 10 105 235 233 136 10 101 245 243 125
g ,02_3 [C3] e —— — — —— — — —
2 2 L0 e e o —— —— — — —
5 " 50 LC3l 10 109 227 226 122 10 098 224 223 119
z z GAPDH W s e smms amms S S - - -
[ds] [&s] N N
N & S8 & ® ® &S &
® ¢ SR SRS
& § &
¥ & ¢
S &
F G S S

Fig. 4. LINC00665 attenuates the tumor-suppressive effect of miR-186-5p in HCC cells in vitro. (A and B) The expression levels of miR-186-5p were mea-
sured in HCC tissues and cell lines by gRT-PCR. (C-G) HepG2 and Huh-7 cells were transfected with miR-NC, miR-186-5p mimic, pcDNA3.0 vector+miR-
186-5p mimic, and pcDNA LINC00665+miR-186-5p mimic. (C) miR-186-5p expression was detected in HepG2 and Huh-7 cells by gRT-PCR. (D) Cell prolif-
eration was detected by MTT assay. (E) Cell apoptotic rate was analyzed by flow cytometry. (F) Autophagy formation was analyzed by transfection of
GFP-LC3 into HepG2 and Huh-7 cells. (G) Western blot was performed to detect the protein expression of Beclin-1 and LC3. *p<0.05. LINC00665, long

intergenic non-protein coding RNA 665; HCC, hepatocellular carcinoma.

We discovered that MAP4K3 was increased in HCC tissues,
compared with that in matched normal adjacent tissues (Fig.
6A). Similarly, it was also highly expressed in HCC cell lines
(Fig. 6B). To further investigate whether miR-186-5p inhibits
HCC viability and induces apoptosis and autophagy by target-
ing MAP4K3, we transfected si-NC, siMAP4K3, inhibitor nega-
tive control+siMAP4K3, and miR-186-5p inhibitor+siMAP4K3
into Huh-7 and HepG2 cells. MAP4K3 expression was signifi-
cantly decreased in the siMAP4K3 group, but significantly in-
creased in the anti-miR-186-5p+siMAP4K3 group (Fig. 6C).
MTT assay demonstrated that MAP4K3 knockdown inhibited
the viability in HepG2 and Huh-7 cells (Fig. 6D). Also, the per-
centage of apoptotic cells was significantly increased in HepG2
and Huh-7 cells transfected with siMAP4K3, compared with
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the scramble group (Fig. 6E). In addition, Western blot showed
that MAP4K3 knockdown significantly increased the ratio of
LC3-II/T and expression of Beclin-1 (Fig. 6G). The percentage
of GFP-LC3 positive cells was markedly increased in the si-
MAP4K3 group, compared with control (Fig. 6F). Interestingly,
our results demonstrated that cell viability was promoted and
that cell apoptosis and autophagy were blocked in the anti-
miR-186-5p+siMAP4K3 group, compared with the siAP4K3

group.

LINCO00665 regulates the expression of MAP4K3 by
interacting with miR-186-5p

As shown in Fig. 7A-C, a significant negative correlation be-
tween miR-186-5p and LINC00665 and a similar phenome-

https://doi.org/10.3349/ymj.2019.60.9.842
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Fig. 5. MAP4K3 a target gene of miR-186-5p. (A) The binding sites between miR-186-5p and MAP4K3 were predicted by TargetScan, and the luciferase
reporter plasmids containing the wild-type (wt) or mutated (mut) MAP4K3 binding sites of miR-186-5p were established. (B) The luciferase activity was
measured in Huh-7 cells co-transfected with MAP4K3-wt or MAP4K3-mut luciferase reporter and miR-186-5p mimic or miR-NC. (C) The RIP assay was
performed, and expression of MAP4K3 was detected in the samples bound to the Ago2 antibody or IgG in Huh-7 cells transfected with miR-186-5p mimic
or miR-NC. (D) Detection of MAP4K3 expression level using gRT-PCR in Huh-7 cells transfected with NC mimic, miR-186-5p mimic, NC inhibitor, or miR-

186-5p inhibitor. *p<0.05. LINC00665, long intergenic non-protein coding RNA 665.

non between miR-186-5p and MAP4K3 were observed in HCC
tissues. However, the expression of MAP4K3 and LINC00665
had a significant positive correlation in HCC tissues. To fur-
ther understand whether LINC00665 regulates the expression
of MAP4K3 by interacting with miR-186-5p, we transfected
siNC, siLINC00665, inhibitor negative control+siLINC00665,
or miR-186-5p inhibitor+siLINC00665 into HepG2 and Huh-7
cells. We observed that MAP4K3 expression was decreased in
cells transfected with siLINC00665, which was significantly
rescued by transfection with miR-186-5p inhibitor (Fig. 7D).

Knockdown of LINC00665 inhibits tumor growth in vivo
To further determine the role of LINC00665 in tumorigenesis,
HepG2 and Huh-7 cells transfected with siNC or siLINC00665
were injected into nude mice. The mean tumor volume in the
siLINC00665 group was significantly smaller than that in the
scramble group, which supported that low expression of LINC
00665 suppresses tumor growth in vivo, consistent with the in
vitro results (Fig. 8A and B). qRT-PCR and Western blot assay
indicated that LINC00665 and MAP4K3 expression were obvi-
ously decreased in the siLINC00665 group, compared with
scramble mice (Fig. 8C and D). In addition, we also demon-
strated that silencing of LINC00665 dramatically enhanced the
expression of Beclin-1 and LC3, compared with that in the
scramble group (Fig. 8E), which was consistent with in vitro data.

https://doi.org/10.3349/ym;.2019.60.9.842

DISCUSSION

LncRNAs have been reported to act as crucial biomarkers in
various cancers, including HCC.'****" In this study, we found
that LINC00665 was significantly upregulated in HCC tissues
and cells, which was consistent with a previous report.'* Our
study found that LINC00665 knockdown inhibited viability
and apoptosis. Autophagy has been reported to be associated
with cancer progression.?® During autophagy, the conversion
of microtubule-associated protein 1 light chain 3-1 (LC3-I) to
LC3-phosphatidylethanolamine conjugate (LC3-II) from a cy-
tosolic form promotes autophagosome formation.” Beclin-1 is
a key autophagy-associated protein that strongly induces au-
tophagy.”* The ratio of LC3-1I/I and expression of Beclin-1
could act as indicators of autophagy. Also, an elevated number
of GFP-LC3 puncta indicates enhanced formation of autopha-
gosomes.* In our study, we found that LINC00665 knockdown
increased the GFP-LC3 positive cells, the ratio of LC3-1I/1, and
the expression of Beclin-1, suggesting that downregulation of
LINC00665 induces autophagy.

Emerging evidence has shown that miR-186-5p plays an on-
cogene role in various cancers. For example, miR-186-5p ex-
pression was lower in colorectal cancer cell lines (HT116, H29,
SW620, and LoVo), and upregulation of miR-186-5p inhibited
viability, metastasis, and epithelial-to-mesenchymal transi-
tion in the colorectal cancer cell line LoVo.* Also, miR-186-5p
inhibitor could act as a novel strategy for targeting colorectal
cancer initiation and progression.* X-inactive specific tran-
script knockdown regulated non-small cell lung cancer prolif-
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Fig. 6. Downregulation of miR-186-5p attenuates the tumor-suppressive effect of MAP4K3 knockout in HCC cells in vitro. (A and B) The expression lev-
els of MAP4K3 were measured in HCC tissues and cell lines by qRT-PCR. (C-G) HepG2 and Huh-7 cells were transfected with si-NC, siVIAP4K3, inhibitor
negative control+siMAP4K3, and miR-186-5p inhibitor+siMAP4K3. (C) MAP4K3 expression was detected in HepG2 and Huh-7 cells by gRT-PCR. (D) Cell
proliferation was detected by MTT assay. (E) Cell apoptotic rate was analyzed by flow cytometry. (F) Autophagy formation was analyzed by transfection
of GFP-LC3 into HepG2 and Huh-7 cells. (G) Western blot was performed to detect the protein expression of Beclin-1 and LC3. *p<0.05. HCC, hepatocel-

lular carcinoma.

eration and invasion by modulating miR-186-5p.* In HCC, it
also has been reported that miR-186-5p was statistically lower
in HCC tissues than in normal adjacent tissues and that PVT1
promotes cell proliferation, invasion, and migration in HCC
by sponging miR-186-5p.” Interestingly, a study has indicated
that miR-186-5p was elevated in prostate cancer patient serum
and cell lines.* The expression and function of miR-186-5p
may be different due to differences in the microenvironments
of different types of cancers.® In the current report, we found
that miR-186-5p was downregulated in HCC tissues and cells,
which was consistent with previous reports.” Furthermore,
miR-186-5p expression was negatively correlated with
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LINCO00665 in HCC tissues. In addition, miR-186-5p exhibited
binding sites with LINC00665. Luciferase reporter, RIP, and
RNA pulldown assays confirmed the relationship between
them. Moreover, upregulation of miR-186-5p inhibited cell vi-
ability and induced apoptosis and autophagy, suggesting miR-
186-5p plays a tumor suppressor role in HCC progression. In-
terestingly, we observed that upregulation of LINC00665
attenuates the tumor suppressing effect of miR-186-5p in
HCC cells.

MAP4K3, also known as a germinal-center kinase-like kinase,
is a member of the Ste20-like family of mitogen-activated pro-
tein kinases (MAPKs), which regulates diverse cellular pro-

https://doi.org/10.3349/ymj.2019.60.9.842
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Fig. 7. LINC00665 regulates the expression of MAP4K3 by interacting with miR-186-5p. (A) The correlation between LINC00665 and miR-186-5p levels
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LINC00665 and MAP4K3 levels was analyzed in HCC tissues. (D) Expression levels of MAP4K3 in HepG2 and Huh-7 cells transfected with siNC, siL-
INC00665, inhibitor negative control+ siLINC00665, and miR-186-5p inhibitor+siLINC00665. *p<0.05. LINC00665, long intergenic non-protein coding RNA

665; HCC, hepatocellular carcinoma.

grams by relaying extracellular signals to intracellular re-
sponses.***” A previous report demonstrated that miR-199a-
5p inhibits HCC cell migration and invasion by targeting the
metastasis promoter MAP4K3.% It also has been reported that
MAP4K3 knockdown is involved in inducing productive au-
tophagy. For example, MAP4K3 could act as an amino acid-
dependent regulator of autophagy through its phosphorylation
of transcription factor EB.*” However, whether MAP4K3 is in-
volved in autophagy in HCC remains unknown. In the current
study, we found that miR-186-5p regulates MAP4K3 expres-
sion in Huh-7 cells. Also, MAP4K3 expression was negatively
correlated with miR-186-5p in HCC tissues. In addition,
MAP4K3 depletion inhibited cell viability and induced apop-
tosis and autophagy, suggesting that MAP4K3 may act as an
oncogene in HCC progression. We also observed that down-
regulation of miR-186-5p attenuates the tumor suppressing
effect of MAP4K3 knockdown in HCC cells. MAP4K3 expres-
sion was positively correlated with LINC00665 in HCC tissues.
Notably, LINC00665 modulated the expression of MAP4K3 by
sponging miR-186-5p. LINC00665/miR-186-5p/MAP4K3 sig-
naling pathway, a new IncRNA-miRNA axis in HCC, may be
involved in HCC progression by regulating cell viability, apop-

https://doi.org/10.3349/ym;.2019.60.9.842

tosis, and autophagy. Consistent with our in vitro results, LINC
00665 knockdown inhibited tumor growth in vivo.

However, in this research, the molecular mechanism of
LINCO00665 in HCC was explored based on retrospective review,
which is a limitation of this work. The discovery of more new
and effective genes and molecular regulatory mechanisms
will be a focus in future research.

In conclusion, our data highlighted a pivotal role of LINC
00665 in the tumorigenesis of HCC. Moreover, a novel IncRNA-
miRNA-mRNA regulatory network, LINC00665/miR-186-5p/
MAP4K3 axis, was first observed in HCC, which may provide
a better understanding of the pathogenesis of HCC.
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