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Abstract

Introduction

Emerging evidence suggests that circular RNAs (circRNAs) play critical roles in tumorigenesis.
However, the roles and molecular mechanisms of circRNA leucine-rich repeat immunoglobulin
domain-containing protein 3 (circ_LRIG3) in hepatocellular carcinoma (HCC) has not been
investigated.

Material and methods

The expression levels of circ_LRIG3, miR-223-3p, and mitogen-activated protein kinase kinase 6
(MAP2KG6) were determined by gRT-PCR. Flow cytometry was applied to determine the cell cycle
distribution and apoptosis. Cell proliferation, migration and invasion were assessed by MTT, colony
formation, and transwell assays. Western blot assay was employed to measure the protein levels of
the snail, E-cadherin, MAP2K6, mitogen-activated protein kinase (MAPK), phospho-MAPK (p-
MAPK), extracellular signal-regulated kinases (ERKs), and phospho-ERKs (p- ERKs). The
relationship between miR-223-3p and circ_LRIG3 or MAP2K6 was predicted by bioinformatics tools
and verified by dual-luciferase reporter assay. A xenograft tumor model was established to confirm
the functions of circ_LRIG3 in vivo.

Results

Circ_LRIG3 and MAP2K6 expression were enhanced while miR-223-3p abundance was reduced in
HCC tissues and cells. Knockdown of circ_LRIG3 inhibited cell proliferation, metastasis, and
increasing apoptosis. MiR-223-3p was a target of circ_LRIG3, and its downregulation reversed the
inhibitory effect of circ_LRIG3 knockdown on the progression of HCC cells. Moreover, MAP2K6 could
bind to miR-223-3p, and MAP2K6 upregulation also abolished the suppressive impact of circ_LRIG3
interference on progression of HCC cells. Additionally, the silence of circ_LRIG3 suppressed the
activation of the MAPK/ERK pathway and tumor growth by upregulating miR-223-3p and
downregulating MAP2KB6.

Conclusions
Circ_LRIG3 knockdown inhibited HCC progression through regulating miR-223-3p/MAP2K6 axis and
inactivating MAPK/ERK pathway.
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Abstract

Introduction: Emerging evidence suggests that circular RNAs (circRNAS) play critical roles

in tumorigenesis. However, the roles and molecular mechanisms of circRNA leucine-rich

repeat immunoglobulin domain-containing protein 3 (circ_LRIG3) in hepatocellular

carcinoma (HCC) has not been investigated.

Methods: The expression levels of circ_LRIG3, miR-223-3p, and mitogen-activated protein

kinase kinase 6 (MAP2K6) were determined by gRT-PCR. Flow cytometry was applied to

determine the cell cycle distribution and apoptosis. Cell proliferation, migration and invasion

were assessed by MTT, colony formation, and transwell assays. Western blot assay was

employed to measure the protein levels of the snail, E-cadherin, MAP2K®6, mitogen-activated

protein kinase (MAPK), phospho-MAPK (p-MAPK), extracellular signal-regulated kinases

(ERKSs), and phospho-ERKs (p- ERKS). The relationship between miR-223-3p and

circ_ LRIG3 or MAP2K6 was predicted by bioinformatics tools and verified by

dual-luciferase reporter assay. A xenograft tumor model was established to confirm the

functions of circ_LRIG3 in vivo.

Results: Circ_LRIG3 and MAP2K®6 expression were enhanced while miR-223-3p abundance

was reduced in HCC tissues and cells. Knockdown of circ_LRIG3 inhibited the progression

of HCC cells via reducing cell proliferation, metastasis, and increasing apoptosis.

MiR-223-3p was a target of circ_LRIG3, and its downregulation reversed the inhibitory effect

of circ_LRIG3 knockdown on the progression of HCC cells. Moreover, MAP2K®6 could bind

to miR-223-3p, and MAP2K6 upregulation also abolished the suppressive impact of

circ_LRIG3 interference on progression of HCC cells. Additionally, the silence of
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circ_LRIG3 suppressed the activation of the MAPK/ERK pathway and tumor growth by
upregulating miR-223-3p and downregulating MAP2K®6.

Conclusion: Circ_LRIG3 knockdown inhibited HCC progression through regulating
miR-223-3p/MAP2KG6 axis and inactivating MAPK/ERK pathway.

Keywords: hepatocellular carcinoma, circ_LRIG3, miR-223-3p, MAP2K6, MAPK/ERK

pathway

Introduction

Liver cancer is one of the most lethal and prevalent cancers worldwide, causing
approximately 745,500 deaths in 2012.% It has been reported that hepatocellular carcinoma
(HCC) is the main histological subtype of liver cancer and may cause a huge economic
burden.? Despite great advancement in therapeutic approaches, including surgery,
chemotherapy, and radiation therapy, the overall survival rate in advanced patients with HCC
is very poor2 Therefore, it is critical to clarify the underlying mechanisms of HCC
progression and search new therapeutic strategies.

As a new type of endogenous non-coding RNA, circular RNA (circRNA) has become a
research hotspot in the RNA field and attracted widespread attention.* Unlike linear RNAs,
circRNAs have covalently closed-loop structures with neither 5’ cap nor 3’ polyadenylated
tail and not easily affected by RNA exonuclease and more stable than linear RNAs.> % Up to
now, some studies have shown that circRNAs are extensively expressed in many types of
cells and participated in the progression and development of diverse cancers, including HCC.”

8 For instance, circRNA Cdrlas served as an oncogene in HCC via regulating miR-7
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expression.® CircRNA ¢cSMARCAS could restrain HCC cell growth and metastasis.'® In
addition, circRNA leucine-rich repeat and immunoglobulin domain-containing protein 3
(circ_LRIG3; hsa_circ_0027345, chrl12:59277301-59308117) has been reported to be
overexpressed in HCC tissues.!* Nevertheless, the functional roles and molecular mechanisms
of circ_LRIG3 in HCC progression have not been clarified.

It has widely acknowledged that circRNAs can modulate gene expression via acting as
miRNA sponges in eukaryotes, which is one of the main mechanisms of physiological and
pathological processes.’? MicroRNAs (miRNAs), a class of non-coding RNAs (~ 22
nucleotides), play regulatory roles in disease through interaction with mRNAs.**6 MiR-223
has been identified to play an anti-cancer role in HCC and it might be a possible therapeutic
target for treating HCC.” However, the connection between circ_LRIG3 and miR-223-3p has
not been reported. It has been suggested that mitogen-activated protein kinase kinase 6
(MAP2K®6) can serve as a critical regulator in promoting tumorigenesis.'® Moreover, a
previous report verified that MAP2K6 had been shown to be among MAPKS upregulated in
various human HCC cohorts.’® However, the precise role of MAP2K6 in HCC cells is still
unclear. In our research, we first investigated the associations among miR-223-3p,
circ_LRIG3, and MAP2K®6 in HCC cells.

Here, we measured miR-223-3p, circ_LRIG3, and MAP2K6 expression in HCC tissues and
cells, and determined their functions in HCC cells. Besides, we probed the
circ_LRIG3/miR-223-3p/MAP2K®6 regulatory network in the progression of HCC. Our study

aimed to offer new insight into the diagnosis and treatment of HCC.
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Materials and methods

Specimens collection

In our research, HCC tissues (n=46) and adjacent normal tissues (n=46) were acquired from

patients who underwent surgery at Laiyang Central Hospital of Yantai City. These tissues

were harvested and timely frozen in liquid nitrogen, and then preserved at -80°C until the

experiments were performed. These subjects did not receive any treatment and provided

informed consent. This procedure was granted by the Ethics Committee of Laiyang Central

Hospital of Yantai City.

Cell culture and transfection

Human HCC cell lines (Hep3B and Huh7) and human normal liver cell line (THLE-2) were

obtained from COBIOER (Nanjing, China). These cells were grown in Dulbecco’s modified

eagle medium (DMEM; Hyclone, Logan, Utah, USA) supplemented with 10% fetal bovine

serum (FBS; Gibco, Carlsbad, CA, USA) in a humidified atmosphere with 5% carbon dioxide

at 37°C.

Small interfering RNA against circ_LRIG3 (si-circ_LRIG3) and its matched control (si-NC),

MAP2K6 overexpression plasmid (MAP2K6) and its matched control (pcDNA) were

synthesized by RIBOBIO (Guangzhou, China). Mimic or inhibitor of miR-223-3p

(miR-223-3p or anti-miR-223-3p) and mimic or inhibitor negative control (miR-NC or

anti-miR-NC) were provided by GenePharma (Jiangsu, China). Lentivirus-mediated shRNA

interference targeting circ_LRIG3 (sh-circ_LRIG3) and its matched control (sh-NC) were

obtained from Genechem (Shanghai, China). Lipofectamine 3000(Invitrogen, Carlshad, CA,

USA) was used for cell transfection.
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Quantitative real-time polymerase chain reaction (QRT-PCR)

Trizol reagent (Invitrogen) was utilized to obtain total RNA from tissue samples and cells.
For detecting genes expression, Prime Script RT reagent Kit (Takara, Dalian, China) and
TagMan MicroRNA Reverse Transcription Kit (Thermo Fisher Scientific, Waltham, MA,
USA) was used to synthesizing the first strand of complementary DNA (cDNA). All reactions
were performed on the ABI 7300 system (Thermo Fisher Scientific) using the SYBR Green
PCR kit (Thermo Fisher Scientific). Primers for circ_LRIG3, LRIG3, miR-223-3p, MAP2Ka®,

U6, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were exhibited as followed:

circ_LRIG3 forward (F, 5’- TCACTGGTTTGGATGCATTG-3’; R,
5’-AAGGTGGCTCATGGAACTTG-3"), LRIG3 (F,
5’-CACATCAATGGAACCTGGGTATTTTGAC-3’; R, 5’-
GTTTCGGTTCAATTCGAGATGTTGCAGTT-3"), miR-223-3p (F, 5’-

AGCTGGTGTTGTGAATCAGGCCG-3’; R, 5-TGGTGTCGTGGAGTCG-3"), MAP2KS6,
(F, 5-ATTTGGAGTCTGGGCATCAC-3’; R, 5’- ACTTGTCTGCTGGGAGTTGTG-3"),
GAPDH (F, 5’-CGCTCTCTGCTCCTCCTGTTC-3’; R,
5’-ATCCGTTGACTCCGACCTTCAC-3), U6 (F,
5’-CTCGCTTCGGCAGCACATATACT-3’; R, 5-ACGCTTCACGAATTTGCGTGTC-3’).
The circ_LRIG3, LRIG3, MAP2K®6, or miR-223-3p expression was assessed using the 244t
method and standardized by GAPDH or UG, respectively.

RNase R and Actinomycin D treatment

To assess the stability of circ_LRIG3 and its linear isoform (LRIG3), dimethyl sulfoxide

solution (DMSO) or actinomycin D (2 mg/mL) was added to the cultured medium. RNase R
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(3 U/ug, Epicentre Technologies, Madison, WI, USA) was utilized to incubate the total RNA
(2 pg) at 37°C for 30 min. After treatment with RNase R or Actinomycin D, these cells were
collected and then subjected to qRT-PCR for detecting the expression levels of circ_LRIG3
and LRIG3.

Subcellular fractionation location

PARIS Kit (Life Technologies Corp., Grand Island, NY, USA) was employed to isolate
cytosolic and nuclear fractions. In brief, Hep3B and Huh7 cells were carefully washed by
phosphate-buffered saline (PBS) and placed on the ice. Subsequently, these cells were
re-suspended in fractionation buffer and centrifuged at 500 x g at 4°C for 5 min. Subsequently,
the cytoplasmic fraction would be separated from the nuclear pellet. After that, the remaining
nuclear pellet was again lysed by cell disruption buffer as the nuclear fraction. Lastly, the
abundance of U6, GAPDH and circ_LRIG3 was examined by gRT-PCR in the nuclear and
cytoplasmic fractions. GAPDH and U6 were served as controls for the cytoplasmic and
nuclear, respectively.

Cell cycle assay

Hep3B and Huh7 cells were collected following transfection for 48 h, and fixed by ice-cold
ethanol (70%) at —20°C for 24 h. Afterward, these cells were centrifuged and washed with
PBS, followed by staining with 25 pg/mL propidium iodide (PI) solution in PBS
supplemented with Triton X-100 (0.2%) and RNase A(50 pg/mL) for 20 min in the dark.
Lastly, flow cytometry (Guava Technologies, Hayward, CA, USA) was employed to examine
the cell cycle distribution.

Cell proliferation assay
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Cell proliferation ability was evaluated using methylthiazolyldiphenyl-tetrazolium bromide
(MTT) assay. In short, Hep3B and Huh7 cells were placed in the 96-well plates overnight and
then transfected with si-NC, si-circ_LRIG3, si-circ_LRIG3 + anti-miR-NC, si-circ_LRIG3 +
anti-miR-223-3p, si-circ_LRIG3 + pcDNA, or si-circ_LRIG3 + MAP2K6. MTT solution (20
uL, 5 mg/mL, Sangon Biotech, Shanghai, China) was added to per well following transfection
for 0 h, 24 h, 48 h, or 72 h. Following incubation for 4 h at 37°C, DMSO (150 uL) was added
to per well after removing the cultured medium. The absorbance per well was examined with
the microplate reader (Bio-Teck, Winooski, VT, USA) at 490 nm.

Colony formation assay

In this assay, transfected Hep3B and Huh7 cells were introduced into six-well plates, followed
by incubation for two weeks at 37°C. After discarding the medium, cells were washed twice
with PBS (Invitrogen), and fixed using 70% ethanol for 30 min and stained using 0.1% crystal
violet for 5 min (Sigma-Aldrich, St. Louis, MO, USA). Finally, cell colonies were observed
and counted using a light microscope (Zeiss, Oberkochen, Germany).

Cell apoptosis assay

Annexin V-fluorescein isothiocyanate (FITC)/PI apoptosis detection kit (Sangon Biotech) was
applied to detect cell apoptosis according to the recommendations. In short, Hep3B and Huh7
cells were harvested and double-stained by Annexin V-FITC and PI for 20 min in the darkness.
Afterward, apoptotic cells were detected using a flow cytometer.

Transwell assay

Transwell chambers (pore size 8 um) (Corning Incorporation, Corning, NY, USA) coated

without and with Matrigel (BD Biosciences, San Jose, CA, USA) were utilized to assess



177  Hep3B and Huh7 cell migration and invasion abilities, respectively. In brief, cells were
178  suspended in serum-free medium (DMEM, 100 uL) and then placed in the top surface of the
179  chamber, and DMEM mixed with FBS (10%) was placed in the bottom surface of the
180  chamber. Non-migrated or non-invaded cells from the top surface were gently wiped off using
181  cotton wool after incubation for 24 h. After that, the migrated or invaded cells were fixed
182  using paraformaldehyde (4%) and stained using crystal violet (0.1%). Lastly, a microscope
183  (Olympus, Tokyo, Japan) was utilized to photograph and count the migrated and invaded
184  cells.

185  Western blot assay

186  To extract the total protein, tissues or transfected cells were lysed by RIPA lysis buffer
187  (Sigma-Aldrich) containing 1mM phenylmethylsulphonyi fluoride (PMSF; Sigma-Aldrich).
188  After quantification by using the BCA protein assay kit (Thermo Fisher Scientific), protein
189  (about 40 pg) was resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
190 (SDS-PAGE). Afterward, polyvinylidene fluoride (PVDF; Beyotime, Shanghai, China)
191  membranes were applied to transfer the protein. Next, membranes would be blocked using 5%
192 skim milk (Yili, Beijing, China) for 1 h, and then the membranes were probed with specific
193  primary antibody against snail (1:500, ab180714, Abcam, Cambridge, MA, USA), E-cadherin
194  (1:500, ab15148, Abcam), MAP2K6 (1:2000, ab154901, Abcam), mitogen-activated protein
195  kinase (MAPK) (1:1000, ab236738, Abcam), phospho-MAPK (p-MAPK) (1:500, ab47363,
196  Abcam), extracellular signal-regulated kinases (ERKs) (1:1000, ab17942, Abcam)
197  phosphor-ERKSs (p-ERKS) (1:1000, ab47339, Abcam), or GAPDH (1:2000, ab37168, Abcam)

198  overnight at 4°C. After that, these membranes were incubated by horseradish peroxidase



199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

(HRP)-conjugated goat anti-rabbit immunoglobulin (Ig) G (1:4000, ab205718, Abcam).
Finally, all protein bands were observed with the enhanced chemiluminescence reagent
(Tanon, Shanghai, China). Relative protein expression was quantified by ImageJ software,
followed by normalizing to GAPDH expression.

Dual-luciferase reporter assay

Circinteractome (https://circinteractome.nia.nih.gov/) or TargetScan (www.targetscan.org)
software online was utilized to predict the potential binding sites of miR-223-3p and
circ_LRIG3 or MAP2K6. The circ_LRIG3 or MAP2K6 3’UTR fragments containing
wild-type (WT; containing the specific binding site with miR-223-3p) or mutant (MUT,;
harboring the mutational binding sits with miR-223-3p) were amplified and cloned into
pmirGIO luciferase reporter vector (Cat. #£1330, Promega, Madison, WI, USA), namely WT
vectors (circ_LRIG3-wt, MAP2K6-wt) or MUT vectors (circ_LRIG3-mut, MAP2K6-mut).
Hep3B and Huh7 cells were co-transfected with those reporter vectors and miR-223-3p (or
miR-NC) for 48 h. Lastly, dual-luciferase assay system (Promega) was utilized for detecting
the luciferase activity, followed by normalizing to Renilla luciferase activity.

In vivo tumor model

The sh-circ_LRIG3 or sh-NC was transfected into Huh7 cells. Stably transfected cells (2x10°)
were injected subcutaneously into BALB/c nude mice (n=6/group, male, six-week-old,
Shanghai Experimental Animal Center, Shanghai, China). From the 7th day, tumor length and
width were examined with a caliper every week and tumor volumes (length x width? x0.5.)
were calculated. After injection for 4 weeks, these mice would be sacrificed and tumor
specimens were weighed and collected for further analysis. The animal experiments obtained
approval from the Animal Care and Use Committee of Laiyang Central Hospital of Yantai

City.

10
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Statistical analysis

In this study, all data from at least three independent experiments were displayed as mean +

standard deviation (SD). The significance of differences between groups was analyzed with

Student’s t-test (for 2 groups) or a one-way analysis of variance (ANOVA,; for more than 2

groups). Correlation between miR-223-3p and circ_LRIG3 or MAP2K6 was detected by

Spearman rank correlation. Statistical analyses were performed by Graphpad Prism version

6.0 software (GraphPad Software, San Diego, California, USA). P<0.05 was considered to be

a statistically significant difference.

Results

Circ_LRIG3 expression was increased in HCC tissues and cells

To investigate the potential roles of circ_LRIG3 in HCC, its expression was examined in

HCC tissues and cells by gRT-PCR. Results displayed that the circ_LRIG3 level was

strikingly enhanced in HCC tissues in comparison with normal tissues (Figure 1A).

Similarly, its expression was also increased in HCC cells (Hep3B and Huh7) compared with

THLE-2 cells (Figure 1B). Next, we evaluated the stability of circ_LRIG3 in HCC cells.

According to the gRT-PCR analysis, circ_LRIG3 was resistant to RNase R relative to linear

LRIG3 in Hep3B and Huh7 cells (Figure 1C and 1D), implying that the circ_LRIG3 formed a

loop structure. Subsequently, Actinomycin D assay demonstrated that the half-life of

circ_LRIG3 transcript exceeded 24 h, indicating that circ_LRIG3 transcript was more stable

than the linear LRIG3 transcript in Hep3B and Huh7 cells (Figure 1E and 1F). Moreover, the

localization of circ_LRIG3 was analyzed in HCC cells. As presented in Figure 1G and 1H,

11
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most of the circ_LRIG3 was located in the cytoplasm. These results suggested that

circ_LRIG3 might play critical roles in the progression of HCC.

Knockdown of circ_LRIG3 inhibited cell proliferation, metastasis and induced apoptosis

in HCC cells

To explore the effects of circ_LRIG3 on proliferation, metastasis and apoptosis of HCC cells,

si-NC or si-circ_LRIG3 was transfected into Hep3B and Huh7 cells. The gRT-PCR analysis

results showed that the expression of circ_LRIG3 was evidently reduced in Hep3B and Huh7

cells after transfection with si-circ_LRIG3, suggesting that transfection of si-circ_LRIG3 was

successful (Figure 2A and 2B). Meanwhile, our data suggested that the knockdown of

circ_LRIG3 had no evident effect on linear LRIG3 level in Hep3B and Huh7 cells (Figure 2A

and 2B), implying that the expression of cir_LRIG3 is indeed silenced. Cell cycle progression

was analyzed by flow cytometry, and cell proliferation was determined by MTT and colony

formation assays. Results displayed that the percentage of GO/G1 phase cells was increased

by downregulating circ_LRIG3, while the percentage of cells in S and G2/M phases was

reduced after the interference of circ_LRIG3 (Figure 2C and 2E), suggesting that the cell

cycle was arrested at the GO/G1 phase. MTT and colony formation analysis proved that cell

proliferative ability was obviously inhibited in Hep3B and Huh7 cells transfected with

si-circ_LRIG3 compared with those transfected with si-NC (Figure 2D, 2F and 2G).

Moreover, we found that cell apoptosis was enhanced in Hep3B and Huh7 cells transfected

with si-circ_LRIG3 in contrast to the sh-NC group (Figure 2H). Transwell assay showed that

interference of circ_LRIG3 inhibited Hep3B and Huh7 cell migration and invasion (Figure 2|

and 2J). Western blot assay was applied to measure the metastasis-related proteins (snail and

12



267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

E-cadherin). As depicted in Figure 2K and 2L, circ_LRIG3 silence decreased the protein level
of snail (a mesenchymal marker) while increased the protein expression of E-cadherin (an
epithelial marker) in Hep3B and Huh7 cells. These data collectively indicated that the
downregulation of circ_LRIG3 could inhibit the progression of HCC cells.

MiR-223-3p was a direct target of circ_LRIG3

A previous study indicated that circRNAs could act as molecular sponges of miRNAs in HCC
cells, 2° so the possible target miRNAs of circ_LRIG3 were predicted by the circinteractome
tool. 2 As shown in Figure 3A, miR-223-3p was predicted as a target of circ_LRIG3. To
investigate whether miR-223-3p was a direct target of circ_LRIG3, we performed
dual-luciferase reporter assay in HCC cells. Results showed that transfection of miR-223-3p
mimic resulted in a significant reduction in luciferase activity of circ_LRIG3-wt compared to
miR-NC group, while the luciferase activity of circ_LRIG3-mut was unaffected by
transfection of miR-223-3p (Figure 3B and 3C). Next, we explored the impact of circ_LRIG3
on miR-223-3p expression. The results of qRT-PCR demonstrated that transfection of
si-circ_LRIG3 led to an obvious promotion of miR-223-3p expression, while co-transfection
of anti-miR-223-3p abated this effect (Figure 3D). Subsequently, the expression of
miR-223-3p was detected by gRT-PCR in HCC tissues and cells. As illustrated in Figure 3E
and 3F, the expression of miR-223-3p was downregulated in HCC cells and tissues compared
with their corresponding controls. Moreover, the correlation between miR-223-3p and
circ_LRIG3 expression was analyzed in HCC tissues. As displayed in Figure 3G, miR-223-3p
expression was negatively correlated with circ_LRIG3 level in HCC tissues (r=-0.5054,
P=0.0003). Thus, these results demonstrated that miR-223-3p was a target of circ_LRIG3 in

13
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HCC cells.

Knockdown miR-223-3p reversed the inhibitory effect of circ_ LRIG3 downregulation

on the progression of HCC cells

To explore whether the functions of circ_LRIG3 was mediated by miR-223-3p, Hep3B and

Huh7 cells were transfected with si-NC, si-circ_LRIG3, si-circ_LRIG3 + anti-miR-NC, or

si-circ_LRIG3 + anti-miR-223-3p. As shown in Figure 4A-4E, the effects of si-circ_LRIG3

on promotion of GO/G1 phase cells and reduction of S and G2/M phase's cells, and cell

proliferative ability were abolished by downregulating miR-223-3p. Moreover, the promotive

effect of circ_LRIG3 knockdown on apoptosis was abated by the downregulation of

miR-223-3p (Figure 4F). Transwell assay indicated that interference of miR-223-3p reversed

the inhibitory effects of circ_LRIG3 silence on migration and invasion (Figure 4G and 4H).

Likewise, downregulating miR-223-3p also could abrogate the effects of si-circ_LRIG3 on a

decrease of snail expression and increase of E-cadherin expression in Hep3B and Huh7 cells

(Figure 41 and 4J). These findings disclosed that circ_LRIG3 knockdown inhibited the

progression of HCC cells by up-regulating miR-223-3p.

MAP2KE6 is a target gene of miR-223-3p in HCC cells

To further elucidate the mechanism of miR-223-3p in HCC cells, target prediction was

performed by TargetScan, and MAP2K6 was identifying as a candidate target for miR-223-3p

(Figure 5A). To further determine whether MAP2K6 was a direct target of miR-223-3p,

dual-luciferase reporter assay was carried out. We observed that the luciferase activity of

MAP2K6-wt was markedly suppressed in cells transfected with miR-223-3p, but luciferase

14
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activity of MAP2K6-mut was not changed (Figure 5B and 5C). Transfection efficiency of

miR-223-3p and anti-miR-223-3p was measured by QgRT-PCR. Results showed that

miR-223-3p expression was increased in cells transfected with miR-223-3p while its

expression was decreased in cells transfected with anti-miR-223-3p (Figure 5D), implying

that miR-223-3p and anti-miR-223-3p were successfully transfected in Hep3B and Huh7 cells.

Subsequently, the effect of miR-223-3p on the expression of MAP2K6 was explored. The

gRT-PCR and western blot analysis results showed that overexpression of miR-223-3p

reduced the MAP2K6 mRNA and protein expression, while knockdown of miR-223-3p

presented the opposite effect (Figure 5E and 5F). Next, the MAP2K6 mRNA and protein

expression were examined by qRT-PCR and western blot assays in HCC cells and tissues. The

results indicated that the mRNA and protein levels of MAP2K were overexpressed in HCC

cells and tissues compared with their matched controls (Figure 5G-5J). In addition, we found

that MAP2K6 mRNA expression was negatively correlated with miR-223-3p abundance

(Figure 5K) (r=-0.5090, P=0.0003). Furthermore, we investigated whether circ_LRIG3

functioned as a molecular sponge of miR-223-3p to regulate the expression of MAP2K6. We

observed that circ_LRIG3 deficiency decreased the mRNA and protein expression of

MAP2K®6, while interference of miR-223-3p reversed this effect (Figure 5L and 5M).

Collectively, these data elaborated that circ_LRIG3 regulated MAP2KG6 expression by

sponging miR-223-3p in HCC cells.

Overexpression of MAP2K®6 reversed the suppressive effect of si-circ_LRIG3 on the

progression of HCC cells

To investigate whether MAP2K6 was involved in si-circ_LRIG3-mediated functions in HCC
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cells, Hep3B and Huh7 cells were transfected with si-NC, si-circ_LRIG3, si-circ_LRIG3 +
pcDNA, or si-circ_LRIG3 + MAP2K6. As presented in Figure 6A and 6B, mRNA and protein
expression of MAP2K6 were reduced in cells transfected with si-circ_LRIG3 compared to
si-NC group, which was abated by the addition of MAP2K6. Flow cytometry, MTT, and
colony formation analysis showed that upregulation of MAP2KG6 reversed the effects of
si-circ_LRIG3 on the promotion of GO/G1 phase cells and reduction of S and G2/M phases
cells as well as cell proliferative ability (Figure 6C-6G). Additionally, overexpression of
MAP2K6 abolished the pro-apoptosis, anti-migration and anti-invasion effects caused by
silencing circ_LRIG3 (Figure 6H-6J). Western blot assay proved that co-transfection of
MAP2K6 attenuated the suppression of snail expression and the promotion of E-cadherin
expression in Hep3B and Huh7 cells transfected with si-circ_LRIG3 (Figure 6K and 6L).
Therefore, we concluded that circ_LRIG3 knockdown suppressed the progression of HCC

cells by down-regulating MAP2K®.

Silencing circ_LRIG3 inhibited the activation of MAPK/ERK pathway through

upregulating miR-223-3p and downregulating MAP2K6

MAPK/ERK signaling pathway is known to be activated in many cancers.?
MAPK/ERK-related proteins were analyzed by western blot assay. Results demonstrated that
knockdown of circ_LRIG3 reduced the protein levels of p-MAPK and p-ERKSs, which was
reversed by the interference of miR-223-3p or overexpression of MAP2K®6, but we observed
no change of total MAPK and ERKSs protein in Hep3B and Huh7 cells (Figure 7A and 7B).
These findings indicated that circ_LRIG3 modulated the MAPK/ERK pathway by affecting

miR-223-3p and MAP2K6 expression.
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Knockdown of circ_LRIG3 limited tumor growth by regulating miR-223-3p and

MAP2K6 expression

Sh-NC or sh-circ_LRIG3-transfected Huh7 cells were introduced into nude mice to assess the
role of circ_LRIG3 in vivo. As displayed in Figure 8A and 8B, the interference of circ_LRIG3
reduced tumor volume and weight in xenograft model. We then detected the expression of
circ_ LRIG3, miR-223-3p, and MAP2K®6 in tumor tissues. As shown in Figure 8C-8E,
silencing circ_LRIG3 decreased the expression of circ_LRIG3 and MAP2K6 while elevated
the abundance of miR-223-3p in excised tumor masses. Western blot assay also proved that
circ_LRIG3 interference led to a decrease of MAP2K6 protein expression in tumor tissues
(Figure 8F). These results revealed that circ_LRIG3 deficiency inhibited tumor growth via

upregulating miR-223-3p and downregulating MAP2K® in vivo.

Discussion

HCC is one of the most common deadly cancers in the world. Growing evidence showed that
the abnormal expression of circRNAs was tightly related to tumorigenesis and the
development of tumors, including HCC.?® Hence, more efforts should be made to deeply
explain the functional roles and underlying mechanisms of circ_LRIG3 in HCC. Here, we
found that circ_LRIG3 knockdown inhibited the progression of HCC by regulating the

miR-223-3p/MAP2KG6 axis and inactivating MAPK/ERK signaling pathway.

Accumulating evidence has shown that circRNAs are abundant in eukaryotes and

abnormally expressed in human cancers.?* Because of their covalently closed-structure,
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circRNAs are more stable and more suitable as efficacious biomarkers than linear-RNAs,
such as IncRNAs and miRNAs.” For instance, circ_ UVRAG,”* circ. BACH2 ?’ and
circ. ANKS1B ?® have been identified as diagnostic or prognostic biomarkers for gastric
cancer, papillary thyroid carcinoma and breast cancer, respectively. A previous report has been
demonstrated that hsa_circ_0027345 (a circRNA derived from linear LRIG3) was
overexpressed in HCC tissues.** However, there is no report on the functions and underlying
mechanism of circ_LRIG3 in HCC. Consistent with the previous report, we also uncovered
that the circ_LRIG3 level was enhanced in HCC tissues and cell lines. Additionally, we
observed that knockdown of circ_LRIG3 inhibited the progression of HCC cells by reducing
cell proliferation and metastasis, and promoting apoptosis. These findings suggested that

circ_LRIG3 might act as a tumor promoter in HCC.

Emerging evidence showed that some circRNAs participated in tumorigenesis through
functioning as sponges for miRNAs.?* 2° Then, circinteractome was utilized to predict the
potential targets of circ LRIG3. The data showed that circ LRIG3 might interact with
miR-223-3p, which was validated using the dual-luciferase reporter assay in HCC cells.
MiR-223, a well-studied miRNA, presented different properties in different cancers, acting as
an oncogene in colorectal cancer,®® gastric cancer *' and prostate cancer,®®> or as an
anti-oncogene in esophageal carcinoma,® breast cancer 3 and osteosarcoma.®*® Previous
studies have suggested that miR-223 was lowly expressed HCC.** " Moreover, miR-223 has
been suggested to repress HCC cell growth and accelerate apoptosis through the
Rabl-mediated mTOR activation.®® In agreement with these findings, we proved that

miR-223-3p abundance was reduced in HCC tissues and cells, and its interference abated the
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repressive impact of circ_LRIG3 downregulation on the progression of HCC cells. These data

suggested that circ_LRIG3 exerted its functions by sponging miR-223-3p in HCC cells.

It is well known that miRNAs mediate various cellular activities by regulating their
molecular targets.** Thus, the possible downstream targets of miR-223-3p were searched
through the TargetScan software. Our results revealed that MAP2K6 was a direct target of
miR-223-3p. MAP2K6 (important components of MAPK signal pathway) is involved in a
variety of physiological and pathological processes and drug resistance in human cancer cells.
It has been recognized as an oncogene in many cancers, such as esophageal
adenocarcinoma,* prostate cancer *, and colon cancers.*® However, the expression and effect
of MAP2K6 in HCC cells have not been clarified. Here, it was found that the MAP2K6 was
overexpressed in HCC tissues and cells, consistent with former work. ** And the expression
level of MAP2K6 was positively regulated by circ LRIG3 and inversely modulated by
miR-223-3p. Functional experiments displayed that the upregulation of MAP2K6 abolished
the suppressive effect of circ_LRIG3 interference on the progression of HCC cells. Moreover,
in vivo experiments presented that circ_LRIG3 silence inhibited tumor growth through
upregulating miR-223-3p and downregulating MAP2K6 expression. Collectively, our results
disclosed that circ LRIG3 knockdown repressed HCC progression by regulating the

miR-223-3p/MAP2KG6 axis.

Previous studies show that HCC is associated with elevated expression and activity of
MAPK signaling intermediates (ie, MEK, ERK).*> Moreover, activation of the MAPK/ERK
signaling pathway predicted poor prognosis in HCC, and many anticancer agents exerted their

effects by blocking MAPK/ERK pathway.** * These findings suggested that the MAPK/ERK
19
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signaling pathway played key roles in HCC progression. In our research, results proved that
the knockdown of circ_LRIG3 repressed the activation of the MAPK/ERK signaling pathway

through up-regulating miR-223-3p and down-regulating MAP2Ka®6.

Conclusion

In summary, we demonstrated that circ LRIG3 and MAP2K6 were overexpressed and
miR-223-3p abundance was reduced in HCC tissues and cells. Circ_LRIG3 interference
limited cell growth and metastasis, and facilitated apoptosis in HCC cells through regulating
miR-223-3p/MAP2K6 axis and inactivating MAPK/ERK signaling pathway. These findings

might offer novel targets for treatment and prediction of HCC.
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Figure Legends

Figure 1 The expression of circ_LRIG3 was enhanced in HCC tissues and cells. (A) The
expression of circ_LRIG3 was determined in 46 pairs of HCC tissues and normal tissues
using gRT-PCR analysis. (B) The level of circ_LRIG3 was measured by gRT-PCR in HCC
cells (Hep3B and Huh7) and human normal liver cells (THLE-2). (C-F) The relative levels of
circ_LRIG3 and LRIG3 were determined after treatment with RNase R or actinomycin D by
gRT-PCR in Hep3B and Huh7 cells. (G and H) The gRT-PCR assay determined the
subcellular location of circ_LRIG3 in Hep3B and Huh7 cells. *P<0.05.

Figure 2 Knockdown of circ_LRIG3 inhibited the progression of HCC cells through
inhibiting cell proliferation and metastasis and promoting apoptosis. Hep3B and Huh7
cells were transfected with si-NC or si-circ_LRIG3. (A and B) The expression of circ_LRIG3
and LRIG3 was analyzed by gRT-PCR. (C and E) Cell cycle distribution was analyzed using
the flow cytometry. (D and F) MTT assay was utilized to assess cell proliferation. (G) Colony
formation assay was used to detect cell proliferative ability. (H) Cell apoptosis was examined
using flow cytometry analysis. (I and J) Transwell assay was used to determine cell migration
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and invasion abilities. (K and L) The protein levels of snail and E-cadherin were evaluated by

western blot assay. *P<0.05.

Figure 3 Circ_LRIG3 could interact with miR-223-3p in HCC cells. (A) The putative

binding sites between circ_LRIG3 and miR-223-3p were predicted by circinteractome tool. (B

and C) Dual-luciferase luciferase reporter assay was utilized to detect the luciferase activity in

Hep3B and Huh7 cells co-transfected with circ_LRIG3-wt or circ_LRIG3-mut and miR-NC

or miR-223-3p mimic. (D) The expression of miR-223-3p was measured by gRT-PCR in

Hep3B and Huh7 cells transfected with si-NC, si-circ_LRIG3, si-circ_LRIG3 + anti-miR-NC,

or si-circ_LRIG3 + anti-miR-223-3p. (E and F) The abundance of miR-223-3p was analyzed

by gRT-PCR in HCC cells (Hep3B and Huh7), HCC tissues and their matched controls. (G)

The correlation between miR-223-3p abundance and circ_LRIG3 level was analyzed in HCC

tissues. *P<0.05.

Figure 4 Inhibition of miR-223-3p reversed the regulatory effect of circ_LRIG3

interference on the progression of HCC cells. Hep3B and Huh7 cells were transfected with

si-NC, si-circ_LRIG3, si-circ_LRIG3 + anti-miR-NC, or si-circ_LRIG3 + anti-miR-223-3p.

(A and C) Cell cycle distribution was determined by flow cytometry. (B and D) MTT assay

was conducted to evaluate cell proliferation. (E) Colony formation assay was applied to assess

cell viability. (F) Cell apoptosis was measured by flow cytometry analysis. (G and H)

Transwell assay was employed to detect the number of migrated and invaded cells. (I and J)

Western blot analysis was applied to determine the protein levels of snail and E-cadherin.

*P<(0.05.

Figure 5 MAP2K6 was targeted by miR-223-3p in HCC cells. (A) The putative binding
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sequence of miR-223-3p in the 3’'UTR of MAP2K®6 was predicted by TargetScan. (B and C)

Relative luciferase activity was determined in Hep3B and Huh7 cells co-transfected with

MAP2K6-wt or MAP2K6-mut and miR-NC or or miR-223-3p mimic. (D) Relative

miR-223-3p expression was measured by qRT-PCR in Hep3B and Huh7 cells transfected with

miR-NC, miR-223-3p, anti-miR-NC, or anti-miR-223-3p. (E and F) MAP2K6 mRNA or

protein expression was analyzed by gRT-PCR or western blot assays in Hep3B and Huh7 cells

transfected with miR-NC, miR-223-3p, anti-miR-NC, or anti-miR-223-3p. (G and H) The

MRNA and protein levels of MAP2K6 were examined in HCC cells (Hep3B and Huh7) and

THLE-2 cells by qRT-PCR and western blot analyses, respectively. (I and J) QRT-PCR and

western blot assays were conducted to measure the mRNA and protein levels of MAP2K6 in

HCC tissues and normal tissues, respectively. (K) The association between miR-223-3p

abundance and MAP2K6 mRNA level was analyzed in HCC tissues. (L and M) The mRNA

and protein levels of MAP2K6 were detected in Hep3B and Huh7 cells transfected with si-NC,

si-circ_LRIG3, si-circ_LRIG3 + anti-miR-NC, or si-circ_LRIG3 + anti-miR-223-3p by

gRT-PCR and western blot analyses, respectively. *P<0.05.

Figure 6 Interference of circ_LRIG3 suppressed the progression of HCC cells by

downregulating MAP2K6. Hep3B and Huh7 cells were transfected with si-NC,

si-circ_LRIG3, si-circ_LRIG3 + pcDNA, or si-circ_LRIG3 + MAP2K®6. (A and B) The

MRNA and protein levels of MAP2K6 were measured by qRT-PCR and western blot analyses,

respectively. (C and E) Flow cytometry was applied to determine the cell cycle distribution.

(D and F) Cell proliferation was assessed by MTT analysis. (G) Cell proliferative ability was

detected by colony formation assay. (H) Cell apoptosis was determined using flow cytometry
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analysis. (I and J) Transwell assay was employed to count the number of migrated or invaded

cells. (K and L) The protein levels of snail and E-cadherin were tested by western blot

analysis. *P<0.05.

Figure 7 Downregulation of circ_ LRIG3 suppressed the activation of MAPK/ERK

pathway by regulating miR-223-3p and MAP2KG6 expression. (A and B) The protein levels

of MAPK, p-MAPK, ERKs, and p-ERKs were examined by western blot analysis in Hep3B

and Huh7 cells transfected with si-NC, si-circ_ LRIG3, si-circ_ LRIG3 + anti-miR-NC,

si-circ_LRIG3 + anti-miR-223-3p, si-circ_LRIG3 + pcDNA, or si-circ_LRIG3 + MAP2K®.

*P<0.05.

Figure 8 Silence of circ_LRIG3 repressed tumor growth by upregulating miR-223-3p

and downregulating MAP2K6. Sh-NC or sh-circ_LRIG3-transfected Huh7 cells were

introduced into nude mice to establish mice model. (A and B) Tumor volume and weight were

examined. (C-E) The expression levels of circ_LRIG3, miR-223-3p and MAP2K6 were

determined by gRT-PCR in tumor tissues. (F) Western blot assay was applied to analyze the

protein expression of MAP2KG6 in tumor tissues. *P<0.05.
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