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Background: Inositol polyphosphate 4-phosphatase type II (INPP4B) has been identified as
a negative regulator of phosphatidyl inositol 3-kinase (PI3K)/Akt signaling in human several
cancers. However, the expression, clinical significance and biological function of INPP4B in
human hepatocellular carcinoma (HCC) clinical tissues and cell lines are little known.
Materials and methods: We evaluated the expression of INPP4B in 86 cases of paired human
HCC samples by immunohistochemistry, and the clinical significance of INPP4B expression was
analyzed. The expression of INPP4B in five HCC cell lines was detected through using quantitative
reverse transcription polymerase chain reaction (QRT-PCR) and western blot analyses. The role of
INPP4B gene on HCC cell proliferation, apoptosis, migration, invasion as well as epithelial-to-
mesenchymal transition (EMT) and chemoresistance was examined via INPP4B mammalian
expression vector and small interfering RNA (siRNA) transfection in vitro. Western blot analysis
was used to explore the downstream molecules modulated by INPP4B.

Results: Immunohistochemistry analysis revealed that INPP4B was significantly down-
regulated in HCC tissues compared with the corresponding normal tissues. The rate of
INPP4B-positive staining was markedly lower in metastatic samples than in those of non-
metastatic samples. Univariate analysis showed that INPP4B expression was indicated to
have a marked association with histological grades, tumor size and tumor metastasis.
Moreover, INPP4B overexpression suppressed cell proliferation, migration, invasion and
EMT, but induced cell apoptosis and chemosensitivity in human HCC cell lines. In contrast,
INPP4B knockdown had the opposite effects on the biological behaviors of HCC cells.
Furthermore, INPP4B was found to inhibit the activation of PI3K/Akt signaling in HCC
cells.

Conclusion: Our findings suggest that INPP4B is a tumor suppressing gene in human HCC,
and might act as a novel therapeutic target for HCC patients.

Keywords: INPP4B, hepatocellular carcinoma, proliferation, invasion, chemoresistance

Introduction

Liver cancer is the second most common cause of cancer-related death worldwide and
has an incidence of approximately 8,50,000 new cases per year. Hepatocellular
carcinoma (HCC) represents approximately 90% of all cases of primary malignancies
of the liver." Accumulating evidence suggests that HCC is a complex disease caused
by viral hepatitis (chronic hepatitis B and hepatitis C), alcoholism, non-alcoholic
steatohepatitis and aflatoxin.>™* The disease is characterized by its diagnosis at a late
stage and aggressiveness, as well as poor overall outcome with dismal survival rate.’
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In addition, patients with advanced HCC have a notoriously
poor response rate to traditional drugs; and there is no
established, effective treatment prescription at present.®’
Hence, a better understanding of the etiology and pathogen-
esis of HCC may result in novel early diagnosis and ther-
apeutic strategies.

Molecular researches have shown that a number of genetic
and epigenetic abnormalities and several key signaling path-
ways are involved in the progression and metastasis of
HCC.* ' Various growth factors and their receptors as well
as hepatitis viruses are found to mediate these pathways, such
as Ras/Raf/mitogen-activated protein kinase (MAPK), Wnt/B-
catenin and phosphatidyl inositol 3-kinase (PI3K)/Akt signal-
ing cascades.'''* Inositol polyphosphate 4-phosphatase type
II (INPP4B), a phosphoinositide phosphatase, is a negative
regulatory factor of the PI3K/Akt signaling.'® The identifica-
tion of INPP4B as a potential tumor suppressor gene was
reported in the cases of prostate cancer,'® breast and ovarian

CaIlCGI'S,”’IS 15,19

thyroid neoplasm and cervical cancer.®
Conversely, several reports indicated that INPP4B may act
as an oncogene in acute myeloid leukemia (AML),>'
melanoma?? and colon cancer.?* In addition, INPP4B is driv-
ing chemoresistance in AML by a novel gain-of-function
mechanism independent of its phosphatase functions.?'**
Although the function and expression of INPP4B in human
different cancer remain controversial, INPP4B and INPP4B-
mediated PI3K/Akt pathway really play an important role in
tumorigenesis and metastasis.

Recently, it has been demonstrated that miR-765 pro-
motes HCC cell proliferation through targeting INPP4B
mRNA transcripts.”® In the present study, we identify that
INPP4B expression is markedly decreased in human HCC
tissues compared with the adjacent non-tumorous tissues,
and INPP4B downexpression is significantly associated with
histological grades, tumor size and metastasis. In addition,
INPP4B overexpression inhibits cell proliferation, migra-
tion, invasion, epithelial-to-mesenchymal transition (EMT),
but induces cell apoptosis and chemosensitivity through the
regulation of PI3K/Akt signaling in human HCC. Our find-
ings suggest that INPP4B plays a critical role in suppressing
HCC growth, metastasis and chemotherapy resistance, and

may provide new insights into a novel therapeutic target.

Materials and methods

Tissue samples
Totally, 86 paired tumorous and adjacent non-tumorous
liver tissues from HCC patients were obtained from the

Shanghai Outdo Biotech Co. Ltd (Shanghai, China).
Patients had not received radiotherapy or chemotherapy
prior to surgery. All of the samples were obtained with
written informed consent and analyzed anonymously. This
study was approved by the Medical Ethical Committee of
the Affiliated Jiangyin People’s Hospital of Southeast
University Medical College. The clinical characteristics
of all patients are shown in Table S1.

Cell lines and culture conditions

The liver cancer cell lines Hep3B, Huh7, HepG2, SK-HEP
1 and SMMC-7721 were obtained from the Cell bank of
Chinese Academy of Sciences (Shanghai, China). All cells
are maintained in DMEM or MEM medium (GIBCO
Laboratories, USA) supplemented with 10% fetal bovine
serum (FBS, Invitrogen, USA) and 1% penicillin—strepto-
mycin at 37°C in a humidified incubator with 5% CO,.

DNA constructs and cell transfection

The full-length human INPP4B gene was amplified from the
template /NPP4B cDNA clone, and then was embeded in
pcDNA3.1+N-HA  expression  vector  (GenSscript
Biotechnology, China). Huh7 and SK-HEP1 cells were seeded
at 70% confluence and were transiently transfected with the
indicated vectors with Lipofectamine® 3000 (Invitrogen,
USA) following the manufacturer’s instructions. The empty
pcDNA vector was used as the negative control. In addition,
INPP4B-specific small interfering RNA (siRNA) oligonucleo-
tides (Cat: SR305819, OriGene, USA) and negative control
siRNA (OriGene, USA) in OptiMEM (Invitrogen, USA) were
transfected into liver cancer cell lines using Lipofectamine
RNAIMAX (Invitrogen, USA) according to the manufac-
turer’s protocol. The effective INPP4B siRNA sequence is
5'-AGUACAUACAGCGAUGAAAUUGGAA-3', and the
control-siRNA sequence is 5'-CGUUAAUCGCGUAUAAU
ACGCGUAT-3".

RNA extraction and qRT-PCR

For the RNA extraction and quantitative reverse transcription
polymerase chain reaction (QRT-PCR), analyses were per-
formed as previously described.?® In brief, total RNA extrac-
tion was using TRIzol reagent (Invitrogen, USA). The
obtained RNA was used to
Superscript first strand synthesis kit according to the instruc-

synthesize cDNA via

tions of manufacturer (TakaRa, Japan). qRT-PCR analysis
was carried out using the SYBR® Premix Ex Taq™ II
(TaKaRa, Japan) according to the manufacturer’s protocol.
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The mix was preheated at 95°C (45s), and then amplified at
95°C (10s) and 60°C (40s) for 40 cycles. The relative expres-
sion was evaluated by the comparative (2~**“T) method. The
sequences of primers in this section are listed in Table S2.

Western blot analysis

Western blots were performed using anti-INPP4B (Abcam,
UK), anti-E-cadherin (Abcam, UK), anti-N-cadherin
(Abcam, UK), anti-twist (OriGene, USA), anti-slug
(OriGene, USA), anti-Cleaved caspase-3 (Cell Signaling
Technology, USA), anti-Cleaved PARP (Cell Signaling
Technology, USA), anti-Phospho-Akt (Invitrogen, USA),
anti-Akt (Invitrogen, USA), anti-Phospho-PI3K (Sigma-
Aldrich, USA), anti-PI3K (OriGene, USA),
USA) and anti-GAPDH
Consultants Laboratory, USA) as previously described.?’

anti-p53

(Invitrogen, (Immunology

Immunohistochemical assay

Paired paraformaldehyde-fixed paraffin tissue chips were
subjected to immunohistochemistry (IHC) assay, and
staining evaluation was performed as previously
reported.?”?® Briefly, staining signal intensities according
to the chromatosis intensity, no staining, light yellow,
buffy and brown are scored 0, 1, 2 and 3, respectively.
And the percentage of positive cells was categorized as the
following grades: 0 (less than 5%), 1 (5-25%), 2
(26-50%) and 3 (>51%) accordingly. The final weighed
expression score was ranged from O to 9 through multi-
plying the staining intensity score and the percentage
score. The INPP4B expression levels are: 0-2, negative

expression and 3-9, positive expression.

Cell proliferation and clonogenic assays
Huh7 and SK-HEPI transfected cells were plated in 96-
well plates at a density of 1x10*well with triplicate, and
the cell proliferation was measured with a Cell Counting
Kit-8 (CCK-8) assay kit (Dojindo, Kumamoto, Japan) for
4 days as previously described.?’ About Lapatinib-induced
apoptosis, Huh7 and SK-HEPI transfected cells (1x10%/
well) were treated with 0 uM, 5 uM, 10 uM, 20 uM and
40 uM lobaplatin for 48 hrs. 10 pl CCK-8 solution was
added to each well and incubated for additional 2.5 hrs at
37°C. The optical density was measured with an ELISA
reader (BioTek, Winooski, VT, USA). The clonogenic
ability was assessed by clone formation assay as described
previously.’® Triplicate independent experiments were
performed.

Flow cytometry analysis

Cell apoptosis assay was performed using the Annexin
iodide (PI)
(Biouniquer, China) following the manufacturer’s instruc-

V-propidium apoptosis  detection kit
tions. Briefly, cells were harvested and washed with cold
phosphate-buffered saline (PBS) twice, incubated with
Annexin V-Fluorescein isothiocyanate (FITC) and PI for
10 mins at room temperature without light, and determined
by the flow cytometry analysis. The data were analyzed by

ModFit 3.3 software.

Scratch wound-healing and invasion

assays
Scratch wound-healing was used to detect cell migration
and performed as previously described.*® Briefly, Huh7
and SK-HEP! transfected cells were seeded in 6-well
plates at 5x10°/well. Then, micropipette tip was made
across the center of cell monolayer, and washed with
PBS to remove debris. After 12 hrs, images were taken
under a microscope and migrating cells were counted.
Invasion assays were performed as previously reported.?®

Immunofluorescence

INPP4B-overexpression Huh7/SK-HEP1 and correspond-
ing control cells were digested and attached to coverslips,
and then fixed with 4% paraformaldehyde solution for 30
mins. All samples were incubated 30 mins with TritonX-
100. Then, the samples were blocked with 5% bovine
serum albumin (BSA) and incubated with the following
primary antibodies overnight at 4°C: rabbit anti-E-cadherin
(1:200, Abcam, UK) and mouse anti-N-cadherin (1:200,
Abcam, UK). After washed with PBS twice, the samples
were incubated with Alexa Fluor-594 goat anti-rabbit
(1:500, Invitrogen, USA) and Alexa Fluor-488 goat anti-
mouse (1:500, Invitrogen, USA) secondary antibodies for
30 mins at 37°C. After washing, nuclei were stained with
DAPI. Finally, samples were observed and photographed
under an inverted fluorescence microscope.

Statistical analysis

The independent Student’s #-test for two groups or one-
way analysis of variance (ANOVA) for three or more
groups was used to evaluate the statistical significance.
To determine correlations between variables, Pearson’s
correlation coefficient was calculated. A P-value <0.05
was considered statistically significant. Statistical analyses
were computed using SPSS 19.0 and GraphPad Prism 5.0.
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All values are represented as the mean = SEM from three
independent experiments.

Results
INPP4B expression is frequently

decreased in human liver cancer tissues
To explore whether there is a difference in INPP4B
expression between normal liver tissues and HCC tissues,
86 pairs of HCC and matched tumor-adjacent samples
were analyzed by IHC analysis. As a result, INPP4B
staining was predominantly located in the cell membrane
and cytoplasm (Figure 1A). The level of INPP4B expres-
sion was evidently higher in normal liver tissues than in
HCC tissues (Figure 1A and B; Table S3). In addition, we
found that INPP4B was more highly expressed in non-
metastatic HCC samples than in those with metastasis
(Figure 1A and C). The variables tested on univariate
analysis showed that INPP4B expression was markedly
associated with histological grades, tumor size and metas-
tasis (Table 1). These data suggest that impaired expres-
sion of INPP4B may play an important role in the
progression of human HCC.

INPP4B expression in human HCC cell

lines

Next, the level of INPP4B in five human HCC cell lines,
HepG2, Hep3B, Huh7, SK-HEP1 and SMMC-7721, was
examined by qRT-PCR and western blot analyses. As
a result, the lowest level of INPP4B expression was
found in HepG2 cells, while the highest level was found
in Hep3B cells (Figure 2). Considering that Huh7 and SK-
HEP1 cells have a moderate level of INPP4B expression,
we chose to upregulate and silence INPP4B expression in
these cell lines. Then, we explore the biological function
of INPP4B on HCC cells.

INPP4B inhibits cell proliferation and

colony formation

Subsequently, we constructed an INPP4B-overexpression
vector (named p-INPP4B) and a negative control vector
(named p-Cont), and then transiently transfected into
human HCC cell lines Huh7 and SK-HEP1, respectively.
To determine the effects of INPP4B on HCC cells growth
in vitro, we performed CCK-8 and colonigenic assays. As
a result, INPP4B overexpression obviously inhibited Huh7
cells proliferation and colony formation (Figure 3A and
B). Similar results had also been shown in SK-HEP1 cells

(Figure 3C and D). By contrast, INPP4B knockdown by
siRNA markedly enhanced cell proliferation and colony
formation (Figure 3E—H). Collectively, these findings indi-
cate that INPP4B suppresses HCC cell viability and col-
ony formation.

INPP4B induces apoptosis and enhances

the chemosensitivity of HCC cell

We next detected the effect of INPP4B on apoptosis and
chemosensitivity of HCC cells. For the apoptosis assays,
Huh7 and SK-HEP1 cells were harvested after 48 hrs of
incubation, stained with 50 pg/mL PI and FITC and sub-
sequently analyzed via flow cytometry. INPP4B overex-
pression resulted in a significant increase in the
percentages of cells undergoing apoptosis (Figure 4A and
B). Lapatinib, a tyrosine kinase inhibitor, has been used in
HCC clinical treatment and cell culture studies.*'** To
explore the effects of INPP4B on the chemosensitivity of
HCC cells, various lobaplatin concentrations were
adopted. Huh7 and SK-HEP1 cells were transfected with
INPP4B-overexpression vectors 48 hrs before the treat-
ment of lobaplatin, and the anti-proliferative effects were
measured using the CCK-8 assay the treatment with loba-
platin for 48 hrs. The results revealed that the INPP4B
overexpression noticeably induced the chemosensitivity of
HCC cells to lobaplatin-based therapy (Figure 4C and D),
whereas INPP4B knockdown had the opposite effect
(Figure S1). Considering poly ADP-ribose polymerase
(PARP) and caspase-3 are two important molecules in
death receptor-mediated apoptosis pathways,** we further
detected the expression of these factors in HCC cells
treated with lobaplatin. As a result, an increased activating
cleavage of PARP and caspase-3 was induced by lobapla-
tin in INPP4B-overexpression HCC cells (Figure 4E).
These results reveal that INPP4B expression induces apop-
tosis and plays a favorite role in the chemosensitivity of

HCC cells.

INPP4B suppresses cell migration and

invasion

To explore whether INPP4B affects the metastatic pheno-
type of HCC cells, Huh7 and SK-HEP1 cells were trans-
fected with INPP4B-overexpression vectors and specific
siRNA. Scratch wound-healing assays confirmed that
overexpression of INPP4B obviously inhibited cell migra-
tion (Figure 5A and B). Conversely, downreglation of
INPP4B significantly promoted the migration of Huh7
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Figure | INPP4B is markedly downregulated in HCC tissues. (A) IHC analysis of INPP4B expression in 86 paired human HCC tissues. Representative pictures. Aj, adjacent
normal tissue; T, HCC tissue. (B and C) Results of immunohistochemical staining were evaluated by the staining scores in different HCC tissues. Scale bar, 100 pm. *P<0.05;
**kP<0.001.

Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; IHC, immunohistochemistry; HCC, hepatocellular carcinoma.

and SK-HEP1 cells (Figure 5C and D). Transwell assays
demonstrated that INPP4B overexpression markedly sup-

INPP4B overexpression inhibits cell EMT

pressed cell invasion, whereas INPP4B knockdown had In vitro
the opposite effects on HCC cell invasion (Figure 5SE and  The EMT programme has a crucial role in the progression
F). These results suggest that INPP4B inhibits HCC cells  and metastasis of human HCC.** EMT is a complex process

metastasis in vitro. that could acquire mesenchymal phenotypes with increased
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Table | Correlations between INPP4B expression and clinico-
pathological factors in 86 HCC patients

Characteristics | Total | INPP4B expression | P-value
(N) Negati "
egative | Positive

Gender 0.8102
Male 62 37 25
Female 24 15 9

Age 0.3195
<45 20 14 6
>45 66 38 28

Histological grade 0.0014*
Well-moderate 62 31 31
Poor 24 21

Tumor size (cm) 0.0031*
<5 52 38 14
>5 34 14 20

Metastasis 0.0142*
Absent 70 38 32
Present 16 14 2

HBsAg 0.9316
Negative 13 8 5
Positive 73 44 29

Cirrhosis 0.7664
Absent 54 32 22
Present 32 20 12

Note: *P<0.05.
Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; HCC,
human hepatocellular carcinoma; HBsAg, hepatitis B surface antigen.

migratory and invasive capabilities.>> During the process,
epithelial markers E-cadherin and B-catenin is decreased,
whereas the expression of mesenchymal markers (such as
N-cadherin and fibronectin) is increased.>®*” In addition,
several multipotent transcription factors (TFs) such as
snail, twist and zeb families are involved in the regulation
of EMT programme and tumor metastasis.*®

To explore the potential role of INPP4B in EMT process
of HCC cells, we assessed the expression of EMT markers
in INPP4B-overexpression and knockdown HCC cells.
Western blot and qRT-PCR analysis showed a marked
decrease in the expression of N-cadherin and a significant
increase in the expression of E-cadherin in INPP4B-
overpression Huh7 and SK-HEP1 cells, compared with the
corresponding control cells (Figure 6A; Figure S2 A and B).
Conversely, INPP4B knockdown resulted in a decrease in
the expression of E-cadherin and an increase in the expres-
sion of N-cadherin in Huh7 and SK-HEP1 cells (Figure 6B;
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Figure 2 The level of INPP4B in HCC cell lines. (A) The expression of INPP4B
mRNA in fiver human HCC cell lines was assessed by qRT-PCR. (B) Western blot
analysis of INPP4B protein expression in different HCC cell lines.

Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; HCC, hepato-
cellular carcinoma; qRT-PCR, quantitative reverse transcription polymerase chain
reaction.

Figure S2C and D). These changes in the expression of
E-cadherin and N-cadherin were confirmed by an immuno-
fluorescent assay (Figure 6C). Additionally, INPP4B over-
inhibited
multipotent TFs such as twist and slug, whereas INPP4B

expression  significantly the expression of
knockdown had the opposite effect (Figure 6A and B;
Figure S2). These data indicate that INPP4B plays
a suppressive role in the EMT-derived invasive phenotype

in HCC cells.

INPP4B negatively regulates PI3K/Akt
signaling in HCC cell

It has been shown that INPP4B is a negative regulatory
factor of PI3K/Akt pathway.'> To further explore the
potential mechanism of INPP4B inhibiting HCC cell
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Figure 3 INPP4B inhibits HCC cell proliferation and colonigenic ability in vitro. (A) The proliferation ability of Huh7 cells after transfected with p-Cont and p-INPP4B
vectors was detected by CCK-8 assay. (B) The colony formation of Huh7 cells was significantly decreased in p-INPP4B group compared with p-Cont group. (C and D) The
proliferation and colonigenic ability of SK-HEP!I cells after transfected with p-Cont and p-INPP4B vectors was assessed (two clones, A and B). (E) Silenced INPP4B

expression obviously enhanced the proliferation ability of Huh7 cells. (F) The colony

formation analysis of INPP4B knockdown and negative control Huh7 cells. (G and H)

The proliferation and colonigenic ability of SK-HEP! cells was assessed after transfected with specific siRNA for INPP4B and negative control siRNA (two clones, E and F).
The data are representative of at least three different experiments £ SEM. *P<0.05; **P<0.01.
Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; HCC, hepatocellular carcinoma; CCK-8, Cell Counting Kit-8; siRNA, small interfering RNA.

growth and metastasis, we detected its downstream effec-
tors, PI3K and Akt. INPP4B overexpression in Huh7 and
SK-HEPI cell lines markedly decreased phosphorylation
of PI3K and Akt (Figure 7A and B), whereas INPP4B
knockdown had the opposite effect (Figure 7C and D). p53
is well established as a tumor suppressor and regulated by
the PI3K/Akt signaling.>* Moreover, an increased p53
expression was found in INPP4B-overexpression cells
compared with the control cells, but a decreased p53
expression in INPP4B silenced cells compared with the
control cells (Figure 7). As shown in Figure 6A and B,
INPP4B was found to affect the expression of twist and
slug in HCC cells. These data suggest that INPP4B
reduces HCC cells growth and metastasis via regulating
the PI3K/Akt pathway and its downstream-related TFs.

Discussion

For a long time, studies about INPP4B have mainly
focused on its suppressive role in the regulation of PI3K/
Akt signaling and cell growth. Recently, several researches
suggest that INPP4B exerted dual effects on tumorigenesis
and metastasis in different cancers.'>*® A previous report
found that miR-765 promoted HCC cell proliferation by
the
expression of INPP4B in human HCC samples and its

downregulating INPP4B expression.”> However,

biological function on HCC cell apoptosis, chemosensitiv-
ity, invasion and EMT is still little known. In the present
study, we confirmed that INPP4B was significantly down-
regulated in HCC tissues. In addition, INPP4B was found
to inhibit cell proliferation, migration, invasion and EMT,
while induce cell apoptosis and chemosensitivity in human
HCC by deactivation of the PI3K/Akt pathway.

INPP4B has been frequently identified to be decreased
in the cases of human prostate, breast and ovarian
cancers.'®!7*% Conversely, there are several reports indi-
cating that INPP4B was overexpressed in AML,?!
melanoma®? and colon cancer.* In this study, we demon-
strated the loss expression of INPP4B in most HCC tissues
compared with the corresponding normal liver tissues. In
addition, the level of INPP4B expression was higher in
non-metastatic HCC samples than in those with metastasis.
Univariate analysis showed that downregulation of
INPP4B expression was obviously associated with clinical
parameters, including histological grades, tumor size and
metastasis (all P<0.05). Our results provide new evidence
that INPP4B may act as a tumor suppressive role in the
progression and metastasis of human HCC.

Of note, a recent study has shown that miR-765
enhanced cell proliferation through targeting INPP4B
expression in human HCC.?* Additionally, INPP4B
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Figure 4 INPP4B promotes apoptosis and chemosensitivity of HCC cell. (A and B) Induction of apoptosis in INPP4B overexpression Huh7 and SK-HEPI cells compared
with the control groups. (C and D) INPP4B overexpression induced lobaplatin-induced anti-proliferative effects in Huh7 and SK-HEPI cells via CCK-8 assays. (E) Western
blot analysis for cleavage of caspase-3 and PARP in INPP4B overexpression Huh7 and SK-HEP| cells and corresponding control groups after treated with lobaplatin (20 uM)
for 48 hrs. The data are representative of at least three different experiments + SEM. *P<0.05; ***P<0.001.

Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; HCC, hepatocellular carcinoma; CCK-8, Cell Counting Kit-8; PARP, poly ADP-ribose polymerase.

expression was indicated to have marked association
with chemoresistance in AML.2!** Then, we confirmed
that INPP4B overexpression significantly suppressed
cell proliferation, but played a favorite role in cell
apoptosis and chemosensitivity in HCC. By contrast,
INPP4B knockdown promoted cell proliferation, but
reduced apoptosis and chemosensitivity of HCC cells.
Further studies had shown that the upregulation of

INPP4B obviously inhibited cell migration and invasion,
whereas the downregulation of INPP4B had the opposite
effects.

Of further interest, we detected the expression of EMT-
related marks and multipotent TFs in INPP4B-overexpression
/knockdown Huh7 and SK-HEP!1 cells, and the corresponding
control cells to explore the role of INPP4B in the EMT of HCC
cells. Obviously, INPP4B expression positively regulated the
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Figure 5 INPP4B reduces HCC cell migration and invasion in vitro. (A) The migration of Huh7 and SK-HEPI cells after transfected with p-Cont and p-INPP4B vectors was
detected by scratch wound-healing assays. (B) The cell migration rate in INPP4B overexpression and corresponding control groups was statistically analyzed. (C and D)
INPP4B knockdown could significantly promote the migration of Huh7 and SK-HEPI| cells (two clones, A and B). (E) Invasion assays of Huh7 and SK-HEPI cells after
transfected with p-Cont and p-INPP4B vectors. (F) INPP4B knockdown could enhance the invasion of Huh7 and SK-HEP| cells. The data are representative of at least three
different experiments + SEM. Scale bar, 100 pm. *P<0.05; **P<0.01.

Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; HCC, hepatocellular carcinoma.
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Figure 6 INPP4B inhibits EMT in HCC cells. (A) Western blot showing a higher E-cadherin expression and a lower N-cadherin, twist and slug expression in INPP4B
overexpression Huh7 and SK-HEP| cells than that of the corresponding control groups. (B) Western blot analyses of E-cadherin, N-cadherin, twist and slug expression in
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Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; HCC, hepatocellular carcinoma; EMT, epithelial-to-mesenchymal transition.

expression of E-cadherin, but negatively regulated the expres-
sion of N-cadherin and EMT-related multipotent TFs, such as
twist and slug. These findings shed new light on the role of
INPP4B in suppressing cancer cells' invasion via the regula-
tion of EMT.

It has been identified that INPP4B affects cancer
cell growth and metastasis by regulating the activation
of PI3K/Akt signaling.'®?%?* To further investigate

how INPP4B was involved in cell proliferation and
migration of human HCC, we detected the downstream
targets modulated by INPP4B. As a result, INPP4B
overexpression induced the deactivation of PI3K/Akt
pathway, whereas INPP4B knockdown had the opposite
effects in human HCC cells. In addition, p53 inactiva-
tion is a great risk factor for human HCC,*' which is
one of the important downstream TFs of PI3K/Akt
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Figure 7 INPP4B negatively regulates PI3K/Akt signaling in HCC cell. (A) INPP4B overexpression reduced the activation of PI3K/Akt pathway and the expression of p53 in
human HCC cell lines. (B) The levels of phosphor-PI3K, phosphor-Akt, p53 were calculated in INPP4B-overexpression and control cells. (C) INPP4B knockdown induced
the activation of PI3K/Akt pathway and the expression of p53 in human HCC cell lines. (D) The levels of phosphor-PI3K, phosphor-Akt, p53 were calculated in INPP4B
knockdown and control cells. The data are representative of at least three different experiments + SEM. *P<0.05.

Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; HCC, hepatocellular carcinoma; PI3K, phosphatidyl inositol 3-kinase.

pathway.®® Fortunately, increased expression of p53
was found in INPP4B-overexpression HCC cell lines.
These data suggested that INPP4B suppressed cell
growth and metastasis through modulating the down-
stream TFs including twist, slug and p53 regulated by

PI3K/Akt signaling in human HCC.

Conclusion

Our study indicates that INPP4B expression is down-
regulated in human HCC tissues, and significantly
related with the progression of HCC. In addition,
INPP4B expression inhibits cell growth, metastasis

and chemoresistance in human HCC through the

deactivation of PI3K/Akt signaling. The present study
demonstrated that INPP4B might be an attractive target
for therapeutic intervention against the growth, metas-
tases and chemoresistance of human HCC.
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Figure S1 INPP4B knockdown induces the chemoresistance of HCC cell. (A) Downregulation of INPP4B inhibits lobaplatin-induced anti-proliferative effects in Huh7 cell.
(B) INPP4B knockdown promotes resistance of lobaplatin-based treatment in SK-HEP| cells. The data are representative of at least three different experiments + SEM.
*P<0.05.

Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; HCC, hepatocellular carcinoma.
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Figure S2 INPP4B expression reduces EMT of HCC cells. (A and B) qRT-PCR analysis showing relative increased level of E-cadherin mRNA and decreased level of
N-cadherin, twist and slug mMRNA in INPP4B overexpression Huh7 and SK-HEP| cells compared with the corresponding control groups. (C and D) The mRNA expression
of E-cadherin, N-cadherin, twist and slug in INPP4B knockdown Huh7/SK-HEPI cells and the corresponding control cells was detected by qRT-PCR. The data are
representative of at least three different experiments + SEM. *P<0.05.
Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; HCC, hepatocellular carcinoma; EMT, epithelial-to-mesenchymal transition; qRT-PCR, quantitative

reverse transcription polymerase chain reaction.
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Table S| Clinical characteristics of 86 HCC patients

Parameter HCC patients (%)
Gender

Male 62 (72.1)

Female 24 (27.9)
Age

<45 20 (23.3)

>45 66 (76.7)
Histological grade

Well 2| (24.4)

Moderate 41 (47.7)

Poor 24 (27.9)
Tumor size (cm)

<5 52 (60.5)

>5 34 (39.5)
Metastasis

Absent 70 (81.4)

Present 16 (18.6)
HBsAg

Negative 13 (15.1)

Positive 73 (84.9)
Cirrhosis

Absent 54 (62.8)

Present 32 (37.2)

Abbreviation: HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma.
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Table S2 The primer sequences

INPP4B

E-cadherin

N-cadherin

Twist

Slug

GAPDH

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward

Reverse

5’-AGCAACCCATGCAGACCTAC-3
5-ATGCAGTTCAGGCTCTTCCC-3’
5’-GAACGCATTGCCACATACAC-3
5-GAATTCGGGCTTGTTGTCAT-3
5-TGCCAGTGTGACTCCAACG-3
5-GCAGGATGATGATGCAGAGC-3’
5-GGCCAGGTACATCGACTTCC-3’
5-CATCCTCCAGACCGAGAAGG-3
5-GACTACCGCTGCTCCATTCC-3
5-TGGTCCTTGGAGGAGGTGTC-3
5-GAAGGTGAAGGTCGGAGTC-3
5-GAAGATGGTGATGGGATTTC-3’

Table S3 INPP4B is significantly downexpressed

in HCC tissues

Groups Cases INPP4B expression P-value
Negative Positive Positive rate

Hepatocellular carcinoma 86 52 34 39.54% <0.001

Adjacent normal tissues 86 9 77 89.53%

Abbreviations: INPP4B, inositol polyphosphate 4-phosphatase type Il; HCC, hepatocellular carcinoma.

OncoTargets and Therapy

Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open
access journal focusing on the pathological basis of all cancers,
potential targets for therapy and treatment protocols employed to
improve the management of cancer patients. The journal also
focuses on the impact of management programs and new therapeutic

Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal

Dove

agents and protocols on patient perspectives such as quality of life,
adherence and satisfaction. The manuscript management system is
completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

OncoTargets and Therapy 2019:12

submit your manuscript

3507

Dove


http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

