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Abstract: Patients diagnosed with hepatocellular carcinoma (HCC) suffered a high risk of recurrence and poor prog-
nosis. ldentification of differentially expressed genes (DEGs) in HCC provides potential biomarkers for evaluating
prognosis and specific therapeutic treatments. In this study, DEGs over-expressed in HCC specimens with a fold
change over 2.0 were collected through integrative bioinformatics analysis from GEO datasets. Gene ontology and
KEGG pathway enrichment were conducted by applying DAVID database. We noticed Secreted phosphoprotein 1
(SPP1) as one of the signature genes up-regulated in HCC tissues with a close relation to the tumor process. Eighty-
seven paired HCC specimens from our medical center were explored to verify the aberrant expression of SPP1 by
IHC and gRT-PCR assay. Depletion of SPP1 in HCC Hep3B cells was established. The cell proliferation was impaired
in SPP1 depleted cells, along with a resistance of cell apoptosis by down-regulating SPP1. Intriguingly, we further
validated a direct interaction between miR-181c and SPP1, which indicated a post-transcriptional regulation mecha-
nism of SPP1 in HCC. Thus, our results suggest that SPP1 may function as an enhancer of HCC growth targeted by

miR-181c, and probably provide us an innovational target for HCC diagnose and therapeutic treatment.
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Introduction

Hepatocellular carcinoma (HCC) is the most
common liver malighancy and the main treat-
ment of this fatal disease is radical resection
[1]. In spite of exciting leap in diagnostic tech-
niques and therapeutic treatment including tar-
geted therapy and immunity therapy during the
past decades, high rate of recurrence and mor-
tality indicates the unsatisfactory outcome of
HCC patients [2, 3].

Mining differentially expressed genes (DEGS)
from NCBI GEO database provide a possibility
of integrating potential biomarkers related to
HCC progress and prognosis [4, 5]. Yet, the spe-
cific evaluation for signature genes from the
DEGs screened out from datasets is inade-
quate. In our previous study, we screened out
several genes over-expressed especially in HCC
tumor tissues, such as AKR1B10 and ROBO1,
which were associated with HCC tumorigenesis
respectively [6]. In this study, we set an abso-

lute value of fold-change (FC) of gene mRNA
expression with threshold criteria of log?FC >
2.0 and P value <1.0E-04, by which we cluste-
red seven DEGs including Secreted phosp-
hoprotein 1 (SPP1).

We conducted the Gene Ontology (GO) and
KEGG pathway enrichment, and found that
SPP1 presents critical relationship with signa-
ture tumorigenesis process and pathway direct-
ly or indirectly, including PISK/AKT signaling
pathway, proteoglycans in cancer and ECM-
receptor interaction. Further exploration in ei-
ther real patients’ specimens or HCC cell lines
indicates highly expressed SPP1 in tumor tis-
sues or cells compared with the normal con-
trols. To investigate the bio-function of SPP1 in
HCC cells, depletion of SPP1 through sh-RNA
method was carried out. As we supposed,
down-regulation of SPP1 significantly impaired
the cell proliferation of HCC Hep3B cells and
arrested the cell cycle in GO/G1 phase. And, the
cell apoptosis was enhanced. Noticably, we
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found microRNA-181c (miR-181c), one of the
aberrantly expressed microRNAs exerting dif-
ferentiated function in multiple tumors like leu-
kemia, lung cancer and gastric cancer [7-9], is
the direct regulator up-streaming SPP1 mRNA
post-transcriptionally. We suppose SPP1 is a
critical regulator participating in HCC tumori-
genesis and process, and could probably
become a new target for HCC prevention, diag-
nose and therapeutic treatment.

Materials and methods
Surgical specimens and cell lines

HCC cancer specimens were collected paired
with non-cancerous liver tissues from 87
patients performed partial hepatectomy with-
out any preoperative therapy 2013 to 2016 at
the Department of Surgery, Ruijin Hospital,
Shanghai Jiao Tong University School of
Medicine. Informed consent was obtained and
the study was approved by the Ethics Committee
of Ruijin Hospital, Shanghai Jiaotong University
School of Medicine. Clinicopathologic features
of the patients including gender, age, tumor
size, number of lesions, grades et al. were
collected.

HCC cell lines Hep3B, HepG2 and Hu7u were
purchased from Shanghai Institutes for Bio-
logical Sciences, Chinese Academy of Sci-
ence (Shanghai, China), and the normal human
hepatic cell line LO2 was used as control. Cells
above were cultured in RPMI 1640 supple-
mented with 10% heat-inactivated fetal bovine
serum (FBS), incubator at 37°C, with 100 ug/
ml streptomycin and 100 U/ml Penicillin in a
humidified cell and an atmosphere of 5% CO,,.

Gene expression data process

HCC related Datasets GSE6764, GSE14520
and GSE14323 were downloaded from GEO
database. Platforms of these datasets are
GPL570 (Affymetrix Human Genome U133 Plus
2.0 Array) for GSE6764, GPL3921 (Affymetrix
HT Human Genome U133A Array) for GS-
E14520, and GPL571 (Affymetrix Human
Genome U133A 2.0 Array) for GSE14323.
Totally, we enrolled 718 samples from these
three datasets for DEGs screening. Dateset
GSEG6857 containing miRNA expression data
was downloaded simultaneously with platform
of GPL4700 OSU-CCC MicroRNA Microarray
Version 2.0.
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Data were preprocessed and normalized by two
professional bioinformatics analysts, and then
were screened for DEGs according to an abso-
lute value of fold-change (FC) of gene expressi-
on with threshold criteria of log?FC > 2.0 and P
value <1.0E-04. Funrich Software (Version 3.0,
http://funrich.org/index.html) was introduced
to analysis the co-expression characteristic of
genes detected from the datasets.

GO and KEGG pathway enrichment analysis
was conducted by using online tools of the
Database for Annotation Visualization and
Integrated Discovery (Version 6.7, https://
david.ncifcrf.gov/). The cut-off value for signifi-
cant function and pathway screening was set
as P<0.01. GeneMANIA (http://genemania.
org/) and STRING database were used and
Cytoscape software was applied for the esta-
blishment of the DEGs’ network.

KMplot tool (http://www.kmplot.com) was used
to evaluate the 5 year over-all survival rate of
SPP1 as described in the ‘Statistical analysis’
section below.

gRT-PCR assay, western blot analysis and im-
munohistochemistry assay

RNA isolation in tissue and cells were con-
ducted according to the instruction of TRIzol
reagent (Invitrogen, USA). The first-strand cDNA
was synthesized by using High-Capacity cDNA
Reverse Transcription Kit (ABI, USA). RT-primers
of the mRNAs were synthesized by Sangon
Biotech Company (Shanghai, China) as fol-
lows: 5-TCCTAGCCCCACAGACCCTT-3’ (forward)
and 5-CTGTGGAATTCACGGCTGAC-3’ (reverse).
Real-time quantitative polymerase chain reac-
tion (qRT-PCR) was conducted following the
TagMan Gene Expression Assays protocol (ABI,
USA).

Antibodies against SPP1 respectively were
applied (Abcam, USA) following the manufacto-
ry instruction. The Western blot analysis and
immunohistochemistry assay were performed
as previously described [6]. The protein expres-
sion levels detected by IHC were blindly
assigned to two professional pathologists for
examination, and were subjectively set into two
groups as staining intensity graded: no to low
staining (0~1+) and moderate to high staining
(2+~34).
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Cell transfection

Hep3B cells in exponential phase were prepa-
red and transfected with shRNA suppressing
SPP1 translation through pGU6/Neo vectors
(GenePharma, Shanghai, China) along with the
construction of the control ones. Transfected
cells were cultured and selected by using medi-
um added G418 (Santa Cruz Biotechnology,
Inc; 400 pg/ml).

Recombinant adenovirus Ad5/F35 (Ad5/F35-
SPP1) was used to rescue SPP1 depression in
Hep3B cells, and Ad5/F35-Null was set as
negative control (GenePharma). Hep3B cells
overexpressing miR-181c (Hep3B/miR-181c)
were constructed along with Ad5/F35-SPP1 or
Ad5/F35-Null treatment, and the negative con-
trol ones were set (NigmiR).

Cell proliferation assay and cell cycle analysis

Hep3B cells (1 x 10°) either stably transfected
were cultured in 96-well microtiter plates in tri-
plicate and incubated for 5 days at 37°C with
an atmosphere of 5% CO,. Microplate com-
puter software (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) was used for measuring the
OD following the Cell Counting Kit-8 (CCK-8)
assay kit protocol (Dojindo, Tokyo, Japan). The
cell proliferation curves were plotted.

The aforementioned cells were treated in
steps with ethanol fixation, RNase A treatment
and propidium iodide staining. Flow cyto-
metry detection by using FACSCalibur (Becton-
Dickinson, Franklin Lakes, NJ, USA) were con-
ducted. Cell populations at the GO/G1, S and
G2/M phases were quantified through ModFit
software (Becton-Dickinson). Cell debris and
fixation artifacts was excluded.

Cell apoptosis analysis

Cell apoptosis rate calculation was conducted
by using Annexin V-FITC Apoptosis Detection Kit
| (BD Pharmingen, USA) according to the pro-
duct instructions. Stable transfected Hep3B
cells were resuspended in 1 x Binging Buffer
with a concentration about 1 x 108 cells/ml.
Five microliter of FITC and 5 ul of Pl were added
into 100 pl of cell suspension, followed by 15
minutes incubation in darkness and 400 pl x
Bingding Buffer was added. The analysis of
apoptosis by flow cytometry (Becton Dickinson,
USA) was conducted. Both Annexin V-FITC-
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positive and Pl-negative cells were considered
as apoptosis ones.

Dual-luciferase reporter assay

MiR-181¢c was predicted as a potential
upstreaming regulator of SPP1 by analysis
(microcosm, http://mirecords.biolead.org). A
202 bp sequence from the 3'UTR of SPP1
MRNA was containing putative miR-181c bin-
ding site was intercepted: 5-aauacaauuucuca-
cuuugcauuuagucaaaagaaaaaaugcuuuauag-
caaaaugaaagagaacaugaaaugcuucuuucucag-
uuuauugguugaauguguaucuauuugagucug-
gaaauaacuaauguguuugauaauuaguuuag-
uuuguggcuucauggaaacucccuguaaacuaaaag-
cuucaggguuaugucu-3'. The corresponding se-
quence mutated was set as follow (Sangon
Biotech Co.): 5-auuucuaauacacucauaggaau-
aacugauauguauauaagguauuuuggauauucaua-
cacaucuucauaagguacauacacugauaaaucgau-
cauucucuuuguuuaucacugucguauuuaguuaaga-
gauaguuuaauugauaacuaucucgguacuucguau-
cacgcagaauaguuauaccaugacgcuaaagaca-3'.
Sequences above were cloned into pMIR-
REPORT luciferase vectors (Promega, Madison,
WI, USA), containing Firefly luciferase, and
pRL-TK vectors containg Renilla luciferase used
as control. The vectors were co-transfected into
Hep3b cells overexpressing miR-181c and the
control ones. The luciferase activity was measu-
red by using Dual-Glo Luciferase assay system
(Promega) 48 hours post-transfection.

Statistical analysis

Statistical analysis was carried out by using
SPSS 20.0 and GraphPad Prism 5.0. As for
the analysis of the 87 pairs specimens, and
the relative clinicopathologic features study,
P-values were calculated through paired t-test
and Fisher’'s exact test, and P-values <0.05
were considered to indicate a statistically signi-
ficant result.

The datasets (GSE6764, GSE14520 and GSE-
14323) were analyzed by using R language.
DEGs were screened through a t-test linear
models for microarray analysis package in
R (Version 3.3, http://www.bioconductor.org)
[10].

As for the 5 year over-all survival rate of SPP1,
KMplot tool (http://www.kmplot.com) was used
for the relative evaluation including 364 HCC
patients with the follow-up information. For the

Am J Transl Res 2019;11(11):6924-6937



SPP1 enhances HCC cell growth and is targeted by miR-181c

A DEGs up-regulated in HCC samples
GSE14323

73

GSE6764

GSE14520

B DEGs decreased in HCC samples
GSE14520

GSE6764

GSET4323

Value

6 4 2 0 2 4 6

GSM155945
GSM155953

£
g
Tumor

Normal

Figure 1. DEGs identified through analysis NCBI GEO datasets. A. Venn chart of the significant up-regulated genes
in three HCC datasets (GSE6764, GSE14520 and GSE14323) compared with the non-cancerous liver tissues.
AKR1B10 and SPP1 were screened out according to the overlapped results. B. Venn chart of the decreased genes
among the three datasets. LPA, MT1M, MFAP3L and IL1RAP were collected finally. C. Representative heatmap gen-
erated through GEO datasets illustrates the comprehensive expression profiles of the six significant genes including
SPP1. SPP1 presents a relatively higher expression in HCC tissues than in the normal liver tissues.

expression of SPP1, the Univariate Cox regres-
sion analysis was conducted according to the
best performing threshold after screening the
lower and upper expression quartiles. The
hazard ratio with 95% confidence and P-value
from the log-rank test were calculated.

The expression of microRNA status between
normal and tumor tissues was calculated by
using dbDEMC2 software.

Results

SPP1 differentially expressed as one of the
DEGs in HCC tumor and normal liver tissues

In basis of the criterion of |log?FC| > 2.0 and P
value <1.0E-04 for exploring DEGs of HCC
through GEO database (https://www.ncbi.nim.
nih.gov/geo/), we totally found 285 genes
amplified and 416 genes decreased in HCC
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tissues compared with the non-cancerous
liver tissues. We overlapped these aberrantly
expressed genes according to the expression
profiles, and finally cohorted 2 up-regulated
genes (AKR1B10 and SPP1) and 4 down-regu-
lated ones (LPA, MT1M, MFAP3L and IL1RAP)
(Figure 1).

By conducting GO and KEGG pathway enrich-
ment, we integrated the most significant
pathways of these DEGs in HCC, including
PIBK/AKT signaling pathway, ECM-receptor
interaction, NF-kB signaling pathway and Toll-
like receptor signaling pathway. The main gene
set enrichment results with a P-value cutoff as
0.05 were shown in Figure 2A-C and Table 1.
Protein-protein interaction (PPl) network of
these genes was generated through the Search
Tool for the Retrieval of Interacting Genes
(STRING) database (Version 10.0, http://string-
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Figure 2. Correlation and interaction between DEGs and the particular analysis of SPP1. A. Correlation matrix of
the DEGs. SPP1 presents a highly expression characteristic in HCC tissues sharing co-expression with another HCC
promotor, AKR1B10. B. Presentation of the GO and KEGG enrichment analysis indicating the biological process, mo-
lecular functions and biological pathways of the DEGs. C. Network that SPP1 involved in including PPI, co-expression
and pathway. D. KM plot of the 5 year OS rate generated from 364 HCC cases demonstraed a significant poor out-
come of the patients with relatively higher SPP1 expression (HR=2.4, logrank P=1.6e-06).

db.org), GeneMANIA (http://genemania.org/)
and Cytoscape software (Version 3.4.0, http://
www.cytoscape.org/). Analysis comprehensi-
vely according to these findings above, we noti-
ced that SPP1 is a critical regulator in the biolo-
gical process including post-translational pro-
tein modification, cell developmental process
and cell death process, MAPK cascade and
ERK cascade regulation and anginogenesis,
which probably participating in the tumorigene-
sis and progress of HCC (Table 1). Additionally,
by analyzing and calculating the 5 year OS rate
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according to the 364 HCC patient’s follow-up
data, we observed a significantly low OS of the
patients with a relatively higher SPP1 expressi-
on (HR=2.4, logrank P=1.6e-06) (Figure 2D).

SPP1 is up-regulated in either tumor tissues of
real HCC patients or multiple HCC cell lines

Considering the expression characteristic of
SPP1 in HCC observed from biostatistics analy-
sis, we further explored the expression profile
of SPP1 in real HCC patients and HCC cell lines.
Eighty-seven paired HCC tumor specimens and
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Table 1. A presentation of part of the GO and KEGG pathway enrichment analysis for the DEGs as-

sociated with cancer genesis and progress

Category ID Term P-value
BP G0:0043062 Regulation of heterotypic cell-cell adhesion 3.0E-04
BP G0:0043062 Extracellular structure organization 3.0E-04
BP G0:0006954 Inflammatory response 2.9E-03
BP G0:0019221 Cytokine-mediated signaling pathway 5.8E-03
BP G0:0045595 Regulation of cell differentiation 1.3E-02
MF G0:0004908 Interleukin-1 receptor activity 1.1E-03
MF GO0:0070851 growth factor receptor binding 2.5E-02
MF G0:0005102 Signaling receptor binding 1.5E-02
MF G0:0048018 Receptor ligand activity 2.4E-02
MF G0:0070851 growth factor receptor binding 2.5E-02
cC G0:0034358 Plasma lipoprotein particle 1.8E-04
CcC G0:0005576 Extracellular region 2.3E-04
cC G0:0071682 Endocytic vesicle lumen 8.5E-04
CcC G0:0005788 Endoplasmic reticulum lumen 5.2E-03
cC G0:0005764 Lysosome 3.0E-02
KEGG pathway hsa04512 ECM-receptor interaction 9.8E-03
KEGG pathway hsa04064 NF-kappa B signaling pathway 1.0E-02
KEGG pathway hsa04620 Toll-like receptor signaling pathway 1.0E-02
KEGG pathway hsa04060 Cytokine-cytokine receptor interaction 3.7E-02
KEGG pathway hsa04010 MAPK signaling pathway 4.5E-02

the adjacent non-cancer tissues were exam-
ined through IHC. As differentiating by the
intensity of SPP1, these cases were divided
into two groups: SPP1 high expressed group
and SPP1 low expressed group. For tumor
specimens, 70.1% (61/87) of the cases pre-
sented high expression status of SPP1, and the
rest 29.9% (26/87) cases presented relatively
lower expression of SPP1. On the contrary,
there is only 26.4% (23/87) non-cancerous
liver tissues present a relatively higher SPP1
expression compared with the other 73.6%
(64/87).

Simultaneously, we measured the expression
of SPP1 at both transcriptional and translation-
al status in three HCC cell lines (Hep3B, HepG2
and Hu7u) compared with the control LO2 cells.
Consisting with IHC assay in tissues, SPP1
presents a highly expression in both mRNA and
protein level than that in LO2 cells, especially in
Hep3B cells (Figures 3, S1).

Highly expressed SPP1 is correlated with HCC
clinicopathologic features

The correlation between SPP1 and the clinico-
pathological features of the 87 HCC patients
was studied. As Table 2 shown, there was no
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significant correlation between SPP1 expres-
sion and the patient’s age, gende, virus control
status or liver cirrhosis stages. While, higher
SPP1 presented a significant positive trend
towards, higher serum Alpha-fetoprotein (AFP)
level, larger tumor size, advanced TNM stages,
more incidence of tumor microsatellite forma-
tion and venous invasion.

Depletion of SPP1 suppresses cell proliferation
and arrests the cell cycle of Hep3B cells

Hep3B cells with a high level of SPP1 expressi-
on were selected and transfected with pGU6/
Neo vectors for depleting SPP1. The significant
decrease of SPP1 in Hep3B cells was verified
through gRT-PCR assay and Western blot
analysis (Figures 4A, 4B, S1). CCK-8 assay on
the aforementioned cells indicated an obvious
impair of cell proliferation in SPP1 depleted
Hep3B cells compared with the control. In
detail, the P-value was <0.05 for days 1~2 and
<0.01 for days 3~4 (Figure 4C). Flow cytome-
tric analysis was conducted to learn the effect
of SPP1 on cell apoptosis. As we observed,
when SPP1 depleted, the percentage of Hep3B
cells maintaining at GO/G1 phase was incre-
ased from 44.37% to 57.01% (P<0.01).
Simultaneously, the S phase cells and the
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Figure 3. Expression of SPP1 in either HCC patient’s specimens and the HCC cell lines. A. Statistic of number of
cases with higher or lower expression of SPP1 in 87 paired HCC specimens. SPP1 was up-regulated in most of the
tumor tissues (61/87), and was expressed at a lower level in most of the adjacent non-cancerous tissues (64/87).
SPP1 was frequently and significantly higher expressed in tumor tissues (P<0.01). B. Representative graph of immu-
nohistochemistry analysis on tissue microarray (100 x). Specimens stained I1gG anti-body were applied as control.
SPP1 in HCC tumor tissues was significantly higher expressed than that in adjacent non-cancerous tissues. C. Tran-
scription level of SPP1 in cell lines was detected through qRT-PCR assay. The SPP1 mRNA expression is significantly
higher in HCC cells than that in LO2 cells as control ("P<0.05). D. Detection of protein expression of SPP1 in cell
lines by Western-blot analysis. SPP1 protein was significantly up-regulated in HCC cells compared with LO2 cells.
The numbers above the blot indicate normalized protein amounts relative to the negative control, as determined by

densitometry.

G2/M phase cells were respectively declined
from 24.58% to 18.57% (P<0.05) and from
31.05% to 23.74% (P<0.05) (Figure 4D, 4E).
Meanwhile, we found that the cell apoptosis
was significantly enhanced along with SPP1
depletion with an apoptosis rate from 38.19%
to 78.91% in average (P<0.01), demonstrating
that the resistance of cell apoptosis in Hep3B
cells was crippled (Figure 4F, 4G).

SPP1 is directly targeted by miR-181c post-
transcriptionally in HCC cells

MiR-181c presents relatively lower expression
status in multiple human maligancies, inclu-
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ding HCC, calculated by using dbDEMC2 soft-
ware (http://www.picb.ac.cn/dbDEMC) (Figure
5A). And we further validated the expression
decrease of miR-181c¢ in HCC cell lines compa-
red with control LO2 cells (Figure 5B). In this
study, MiR-181c was predicted in this study
through microcosm bioinformatics analysis
online software. The potential binding site was
visulized, and the minium free energy hybridiza-
tion of miR-181c and SPP1 mRNA 3’-UTR was
presented as Figure 5C shown.

We constructed luciferase reporter vectors
containing 202 bp 3-UTR sequence of SPP1
MRNA (WT-UTR) and the control vectors consist

Am J Transl Res 2019;11(11):6924-6937



SPP1 enhances HCC cell growth and is targeted by miR-181c

Table 2. Correlation between SPP1 and clinicopathologic

features in 87 HCC specimens

Intringulingly, we further found that
the cell growth impacts and the resi-

SPP1 expression

Clinicopathologic parameters

Low (n=26) High (n=61)

stence of cell apoptosis in Hep3B
cells induced by miR-181c could be

Age (years)

<50 12 34

>50 14 27
Gender

Male 17 31

Female 9 30
Diameter (cm)

<5 18 25

>5 8 36
TNM stage

I~ 16 20

I~V 10 41
Tumor encapsulation

Absent 8 27

Present 18 34
Tumor microsatellite formation

Absent 16 22

Present 10 39
Venous invasion

No 15 19

Yes 11 42
HBsAg

Negative 3 8

Positve 23 53
AFP (ng/ml)

<400 10 10

>400 16 51
Cirrhosis

Absent 2 8

Present 24 53

patly rescured when SPP1 was ecto-
picly up-regulated (Figure 6D-F). All

0.485 the findings above indicate a direct
interaction and post-transcriptional
regulation of miR-181c to SPP1.

0.245
Discussion

0.020 Worldwide, HCC presents as one of

the most prevalent human maligant
neoplasms leading to high mortality
[11]. Quite amount of HCC patients

0.018 were no longer capable for radical
resection because of the large tumor
Size, venous invasion and multi-intra-

0.340 hepatic metastasis when diagnosed
at later stages [12].

According to the preclinical an dclini-
cal research, molecule-targeted the-
rapy, like sorafenib and lenvatinib
application, has been introduced in-
0.030 to advanced HCC therapautic treat-
ment, which has been playing im-
portant role in comprehensive treat-
>0.05 ment of HCC [13, 14]. However, as for
recent acknowledgement, this inno-
vation treatment is still meeting with
the challenge of drug resistance by

0.035

0.0478 . .
targeting merely single target [15,
16]. Thus, it is important and me-
aningful to discover new biomarkers
0.717

and targets for comprehensive
and combined stratigies in HCC

SPP1 expression level associated with clinicopathologic features in 87

treatment.

HCC patients, including age, gender, tumor size, tumor stage (AJCC), tumor

encapsulation, tumor microsatellite formation, vein invasion, HBsAg sta-
tus, AFP level, and liver cirrhosis. Statistically significance was assessed by

Fish’s exact test. P*<0.05.

of corresponding mutated sequence (MUT-
UTR). Like Figure 6A shown, mimics indued
miR-181c¢ up-regulation (Hep3B/miR-181c) in
Hep3B cells significantly decreased the luci-
ferase signal of SPP1/pMIR/WT compared with
the control ones (Hep3B/NigmiR). As suppo-
sed, this suppressing effect induced by miR-
181c was abolished in Hep3B cells concerning
with MUT-UTR. And the expression of SPP1 was
significantly decreased within the miR-181c
up-regulated Hep3B cells (Figures 6B, 6C, S1).
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Biostatistic analysis provides the
possibility for intensive and inte-
grative insight of DEGs in cancer
research, which means by mining the
datasets of a certain carcinoma could assist
the researchers to find new candidate genes in
tumor provention, diagnose, and treatment. On
basis of this strategy, we downloaded datasets
frome GEO database with either mRNAs or
non-coding RNAs (ncRNAs) expression informa-
tion of HCC patients. The analysis of GSE6764,
GSE14520 and GSE14323 respectively gave
out 285 genes up-regulated in HCC tumors with
a fold change over 2.0, and also 416 decreased
ones. Among them, we further clustered SPP1
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Figure 4. Depletion of SPP1 in Hep3B cells impairs the cell growth and promotes cell apoptosis. A. QRT-PCR assay
indicated a significant down-regulation of SPP1 mRNA level in Hep3B cells after pGU6/Neo vectors transfection
(**P<0.01). B. Western blot analysis validated the decline of SPP1 after transfection. Numbers above the blot in-
dicate the protein amounts normalized. C. CCK8 assay was conducted to illustrate the effect of SPP1 on cell pro-
liferation. Cell proliferation of Hep3B cells was significantly impaired by depleting SPP1 (""P<0.01, "P<0.05). D, E.
Representative histograms describing the cell cycle profiles of Hep3B cells. Significantly, the cell cycle was arrested
in the GO/G1 phase following depletion of SPP1 in Hep3B cells ("P<0.05). F, G. Apoptosis rate of was detected by
flow cytometry. Representative graph of cell apoptosis rate was demonstrated and statistics analysis of cell apop-
tosis rate indicates that depletion of SPP1 in Hep3B cells significantly promotes cell apoptosis compared with the
control ones (“*P<0.01).

and AKR1B10 as two significent genes sharing
co-expression profile in these three individual
datasets, and collected another four decre-
ased genes.

Combining with the GO and KEGG enrichment
results, we discovered that these 6 candidate
genes were involved in critical process such as
PIBK/AKT signaling pathway, ECM-receptor
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interaction and NF-kB signaling pathway, by
which were supposed to participatie in HCC
tumorigenesis and process. Intriguingly, we
noticed SPP1, also known as osteopontin, is
one of the most significant over-expressed
genes in HCC present close relationship with
HCC progress. SPP1 is a multifunctional genes,
which was first reported as one of the biomar-
kers in cell epitheial transformation process

Am J Transl Res 2019;11(11):6924-6937
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Figure 5. Analysis of miR-181c expression in HCC and the prediction of its targeting effect on SPP1. A. Calculation
of miR-181c expression through dbDEMC2 software. MiR-181c is relatively lower expressed in multiple human
maligancies, including HCC. B. qRT-PCR assay indicated significantly lower expression of miR-181c in HCC cell
lines compared with LO2 cells ("P<0.05). C. The predicted miR-126 binding site in the wild-type SPP1 mRNA 3’-UTR
(3'UTR-WT) is visulizated, and the minimum free energy hybridization of miR-181c and SPP1 mRNA 3’-UTR is calcu-

lated (Mfe: -18.4 kal/mol).

[17]. Further research described that SPP1 was
involved in the attachment of osteoclasts to
mineralized bone matrix [18]. And also, this
gene participates in the up-regulation of IFN-y
and IL-12 as a cytokine [19, 20].

In cancer research, literatures ever published
have provided a basic imagiation of SPP1’s bio-
functions in tumorigensis and process. In glio-
ma, SPP1 plays a role of the ligand of CD44,
assisting to enhance oncogene EPAS-1 expres-
sion and to promote aggresive glioma growth
[21]. In colorectal cancer, high SPP1 expression
is correlated with poor survival with positive
venous invasion and high TNM stage [22]. And
SPP1 was found highly expressed in epithelial
ovarian cancer tissues, specifically activating
Integrin-B/FAK/AKT pathway, promoting cell
growth and mobility in ovarian cancer [23]. In
prostate cancer, SPP1 is concerned with the
progress of tumor recurrence and metastasis
by mediating the bilogical processes of Smad4/
PTEN pathway [24].

Reports of SPP1 in liver diseases, especially in
liver tumor, is insufficient yet. Accodring to the
limited literatures, we suppose SPP1 as the bio-
marker participating in polymorphisms pro-
cess, and the pro-inflammatory genes regulati-
on, which associates in liver injury, HBV and
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HCV infection status and HCC occurence [25-
27]. However, execpt for the aberrant expes-
sion of SPP1 in liver tissues, the potent mecha-
nisms of this gene affecting HCC tumorigenesis
and progress leave us largely unkonwn.

In this study, again, we noticed a remarkable
up-regulation of SPP1 in HCC tissues compared
with the non-cancerous liver tissues through
data mining and IHC assay in 87 cases of the
real patients. And also, we validated the signifi-
cant high expression characteristic of SPP1 at
both transcriptional and translational status in
multiple HCC cell lines according to the base-
line of LO2 cells. Further analysis combined
with the clinicopathologic features from these
real patients provided us a clear imagination of
the correlationship between SPP1 expression
status and serum APF level, tumor size, tumor
invasion degrees and the total evaluation of
TNM stages.

Along with the findings above, the 5 year over-
all survival rate generated from 364 HCC cases
demonstraed a poor outcome of the patients
with relatively higher SPP1 expression. This fin-
ding clearly elucidates a trend of SPP1 up-regu-
lation in HCC patients with poor prognosis,
which suggests SPP1 as a probable target for
further study in HCC prevention and diagnosis.
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Figure 6. Modulation of SPP1 in Hep3B cells induced by miR-181c. A. The direct interaction between SPP1 and miR-
181c was detected by Dual-luciferase reporter assay. Up-regulation miR-181c through mimics in Hep3B (Hep3B/
miR-181c) decreased the luciferase signal of SPP1/pMIR/WT significantly in cells with compared with the negative
control (Hep3B/NigmiR), while mutation of the putative miR-181c-binding site abolished this suppressive effect
(""P<0.01). B. qRT-PCR assay demonstrated that the mRNA expression of SPP1 was significantly decreased by
introducing miR-181c into Hep3B cells (**P<0.01). C. Western blot analysis indicated that the SPP1 protein was
significantly decreased by introducing miR-181c into Hep3B cells. D-F. Rescue experiment was conducted due to re-
upregulating SPP1 in Hep3B cells transfected with miR-181c. CCK8 assay and the cytometry analysis respectively
indicated a partly rescue effect through up-regulating SPP1, which induced recovery of cell proliferation, along with
the promotion of cell cycle process and resistence to cell apoptosis ("P<0.05).

Depletion of SPP1 and the followed rescue
experiment were carried out in Hep3B cells by
using either pGU6/Neo vectors or recombinant
adenovirus Ad5/F35. As we showed in our
results, depleting SPP1 not only impaired the
Hep3B cells’ proliferation, but also arrested the
cell cycle in GO/G1 phase instead of maintai-
ning at the G2/M stages. Simultaneously,
apoptosis rate in Hep3B with SPP1 depletion
was significantly enhanced. On the contrary,
rescue experiment by re-expressing SPP1 in
Hep3B cells reversed the changings induced by
SPP1 depletion, including accelerating the cell
proliferation, and inhibiting the cell apoptosis.
All these above indicate that targeting SPP1
could effectively suppress the cell growth and
promote programmed cell death in HCC.

Being members of microRNAs, miRNA-181
family function as post-transcriptional regula-
tors effecting on gene expression [28, 29]. As
acknowledeged, family of miRNA-181 consists
of four homological molecules respectively
named miR-181a, miR-181b, miR-181¢c and
miR-181d [30]. Accumulating evidence demon-
strates that miR-181 members are associated
with human cancer prognosis and survival, and
involved in tumor invasion and metastasis in
different ways [31-33]. For example, miR-181a
and miR-181b act as promotors enhancing
breast cancer cell proliferation through regula-
ting PIBK/AKT signaling pathway [34]. And, miR-
181d presents different functions in diverse
human maligancies, like suppressing cell proli-
feration in glioblastoma via regulating NF-kB
signaling pathway [35], or promoting osteosar-
coma and colon cancer metastasis through
either regulating FOXP1 feedback loop or
modulating the process of glycolysis [36, 37].
Noticeably, miR-181c commonly presents to be
suppressing factor in diverse malignancies. In
gasrtic cancer, miR-181c is significantly down-
regulated as a potential biomarker indicating
apoptosis resistence in tumor cells and relati-
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vely poor prognosis [9]. In breast cancer, miR-
181c is the up-streaming regulator of PPAR-«
involved in epithelial-mesenchymal transition,
and is remarkably decreased in cancer cells
[38]. Expression profile of miR-181 family in
HCC and the correlated bio-functions are not
distinguished between the four members, and
the definite research on miR-181c is limited
and not updated yet. Thus, whether miR-181c
plays promotional effects like miR-181b or acts
as inhibitor in HCC process need to be further
elucidated.

In this study, miR-181c was predicted as the
up-streaming regulator of SPP1 according to
bioinformatics analysis. The predicted binding
site demonstrated a strong potential interac-
tion between miR-181c seed sequence and
3-UTR of SPP1 mRNA. Detection in HCC cells
indicated a down-regulation of miR-181c in
tumor cells compared with LO2 cells. And the
direct interaction between miR-181c and SPP1
MRNA was further validated through dual-luci-
ferase reporter assay. Interestingly, up-regulati-
on of miR-181c in Hep3B cells sequentially
decreased the expression of SPP1, and demon-
strated us a clear image of the modulation and
regulation mechanism involved with SPP1 in
HCC.

In summary, we suppose SPP1 as one of the
probable genes participating in the enhance of
HCC cell growth, which provide us new poteni-
tal target for HCC prevention and treatment.
Moreover, miR-181c presents direct interaction
characteristic in HCC cells with SPP1 as an up-
streaming inhibitor, confidently and hopefully
suggesting new stratiges in HCC research and
treatment for establishment of interventional
practice at molecule level.
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