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Methods: To identify new genes involved in HCC development, we analyzed
The Cancer Genome Atlas liver cancer database, and TESC was selected for fur-
ther investigation. HCC tissue microarray analysis for TESC and its association
with clinicopathological features were performed to investigate its clinical sig-
nificance. TESC was knocked down by using short-hairpin RNAs. Cell prolifer-
ation was analyzed by WST-1 assay and cell counting. Cell apoptosis was tested
by fluorescence-activated cell sorting. A subcutaneous xenograft tumor model in
nude mice was established to determine the in vivo function of TESC. Affymetrix
microarray was used to identify its molecular mechanism.
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Results: TESC was significantly increased in HCC tissues compared with the
adjacent normal liver tissues. High expression of TESC was detected in 61 of
172 HCC patients by tissue microarray. Large tumor (> 5 cm) and elevated total
bilirubin were associated with high TESC expression (both P < 0.050). In mul-
tivariate analysis, TESC was identified as an independent prognostic factor for
short overall survival of HCC patients. TESC knockdown impaired HCC cell
growth in vitro and in vivo. TESC knockdown significantly increased cell apop-
tosis in HCC cell lines. Furthermore, Affymetrix microarray analysis revealed
that TESC knockdown inhibited tumor proliferation-related pathways while acti-
vated cell death-related pathways.

Conclusion: TESC was identified as an independent prognostic factor for short
overall survival of HCC patients, and was critical for HCC cell proliferation and

survival.

KEYWORDS

1 | BACKGROUND

Liver cancer is the 6™ most frequent and the 2°¢ most com-
mon death-causing cancer worldwide, of which hepatocel-
lular carcinoma (HCC) is the predominant type [1-3]. Liver
resection and radiofrequency ablation are currently the
curative treatments for early-stage HCC. For unresectable
HCC, transarterial chemoembolization (TACE) [4, 5] and
multikinase inhibitors (only sorafenib and lenvatinib at
present) have shown clinical benefits as first-line treat-
ments for advanced HCC [6, 7]. However, even with these
two targeted agents, advanced HCC patients only reached
a overall survival (OS) of 12.3 months and had a 30% objec-
tive response rate [8]. HCC is still a lethal tumor, with lim-
ited curative therapeutic methods for advanced cases [9].

The initiation and progression of HCC, a multi-step
process, comprise of liver injury, progressive inflamma-
tion, fibrosis, and chromosomal instability [10, 11]. The
risk factors of liver injuries, such as chronic hepatitis
B virus (HBV) and hepatitis C virus infections, autoim-
mune hepatitis, alcohol abuse, and some metabolic dis-
eases, have been well-characterized. However, the cellular
and molecular mechanisms that contribute to the progres-
sion of liver cancer are still not fully understood. Recently,
a large-scale, multi-platform analysis had been performed
to understand the molecular landscape of HCCs, which
generated tons of information requiring further confir-
mation[12]. Therefore, the mining of new possible targets
from these data in an attempt to prevent HCC or its pro-
gression is urgent.

Tescalcin (TESC; also known as calcineurin B homol-
ogous protein 3, CHP3) belongs to the EF-hand Ca’*-
binding protein superfamily, acting as a Ca?* sensor with
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Ca**-binding affinity in micromolar range [13]. Since Ca?*
is a universal second messenger involved in multiple bio-
processes, TESC is supposed to function in cell growth
and differentiation [14]. TESC has also been reported to
be highly expressed in the brain and affect neuron devel-
opment [15-18]. Recent studies have suggested that TESC
can be a regulator of cancer progression. TESC is reported
to contribute to the invasive and metastatic activity of
colorectal cancer [19] and the survival of gastric cancer
cells [20]. TESC may also mediate sorafenib resistance in
FMS-like tyrosine kinase 3-internal tandem duplication-
positive acute myelocytic leukemia (FLT3-ITD+ AML)
through the Na(+)/H(+) exchanger type-1(NHE1) [21], as
well as enhance cancer stemness and radioresistant prop-
erties in non-small cell lung cancer through aldehyde
dehydrogenase-1 (ALDHL1) [22]. In contrast, the involve-
ment of TESC in the regulation of HCC development is yet
to be investigated.

In the present study, TESC was screened out using bioin-
formatic analysis of The Cancer Genome Atlas (TCGA)
liver cancer database. We investigated the relationship
between TESC, a candidate oncogene, and clinical out-
comes of HCC patients. Furthermore, we explored the role
of TECS in the development of HCC and the potential
molecular mechanism.

2 | MATERIALS AND METHODS
2.1 | Bioinformatics analysis

The RNA-sequencing data were obtained from the
TCGA liver hepatocellular carcinoma (LIHC) database.
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Differential  expression analysis was conducted
using the EdgeR Bioconductor package with R 3.4.3
(https://www.r-project.org/) [23]. Normalization factors
were calculated using the trimmed mean of M-values
(TMM) to evaluate the differences in library size resulted
from different sequencing depths [24]. To normalize the
gene-level variance, the biological coefficient of variation
(BCV) was calculated using the square root of the common
dispersion for negative binomial general linear models
(GLMs). Samples were fitted to a negative-binomial log-
linear model and tested for differential expression using a
likelihood-ratio test. The P values of differential expression
tests were corrected for multiple-hypothesis testing using
the Benjamini-Hochberg false discovery rate (FDR) cor-
rection. FDR < 0.05 and |log2 (fold change)l > 1 were set as
cut-off values to screen out differentially expressed genes.

2.2 | Clinical samples and data

Tumor tissues were obtained from patients who under-
went curative liver resection for HCC at Sun Yat-sen Uni-
versity Cancer Center (SYSUCC) between January 2005
and December 2011.

Inclusion criteria: 1) the patient had pathologically diag-
nosed HCC; 2) the patient underwent liver resection with-
out any prior treatment, and 3) the absence of distant
metastasis was confirmed radiologically. Patients with
Child-Pugh class B or C conditions were excluded.

Tumor grade and stage were classified according to the
World Health Organization criteria and the sixth edition
of the TNM classification of the Union for International
Cancer Control (UICC, 2002). OS was defined as the time
interval between the date of resection and the date of death
or the last follow-up. Recurrence-free survival (RFS) was
defined as the time interval between the date of resec-
tion and the date of recurrence or the last follow-up. The
patients were followed up 1 month after surgery and every
3 months thereafter. The last follow-up date was January
10, 2016.

For tissue microarray construction, the tissues were
punched and placed into recipient paraffin blocks using
a 0.6 mm diameter stylet and cut into 5 mm thick sec-
tions. The study protocol was approved by the institutional
review board of SYSUCC. Informed consent was signed by
the patients or their parents or legal guardians.

2.3 | Immunohistochemistry (IHC)
and scoring

The HCC tissue microarray slides were kept overnight at
37°C, dewaxed in xylene, rehydrated with graded alco-
hol, and immersed in 3% hydrogen peroxide for 10 min
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to block endogenous peroxidase activity. Antigen retrieval
was carried out by heating the slides in a pressurized
cabin for 15 min in 10 mmol/L sodium citrate, pH 6.0. The
slides were then incubated with 10% normal goat serum at
room temperature for 30 min to reduce non-specific reac-
tions. Subsequently, the slides were incubated overnight at
4°C with rabbit polyclonal antibody against TESC (11125-
1-AP, 1:500, Proteintech, Chicago, MI, USA). Immuno-
histochemical staining was then carried out by using a
two-step EnVision System (Dako Cytomation, Glostrup,
Denmark). Finally, the sections were counterstained with
hematoxylin, dehydrated, and mounted. Two indepen-
dent pathologists blinded to the clinicopathological infor-
mation performed the THC analysis for TESC. Immuno-
positive staining was evaluated in five randomly selected
areas of the tissue section. The tissue sections were scored
based on the staining proportion and intensity. Briefly, a
score of 0 was defined as a proportion of 0-5% of stained
cells, 1 as 5-25%, 2 as 26-50%, and 3 as more than 50%. For
TESC staining intensity, the slides were allocated a score of
0 for negative, 1 for mild, 2 for moderate, and 3 for intense
staining, using high-power (X 400) microscopy. Finally,
the expression of TESC was classified based on the prod-
uct of the intensity score and the proportion score: high
expression (intensity multiply proportion scores > 3) or
low expression (intensity multiply proportion scores < 3).

2.4 | Paired tumor and adjacent tissues
Eight pairs of HCC tissues and matched adjacent non-
tumorous tissues were selected from the Department of
Hepatobiliary Oncology, SYSUCC, froze and stored in an
-80°C refrigerator until use.

2.5 | Human cell line cultures

The human cell lines HEK293T, SMMC-7721, HepG2, BEL-
7402, and BEL-7404 were obtained from American Type
Culture Collection (ATCC). SMMC-7721 and BEL-7402
cells were maintained in RPMI-1640, while BEL-7404,
HepG2 and HEK293T cells were maintained in Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal
bovine serum, 2% penicillin and streptomycin. All cells
were grown in a humidified incubator at 37°C with 5% CO,.

2.6 | Short-hairpin RNA (shRNA)
knockdown vector construction and
transfection

The TESC-overexpressing plasmid with Flag-tagged TESC
(Flag-TESC) and three pairs of shRNA against TESC
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were designed (target sequences in supplementary Tab.
S1) and synthesized by Generay Biotech (Shanghai, P.
R. China). The oligoes were annealed and cloned into
GV115 lentivirus vector (Genechem Biotech, Shanghai, P.
R. China) by the Agel and Ecorl (NEB Co., Ipswich,
MA, USA) enzyme sites. Selected clones were con-
firmed by sequencing. Flag-TESC and shRNAs were co-
transfected into HEK293T cells by lipofectamine 2000
(Thermo Fisher Scientific, Waltham, MA, USA). West-
ern blotting analysis of lysates of HEK293T cells at 36 h
after antibody transfection to select the superior shRNA.
To generate the lentivirus, GV115 vectors containing the
shRNA against TESC or the scramble control were trans-
fected into HEK293T by lipofectamine 2000 together with
the helper plasmids psPAX2 and pMD2.G (Genechem
Biotech). Supernatant containing the lentivirus was col-
lected after 48 hours of transfection. SMMC-7721 or BEL-
7404 cells were seeded into 6-well plates at a concentration
of 20% overnight and infected with 5 x 10° infectious units
of lentiviruses and 8 mg/mL polybrene (Sigma-Aldrich, St.
Louis, MI, USA).

2.7 | WST-1 assay and celigo cell counting
For WST-1 assay, cells were seeded in 96-well plates at
a concentration of 2000 cells/well. The cells were incu-
bated with 10 uL of 5 mg/mL WST-1 reagent (Roche, Basel,
Switzerland) at 37°C for 1 h, and OD450 was determined
by SpectraMax M5 plate reader (Molecular Devices, Sun-
nyvale, CA, USA). Celigo cell counting was performed
according to the manufacturer’s instructions (Nexcelom,
Lawrence, MA, USA) to evaluate cell proliferation every
24 h.

2.8 | Xenograft model establishment
and fluorescence imaging

The 6-week-old female nude mice (Guangdong Medical
Laboratory Animal Center, Guangzhou, Guangdong, P.
R. China) were maintained in the medical experimental
animal center of Sun Yat-sen University. There were 10
mice in each group. All mice were cared according to the
guides approved by the China Association of Laboratory
Animal Care and the Institutional Animal Care Commit-
tee. Cell suspensions in phosphate-buffered saline (PBS)
at a concentration of 4 x 107 cells/mL were injected sub-
cutaneously into a single side of each mouse in a volume
of 0.1 mL. Xenografts were observed and measured every
three days. The volume of xenografts was calculated as
V (mm?®) = (length x width?) / 2. Living fluorescence
images of the xenografts were taken. The mice were
anesthetized with an intraperitoneal injection of 0.7%

sodium pentobarbital, and the total radiant efficiency of
green fluorescent protein (GFP) was measured with IVIS
Lumina LT (Perkin Elmer, Waltham, MA, USA) according
to the manufacturer’s instructions.

2.9 | Microarray and ingenuity pathway
analysis

Total RNA was extracted from TESC-knockdown
or control BEL-7404 cells with Trizol, purified,
and amplified with GeneChip 3'IVT Express Kit
(Affymetrix-Thermo Fisher, Waltham, MA, USA).
Purified amplified RNAs were analyzed on GeneChip
primeview human (Affymetrix-Thermo Fisher). Differ-
entially expressed genes were identified with EdgeR
[23] and subjected to ingenuity pathway analysis
(www.qiagenbioinformatics.com) [25, 26]. Ingenuity
pathway analysis was performed to identify most signifi-
cantly suppressed or activated signaling pathways, and to
predict potential proteins interacted with TESC through
protein interaction network analysis.

2.10 | Real-time quantitative polymerase
chain reaction (RT-qPCR)

Total RNAs were extracted from cultured cells with the
RNeasy Mini Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions, and reverse transcrip-
tion was performed using Superscript III reverse transcrip-
tase (Invitrogen, Waltham, MA, USA). All gene expression
levels were quantified by RT-qPCR with iQ SYBR Green
supermix and CFX96 RT-qPCR system (Bio-Rad, Hercules,
CA, USA). The primers used are listed in supplementary
Tab. S2.

211 | Western blotting

Western blotting was performed as previously described
[27]. Briefly, the whole-cell lysates were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis, transferred onto nitrocellulose membranes (Bio-Rad),
and hybridized to a rabbit polyclonal antibody against
TESC (1:2000, Proteintech) or a rabbit monoclonal anti-
GAPDH antibody (1:2000, Bioworld Technology, St Louis
Park, MN, USA). After three washes with 1% (vol/vol)
Tween-20 in Tris-buffered saline, membranes were further
incubated for 1 h at room temperature with horseradish
peroxidase-conjugated  anti-rabbit = immunoglobulin
G. After washing, peroxidase activity was detected by
chemiluminescence according to the manufacturer’s
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instructions (Pierce Biotechnology, Waltham, MA,
USA).

2.12 | Flow cytometry

For cell apoptosis assay, TESC-knockdown or control cells
were collected and washed with pre-chilled PBS twice.
Then, they were stained with 10 uL Annexin V-APC (eBio-
science, San Diego, CA, USA) for 15 min. After washing,
cell apoptosis was analyzed by fluorescence-activated cell
sorting (FACS) with Guava easyCyte HT (Millipore Inc.,
Burlington, MA, USA).

2.13 | Caspase 3/7 activity

Caspase 3/7 activities in BEL-7404 and SMMC-7721 cells
were determined with Caspase-Glo® 3/7 Assay kit
(Promege, Madison, WI, USA) according to the manufac-
turer’s instructions.

2.14 | Statistical analysis

Quantitative data are presented as the mean + standard
deviation. Quantitative data with normal distribution were
compared between two groups using unpaired Student’s ¢-
tests. Otherwise, rank-sum test was considered. Analysis
of variance with Bonferroni’s multiple comparisons was
applied for three or more groups of quantitative data. For
categorical data, Pearson’s chi-square test was performed.
The Kaplan-Meier method was used to calculate the OS
and RFS, and comparisons were performed using the log-
rank test. The prognostic variables used in predicting the
OS were assessed by univariate Cox proportional hazards
regression analysis. Variables that were significant in the
univariate analysis were subsequently tested with the mul-
tivariate Cox proportional hazard model. All statistical
tests were two-sided, and a difference with P < 0.050 was
considered statistically significant. All analyses were per-
formed using the SPSS software (version 20.0, SPSS Inc.,
Chicago, IL, USA). In vitro experiments were performed at
least in triplicate.

3 | RESULTS

3.1 | Bioinformatics analysis of TCGA
HCC database

To identify new potential genes involved in HCC devel-
opment, we analyzed TCGA HCC database. Overall, 360
cases with both RNA-sequencing and pathological data
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were available. Among them, 50 cases with paired cancer
and the adjacent normal tissue data were used for further
analysis (supplementary Tab. S3). After standardization
by TMM, the cancer tissues could be distinguished from
the normal ones as shown by the BCV analysis, suggesting
the stability of sequencing data of our selected samples
(Figure 1a). Genes expressed with a significant difference
between cancer and normal tissues were identified (some
are listed in supplementary Tab. S4). Since we were
interested in the novel regulators in HCC development,
the targets with more than 100 publications were excluded
after Pubmed searching. The associations of these can-
didate genes with clinicopathological data were further
analyzed. Among them, TESC was found to be signifi-
cantly up-regulated (fold change of cancer/normal > 2.0)
in liver cancer tissues compared with adjacent normal
tissues in 28 (56.0%) cases (P < 0.001; Figure 1b).

Among the 360 cases with both RNA-sequencing and
pathological data, 2 cases with incomplete survival data
were excluded from survival analysis. Of the remaining 358
cases, 185 had low TESC expression, and 173 had high TESC
expression (supplementary Tab. S5). The median age was
61 years (range: 16-90 years). OS analysis by Kaplan-Meier
plotter showed that the high expression of TESC was sig-
nificantly associated with poor outcome in patients with
HCC (P = 0.030; Figure 1c).

More information from TCGA database was collected
and analyzed to investigate more features of TESC. The
methylation level of TESC was significantly lower in tumor
tissues than in normal tissues (P = 0.011; supplementary
Fig. Sla), and the TESC level was negatively correlated
with the methylation level (P < 0.001; supplementary Fig.
S1b). In addition, the TESC expression level was positively
correlated with infiltration levels of macrophages and B
cells (supplementary Fig. Sic).

3.2 | The expression and prognostic value
of TESC in HCC

To confirm the above mentioned findings, we compared
the mRNA expression level of TESC between liver cancer
tissues and in paired adjacent normal tissues. TESC
mRNA level was shown to be much higher in liver cancer
tissues (P < 0.001, Figure 2a). A tissue microarray was per-
formed with tumor samples from 172 HCC patients who
were previously treated at SYSUCC. TESC expression was
detected by IHC. High expression of TESC was found in 61
(35.5%) samples, while low expression in 111 (64.5%) sam-
ples (Figure 2b). Established clinicopathological feature
analysis indicated that large tumor (> 5 cm) and elevated
total bilirubin level was associated with high TESC expres-
sion (both P < 0.050, Table 1). More patients underwent
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TABLE 1 Associations of TESC expression and the clinicopathological features of 172 HCC patients
Feature TESC expression P value
Low High
Total (cases) 11 61
Age [years, median (range)] 51 (20-75) 49 (34-72) 0.787
Gender [cases (%)] 0.583
Male 99 (89.2) 56 (91.8)
Female 12 (10.8) 5(8.2)
HBV infection [cases (%)] 0.481
Yes 96 (86.5) 55(90.2)
No 15 (13.5) 6(9.8)
Tumor number [cases (%)] 0.925
Single 79 (71.2) 43(70.5)
Multiple 32(28.8) 18 (29.5)
Tumor size [cases (%)] 0.011
<5cm 51 (45.9) 16 (26.2)
>5cm 60 (54.1) 45(73.8)
Macrovascular invasion [cases (%)] 0.200
Yes 5(4.5) 6(9.8)
No 106 (95.5) 55(90.2)
Cirrhosis [cases (%)] 0.801
Yes 55 (49.5) 29 (47.5)
No 56 (50.5) 32 (52.5)
Clinical TNM stage [cases (%)] 0.322
I 72 (64.9) 35(57.4)
II 13 (11.7) 8(13.1)
11 26 (23.4) 18(29.5)
Differentiation grade [cases (%)] 0.753
I+11 61 (55.0) 32(52.5)
II+1V 50 (45.0) 29 (47.5)
AFP [cases (%)] 0.252
<400 ng/mL 61 (55.0) 39 (63.9)
> 400 ng/mL 50 (45.0) 22 (36.1)
Postoperative TACE [cases (%)] 0.029
Yes 13 (11.7) 15 (24.6)
No 98 (88.3) 46 (75.4)
White blood cells (x 10°/L, mean =+ SD) 6.53 +1.61 7.02 +2.32 0.105
Platelet count (X 10°/L, mean + SD) 196.86 + 83.25 191.57 + 82.05 0.692
Hemoglobin (g/L, mean + SD) 143.39 +16.75 140.32 +15.62 0.243
Serum ALT level (U/L, mean + SD) 42.08 + 26.66 46.73 + 32.61 0.314
Total bilirubin (umol/L, mean + SD) 41.13 +£20.17 51.63 + 37.73 0.018
Serum AST level (U/L, mean + SD) 15.80 + 5.51 14.39 + 4.95 0.098
Albumin (g/L, mean + SD) 42.81 +3.95 41.71 + 4.12 0.086
Prothrombin time (s, mean + SD) 12.55 +1.38 12.43 +1.36 0.588

TESC: Tescalcin; HCC: hepatocellular carcinoma; HBV: hepatitis B virus; AFP: alpha-fetoprotein; TACE: transarterial chemoembolization; SD: standard deviation;

ALT: alanine aminotransferase; AST: aspartate aminotransferase.
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TCGA data mining identified TESC as a potential gene involved in HCC development. a. Biological coefficient of variation

analysis showing liver cancer RNA-sequencing data from TCGA database after standardization by TMM. b. TESC expression scores in cancer
and the adjacent normal tissues. c. Kaplan-Meier analysis shows that high TESC expression was significantly associated with short overall
survival of HCC patients (n = 358). TESC: Tescalcin; HCC: hepatocellular carcinoma; TCGA: The Cancer Genome Atlas; TMM: trimmed mean
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The expression and prognostic value of TESC in HCC. a. RT-qPCR analysis of the TESC mRNA level in cancer tissues and

the paired adjacent normal tissues (n = 8, P < 0.001). b. Representative IHC images (100 X and 400 X) of low or high expression of TESC in
human HCC tissues. c. Kaplan-Meier analysis shows that TESC expression was significantly associated with overall survival (n =172, P = 0.016).
d. Kaplan-Meier analysis shows that TESC expression was significantly associated with recurrence-free survival (n = 172, P = 0.004). TESC:
Tescalcin; HCC: hepatocellular carcinoma; RT-qPCR: real-time quantitative polymerase chain reaction; IHC: immunohistochemistry

postoperative TACE in the high TESC expression group
than in the low TESC expression group (24.6% vs. 11.7%,
P =0.029).

Univariate analyses indicated that the tumor number,
tumor size, aspartate aminotransferase (AST), albumin,
macrovascular invasion, and TESC level were significant
impact factors of OS in our cohort (all P < 0.050, Table 2).
Multivariate analysis showed that high TESC expression,
multiple tumor number, and tumor size > 5 cm were inde-
pendent prognostic factors for shorter OS, whereas high
albumin level was an independent prognostic factor for
longer OS (Table 2). OS curves demonstrated that patients
with high TESC expression had significantly reduced sur-
vival rate (P = 0.016, Figure 2c). The 1-, 3-, and 5-year OS
rates were 67.2%, 54.1%, and 45.4% respectively in the high

TESC expression group and were 84.7%, 67.2%, and 63.1%
respectively in the low TESC expression group. Similarly,
high TESC expression was also an independent prognos-
tic factor for poor RFS (Table 3). The recurrence rate of
patients with high TESC expression was higher (P = 0.004;
Figure 2d). Taken together, TESC was highly expressed in
tumor tissues and reversely associated with the overall sur-
vival rate of HCC patients.

3.3 | Association of TESC with HCC cell
growth in vitro

We next explored the biological functions of TESC.
Its expression levels in several frequently-used liver
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TABLE 2 Univariate and multivariate analyses of prognostic factors associated with overall survival of HCC patients
Univariate analysis Multivariate analysis
Variable P value HR (95% CI) P value HR (95% CI)
Gender (female vs. male) 0.543 1.241 (0.619-2.491)
Age (> 50 vs. <50 years) 0.303 1.270 (0.806-2.000)
AFP level (> 400 vs. <400 ng/mL) 0.197 1.347 (0.857-2.119)
HBYV infection (yes vs. no) 0.826 0.928 (0.477-1.805)
Tumor number (multiple vs. single) <0.001 4.319 (2.734-6.822) <0.001 4.174 (2.586-6.738)
Tumor size (> 5 vs. <5 cm) <0.001 3.157 (1.817-5.485) 0.016 2.028 (1.138-3.614)
Serum ALT (> 40 vs. <40 U/L) 0.244 1.308 (0.833-2.054)
Serum AST (> 40 vs. <40 U/L) 0.049 1.575 (1.003-2.474) 0.135 1.439 (0.893-2.317)
Albumin (> 35vs. <35 g/L) <0.001 0.886 (0.833-0.943) 0.001 0.897 (0.842-0.955)
Total bilirubin (> 21 vs. <21 umol/L) 0.092 1.673 (0.920-3.041)
Prothrombin time (> 13.5 vs. <13.5 s) 0.502 1.199 (0.705-2.039)
Macrovascular invasion (yes vs. no) 0.005 2.863 (1.368-5.995) 0.120 1.827 (0.855-3.902)
Differentiation grade (III+IV vs. I+II) 0.166 1.375 (0.876-2.157)
Cirrhosis (yes vs. no) 0.347 1.244 (0.790-1.959)
TESC level (high vs. low) 0.018 1.729 (1.100-2.719) 0.011 1.863 (1.155-3.005)

HCC: hepatocellular carcinoma; HR: hazard ratio; CI: confidence interval; HBV: hepatitis B virus; AFP: alpha-fetoprotein; ALT: alanine aminotransferase; AST:

aspartate aminotransferase; TESC: Tescalcin.

TABLE 3 Univariate and multivariate analyses of prognostic factors associated with recurrence-free survival of HCC patients

Univariate analysis

Variable P value
Gender (female vs. male) 0.506
Age (> 50 vs. <50 years) 0.666
AFP level (> 400 vs. <400 ng/mL) 0.062
HBV infection (yes vs. no) 0.527
Tumor number (multiple vs. single) <0.001
Tumor size (> 5 vs. <5 cm) <0.001
Serum ALT (> 40 vs. <40 U/L) 0.618
Serum AST (> 40 vs. <40 U/L) 0.147
Albumin (> 35vs. <35 g/L) 0.026
Total bilirubin (> 21 vs. <21 umol/L) 0.060
Prothrombin time (> 13.5 vs. <13.5 s) 0.263
Macrovascular invasion (yes vs. no) 0.102
Differentiation grade (III+IV vs. I+11) 0.036
Cirrhosis (yes vs. no) 0.878
TESC level (high vs. low) 0.005

HR (95% CI)
0.782 (0.379-1.614)
1.093 (0.727-1.644)
1.476 (0,981-2.221)
1.236 (0.641-2.384)
3.411 (2.253-5.164)
2.734 (1.704-4.386)
1.110 (0.736-1.675)
1.351 (0.899-2.029)
2.561 (1.116-5.878)
1.702 (0.978-2.963)
0.729 (0.418-1.268)
1.903 (0.879-4.118)
1.547 (1.029-2.326)
1.032 (0.687-1.552)
1.797 (1.193-2.706)

Multivariate analysis

Pvalue

<0.001
0.005

0.029

0.398

0.002

HR (95% CI)

3.655 (2.340-5.707)

1.995 (1.227-3.244)

2.606(1.101-6.170)

1.197 (0.789-1.816)

1.948 (1.272-2.984)

HCC: hepatocellular carcinoma; HR: hazard ratio; CI: confidence interval; HBV: hepatitis B virus; AFP: alpha-fetoprotein; ALT: alanine aminotransferase; AST:

aspartate aminotransferase; TESC: Tescalcin.

cancer cell lines, including HepG2, SMMC-7721,
BEL-7404, BEL-7402, were tested by Western blot-
ting. SMMC-7721 and BEL-7404 showed relatively high
expression of TESC (Figure 3a) and were selected
for in vitro and in vivo experiments. We designed
three pairs of shRNA against TESC. After screen-
ing using HEK293T cells, the #3 shRNA (ShTESC-3)

showed the highest efficiency in down-regulating TESC
expression and was used for the following experiments

(Figure 3b).

In SMMC-7721 and BEL-7404 cells, shTESC-3 knocked

down TESC efficiently as shown by using RT-qPCR (Fig-
ure 3c) and Western blotting (Figure 3d). Celigo cell
counting showed that TESC knockdown suppressed cell
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RT-qPCR: real-time quantitative polymerase chain reaction

proliferation (Figure 3e). Similar results were obtained by
WST-1 assay (Figure 3f).

Furthermore, cell apoptosis was also tested by FACS,
and we found that TESC knockdown significantly
increased cell apoptosis in both cell lines (Figure 4a).
Consistently, Caspase 3/7 activity was much higher in
shTESC-3-transfected cells than in shCtrl-transfected
cells (Figure 4b). Collectively, these data indicated that

TESC was critical for HCC cell growth by regulating cell
proliferation and apoptosis in vitro.

3.4 | Association of TESC with HCC
growth in vivo

To further confirm the role of TESC in vivo, a subcutaneous
xenograft tumor model in nude mice was constructed. The
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total GFP radiant efficiency was significantly lower in mice
inoculated with shTESC-3-transfected BEL-7404 cells than
in those with shCtrl-transfected cells, as detected using liv-
ing fluorescence imaging (n = 10, P < 0.001, Figure 5a
and 5b), indicating that TESC knockdown arrested the
tumor growth. The mean tumor volume was also signifi-
cantly less in the sShTESC-3 group than in the vector control
group (P < 0.050, Figure 5c). Collectively, our data demon-
strated that TESC had a significant effect on tumor growth
invivo, suggesting that TESC could be a potential oncogene
for HCC.

3.5 | Molecular mechanism of TESC
affecting HCC development

To reveal the molecular mechanism of how TESC affect
HCC development, we used Affymetrix microarray to com-
pare the gene expression profile of BEL-7404 cells with and
without TESC knockdown. A total of 2560 differentially
expressed genes were identified with 1272 up-regulated and
1288 down-regulated in TESC-knockdown cells compar-
ing with control cells (P < 0.050). After ingenuity path-
way analysis, we found that the most suppressed path-
ways were cell proliferation of tumor cell lines (activation
Z score = -2.329, P < 0.001), viral infection (activation Z
score = -2.191, P < 0.001), and cell viability of tumor cell
lines (activation Z score = -2.107, P < 0.001), while the
most activated pathways were neuritogenesis (activation Z

score = 3.852, P < 0.001), interphase of connective tissue
cells (activation Z score = 2.593, P < 0.001), organization
of cytoplasm (activation Z score = 2.294, P < 0.001), and
cell death of malignant tumor (activation Z score = 2.013,
P < 0.001; Figure 6a). Changes in other signaling path-
ways, including oxidative stress response, tRNA charging,
epithelial adherens junction, protein ubiquitination, and
others, were also observed (supplementary Fig. S2).

Protein interaction network analysis was applied to
visualize the downstream genes. The mammalian tar-
get of rapamycin (MTOR), Jun proto-oncogene (JUN),
MET proto-oncogene (MET), inhibitor of DNA-binding 1
(ID1), serpin family E member 1 (SERPINEI), MYB proto-
oncogene like 2 (MYBL2), and KRAS proto-oncogene
(KRAS) were demonstrated to be potentially involved in
the TESC-regulated cell proliferation and apoptosis (Fig-
ure 6b). The expression of these genes was confirmed
by RT-qPCR (Figure 6¢). Knockdown of TESC decreased
MTOR, ID1, MET, SERPINEI, MYBL2, and KRAS expres-
sion but increased JUN expression. Similar changes in the
protein levels of mTor, c-JUN, and ID1 were also confirmed
by Western blotting (Figure 6d). Altogether, these data sug-
gested that TESC was critical for tumor proliferation and
apoptosis.

4 | DISCUSSION

Here, we identified TESC to be significantly up-regulated
in liver cancer tissues compared with adjacent normal tis-
sues after TCGA data mining and demonstrated that TESC
was an independent prognostic factor for HCC and that its
expression was associated with tumor size and total biliru-
bin level.

TESC was first reported to be commonly expressed in
mouse testis, heart, and brain [28, 29]. Emerging data sug-
gested that TESC could be a regulator in cell proliferation,
methylation, and stemness of some cancers, such as gastric
cancer [20], non-small cell lung cancer [22], and colorec-
tal cancer [30]. TESC expression was reported to be higher
in colorectal cancer than in normal mucosa and prema-
lignant dysplastic lesions [30], which was similar to our
finding. We found that TESC expression was significantly
increased in HCC tissues compared with matched adja-
cent non-tumorous tissues. In addition, high expression of
TESC was found to be an independent prognostic factor
for short OS and RFS. Some previous studies demonstrated
that AFP level was one of the prognostic factors of HCC
[31, 32]. However, AFP level was not found to be a prog-
nostic factor for HCC in the present study and some other
studies [33, 34]. The discrepancy may have been resulted
from the relatively small sample size of the present study.
In addition, the AFP level may not be powerful enough
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to predict the prognosis. TESC could be a supplement for
prognosis prediction. It is appealing that TESC could medi-
ate sorafenib resistance in FLT3-ITD+ AML [21]. Since
sorafenib is also the first-line treatment for advanced HCC,
whether TESC expression is related to the low effective-
ness of sorafenib in HCC needs to be considered and fur-
ther studied.

TESC was supposed to contribute to tumor cell survival
in gastric cancer [20]. This indeed agrees with our results
that TESC promoted the in vitro and in vivo cell growth
of HCC, which potentially contributed to HCC develop-
ment. When we analyzed the TESC molecular mechanism
by gene microarray, the enriched cluster was related to the
suppression of the proliferation and viability of tumor cell
lines pathways as well as the activation of the cell death of
malignant tumor pathway (Figure 6a). This is consistent
with our in vitro and in vivo findings: 1) TESC knockdown
impaired HCC cell growth and increased cell apoptosis and
Caspase 3/7 activity (Figure 3 and Figure 4); 2) high expres-
sion of TESC was associated with tumor size (Table 1); and
3) TESC was critical for xenograft tumor development in

nude mice (Figure 5). The pathway related to neuritogene-
sis was also highlighted in our profile analysis, but may not
be associated with tumorigenesis. Actually, the relation-
ship between TESC and the neuritogenesis-related path-
way is quite reasonable, considering that TESC was critical
for neuron functions as reported [15-18].

After confirming the genes related to tumor cell pro-
liferation and apoptosis, such as MTOR, JUN, and IDI,
we noted that the mTor protein level exhibited greater
change as compared with its mRNA level after TESC
knockdown. The mTOR pathway regulated diverse cel-
lular functions, including proliferation, survival, growth,
autophagy, metabolism, metastasis, and angiogenesis[35].
Activation of the mTOR pathway is common and pivotal
in HCC [36]. Thus, mTor might be a regulatory target of
TESC, and the regulation may occur not only in the mRNA
level but also in the protein level. It is known that TESC
binds to the subunit 4 of the COP9 signalosome and plays
a role in negatively regulating COP9 signalosome activity
[37]. COP9 signalosome complex is a prominent ubiquitin-
proteasome system, specifically ubiquitinating proteins for
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proteolytic elimination, and plays a critical role in regu-
lating the mTor pathway [38, 39]. It is possible that TESC
regulates the mTor protein stability through the COP9 sig-
nalosome complex. However, this hypothesis needs further
investigation. Nevertheless, we demonstrated that TESC
was involved in HCC development by affecting cell prolif-
eration and apoptosis, which could serve as a promising
prognostic predictor and a potential therapeutic target of
HCC.

In the present study, a low methylation level of TESC
was observed in tumor tissues (supplementary Figure
S1). Methylation of TESC may play a role in facilitating
tumor development. Furthermore, TESC expression was
positively correlated with the infiltration of macrophages
and B cells. Generally, tumor-associated macrophages
contribute to HCC progression by promoting angiogen-
esis, metastasis, and immune suppression through the
secretion of cytokines, chemokines, growth factors, and

matrix metalloproteases [40, 41]. B cells often constitute
of abundant cellular components in human tumors. How-
ever, the activation status and functions of these cells in
human cancers remain elusive. It was reported that B cells
with high expression levels of chemokine (C-X-C motif)
receptor 3 or programmed cell death-1 may contribute to
tumor progression [42, 43]. Would liver cancer cells with
aggressive biological behaviors on the background of high
TESC expression recruit more immune cells? To prove the
influence of TESC on immune response, more targeted
studies are needed.

There were several limitations in the present study. First,
we investigated the potential mechanism of how TESC
affect tumor cell proliferation and apoptosis but did not
investigate how TESC was regulated. Second, we found
that TESC was mainly related to the proliferation and
apoptosis of tumor cells, but whether it is involved in
the regulation of other biological behaviors of malignant
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tumors, such as tumor invasion and metastasis and tumor
stemness, remains to be further studied. Third, initial data
indicated that the TESC expression was associated with
immune cell infiltration, and its role in immune response
needs to be further verified using in vivo and vitro experi-
ments.

In conclusion, TESC was identified as an independent
prognostic factor for short survival in HCC patients and
was considered to be critical for HCC cell proliferation and
survival.
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