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Abstract

Purpose: The high fatality-to-case ratio of hepatocellular carcinoma is directly related to metastasis. The signal transducer and
activator of transcription-3 is a key mediator of the cytokine and growth factor signaling pathways and drives the transcription of
genes responsible for cancer-associated phenotypes. However, so far, no specific inhibitor for signal transducer and activator of
transcription-3 has been used in clinical practice. Therefore, targeting the signal transducer and activator of transcription-3 for
cancer therapy is highly desired to improve outcomes in patients with hepatocellular carcinoma. Experimental Design: Using
the small-molecule inhibitor NT 157, the effect of signal transducer and activator of transcription-3 inhibition on cell migration was
tested in hepatocellular carcinoma cell lines and a lung metastasis model of the disease. Results: NT |57 significantly inhibited the
migration of hepatocellular carcinoma cell lines in vitro and lung metastasis of hepatocellular carcinoma in vivo. Mechanistically, it
inhibited the phospho-signal transducer and activator of transcription-3 in a dose- and time-dependent manner. Furthermore,
NT 157 treatment suppressed the c-Jun activation domain-binding protein-| levels in the nucleus but no significant decrease was
observed in its expression in the cytoplasm. Finally, high mRNA expression levels of signal transducer and activator of
transcription-3 and c-Jun activation domain-binding protein-| in hepatocellular carcinoma were associated with significantly low
survival rates. Conclusion: NT 157 inhibits hepatocellular carcinoma migration and metastasis by downregulating the signal
transducer and activator of transcription-3/c-Jun activation domain-binding protein-| signaling pathway and targeting it may serve
as a novel therapeutic strategy for the clinical management of hepatocellular carcinoma in the future.
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Introduction

Hepatocellular carcinoma (HCC) is 1 of the most common
malignant tumors and ranks 4th in incidence and 3rd in mor-
tality rates worldwide among all types of cancers.! Although
some treatment options, such as surgical intervention, radio-
therapy, and chemotherapy are available, the rates of metastasis
and relapse remain high in patients with HCC.* Recently, sev-
eral novel molecular inhibitors have been approved for the
treatment of advanced liver cancer, but the overall survival rate
of patients has not improved significantly, and the efficacy of
these drugs is not promising. Tumor progression induced by
invasiveness and metastasis leads to high causes high mortality
in HCC patients.” Therefore, there is an urgent need to improve
the treatment options in clinical practice.

Signal transducer and activator of transcription-3 (STAT3)
is a member of a family of 7 cytoplasmic proteins that function
as key mediators of cytokine and growth factor signaling path-
ways.*> Following activation by tyrosine phosphorylation,
STAT3 dimerizes and enters the nucleus, where it drives the
transcription of genes responsible for cancer-associated pheno-
types such as survival, angiogenesis, metastasis, and immune
evasion.*” Studies have demonstrated that 1 STAT3 based
molecular mechanism leads to HCC migration.® STAT3 is con-
stitutively active in many human tumors, including melanoma,
nasopharyngeal cancer, and myeloma.”® Enhanced STAT3
activation is associated with increased cell-cell contact, sug-
gesting that it serves as a sensor of tumor cell contact and
upregulates the expression of genes necessary for cell invasion
and migration.'® In particular, the STAT3 signaling pathway is
involved in tumor angiogenesis and promotes migration by
interacting with the vascular endothelial growth factor (VEGF)
and hypoxia-inducible factor (HIF).'"'? In addition, matrix
metalloproteinase-2 (MMP-2) and matrix metallopeptidase-9
(MMP-9) are the targets of STAT3, and the active STAT3
binds to the promoters of MMPs to upregulate their expres-
sion.">!* However, to date, no specific STAT3 inhibitor has
been used in clinical practice, although targeting STAT3 for
cancer therapy is highly desired.'>'® Dephosphorylation of
phospho-STAT3 (p-STATS3) is expected to result in the abro-
gation of multiple pro-tumor events, such as tumor cell sur-
vival, invasion, angiogenesis, and immune evasion.

NT157, a new class of anticancer agents that affect both
cancer cells and their supportive microenvironment, has been
verified to be effective in a variety of cancer cell lines in vitro,
including those derived from colon cancer, prostate cancer, and
melanoma.'”'? NT157 has been shown to inhibit both insulin
receptor substrate 1/insulin receptor substrate 2 (IRS1/2) and
STAT3 pathways. Nevertheless, the efficacy and action
mechanism of NT157 in HCC, especially its impact on the
STAT3 pathway, remains to be seen.

In this study, we aimed to investigate the role of NT157 in
HCC. We found that inhibition of p-STAT3 and Jabl by
NT157 suppressed the migration of HCC cells in vitro and
in vivo. Furthermore, we assessed the expression levels of
STAT3 and the fifth component of the COP9 signalosome

complex (CSN5 or COPSS, more commonly known as Jabl,
an oncogenic transcription factor) in tissue samples from HCC
tissues and adjacent normal tissues. We found that STAT3 and
Jabl were overexpressed in HCC specimens and correlated
with poor prognosis in HCC patients, while overexpression
of STAT3 was associated with high expression of Jabl. HCC
patients with the highest expression of both STAT3 and Jabl
had the poorest prognosis. Our findings show that NT157 may
serve as a novel therapeutic strategy for the clinical manage-
ment of hepatocellular carcinoma in the future.

Materials and Methods

HCC Cell Lines

Human HCC cell lines, HuH-7, MHCC-97 H, SMMC-7721,
MHCC-97 L, and HepG2 were obtained from the Type Culture
Collection of the Chinese Academy of Sciences (Shanghai,
China). The cells were incubated at 37°C in a 5% CO, atmo-
sphere. All cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (Hyclone, Logan, UT, USA) supplemented
with 10% fetal bovine serum (FBS) (Hyclone, Logan, UT,
USA) and 1% penicillin-streptomycin. Interleukin 6 (IL-6)
(50 ng/mL; PeproTech, Rocky Hill, CT, USA) was added to
the culture medium to activate the STAT3 pathway. The
in vitro experiments were repeated at least 3 times.

Reagents and Antibodies

Antibodies specific to the following proteins were used in this
study: JABI (Santa Cruz, USA); Phospho-p44/42 MAPK
(Erk1/2) (Thr202/Tyr204), p44/42 MAPK (Erk1/2), Phospho-
STAT3 (Tyr705), and STAT3 from Cell Signaling Technology
(Danvers, MA, USA); Lamin B, horseradish peroxidase
(HRP)-conjugated beta Actin, HRP-conjugated goat anti-
rabbit IgG (H + L), and HRP-conjugated goat anti-mouse IgG
(H+L) were from ProteinTech; NT157 and PLX4720 were
from Selleck; IL-6 was from PeproTech. The detail of dilutions
and catalog number are included in supplementary materials
and methods. NT157 was diluted in 20% 2-hydroxypropyl-f-
cyclodextrin (2-HP-B-CD) (Selleck) for in vivo administration
(100 mg/kg, intraperitoneal injection). NT157 was diluted in
dimethyl sulfoxide (DMSO) for in vitro use at a concentration
of 2 uM or as shown in details in the figures.

Wound Healing Assay

HuH-7, MHCC-97 H, SMMC-7721, and MHCC-97 L cells
(1 x 10° cells/well) were seeded into six-well plates (Millipore,
USA). Three longitudinal scratches were made using sterile
10 pL pipette tips 24 h after treatment. The floating cell debris
was removed by washing 3 times with phosphate-buffered
saline (PBS). Subsequently, the cells were cultured in a
serum-free medium or in presence of 2 uM NT157. Wound
healing was observed and images were acquired at 0 and
24 h under an inverted microscope.
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Cell Migration Assay

Cell migration ability was assessed using 24-well transwell
plates. Twenty-four hours after treatment, the cells were tryp-
sinized and counted. Approximately 1 x 10’ cells resuspended
in 200 pL serum-free DMEM were seeded into the upper cham-
bers, whereas the bottom chamber was filled with 600 pL of
10% FBS medium or medium containing 2 pM NT157. After
24 h, non-migrated cells were wiped off with a cotton bud, and
the cell migrated underneath the chamber were fixed with 95%
ethyl alcohol and stained with 0.1% crystal violet. The cells
were counted and photographed at 200 x magnification in 5
randomly selected fields.

Western Blotting

The cells were lysed in radioimmunoprecipitation assay
(RIPA) buffer supplemented with 1 x proteinase and phospha-
tase inhibitor cocktail (Heart Biological, Xi’an, China). Total
protein was quantified using a bicinchoninic acid (BCA) assay
kit (Bioss, Beijing, China). The protein lysate was separated via
electrophoresis and transferred to a polyvinylidene difluoride
membrane (Millipore, Danvers, MA, USA). After blocking
with 5% non-fat milk in Tris-buffered saline containing 0.1%
Tween 20, membrane was incubated with primary antibodies
against B-actin, p-STAT3, STAT3, and Jabl (Cell Signaling
Technology, Danvers, MA, USA) overnight at 4°C. After incu-
bation with a secondary antibody, chemiluminescence was
detected using ECL kit (Millipore, USA) to analyze the protein
levels. Each sample was analyzed 3 times. ImageJ software was
used to quantify the protein expression.

Animal Models

Five-week-old male BALB/c nude mice were purchased from
the Shanghai Experimental Animal Center and housed in a
pathogen-free facility at the Animal Center of Xi’an Jiaotong
University. Animal experiments were approved by the Ani-
mal Experiment Administration Committee of Xi’an Jiao
Tong University. SMMC-7721 cells (1 x 10° in 100 pL PBS)
were injected into the tail vein of each mouse. Mice were
cared for by trained staff. Mice were treated with NT157
(100 mg/kg, intraperitoneal injection) once every 2 days.
After 4 weeks, the mice were sacrificed, and lung tissue was
obtained.

Data Processing

The raw data and clinical information of HCC patients were
downloaded from Gene Expression Omnibus (GEO, https://
www.ncbi.nlm.nih.gov/geo/) and The Cancer Genome Atlas
(TCGA, https://cancergenome.nih.gov/). Gene expression pro-
filing of the GSE36376 datasets was performed using the
GPL 10558 platform, which included 47,000 unique probes and
tested more than 31,000 genes. The GSE36376 series consisted
of 240 HCC and 193 non-tumor samples. From TCGA website,

we downloaded information related to 371 HCC and 50 non-
tumor samples. The mRNA-seq data were preprocessed and
submitted for analysis as upper quantile-normalized fragments
per kilobase of transcript per million mapped reads (FPKM)
values.

Statistical Analysis

Statistical analyses were performed using GraphPad Prism 7 or
the SPSS software. For all experiments, P-values were deter-
mined using a two-tailed Student’s z-test. The Chi-square or
Fisher’s exact tests were performed to compare categorical
variables. Correlations between STAT3 and Jabl expression
were analyzed. The Kaplan-Meier method was used to eval-
uate the overall survival (OS), and the log-rank test was used
for survival comparisons. Results are expressed as mean +
S.D. from an appropriate number of experiments (3 to 6
biological replicates, and statistical significance was set at
*P < 0.05, **P < 0.01, and ***P < 0.001.

Results
NT157 Inhibits HCC Migration and Metastasis

HCC is a malignant tumor that still lacks effective treatment.
NT157 has been shown to inhibit various cancers, including
colon cancer and melanoma.'”""

In this study, we investigated the anticancer efficacy of
NT157 in HCC. The antitumor effects of 2 pM NT157 were
detected for 24 h in 4 different HCC cell lines (HuH-7, MHCC-
97 H, SMMC-7721, and MHCC-97 L). As shown in Figure 1A,
the results of wounding healing showed that the wound width
was wide in the NT157 treatment groups, thereby indicating
that the migration ability of HCC cells treated with NT157
decreased. Furthermore, we performed transwell assay to
investigate the ability of NT157 to inhibit cancer cell migra-
tion. After NT157 treatment, the number of cells that crossed
the membrane was lower than that in the control group, sug-
gesting that NT157 had a significant inhibitory effect on the
migration of HuH-7, MHCC-97 H, SMMC-7721, and MHCC-
97 L cells (Figure 1B).

These results demonstrate the migration suppressive func-
tion of NT157 in vitro. A lung metastasis HCC model in nude
mice was then constructed to validate this conclusion in vivo.
SMMC-7721 cells (1 x 10°in 100 uL PBS) were injected into
the tail vein of nude mice to investigate the antitumor effect of
NT157 in vivo. Ten tumor-bearing mice were divided into 2
groups: vehicle control (n = 5) and NT157-treated (n = 5). As
expected, 4 weeks after injection, the incidence of lung metas-
tases was significantly lower in mice treated with NT157 than
that in control mice (Figure 1C). This in vivo result suggests
that NT157 inhibits HCC cell metastasis, which is concordant
with the results obtained in vitro.
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Figure 1. NT157 inhibits HCC cell line migration ir vitro and their lung metastasis in vivo. A, NT157 inhibits migration of HCC cells as shown by
wound healing. Serum-starved HuH-7, MHCC-97 H, SMMC-7721, and MHCC-97 L cells were treated with or without 2 uM NT157, and wound healing
of these cells was detected after 24 hours. B, NT157 inhibits migration of HCC cells as shown by transwell assay. Serum-starved HuH-7, MHCC-97 H,
SMMC-7721, and MHCC-97 L cells were seeded in the upper chambers of transwell system with or without 24 h 2 UM NT157 treatment. The numbers
of migrated cells were counted. C, NT157 inhibits HCC metastasis in vivo. The nude mice injected with SMMC-7721 cells (1 x 106 in 100 pL PBS)
were sacrificed after 4 weeks with or without NT157 treatment (100 mg/kg, intraperitoneal injection). The incidences of lung metastasis were counted.
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Figure 2. NT157 inhibits activation of STAT3/Jabl signaling. A, NT157 inhibited p-STAT3 in HCC cells in a dose-dependent manner.
Serum-starved HepG2 and SMMC-7721 cells were treated with NT157 as indicated and either stimulated with IL-6 (50 ng/mL) or not, before
lysis. B, NT157 inhibited p-STAT3 in HCC cells in a time-dependent manner. Serum-starved HepG2 and SMMC-7721 cells were treated
with NT157 as indicated and either stimulated with IL-6 (50 ng/mL) or not before lysis. C, NT157 inhibited p-STAT3 and Jab1 in nucleus.
Serum-starved HepG2 cells were treated with NT157 (2 uM) for 8 h, and nucleus protein and plasma protein were extracted and analyzed.
D, Jabl expression was slightly decreased in plasma protein. E, The effect of NT157 against p-STAT3 was not entirely ERK-dependent.

Serum-starved HepG2 cells were treated with PLX4720 for 30 min followed by NT157 (2 uM) treatment for 8 h. The cells were then lysed
and analyzed by western blotting.

NT157 Inhibits Migration by Decreasing the Activation
of STAT3/Jab| Signaling Pathway

As described above, NT157 effectively inhibited migration of
HCC cell lines. This, together with the role of NT157 in colon
cancer metastasis and its potential as a novel drug, led us to
explore the mechanisms of NT157-induced inhibition of cell
migration.

First, we assessed the activation of STAT3 pathways, as
they were previously reported to be involved in HCC metasta-
sis. After treatment with NT157, a decrease in phosphorylation

located in the cytosol, but the activated STAT3 complex trans-
locates to the nucleus to initiate the transcription of STAT3
target genes, including the genes encoding Bcl-XL,” MCL1,?!
survival,?? and VEGF.!' Therefore, we investigated the Jabl
expression in the nucleus and cytoplasm following NT157
treatment. Our results showed that after NT157 treatment,
phosphorylated STAT3 levels decreased along with Jabl sup-
pression in the nucleus (Figure 2C), whereas no significant
decrease was observed in the Jabl expression in cytoplasm
(Figure 2D), indicating that NT157 inhibited p-STAT3 and
decreased the Jabl levels in the nucleus.

of STAT3 was observed in a dose- and time-dependent manner,
whereas the levels of total STAT3 remained unchanged (Figure
2A and B). STAT3 functionally interacts with Jabl during

progression of nasopharyngeal carcinoma.?® It is normally

Signaling pathways are usually inter-connected in many
cancers. To verify the pathways related to NT157-induced inhi-
bition in HCC, we treated HCC cells with the Raf inhibitor
PLX4720, as NT157 has been demonstrated to activate



Technology in Cancer Research & Treatment

extracellular signal-regulated kinase (ERK) in melanoma.'’
The results showed that after PLX4720 treatment, expression
of ERK, the downstream of Raf, was inhibited, whereas the
NT157-induced inhibition of p-STAT3 was sustained (Figure
2E). This indicated that the effect of NT157 on p-STAT3 was
not entirely dependent on ERK and also highlighted the poten-
tial of combination therapy for some patients. Thus, NT157
inhibited p-STAT3 and nuclear Jabl expression in HCC.

STAT3 and Jab| Overexpression Are Correlated
With Decreased OS

To have a better understanding regarding the potential of
STAT3 and Jabl as therapeutic targets in HCC, we analyzed
their expression in HCC tissues and adjacent normal tissues
(https://www.ncbi.nlm.nih.gov/geo/) (Figure 3A). The results
showed that compared with the normal tissues, HCC tissues
had significantly higher expression of STAT3 (P < 0.0001;
Figure 3B) and Jabl (P < 0.0001; Figure 3B). Furthermore,
we found that STAT3 expression correlated with Jabl expres-
sion in HCC tissues (r = 0.2072, P = 0.0012; Figure 3C). We
investigated 371 cases from TCGA (https://cancergenome.nih.
gov/) that had associated RNASeq data. We used the Kaplan-
Meier plotter to further explore the association between STAT3
and Jabl expression and survival. After gaining the best cutoff
value of gene expression by the “surv_cutpoint” function of the
“survminer” R package, Jabl overexpression was associated
with poor OS (P = 0.0023; Figure 3D), whereas STAT3 over-
expression was not significantly associated with OS (P =
0.0827; Figure 3D). In our previous study, increased Jabl
expression was significantly associated with poor OS in
HCC.? STAT3 contributes to nasopharyngeal carcinoma pro-
gression by regulating Jabl expression.?’ Therefore, in the
present study, we analyzed STAT3 and Jabl expression phe-
notypes in combination. We divided the HCC patients into 4
groups with optimal cutoff: low expression of STAT3 and Jabl,
low expression of STAT3, and high expression of Jabl, high
expression of STAT3, and low expression of Jabl, and high
expression of STAT3 and Jabl. The results showed that
patients with high expression of STAT3 and Jabl had the short-
est mean survival duration (P = 0.0021; Figure 3E). To further
identify STAT3 and Jabl expression phenotypes in combina-
tion with potential prognostic value, we assessed the differ-
ences in clinicopathological factors in the high expression
group (high expression of STAT3 and Jabl) and low expres-
sion group (low expression of STAT3 and Jab1, low expression
of STATS3, and high expression of Jabl, high expression of
STAT3, and low expression of Jabl) in HCC. The results
showed that the HCC patients in the 2 groups had significant
differences in the grade and tumor cell vascular infiltration
(Table 1). HCC patients in the high expression group had
higher grade and more tumor cell vascular infiltration, suggest-
ing that they had a poor prognosis.

Discussion

Our data derived from an in vitro system showed that NT157
suppressed the migration of HCC cell lines HuH-7, MHCC-97 H,
SMMC-7721, and MHCC-97 L. Further, we observed that
NT157 treatment decreased the lung metastasis of SMMC-
7721-induced tumors in nude mice. Furthermore, we demon-
strated that NT157 inhibited p-STAT3 and Jab1 expression. In
addition, STAT3 was overexpressed in HCC tissues than in
adjacent normal tissues. Meanwhile, STAT3 was positively
correlated with Jabl expression, and its high expression was
correlated with poor OS. Finally, the patients with high expres-
sion levels of STAT3 and Jabl had the poorest OS, and the
HCC patients in this group had higher grade and more tumor
cell vascular infiltration.

Distant metastasis causes HCC-related mortality.® An
increasing number of studies have reported STAT3 activation
or overexpression during the metastatic cascade of HCC.>**
Moreover, targeted STAT3 therapy has not yet entered the
clinical practice, although it is generally accepted that targeting
STAT3 for cancer therapy may be fruitful. Therefore, targeting
STATS3 therapy is a promising strategy for the metastasis inhi-
bition and treatment of HCC. NT157 exerts significant antitu-
mor effects on various cancers, such as colon cancer,
melanoma, and prostate cancer,'”'” indicating that it is an ideal
target drug that can bring clinical benefits to patients. However,
so far, no studies have evaluated the effects of NT157 in HCC.
Therefore, we aimed to explore the antitumor effects of NT157
in HCC. Indeed, we observed that HCC migration and metas-
tasis were significantly inhibited by NT157 in vitro and in vivo.

STAT3 is a critical driver of cell growth in cancer, and
constitutively active STAT3 contributes to cell metastasis and
invasion in human melanoma.?® Enhanced STAT3 activation is
associated with increased cell-cell contact, suggesting that
STATS3 serves as a sensor of tumor cell contact to promote cell
invasion and migration.'® In the present study, we showed that
NT157 inhibited HCC metastasis by inhibiting STAT3 activa-
tion. Similarly, in an earlier study, cucurbitacin I (JSI-124), a
small-molecule inhibitor of the Janus kinase/signal transducers
and activators of transcription (JAK/STAT3), inhibited STAT3
activation in the HONE-1-Epstein-Barr virus (HONE-1-EBV)
cells and subsequently inhibited the growth and invasion of
these cells.®

Jabl is a modulator of intracellular signaling and affects cel-
lular proliferation, apoptosis, migration, and invasion in various
cancers.”*® Our previous studies have demonstrated that Jab1 is
overexpressed and plays a critical role in the HCC pathogen-
esis.”> In addition, STAT3 contributes to the progression of
nasopharyngeal carcinoma by regulating Jabl expression.?’
Hence, in the present study, we further analyzed Jab1 expression
in the nucleus and cytoplasm and found that NT157 suppressed
Jab1 levels in the nucleus.

In the present study, we also found that STAT3 was aber-
rantly expressed in HCC tissues compared to the non-
cancerous tissues. Moreover, we found that STAT3 expression
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Figure 3. Expression patterns of STAT3 and Jab1 in normal liver tissues and HCC tissues. The clinical data were downloaded from TCGA. A,
Heat-map of STAT3 and Jab1 expression. B, STAT3 and Jab1 expression in normal liver tissues and HCC tissues. C, Correlation of STAT3 and
Jab1 expression. D, Kaplan-Meier analyses of the association between STAT3 or Jabl protein expression and survival. The patients were
stratified into high expression group and low expression group according to the optimal cutoff value of mRNA. E, Kaplan-Meier analyses of the
association between combined STAT3 and Jab1 protein expression and survival.

in HCC tissues positively associated with Jabl expression.
Furthermore, our analysis revealed that high expression levels
of STAT3 and Jabl correlated with poor OS, and HCC patients
in the high expression group had higher tumor grade and
increased tumor cell vascular infiltration. In line with our find-
ings, studies using immunohistochemistry techniques have
revealed that STAT3 and Jabl protein levels and p-STAT3
levels were higher in HCC tissues and correlated with poor
prognosis.?>**2 Collectively, these results indicate the high

potential of NT157 for clinical application and provide strong
evidence that assessing STAT3 and Jabl levels may help in
predicting the prognosis of patients with HCC.

In conclusion, we found that STAT3 was overexpressed and
correlated with Jabl expression levels in HCC. Moreover,
combined high expression of STAT3 and Jab1 resulted in poor
OS. Our study not only provides the rationale for using STAT3-
Jabl as a therapeutic target in HCC, but also demonstrated that
targeting STAT3-Jabl by NT157 can inhibit HCC migration
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Table 1. Relationship Between STAT3/Jabl mRNA Expression and
Clinicopathological Features in Hepatocellular Carcinoma Patients.

STAT3 + Jabl

Low High P

expression expression x>  value

Sex Male 53 144 0.000 0.986
Female 22 77

Stage I+ 101 63 172 0.260 0.612
I + 1V 12 49

Grade Gl + G2 49 128 4.045 0.044
G3 + G4 26 93

Vascular infiltration Yes 18 84 4.913 0.027
No 57 137

Abbreviations: Low expression, Jabl"“>*STAT3"™ + Jab1"*“STAT3"e" 4
Jab1MESTAT3MY: High expression, Jab1ig"STAT3MiEh,
Note: Values in bold indicate P < 0.05.

and metastasis. Our findings show that NT157 may serve as a
novel therapeutic strategy for the clinical management of hepa-
tocellular carcinoma in the future.

Abbreviations

2-HP-B-CD, 2-hydroxypropyl-B-cyclodextrin; BCA, bicinchoninic
acid; DMEM, Dulbecco’s modified Eagle’s medium; DMSO,
dimethyl sulfoxide; ERK, extracellular signal-regulated kinase; FBS,
fetal bovine serum; FPKM, fragments per kilobase of transcriptper
million mapped reads; GEO, Gene Expression Omnibus; HCC, hepa-
tocellular carcinoma; HIF, hypoxia-inducible factor; HONE-1-EBV,
HONE-1-Epstein-Barr virus; HRP, horseradish peroxidase; IRS1/2,
insulin receptor substrate 1/insulin receptorsubstrate 2; IL-6, interleu-
kin 6; Jabl, c-Jun activation domain-binding protein-1; JAK/STAT3,
Janus kinase/signal transducers andactivators of transcription; MMP-
2, matrix metalloproteinase-2; MMP-9, matrix metallopeptidase-9;
OS, overall survival; PBS, phosphate-buffered saline; p-STAT3, phos-
pho-STAT3; RIPA, radioimmunoprecipitation assay; STAT3, signal
transducer andactivator of transcription-3; TCGA, The Cancer Gen-
ome Atlas; VEGF, vascular endothelial growth factor.
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