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CBL0137 administration suppresses human hepatocellular carcinoma cells
proliferation and induces apoptosis associated with multiple cell death related
proteins
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Hepatocellular carcinoma (HCC) is one of the deadliest cancers worldwide due to the lack of effective therapy methods.
Therefore, there is an urgent need to develop novel therapies for HCC. CBL0137 is a small molecule that affects p53 and
nuclear factor-kappa B (NF-κB).
The expression of p53 was measured by using immunohistochemistry (IHC) in tumor and adjacent tissues. Western
blotting (WB) and quantitative real-time polymerase chain reaction (qRT-PCR) were employed to detect the level of p-p53,
p53, Bax, and PUMA after CBL0137 administration. CCK-8 and immunofluorescence staining (IF) assays were performed
to evaluate the proliferation and viability of HCC cells. Flow cytometry was used to detect the apoptosis of HCC cells.
Xenograft model was established to determine the effect of CBL0137 treatment on HCC tumor growth in vivo. HE staining
was used to monitor HCC cell morphology and IHC staining for Ki-67 was performed to determine the tumor cell proliferation following CBL0137 treatment.
Results showed that the expression of p-p53, p53, Bax, and PUMA was upregulated after CBL0137 administration. The
viability, growth, and colony formation of HCC cells were significantly inhibited by CBL0137 in the CBL group compared
with the NC group (p<0.05). Meanwhile, the results revealed that the proportions of apoptotic and necrotic cells were significantly elevated in the CBL group compared to the NC group (p<0.05). And the apoptosis-related proteins including PARP,
caspase-3, caspase-7, caspase-8, and caspase-9 were increased in the CBL group compared with the NC group (p<0.05),
while the NF-κB, p-NF-κB and p-AKT expression levels were significantly downregulated following CBL0137 treatment
(p<0.05). Additionally, the tumor volume and weight were significantly reduced in the CBL group compared with the NC
group (p<0.05). Moreover, HE staining and IHC staining for Ki-67 indicated that CBL0137 treatment could obviously
induce cell apoptosis and suppress cell proliferation. CBL0137 treatment could effectively inhibit HCC cell proliferation and
induce cell apoptosis associated with multiple factors expression.
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Hepatocellular carcinoma (HCC) is one of the most prevalent malignancies and the second most lethal cancer worldwide [1]. Approximately 782,500 new cases were diagnosed
in 2012, and 746,000 liver cancer-related deaths accounted
for 9.1% of all cancer deaths globally [2]. Researches showed
that hepatitis virus infection, alcohol abuse, aflatoxin
contamination, and gene susceptibility were the principal

causes of HCC [3]. Generally, hepatectomy, liver transplantation, biotherapy, radiotherapy, and chemotherapy are the
mainstay of treating HCC for decades [4]. However, the
morbidity and mortality of HCC still remain high derived
from recurrence and metastasis of the disease. Thus, there
is an urgent need for developing new anticancer drugs that
effectively treat HCC [5]. Recent studies suggested that
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targeting certain pivotal molecules could reactivate or inhibit
several signaling pathways and thereby induce the apoptosis
of HCC cells [6].
p53, the first identified tumor suppressor, responds
to various critical cellular processes [7]. p53 activation is
required to maintain the molecular and genome stability by
regulating the expression of target genes, including DNA
repair, apoptotic changes, cell cycle, metabolism regulation, and cellular stress [8, 9]. p53 is usually downregulated
in normal cells, while p53 is activated under physical or
chemical stress. Inactivation or dysregulation caused by some
molecules is one of the most common reasons for inducing
HCC [10]. Currently, some researches pointed out that
CBL0137 was one of the most promising small molecules and
may be useful as a novel treatment for modulating several
critical signaling pathways involved in most cancers [11,
12]. CBL0137 has attracted much attention as an antitumor
drug candidate due to it can simultaneously activate p53
by regulating the FACT (facilitates chromatin transcription) factor and suppressing nuclear factor (NF-κB) without
inducing genotoxicity [13, 14]. CBL0137 exerts antitumor
effects by indirectly inhibiting FACT banded to DNA. As a
result, FACT production increases, and thereby results in
tumor cell death. CBL0137 exerts crucial anticancer activity
in mice with lymphoma without causing systemic toxicity or
genotoxicity and also prevents or delays mammary tumors.
Moreover, recent studies have shown that CBL0137 can
effectively treat colorectal adenocarcinoma, renal cell carcinoma, melanoma, small-cell lung cancer, and pancreatic
ductal adenocarcinoma in animal models [15–17]. Thus, we
speculated that CBL0137 might be served as a novel agent
for the treatment of HCC. In the present study, we attempted
to investigate the effect of CBL0137 administration on HCC.
The results suggested that CBL0137 could obviously suppress
HCC cell proliferation and induce apoptosis by regulating
multiple apoptosis-related proteins. Thus, these findings
provide a basis for the development of more effective strategies for treating HCC.
Materials and methods
Patients and tissue samples. Fifty patients with HCC
were selected, and cancer and paracancerous tissues were
obtained at The First Affiliated Hospital of Zhejiang University (Hangzhou, China) from January 2014 to October
2016. The diagnosis of HCC was confirmed through clinical
evidence and pathological diagnosis. These patients had not
been treated with chemotherapy and radiotherapy prior to
the study and written informed consent was obtained from
all voluntary subjects. The participant cohort was 56–78
years old (mean age: 64.36±18.24 years). This study was
approved by the Human Research Ethics Committee of
The First Affiliated Hospital, College of Medicine, Zhejiang
University (Hangzhou, China). A total of 50 cancerous and
paracancerous sections were collected from each patient with
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HCC. Then, formalin-fixed and paraffin-embedded specimens were used for immunohistochemical (IHC) analysis.
Cell lines. The HCC cell lines (including HCCLM3,
SMMC-7721, and Huh7) were purchased from the Cell Bank
of the Chinese Academy of Sciences (Shanghai, China). The
cells were cultured in Dulbecco’s modified Eagle’s medium
(Thermo Fisher Scientific, Waltham, MA, USA) with 10%
fetal bovine serum (Sigma-Aldrich, St. Louis, MO, USA)
and incubated in the 37 °C constant temperature incubator
containing 5% CO2. Subsequent experiments were performed
when the cells were at the logarithmic growth stage.
Immunohistochemistry (IHC) staining. Paraffinembedded tissue sections of 5 μm thickness were deparaffinized and rehydrated, then antigen retrieval was conducted
in 10 mmol/l citric acid buffer at 100 °C for 15 min. After
incubation with an anti-p53 antibody (#2527, 1:200; Cell
Signaling Technology (Danvers, MA, USA) at 4 °C overnight,
the sections were rinsed with phosphate-buffered saline
(PBS) and incubated with a goat anti-rabbit IgG secondary
antibody (ab6112, 1:500; Abcam, Cambridge, MA, USA) at
37 °C for 30 min. The slides were rinsed with PBS, incubated
with 3,3’-diaminobenzidine for 2 min, rinsed, and stained
with hematoxylin. p53 expression was evaluated by three
observers in a blind manner. Five fields were randomly
selected and scored for each section. Staining intensity was
quantified as follows: no staining = 0, weak staining = 1,
moderate staining = 2, and strong staining = 3; the extent of
staining was defined as follows: 0% = 0, 1–24% = 1, 25–49% =
2, 50–74% = 3, and 75–100% = 4. The final immune-reactive
score (0–12) was determined by multiplying the intensity
score by the extent of the staining score.
For xenograft IHC analysis, the tumor specimens were
fixed in 10% buffered formalin for 24 h proceeding to being
transferred to 70% ethanol. Paired paraffin-embedded tissues
were used for immunohistochemical staining. A tissue block
was cut into 5 μm sections, deparaffinized, and rehydrated.
Antigen retrieval was conducted in 10 mmol/l citric acid
buffer at 100 °C for 15 min. After incubation with a primary
Ki-67 antibody (ab15580, 1:500; Abcam, Cambridge, MA,
USA) at 4 °C overnight, the sections were rinsed with
phosphate-buffered saline (PBS) and incubated with antirabbit IgG secondary antibody (ab6112, 1:500; Abcam,
Cambridge, MA, USA) at 37 °C for 30 min. The slides were
washed with PBS, incubated with 3,3’-diaminobenzidine for
2 min, rinsed, and stained with hematoxylin.
Western blotting. After treating with CBL0137, HCC
cell lines (including HCCLM3, SMMC-7721, and Huh7)
were homogenized with RIPA buffer (Thermo Fisher Scientific, Waltham, MA, USA) containing 1% protease inhibitor
cocktail (Selleck Chemicals, Houston, TX, USA) and phosphatase inhibitors (Sigma-Aldrich, St. Louis, MO, USA) at 4 °C.
After centrifugation (14,000 × g, 4 °C) for 15 min, the protein
concentrations were detected using a bicinchoninic acid
assay (Pierce, Rockford, IL, USA) according to the manufacturer’s instructions. Equal quantities of proteins were loaded
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and separated by electrophoresis in 12% sodium dodecyl
sulfate polyacrylamide gels (Invitrogen, Carlsbad, CA, USA),
and transferred to a polyvinylidene difluoride membrane
(PVDF; Millipore, Bedford, MA, USA). The membrane
was blocked with 5% non-fat milk in Tris-buffered saline
containing Tween 20 and then incubated at 4 °C overnight
with primary antibodies. The primary antibodies used in
this experiment consisting of anti-phospho-p53 (p-p53,
#2521, 1:1000), anti-p53 (#2527, 1:1000), anti-protein kinase
B (also known as AKT, #4685, 1:1000), anti-phosphorylated
AKT (p-AKT, Ser473, #4060, 1:1000) anti-phospho-NF-κB
(p-NF-κB, #3039, 1:1000), anti-NF-κB (#8242, 1:1000, Cell
Signaling Technology Danvers, MA, USA); apoptosis-related
proteins (including poly(ADP-ribose) polymerase (PARP)
(ab74290) at 1:1000, cleaved-PARP (ab32064, 1:1000),
caspase-3 (ab32150, 1:1000), caspase-7 (ab32522, 1:1000),
caspase-8 (ab32397, at 1:1000), and caspase-9 (ab32539,
1:1000, Abcam, Cambridge, MA, USA). and anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH, ab8245, 1:1000,
Abcam, Cambridge, MA, USA). Therefore, the membranes
were further incubated with secondary antibodies for 1 h at
room temperature. Immunodetection was visualized with an
EZ-ECL chemiluminescence detection kit (Biological Industries, Beit Haemek, Israel). Protein expression was analyzed
using ImageJ software, and GAPDH served as an internal
control.
Quantitative real-time polymerase chain reaction
(qRT-PCR). The mRNA of Bax and PUMA were detected
by using qRT-PCR. Briefly, total RNA was extracted from
HCCLM3 cells after CBL0137 administration using TRIzol
reagent (superfecTRITM) according to the manufacturer’s
instructions (Invitrogen), and reverse transcribed to cDNA
with the Revert Aid TM First Strand cDNA Synthesis
kit (Thermo Fisher Scientific, Waltham, MA, USA). The
expression levels were detected using SYBR Premix Ex
Taq II kit (Takara Biotechnology Co. Ltd., Dalian, China),
and each reaction system contained 2 μl cDNA template,
0.8 μl of each forward and reverse primers (10 nM), 6 μl
RNase-free water, 0.4 μl ROX II, and 10 μl SYBR Green
premix Ex Taq II (Tli RNaseH Plus) in a final volume
of 20 μl. The primers used in the study were as follows:
PUMA forward 5`-GCAGCACTTAGAGTCGCC-3` and
reverse 5`-CCTGGGTAAGGGGAGGAGT-3`; Bax forward
5`-CCCGAGAGGTCTTTTTCCGAG-3` and reverse
5`-CCAGCCCATGATGGTTCTGAT-3`; GAPDH forward,
5`-GGAGCGAGATCCCTCCAAAAT-3` and reverse
5`-GGCTGTTGTCATACTTCTCATGG-3`. GAPDH served
as a reference gene.
Cell viability assay. HCC cell viability was measured
using the Cell Counting Kit (CCK)-8 (Dojindo, Kumamoto,
Japan). HCC cells were seeded into 96-well plates and
cultured at 37 °C overnight. The medium was replaced by a
complete medium appending with different concentrations
of CBL0137, then incubated for an additional 48 h. Next, 10 μl
CCK-8 solution was added, and the plates were incubated
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for another 1 h. The absorbance of the colored solutions
was quantified using an ELx800 microplate reader (BioTek,
Winooski, VT, USA) at 450 nm. Therefore, half-maximal
inhibitory concentration (IC50) was determined using the
GraphPad Prism 5.0 software (GraphPad Software, Inc.,
La Jolla, CA, USA). Subsequently, HCC cells were treated
with CBL0137 at the IC50 value, and the CCK-8 assay was
performed to measure the cell proliferation at 24 h, 48 h, 72 h,
and 96 h. Cell proliferation was quantified by measuring OD
values at 450 nm, and the proliferation curves were plotted.
Colony formation assay. The HCC cell lines (including
HCCLM3, SMMC-7721, and Huh7) were seeded into 6-well
plates (2×103 cells/well) and cultured at 37 °C overnight. The
medium was replaced by a complete medium containing
CBL0137 at the IC50 concentration. The HCC cells were
cultured until clones could be observed in naked eyes. The
cells were washed twice times with PBS and fixed with
methanol after staining with 1% crystal violet.
Immunofluorescence staining. Briefly, HCCLM3 cells
were cultured overnight to attach the glass slides. Then, the
cells grown on coverslips were fixed in 4% paraformaldehyde
for 10 min and permeabilized with 0.3% Triton X-100 for
15 min at room temperature. After 30 min of blocking with
3% bovine serum albumin (BSA), the cells were incubated
with a Ki-67 antibody (Abcam, Cambridge, MA, USA)
overnight at 4 °C and stained with secondary antibodies
following day. Nuclei were counterstained with DAPI prior to
imaging with the fluorescence microscopy (Olympus, IX71).
The number of Ki-67-positive cells was semi-quantified by
ImageJ software.
Flow cytometry. Cell apoptosis was detected via using
an Annexin V-fluorescein isothiocyanate (FITC) apoptosis
detection kit (JingMei Biotech Co., Beijing, China) according
to the manufacturer’s instructions. HCC cells were seeded
into 6-well plates and cultured at 37 °C overnight to allow
adherence. Next, the medium was replaced by a complete
medium including CBL0137 at the IC50 concentration, and
the cells were then cultured for additional 48 h, followed
by treatment with trypsin and incubation with Annexin
V and propidium iodide (PI) at room temperature for 15
min according to the Annexin-V FITC Apoptosis Detection Kit (JingMei Biotech, Beijing, China) following the
manufacturer’s protocol. Cell apoptosis was evaluated by
flow cytometry (FACScan Beckman Instruments, Fullerton,
CA, USA). Both Annexin V-FITC and PI were excited at
488 nm, and Annexin V-FITC was detected at 530 nm, and
PI was detected at 620 nm. Data were analyzed using the
FlowJo software (version 10.0; FlowJo, LLC). Flow cytometry
diagrams revealed that living cells (Annexin V–/PI–) were in
the lower left quadrant, necrotic cells (Annexin V–/PI+) were
in the upper left quadrant, apoptotic cells were in the upper
right quadrant (late apoptotic cells: Annexin V+/PI+) and
lower right quadrant (early apoptotic cells: Annexin V+).
Xenograft tumor growth studies. For xenografts, female
BALB/c nude mice (4–5 weeks old) were purchased from
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SLAC Laboratory Animal Co., Ltd. (Shanghai, China).
All animals were housed under a specific pathogen-free
facility and maintained based on the guidelines for laboratory animal care. All study protocols were approved by the
Zhejiang Medical Experimental Animal Care Commission.
Briefly, a suspension of HCCLM3 cells (5×106 cells) in 0.2 ml
PBS was injected subcutaneously into the right flanks of the
mice. Once the tumor volume had reached about 200 mm3,
the mice were randomly divided into the untreated control
group and CBL0137 group (N=6). After diluted in mineral
oil, an equal dose of DMSO or CBL0137 (10 mg/kg) was
injected intraperitoneally into mice every two days (1, 3,
and 5 days) for three times. The mice were monitored once
every three days. Then mice were sacrificed 3 weeks later,
and the related data (weight, length, and width of the tumor)
were recorded. The tumor volume was calculated using the
following formula: volume = (L×W2)/2, where L and W were
the longest and shortest diameters of the tumor, respectively.
HE staining. For histologic analysis, xenograft tumor
specimen injected with HCCLM3 cells was fixed into 4%
paraformaldehyde, embedded in paraffin, and cut into
5 µm thick slides. The slides were dyed by hematoxylin and
eosin (H&E) for histomorphometric analyses. Images were
captured by a microscope (Olympus BX51).
Statistical analysis. All statistical analyses were performed
by using the SPSS 17.0 software (SPSS, Chicago, IL). And the
data were presented as the mean ± standard deviation (SD).
A p-value <0.05 was considered statistically significant, and
all experiments were carried out at least in triplicates.
Results
Multiple factors were reactivated after the CBL0137
administration. The expression of p53 was measured by
using IHC staining in 50 cases of available matched HCC
and adjacent tissue specimens. The results showed that p53
staining was mainly located in the cell nucleus, and the level
of p53 in tumor tissues was significantly higher than that of
in peritumoral samples (Figure 1A). Meanwhile, qRT-PCR
and WB were separately employed to investigate whether the
CBL0137 administration could reactivate extra molecules
expression. The results showed that the protein expression of
p-p53 and total p53 was significantly upregulated following
treating with CBL0137 in the CBL group (including
HCCLM3, SMMC-7721, and Huh7) than that of in the NC
group (Figures 1B–C, p<0.05). And the mRNA expression
of Bax and PUMA was higher in the CBL group (HCCLM3
cells) when compared with the NC group (Figures 1D–E,
p<0.05).
CBL0137 administration inhibited HCC cell proliferation and clonogenic ability in vitro. CCK-8 assay was
performed to evaluate the proliferation of HCC cell lines
(HCCLM3, SMMC-7721, and Huh7), and IC50 values of
CBL0137 were calculated from five replicative experiments of
each cell line. As shown in Figure 2A, CBL0137 significantly

M. A. H. ALBAHDE, P. ZHANG, H. CHEN, W. WANG

inhibited the cell growth in a dose-dependent manner, and
the IC50 was 0.394±0.069 μM (HCCLM3), 0.298 ± 0.046 μM
(SMMC-7721), and 0.383±0.053 μM (Huh7), respectively.
Meanwhile, the cell proliferation was obviously suppressed in
the CBL group (HCCLM3, SMMC-7721, and Huh7) at 24 h,
48 h, 72 h, and 96 h after the CBL administration compared
with the NC group (Figures 2B–D, p<0.05). Moreover, the
CBL treatment significantly suppressed the colony formation in the CBL group (HCCLM3, SMMC-7721, and Huh7)
compared to the NC group (Figures 2E–F, p<0.05). The
expression of proliferation index Ki-67 was detected by
immunofluorescence assay, and the results suggested that the
level of Ki-67 was reduced in the CBL group (HCCLM3 cells)
compared with the NC group (Figures 2G–H, p<0.05).
CBL0137 administration induces apoptosis of HCC
cells in vitro. HCC cells (HCCLM3, SMMC-7721, and
Huh7) were treated using CBL0137 with IC50 concentration
for 24 h to determine the effect of CBL0137 on apoptosis.
Annexin V-FITC/PI double-staining apoptosis detection kit
and flow cytometry were used to detect the apoptosis degree.
As shown in Figure 3A, the left bottom indicated the proportion of normal viable cells, the right bottom showed the
proportion of cells in early apoptosis, the upper right exhibited the proportion of cells in late apoptosis and necrocytosis,
and the upper left displayed the proportion of cell debris and
a few necrotic cells. The results revealed that treatment with
CBL0137 increased the proportions of apoptotic cells by
41.05%, 35.22%, and 33.94% in HCCLM3, SMMC-7721, and
Huh7 populations, respectively, compared with those in the
untreated control groups (Figures 3A–B, p<0.05). Additionally, the protein expressions of apoptosis-related proteins
including PARP, caspase-3, caspase-7, caspase-8, and
caspase-9 were increased in the CBL group compared with
the NC group (Figure 3C, Figures 3E–G, p<0.05). Meanwhile,
the results showed that NF-κB, p-NF-κB, and p-AKT expression levels were significantly downregulated following the
CBL0137 treatment (Figure 3D, Figures 3H–J, p<0.05).
CBL0137 inhibits HCC cell-induced tumor growth in
nude mice. A xenograft model in nude mice was established
to determine the effect of the CBL0137 administration on
HCC tumor growth in vivo. Subcutaneous xenograft tumors
were induced by HCCLM3 cell injection in female BALB/c
nude mice. The antitumor effect of CBL0137 was measured
once every three days. There was no statistical difference
in body weight between the CBL group and the NC group
(Figure 4A, p>0.05). The tumor volume was significantly
reduced in the CBL group compared with the NC group
(Figure 4B, p<0.05), and the mean weight of tumor was
decreased in the CBL group compared to the NC group
(Figures 4C–D, p<0.05). Besides, the CBL0137 treatment
obviously elicited cell swelling, chromatin condensation, or
nuclear condensation and fragmentation (Figure 4G). In
addition, Ki-67 staining was performed to confirm these
results (Figures 4E–F, p<0.05). Collectively, these findings
revealed that CBL0137 suppresses HCC progression in vivo.
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Figure 1. Multiple factors were reactivated after the CBL0137 administration. A) Representative IHC staining for p53 in 4 pairs of HCC tissues and
adjacent non-neoplastic liver tissues (magnification ×400); B) Western blot analysis for p53 in HCC cell lines including HCCLM3, SMMC-7721, and
Huh7 treated with CBL0137. C) Western blot analysis for p-p53 in HCC cell lines including HCCLM3, SMMC-7721, and Huh7 treated with CBL0137.
D, E) The mRNA expression of Bax and PUMA. GAPDH was used as an internal control. NC, untreated control; CBL, CBL0137; HCC, hepatocellular
carcinoma, Immunohistochemistry, IHC. *p<0.05, compared with NC group.

Discussion
HCC is a major health problem and one of the most
devastating diseases threatening human health all over the
world [18]. In the present study, the effects of CBL0137
on HCC progression were evaluated in vitro and in vivo,
and the underlying mechanism was further investigated.

Advanced therapeutic strategies for HCC, such as novel
molecular targeted therapies, are urgently needed [19]. As
we all know that one of the most fundamental characteristics of cancer cells is their ability that maintaining continuous
proliferation [20]. Generally, normal tissues could produce
and secrete growth-promoting signal molecules to ensure
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Figure 2. CBL0137 administration inhibited HCC cell proliferation and clonogenic ability in vitro A) Dose-response growth curves of HCC cell lines
treated with CBL0137; B–D) Effects of the CBL0137 administration on the HCC cell viability (HCCLM3, SMMC-7721, and Huh7) during 0, 24, 48,
72 hours detected by the CCK-8 assay; E, F) Colony formation abilities of HCC cells (HCCLM3, SMMC-7721, and Huh7); G, H) Expression of Ki-67
on HCCLM3 cells detected by immunofluorescence experiment (magnification ×400). NC, untreated control; CBL, CBL0137; HCC, hepatocellular
carcinoma. *p<0.05, compared with NC group.

homeostasis of the cell number, architecture, and function
[21]. However, cancer cells deregulate these signals, which
thereby accelerate cell proliferation, adhesion, and invasion.
Recent researches found that a multitude of tumor suppressors limit cell growth and proliferation via specific inactivation of intracellular signals in different types of cancers [22].
Some of these molecules have been identified as vital tumor
suppressors by functional experiments in mice. p53 is a
prototypical tumor suppressor that serves as a central control
node determining cell proliferation, senescence or apoptotic
programs [23]. High-throughput DNA sequencing analyses
had revealed that activation or inactivation of the key genes
played a crucial role in the oncogenesis and development of
HCC. The dysfunction of key genes would result in tumor
cells escape from death and rapid tumor progression [24, 25].
CBL0137 is a clinical candidate for a new class of anticancer
drugs, which has been tested in clinical trials. Related studies

had documented that CBL0137 possessed potent anticancer
activities in pancreatic cancer, breast cancer, non-small cell
lung cancer, neuroblastoma, colorectal adenocarcinoma, and
melanoma [26, 27]. These results showed that the CBL0137
treatment could significantly suppress HCC cell proliferation and induce apoptosis associated with multiple proteins
expression including p53 and its downstream targets.
CBL0137 showed an antitumor effect against HCC, and the
mechanism was deeply investigated. WB assay showed that
apoptosis-related proteins, including caspase-3, caspase-7,
caspase-8, caspase-9, and PARP, were upregulated after
CBL0137 treatment.
The inactivation of pivotal signaling pathways would lead
to loss of its anti-apoptotic function, increase genome instability, and inhibit the unconstrained growth of tumor cells.
It has been reported that the expression level of AKT and
NF-κB is higher in tumor than in non-tumor tissue, which
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Figure 3. Effect of CBL0137 on the HCC cells. A, B) Flow-cytometric quantification of apoptosis in HCC cells (HCCLM3, SMMC-7721, and Huh7) after
treatment with CBL0137; C) Effects of CBL0137 on apoptosis-related protein expression including caspase-3, caspase-7, caspase-8, caspase-9, PARP;
D) Effects of CBL0137 on NF-κB, p-NF-κB, AKT, and p-AKT protein expression; E–G) Quantitative results of WB assay concerning apoptosis-related
proteins on HCC cells (HCCLM3, SMMC-7721, and Huh7); H–J) Quantitative results of WB assay concerning NF-κB, p-NF-κB, AKT, and p-AKT
protein levels on HCC cells (HCCLM3, SMMC-7721, and Huh7) NC, untreated control; CBL, CBL0137; HCC, hepatocellular carcinoma. *p<0.05,
compared with NC group.
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Figure 4. Antitumor efficacy of CBL0137 in HCCLM3 subcutaneous xenograft nude mice. A) Body weight changes after treating with CBL0137; B–D)
The effect of CBL0137 on tumor volume and weight; E–F) Representative images for Ki-67 staining and percentage of Ki-67-positive cells in different
groups; G) Representative images of HE staining in different groups. NC, untreated control; CBL, CBL0137. *p<0.05, compared with NC group, (magnification ×400). The Ki-67-positive cells were calculated using ImageJ software.

could regulate cell proliferation and apoptosis [28, 29].
Recent research showed that the NF-κB was constitutively
activated in most cancer cells and affected inflammatory and
immune responses [30]. Furthermore, NF-κB is an essential
factor affecting the expression of specific cytokines, tumor
growth, and chemical/radio-resistance during cancer therapy
[31, 32]. Additionally, numerous studies have demonstrated

that AKT is activated and overexpressed in various types of
carcinomas such as prostate cancer, breast cancer and ovarian
cancer, and shows a positive relationship with tumorigenesis
and resistance to chemotherapy [33, 34]. The present study
indicated that the activation of the AKT signaling pathway
was significantly correlated with poor prognosis in HCC.
Moreover, recent studies confirmed that the AKT pathway
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participated in the regulation of cell proliferation, differentiation, and apoptosis [35, 36]. Therefore, WB assay was
employed to detect the effect of the CBL0137 treatment on
the AKT and NF-κB pathway. Intriguingly, we found that
CBL0137 significantly downregulated AKT phosphorylation, NF-κB and p-NF-κB protein expression in HCC cells,
which indicated that signaling pathways comprising of
AKT and NF-κB may be effectively blocked by CBL0137.
Meanwhile, the cell viability was obviously suppressed
following the CBL0137 treatment indicated by CCK-8 assay,
and the immunofluorescence assay showed that the expression of proliferation index Ki-67 was reduced after CBL0137
treatment. Moreover, CBL treatment significantly suppressed
the colony formation in vitro. Besides, CBL0137 treatment
obviously elicited HCC cell apoptosis, suppressed proliferation and ultimately led to the decrease of tumor weight and
volume in the HCC xenograft model.
Taken together, the present study revealed that CBL0137
could effectively inhibit cell proliferation and induce apoptosis
in HCC. The possible mechanisms related to the activation of
apoptosis-related protein and suppress the NF-κB and AKT
pathways. Our findings would eventually lay down a significant theoretic foundation for later academic studies on the
anticancer effects of CBL0137 in HCC.
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