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Abstract
Purpose  Sorafenib has been the only first systemic drug that improves survival of patients with advanced hepatocellular 
carcinoma (HCC). However, because the response rate of sorafenib is relatively low, novel therapeutic strategies are needed 
to improve survival in patients with HCC. This study investigated the effect of CMG002 alone and in combination with 
sorafenib on HCC in vitro and vivo.
Methods  The effect of a newly developed dual PI3K/mTOR inhibitor, CMG002, on the proliferation of Huh-7 and HepG2 
HCC cells was investigated using the MTT assay. Western blotting was performed to assess phosphorylation of the key 
enzymes in the Ras/Raf/MAPK and PI3K/AKT/mTOR pathways. HepG2 cells were inoculated into mice, which were treated 
with vehicle, sorafenib, CMG002, and their combinations. Tumor cell proliferation and tumor angiogenesis were evaluated 
by immunohistochemical analysis of Ki-67 and CD31, respectively. Tumor cell apoptosis was detected by the terminal 
deoxynucleotidyl transferase dUTP nick end labeling assay. Levels of key enzymes in the Ras/Raf/MAPK and PI3K/AKT/
mTOR pathways were evaluated by western blot analysis.
Results  The combination of sorafenib and CMG002 additively inhibited Huh-7 and HepG2 cell proliferation compared 
to single-agent treatment. Sorafenib and CMG002 as single agents differentially inhibited or activated key enzymes in the 
Ras/Raf/MAPK and PI3K/AKT/mTOR pathways. The combination of sorafenib and CMG002 inhibited all key enzymes in 
the two pathways. Treatment with CMG002 for 4 weeks alone and in combination with sorafenib strongly inhibited tumor 
growth. CMG002 inhibited HCC cell proliferation, induced apoptosis, and decreased tumor angiogenesis. Furthermore, 
these effects were enhanced when CMG002 was combined with sorafenib.
Conclusions  The combination of CMG002 and sorafenib significantly inhibited HCC cell proliferation and tumorigenesis 
by inhibiting the Ras/Raf/MAPK and PI3K/AKT/mTOR pathways. These findings suggest that CMG002 to be a potential 
novel candidate treatment for HCC.
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Abbreviations
HCC	� Hepatocellular carcinoma
PI	� Proliferation index
TUNEL	� Terminal deoxynucleotidyl transferase-medi-

ated dUTP nick end labeling

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
cancer and second leading cause of cancer-related mortal-
ity worldwide [1, 2]. The prognosis of HCC is poor and 
curative treatments such as surgical resection, liver trans-
plantation, and loco-ablative therapy can only be applied to 
a limited subset of patients, as the diagnosis is often made 
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at an advanced stage of the disease [3, 4]. Accordingly, 
new therapeutic strategies for advanced HCC are urgently 
needed. Sorafenib is the first FDA-approved systemic drug 
for treating patients with advanced HCC [5, 6]. However, 
the survival benefit of taking sorafenib for HCC is limited 
to about 3 months [7, 8]. Thus, new treatment options are 
needed to improve survival of patients with advanced HCC.

The PI3K/AKT/mTOR pathway is one of the principal 
pathways regulating cell survival, growth, proliferation, 
angiogenesis, metabolism, and mortality [9–11]. Deregula-
tion of the PI3K/AKT/mTOR pathway is a common event in 
human cancer and associated with poor outcomes [12]. [10, 
13] As the PI3K/AKT/mTOR pathway is highly activated in 
most human cancers, this pathway has been investigated as 
a favorable target for developing anti-cancer drugs [13–15]. 
Activation of the PI3K/AKT/mTOR pathway is known to 
occur in 30–50% of HCC tumors [16]. The causes include 
somatic mutation of PIK3CA, enhancement of Akt and 
phosphorylated ribosomal protein S6, and decreased PTEN 
expression [17–20]. Sorafenib blocks tumor cell proliferation 
through the Ras/Raf/MAPK pathway, but does not directly 
inhibit the PI3K/AKT/mTOR pathway, which also plays an 
important role in HCC proliferation [8, 11]. To overcome 
this problem, combined targeting of the PI3K/AKT/mTOR 
and Ras/Raf/MAPK pathways might provide a benefit in the 
treatment of HCC.

To date, several PI3K/AKT/mTOR pathway inhibitors 
have been developed and demonstrated clinical efficacy 
in cancer patients [21]. Among these, a dual PI3K/mTOR 
inhibitor has an advantage for the vertical blockade of the 
two different crucial nodes of the pathway [21]. Inhibit-
ing all PI3K isoforms can result in subsequent activation 
of the mTOR pathway [22]. Thus, potent dual inhibition 
within this pathway is a promising strategy for anti-cancer 
therapy. Recently, a dual PI3K/mTOR inhibitor, CMG002, 
was newly developed. Previous study showed the effect of 
CMG002 on ovarian cancer cells both in vitro and in vivo 
[23]. This study demonstrated that CMG002 inhibits growth 

of chemoresistant ovarian cancer cells and re-sensitized 
these cells to chemotherapeutic agents, suggesting that this 
might be a promising therapeutic strategy for chemoresistant 
ovarian cancer [23].

The aim of this study was to evaluate the anti-tumor effi-
cacy of sorafenib and a newly developed dual PI3K/mTOR 
inhibitor, CMG002, as single agents and in combination, on 
HCC in vitro and in vivo.

Materials and methods

Cell culture

The human HCC cell line, Huh-7 and HepG2, were pur-
chased from the Korean Cell Line Bank (Seoul, Korea). 
All cell lines were cultured in Dulbecco’s Modified Eagle 
Medium (DMEM) (Gibco, Grand Island, NY, USA) sup-
plemented with 10% fetal bovine serum (FBS), 2 mM glu-
tamine, and 1% penicillin–streptomycin at 37 °C in 5% CO2 
in air.

Drugs

CMG002 is a new product of a dual PI3K/mTOR inhibi-
tor (Fig. 1a), which was developed by CMG Pharmaceuti-
cal Co., Ltd. (Seongnam, Republic of Korea). The detailed 
synthesis process of CMG002 is shown in Supplementary 
Fig. 1. CMG002 was kindly provided by CMG Pharmaceuti-
cal Co., Ltd. Sorafenib was purchased from LC Laboratories 
(Woburn, MA, USA).

MTT assay

The cell lines were plated in 96-well plates at 5000 cells/
well (n = 3) in 100 μl of DMEM + 10% FBS and cultured for 
24 h. Sorafenib or CMG002 was added to the cells and cul-
tured for another 48 h. Carrier DMSO was used as a vehicle 

Fig. 1   The chemical structure of CMG002 and effect of CMG002 on HCC proliferation in vitro. The chemical structure of CMG002 was shown 
in a. After the 48 h treatment, CMG002 decreased viability of the two cell lines in a dose-dependent manner (b and c)
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control (< 0.1% final concentration). Ten μl of MTT (5 mg/
ml) were added to the wells and incubated for 4 h. After 
aspiration, 100 μl of 20% SDS/50% N, N-dimethylforma-
mide (DMF) was added to each well and incubated for 2 h at 
37 °C to solubilize the bio-reduced colored MTT-formazan 
and to lyse the cells. The optical density value was read at 
570 nm in a microplate reader, according to the manufac-
turer’s instructions (Insight Genomics, Falls Church, VA, 
USA) with a minor modification of the cell-lysis time from 
overnight to 4 h at 37 °C.

Western blot analysis

Cells (2–4 × 105) were seeded in 6-well plates. The next 
day, the medium was discarded and replaced with 2 ml 
fresh medium, and the cells were treated with the com-
pounds at the indicated concentrations for 0–48 h. Floating 
and adhered cells were washed twice with ice-cold PBS and 
then lysed in the appropriate volume of lysis buffer (25 mM 
Tris–HCl pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium 
deoxycholate, 0.1% SDS; Thermo Scientific, Waltham, 
MA, USA). Protein concentrations were determined using 
a BCA Protein Assay Kit (Pierce, Rockford, IL, USA). The 
cell lysates were separated by 7.5–12% sodium dodecyl 
sulfate–polyacrylamide gel electrophoresis and transferred 
to PVDF membranes (Millipore, Billerica, MA, USA). 
The membranes were blocked with 5% non-fat dry milk 
in TBS-T [10 mM Tris–HCl (pH 7.4), 150 mM NaCl, and 
0.05% Tween-20] for 1 h and incubated with the following 
primary antibodies: anti-Akt, anti-p-Akt, anti-S6, anti-p-S6, 
anti-ERK, anti-p-ERK, cleaved poly (ADP-ribose) polymer-
ase (PARP), cleaved caspase 8, and GAPDH followed by 
the secondary antibody reaction (all from Cell Signaling 
Technology, Danvers, MA, USA). The bands were visu-
alized with enhanced chemiluminescent western blotting 
detection reagents.

Tumor xenografts

Six-to eight-week-old male BALB/c nude mice were pur-
chased from OrientBio (Seongnam, Republic of Korea). The 
mice were maintained in the animal facility of the Division 
of Laboratory Animal Resources at CHA University (Seong-
nam, Republic of Korea). All animal experiments were 
approved by the Institutional Animal Care and Use Commit-
tee of CHA University and were carried out in accordance 
with the approved protocols. HepG2 cells (1 × 106) were 
injected subcutaneously into the right flank of each mouse. 
The body weight and tumor volume were measured every 
3 days from the day of cell injection. Tumor volume was 
estimated using the standard formula: (length × width2)/2. 
After tumor volume reached 50 mm3, the mice were divided 
randomly into four groups (n = 4–6 per group) and drug 

treatment started. The mean time for tumor volume to reach 
50 mm3 was 5.6 [standard deviation (SD) 0.3] days after 
cells injection. The treatments in the four groups were: 
control (drug vehicle); sorafenib (30 mg/kg/day); CMG002 
(20 mg/kg/day); and combination of sorafenib (30 mg/kg/
day) and CMG002 (20 mg/kg/day). All drugs were adminis-
tered by oral gavage. The tumors were isolated from the mice 
immediately after euthanasia. The tumor was cut into two 
halves, one half was fixed in 10% neutral buffered formalin 
solution and the other half was used to isolate the tumor 
lysate. The lysates were used for the western blot analysis.

Immunohistochemical staining

Paraffin-embedded tissue sections were deparaffinized in 
xylene and rehydrated through a gradual decrease in ethanol 
concentration. Antigens were unmasked using sodium citrate 
buffer. The sections were incubated overnight at 4 °C with 
primary antibodies against Ki67 (Abcam, Cambridge, MA, 
USA), CD31 (Abbiotec; San Diego, CA, USA). The sec-
tions were incubated with biotinylated secondary antibody. 
The color reaction was visualized with diaminobenzidine, 
and the tissues were counterstained with hematoxylin. The 
proliferation index (PI) was determined by counting the 
number of Ki67- positive cells among at least 1000 cells 
in five randomly selected fields (magnification 200×) and 
expressed as a percentage. The number of CD31-positive 
cells was determined by counting five randomly selected 
fields (magnification 200×) from each section.

Apoptosis detection

Apoptosis was detected using the terminal deoxynucleoti-
dyl transferase-mediated dUTP nick end labeling (TUNEL) 
assay. Tissues were embedded in paraffin blocks, and 4-µm 
sections were cut and stained with the ApopTag Peroxidase 
In Situ Apoptosis Detection Kit (Cell Signaling Technol-
ogy). The stained tumor sections from each group were 
reviewed, and the apoptosis index, determined by TUNEL 
staining, was calculated by counting at least 1000 cells in 
five randomly selected fields (magnification, 200×) and 
expressed as percentage values.

Statistical analyses

Data are expressed as mean ± SD. Differences between 
groups were analyzed using Student’s t test. The 
Kaplan–Meier method was used to determine the probability 
of survival as a function of time, and the differences between 
groups were compared using the two-sided log-rank test. P 
values less than 0.05 were regarded to indicate statistical 
significance. Statistical analyses were performed using SPSS 
software (ver. 18.0; SPSS Inc., Chicago, IL, USA).
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Results

Effect of CMG002 on HCC proliferation in vitro

To determine whether CMG002 could affect the viability of 
HCC, Huh-7, and HepG2 cells were treated with CMG002 
at various concentrations (0–1000 nM) for 48 h. Cell viabil-
ity rates were analyzed by the MTT assays. After the 48 h 
treatment, CMG002 decreased viability of the two cell lines 
in a dose-dependent manner (Fig. 1b, c). The IC50 value of 
CMG002 was 53.8 ± 1.9 nM for Huh-7, and 86.1 ± 7.0 nM 
for HepG2 cells, respectively.

Effect of CMG002 alone and in combination 
with sorafenib on the PI3K/AKT/mTOR and Ras/Raf/
MAPK pathways in the HCC cell lines

Western blot experiments demonstrated that CMG002 
(54 nM for Huh-7, and 85 nM for HepG2) inhibited phos-
phorylation of the key enzymes, Akt and S6, in the PI3/
AKT/mTOR pathway in both cell lines (Fig. 2). In contrast, 
sorafenib (5 µM for Huh-7 and 4 µM for HepG2) did not 
inhibit phosphorylation of Akt and S6 in either cell lines. 
Sorafenib inhibited phosphorylation of ERK in both cell 
lines, whereas CMG002 showed no effect on phosphoryla-
tion of ERK in either cell lines (Fig. 2). Combination therapy 
(54 nM CMG002 plus 5 µM sorafenib for Huh-7, and 85 nM 
CMG002 plus 4 µM for HepG2) resulted in decreased phos-
phorylation of Akt, S6, and ERK in both cell lines (Fig. 2).

Inhibition of tumor growth by CMG002 
and sorafenib in a mouse model of HCC

CMG002 and sorafenib alone and in combination inhibited 
tumor growth during the 4 weeks of drug administration. 
Average tumor volume in the CMG002 and combination 
groups decreased significantly compared with that in the 
control group (P = 0.001). Tumor volume tended to decrease 
in the sorafenib group compared with the control group, but 
the difference was not statistically significant (P = 0.095). 
The combined treatment of CMG002 and sorafenib signifi-
cantly reduced tumor volume compared to the sorafenib 
alone group (P = 0.029), but not to the CMG002 group 
(P = 0.211) (Fig. 3a).

Effect of CMG002 alone and in combination 
with sorafenib on the PI3K/AKT/mTOR and Ras/Raf/
MAPK pathways in vivo

Changes in the phosphorylation levels of key proteins in 
PI3K/AKT/mTOR and Ras/Raf/MAPK pathways of the 
excised tumors were determined by western blot analysis. 
CMG002 alone and combined with sorafenib significantly 
decreased levels of phosphorylated Akt, compared to the 
control group. Levels of phosphorylated S6, a downstream 
target of Akt, also decreased in the CMG002 and combina-
tion groups. Even though sorafenib suppressed Akt phospho-
rylation, the level of phosphorylated S6 did not decrease by 
sorafenib alone. The level of phosphorylated ERK decreased 
in the sorafenib group compared to the control group. How-
ever, the level of phosphorylated ERK did not decrease in 
the CMG002 group (Fig. 3b). These results suggest that the 
combined CMG002 and sorafenib treatment suppressed 
HCC tumor growth by downregulating the PI3K/AKT/
mTOR and Ras/Raf/MAPK pathways in vivo.

Effect of CMG002 alone and in combination 
with sorafenib on tumor cell proliferation

To determine whether the observed suppression of tumor 
growth was caused by inhibited cell proliferation, the 
effect of CMG002 alone and in combination with sorafenib 
on tumor cell proliferation was investigated by Ki67 stain-
ing. Mice in all drug-treated groups showed a decrease in 
the number of Ki67-positive cells compared to the control 
group (Fig. 4a). As shown in Fig. 5b, the mean PI based on 
Ki67 staining was 14.2 ± 1.8 for the control group, which 
decreased significantly in the sorafenib group (4.4 ± 0.2; 
P < 0.001, compared to the control group) or CMG002 
(3.5 ± 0.2; P < 0.001, compared to the control group). In 
addition, the effect of CMG002 on tumor cell proliferation 
was significantly greater than that of sorafenib (P < 0.001). 
The effect of the combination treatment on tumor cell 

Fig. 2   Effect of CMG002 alone and in combination with sorafenib on 
the PI3K/AKT/mTOR and Ras/Raf/MAPK pathways in the HCC cell 
lines. CMG002 inhibited phosphorylation of the key enzymes, Akt 
and S6, in the PI3/Akt/mTOR pathway in both cell lines. Sorafenib 
inhibited phosphorylation of ERK in both cell lines. Combination 
therapy resulted in decreased phosphorylation of Akt, S6, and ERK 
in both cell lines
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proliferation (PI, 2.7 ± 0.4) was significantly greater than 
that of CMG002 alone or sorafenib alone (all P < 0.005) 
(Fig. 4b).

Effect of CMG002 alone and in combination 
with sorafenib on tumor cell apoptosis

To investigate further the mechanism for the observed sup-
pression of tumor growth, the effect of CMG002 alone and 
in combination with sorafenib on tumor cell apoptosis was 

Fig. 3   a Effect of CMG002 alone and in combination with sorafenib 
in  vivo. Average tumor volume in the CMG002 and combination 
groups decreased significantly compared with that in the control 
group (P = 0.001). b Effect of CMG002 alone and in combination 
with sorafenib on the PI3K/AKT/mTOR and Ras/Raf/MAPK path-

ways. CMG002 alone and combined with sorafenib significantly 
decreased levels of phosphorylated Akt, compared to the control 
group. The level of phosphorylated ERK decreased in the sorafenib 
group compared to the control group

Fig. 4   Effect of CMG002 alone and in combination with sorafenib on 
tumor cell proliferation. a Mice in all drug-treated groups showed a 
decrease in the number of Ki67-positive cells compared to the control 

group. b The effect of the combination treatment on tumor cell prolif-
eration (PI, 2.7 ± 0.4) was significantly greater than that of CMG002 
alone or sorafenib alone (all P < 0.005)



814	 Cancer Chemotherapy and Pharmacology (2019) 84:809–817

1 3

examined by the TUNEL assay. All drug-treated groups had 
an increase in the number of TUNEL-stained cells compared 
to the control group (Fig. 5a). The mean apoptosis index on 
the percentage of TUNEL-stained cells was 1.6 ± 0.8 for the 
control group, and increased significantly in the sorafenib 
group (5.7 ± 2.7; P < 0.05, compared to the control group) 
and the CMG002 group (7.9 ± 3.0; P < 0.05, compared to 
the control group). The apoptosis index was not different 
between the CMG002 and sorafenib groups (P = 0.269). The 
effect of the combination treatment on apoptosis (apopto-
sis index, 9.1 ± 1.6) was significantly greater than that of 
sorafenib alone (all P = 0.042) (Fig. 5b).

Tumor cell apoptosis was also evaluated by western blot 
analysis of cleaved PARP, and cleaved caspase 8, which are 
critical components of caspase-mediated apoptosis [24]. 
Although the levels of cleaved caspase-8 and cleaved PARP 
increased by sorafenib or CMG002 alone, the single-drug 
treatments had little effect on the cleavage of other apoptotic 
markers. However, the combination treatment significantly 
increased cleavage of cleaved caspase 8 and cleaved PARP 
(Fig. 5c).

Effect of CMG002 alone and in combination 
with sorafenib on tumor angiogenesis

Tumor sections were stained with antiCD31 antibody 
to determine the effect of CMG002 alone and in combi-
nation with sorafenib on tumor angiogenesis. Mice in all 
drug-treated groups had fewer CD31-positive cells than 
those in the control group (Fig. 6a). The mean number of 
CD31-positive cells in the control group was 44.2 ± 6.5, 
which decreased significantly by treatment with sorafenib 
(14.4 ± 2.9) or CMG002 (7.6 ± 1.1) (all P < 0.001). Both 
the CMG002 and combination groups (7.2 ± 0.8) showed 

significantly fewer CD31-positive cells than the group 
treated with sorafenib alone (all P < 0.005). The CMG002 
and combination groups did not show significant difference 
in CD31-positive cells (P = 0.545) (Fig. 6b).

Discussion

This study focused on the effect of CMG002 alone or in 
combination with sorafenib in preclinical HCC models. 
First, we determined that CMG002 inhibited HCC cell 
proliferation, and the PI3K/AKT/mTOR pathway in vitro. 
Then, anti-tumor activity, phosphorylation of key enzymes 
in the PI3K/AKT/mTOR and Ras/Raf/MAPK pathways, 
HCC proliferation, apoptosis, and angiogenesis were inves-
tigated in vivo. This is the first study showing the efficacy 
of CMG002 as a novel dual PI3K/mTOR inhibitor in HCC. 
Second, the synergistic efficacy of CMG002 in combination 
with sorafenib was investigated in vitro and in vivo.

Our cell viability assay indicated that CMG002 inhib-
ited cell proliferation in both Huh-7 and HepG2 cell lines. 
CMG002 inhibited phosphorylation of Akt and S6 in both 
cell lines. Sorafenib inhibited phosphorylation of ERK in 
both cell lines. However, CMG002 did not affect phospho-
rylation of ERK, and sorafenib did not inhibit phosphoryla-
tion of Akt or S6. These in vitro results strongly suggest 
that the drug combination of CMG002 and sorafenib had 
synergistic effects on HCC tumor growth. Our xenograft 
HCC model indicated that CMG002 and sorafenib alone sig-
nificantly inhibited tumor growth. We also demonstrated the 
synergistic anti-tumor efficacy of CMG002 and sorafenib.

Three hypotheses were considered to explain these 
effects. First, CMG002 may directly inhibit tumor cell 
proliferation by inhibiting phosphorylation of the PI3K/

Fig. 5   Effect of CMG002 alone and in combination with sorafenib 
on tumor cell apoptosis. a All drug-treated groups had an increase in 
the number of TUNEL-stained cells compared to the control group. 
b The effect of the combination treatment on apoptosis (apoptosis 

index, 9.1 ± 1.6) was significantly greater than that of sorafenib alone 
(all P = 0.042). c The combination treatment significantly increased 
cleavage of cleaved caspase 8 and cleaved PARP
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AKT/mTOR pathway and its downstream effector S6. This 
hypothesis is supported by the results of both in vitro and 
in vivo studies. In addition, Ki67 immunohistochemistry 
showed increased inhibition of cell proliferation in the com-
bination treatment (Fig. 4). This synergistic effect indicates 
the important roles of the PI3K/AKT/mTOR and Ras/Raf/
MAPK signaling pathways in HCC cell proliferation.

Previous studies have shown that the Ras/Raf/MAPK 
and PI3K/AKT/mTOR pathways are the dominant signal-
ing pathways activated in HCC cells [25], suggesting that 
concomitant inhibition of these two pathways may be a 
promising treatment strategy for advanced HCC. In addi-
tion, several studies have demonstrated that the activation of 
PI3K/AKT/mTOR pathway is associated with sorafenib use 
[26–28]. This can be another rationale to combine sorafenib 
with dual PI3K/mTOR inhibitor.

Second, apoptosis induced by the drugs alone and in com-
bination may have induced the observed anti-tumor effect 
of CMG002 alone and in combination with sorafenib, as 
indicated by the TUNEL assay results (Fig. 5). In addition, 
the role of apoptosis was further confirmed by western blot, 
which revealed a significant increase in the cleavage of cas-
pase-8 and PARP in the combination treatment.

Finally, angiogenesis is another essential mechanism 
for HCC growth, and CMG002 may inhibit angiogenesis. 
Sorafenib also inhibits the vascular endothelial growth 
factor receptor, so it has been classified as an antiangio-
genic drug. We investigated CD31 immunohistochemistry, 
and showed fewer CD31-positive cells in HCC tumors of 
CMG002-treated mice compared to those in the untreated 

controls. This effect was enhanced by the combination 
treatment (Fig. 6).

The mechanisms of action of sorafenib on the PI3K/
AKT/mTOR pathway are not fully elucidated. Gedaly 
et al. showed that sorafenib stimulated Akt and mTOR 
phosphorylation in Huh-7 cells [29]. However, Zhang et al. 
found that sorafenib inhibited hepatic tumor growth by 
downregulating PI3K/AKT signaling pathway in Human 
SMMC-7721 HCC cells [30]. This result was consistent 
with another study using LM3 human HCC cells [31]. Fur-
thermore, Cervello et al. found no variation of p-Akt in 
both Huh-7 and HepG2 cell lines treated with sorafenib 
[32]. In our results, suppression of p-Akt and p-S6 was 
not shown in Huh-7 and HepG2 cell lines. The action of 
sorafenib on the PI3K/Akt/mTOR pathway should be fur-
ther studied with specifically designed in vitro study focus-
ing on this aim.

Also, our study showed the different results in regu-
lating the phosphorylation of Akt between in vitro and 
in vivo with HepG2 cells. Although the phosphorylation 
of Akt was not suppressed in sorafenib-treated HepG2 cell 
line, the level of p-Akt slightly decreased in sorafenib-
treated HepG2 xenograft mouse model (Fig. 3b). One 
possibility of this difference is that co-activator or co-
suppressor of Akt exists in the different manner between 
in vitro and in vivo [33, 34]. Studying the mechanistic 
difference between in vitro and in vivo can show further 
information for choosing more proper HCC cell lines to 
show drug effect.

For in vivo study, Huh-7 and HepG2 cell lines were 
chosen in this study. Several cell lines derived from human 

Fig. 6   Effect of CMG002 alone and in combination with sorafenib 
on tumor angiogenesis. a Mice in all drug-treated groups had fewer 
CD31-positive cells than those in the control group. b Both the 

CMG002 and combination groups (7.2 ± 0.8) showed significantly 
fewer CD31-positive cells than the group treated with sorafenib alone 
(all P < 0.005)
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hepatoma cells, such as Huh-7, HepG2, and Hep3B, retain 
some morphological features and functions of hepatocytes. 
Also they are well defined and commercially available, and 
have been widely used to study a variety of treatment options 
for HCC when implanted in recipient mice [35, 36]. How-
ever, with regard to the high metastatic feature of HCC in 
human, undifferentiated cell lines, such as HA22T/VGH or 
JHH6, can show more similar results for high aggressive 
forms of HCC. Previous studies showed that the proteasome 
inhibitor bortezomib affected differently on major cell cycle 
regulatory genes in HepG2 and JHH6 cell lines [37, 38]. 
Future studies with undifferentiated cell lines will be used to 
guide the selection of HCC cell lines to fit the study aim and 
open important insights for strategy against advanced HCC.

In conclusion, CMG002 showed an inhibitory effect in 
HCC tumor growth. This is the first in vitro and in vivo study 
demonstrating that CMG002 inhibits HCC tumor growth. 
Furthermore, the combination with sorafenib enhanced the 
anti-tumor effect of CMG002. The preclinical effects shown 
here represent a strong rationale for development and clini-
cal trials using CMG002 alone and in combination with 
sorafenib to treat patients with HCC.
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