
Abstract. Background: Aberrant Ras/Raf/MAPK and
PI3K/AKT/mTOR signaling pathways are found in
hepatocellular carcinoma (HCC). This study reports how
sorafenib (a multi-kinase inhibitor) and PI-103 (a dual
PI3K/mTOR inhibitor) alone and in combination inhibit the
proliferation of the HCC cell line, Huh7. Materials and
Methods: Huh7 proliferation was assayed by 3H-thymidine
incorporation and by MTT assay. Western blot was used to
detect phosphorylation of the key enzymes in the Ras/Raf and
PI3K pathways. Results: Sorafenib and PI-103, as single agents
inhibited Huh7 proliferation and epidermal growth factor
(EGF)-stimulated Huh7 proliferation in a dose-dependent
fashion; the combination of sorafenib and PI-103 produced
synergistic effects. EGF increased phosphorylation of MEK and
ERK, key Ras/Raf downstream signaling proteins; this activation
was inhibited by sorafenib. However, sorafenib as a single agent
increased AKT(Ser473) and mTOR phosphorylation. EGF-
stimulated activation of PI3K/AKT/mTOR pathway components
was inhibited by PI-103. PI-103 is a potent inhibitor of
AKT(Ser473) phosphorylation; in contrast, rapamycin
stimulated AKT(Ser473) phosphorylation. It was found that PI-
103, as a single agent, stimulated MEK and ERK
phosphorylation. However, the combination of sorafenib and PI-
103 caused inhibition of all the tested kinases in the Ras/Raf
and PI3K pathways. Conclusion: The combination of sorafenib
and PI-103 can significantly inhibit EGF-stimulated Huh7
proliferation by blocking both Ras/Raf/MAPK and
PI3K/AKT/mTOR pathways. 

Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver and represents the seventh
most common cause of cancer-related deaths worldwide (1).
The incidence of HCC is increasing in the USA. From the
late 1970s to the late 1990s, HCC increased from 1.4 to 3.0
cases per 100,000 persons per year, and it is estimated that
the incidence will continue to increase over the next two
decades, primarily due to an increased incidence of hepatitis
C (1, 2). 

Recent publications indicate that HCC cell activation by
different factors is known to increase Ras/Raf/MAPK and
PI3K/AKT/mTOR signaling. The Ras/Raf/MAPK pathway
is activated in the majority of advanced stage of HCC as a
result of increased signaling induced from upstream growth
factors such as epidermal growth factor (EGF), hepatocyte
growth factor (HGF) or insulin-like growth factor, and also
because of inactivation of tumor suppressor genes (3). The
PI3K/AKT/mTOR signaling pathway plays a pivotal role in
HCC and is activated in 30-50% of HCC cases. The
ribosomal protein S6 (RPS6), a target of p70S6K which is
downstream of mTOR signaling, is aberrantly activated in
50% of HCC cases (4). The etiology of HCC tumorigenesis
and recurrence is currently poorly understood. There is an
urgent need to find an effective regimen to treat HCC and to
prevent tumor recurrence. 

The novel anticancer agent sorafenib is a multi-kinase
inhibitor of more than a dozen kinases at nanomolar potency,
including serine/threonine kinases c-Raf and B-Raf, the
receptor tyrosine kinases VEGFR2, VEGFR3, platelet-derived
growth factor receptor (PDGFR), FLT3, Ret and c-kit (5).
Sorafenib has been shown to inhibit tumor cell proliferation
by blocking the Ras/Raf/MAPK pathway and to inhibit
angiogenesis by blocking VEGFR and PDGFR signaling. A
recent clinical trial describing the treatment of advanced HCC
using sorafenib demonstrated promising results (6). However,
sorafenib does not directly inhibit the PI3K/AKT/mTOR
pathway which plays an important role in HCC proliferation.
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It has been previously demonstrated that sorafenib can even
increase phosphorylation of mTOR targets (S6K and 4EBP1)
(7). To overcome this problem, sirolimus has been used in
combination with sorafenib to target the PI3K/AKT/mTOR
pathway. PI-103, a dual PI3K/mTOR inhibitor, has been used
in pre-clinical studies and has demonstrated promising
inhibitory results for various types of cancer (8, 9). 

The aim of this study was to evaluate the antitumor effect
of sorafenib and PI-103, as single agents and in combination,
on HCC proliferation and to determine their effect on
Ras/Raf/ MAPK and PI3K/AKT/mTOR signaling. 

Materials and Methods

Cell culture. The human HCC cell line, Huh7, was cultured in
DMEM (Cat# 12100-046) medium (Invitrogen, Carlsbad, CA, USA)
plus 10% heat inactivated fetal bovine serum (FBS) in a 37˚C
incubator with 5% CO2 in air. 

Chemicals and antibodies. Sorafenib p-toluenesulfonate salt
(sorafenib tosylate, purity >99%) was obtained from LC
Laboratories, Woburn, MA, USA), PI-103 (purity>98%) from
Cayman Chemicals (Ann Arbor, MI, USA), methyl-3H-thymidine
(2Ci/mM) from MP Biomedicals (Costa mesa, CA, USA) and human
EGF from Insight Genomics (Falls Church, VA, USA). Primary
antibodies against AKT, phospho-AKT (Ser473), mTOR, phosphor-
mTOR (Ser2448), ERK1/2, phosphor-ERK1/2(Thr 202/204),
MEK1/2, phosphor-MEK1/2 (Ser 217/221), p70-S6K, phospho-p70-
S6K (Thr389) and secondary goat anti-rabbit- HRP conjugated
antibody were all obtained from Cell Signaling Technology
(Danvers, MA, USA). Positive and negative controls for phosphor-
MEK1/2 and phosphor-ERK1/2, protein markers and LumiGlo
reagent A/B were also obtained from Cell Signaling Technology.
Protease and phosphatase inhibitor cocktail and Restore-Plus
Stripping Buffer for Western blot were obtained from Pierce
(Rockford, IL, USA). Thiazolyl blue tetrazolium bromide (MTT),
GW5074, LY294002, U0126, mouse anti-β-actin antibody, rabbit
anti-mouse antibody conjugated with HRP and all other chemicals
were obtained from Sigma-Aldrich (St. Louis, MO, USA).

3H-Thymidine incorporation assay. Huh7 cells were plated in 96-
well plates at 1,000 cells/well in 0.2 ml DMEM + 10% FBS and
treated with various concentrations of the sorafenib and PI-103, as
single agents or in combination, and cultured for 72 h. Cells were
pulsed with methyl-3H-thymidine (from MP, 2 Ci/mM) for 4h at 1
μCi/well. After aspiration with a fine gel loading tip, the wells were
washed once with 0.35 ml of serum-free DMEM, and the cells were
fixed in 0.3 ml of 10% trichloroacetic acid (TCA) for 12 min. After
completely aspirating the TCA, the cells were lysed in 100 μl of
0.2M NaOH/0.2% SDS for 40 min. The cell lysates were transferred
to scintillation vials; the wells were washed with 0.2 ml of
scintillation cocktail (RPI, Mount Prospect, IL, USA) and the
mixture was transferred to the scintillation vials. After addition of 3
ml of the scintillation mixture into each vial, the vials were mixed
by hand shaking. 3H-Thymidine incorporation was measured by
scintillation counting in a Packard Scintillation Analyzer (Covina,
USA) (model TRI-CARB 2100TR) using a previously published
technique with modification in sample volume (10). 

MTT assay. Huh7 cells were plated in 96-well plates at 5,000
cells/well (n=12) in 100 μl of DMEM + 10% FBS and cultured for 24
h. The cells were then cultured in 1% FBS or in 10% FBS in DMEM
for 24 h. EGF, sorafenib or PI-103 was then added to the cells and
cultured for another 48 h. Carrier DMSO was added in the zero
controls (<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-dimethylformamide (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 was
read at 570 nm in a microplate reader. This method is according to
instructions from the manufacturer (Insight Genomics, Falls Church,
VA, USA) with minor-modification in cell-lysis time from overnight
to 4 h at 37˚C.

Western blot analysis. Huh7 cells were cultured in DMEM + 10%
FBS in 100×20 mm tissue culture dishes until ~70% confluence.
The cells were treated with sorafenib (4 μM), PI-103 (2 μM),
rapamycin (20 nM), GW5074 (10 μM), LY294002 (10 μM) or
U0126 (10 μM) for 1 h, then treated with EGF for 15 min. Carrier
DMSO was added in the zero controls (<0.1% final concentration).
After washing three times in cold PBS, the cells were lysed in 1 ml
of radio-immunoprecipitation assay (RIPA) buffer (25 mM Tris, pH
7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1%
SDS) with addition of 1× protease and phosphatase inhibitor
cocktail (Pierce, Rockford, IL, USA) plus 2 μg/ml of pepstatin A
(Sigma-Aldrich) on ice for 5 min. The cell lysates were collected in
microcentrifuge tubes and centrifuged for 15 min at 15,000 rpm and
4˚C. The supernatants were transferred to clean microcentrifuge
tubes and kept at −80˚C until use. Sample protein concentrations
were determined by Coomassie blue protein assay reagent (Pierce).
Protein (60 μg in each sample) was mixed with equal volume of 2×
loading buffer, heated at 100˚C for 3 min and then cooled on ice for
3 min before loading to the gel. The protein was separated on 7.5%
SDS-polyacrylamide gel and then transferred onto a nitrocellulose
membrane. The membrane was blocked with 5% fat-free milk. The
primary antibody (1:2000 dilution) incubation was performed
overnight at 4˚C and the secondary antibody incubation (1:2000
dilution) was performed for 1 h at room temperature. The protein
bands were detected by a chemiluminescence staining with
LumiGlo reagent A/B (Cell Signaling Technology). The membrane
was exposed to Kodak scientific imaging film (VWR, Batavia, IL,
USA). β-actin was used as an internal control to normalize for
loading equality. 

Statistical analysis. All analyses were performed using the software
SPSS, version 16. Data are presented as mean±standard error of the
mean. One-way ANOVA followed by Tukey correction was used to
compare means. The level of statistical significance was set at
p<0.05. 

Results

Sorafenib and PI-103 as single agents or in combination
inhibited Huh7 proliferation in a dose-dependent fashion.
Sorafenib and PI-103, as single agents, inhibited Huh7 3H-
thymidine incorporation in a dose dependent fashion.
Combination of sorafenib and PI-103 caused synergistic
inhibition of Huh7 3H-thymidine incorporation. This effect
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was noted to be significantly different from each single agent
treatment at sorafenib concentrations of 1.25, 2.5 and 5 μM
and PI-103 concentrations of 125, 250 and 500 nM (p<0.05,
n=4) (Figure1). The experiments were performed twice with
similar results.

EGF-stimulated Huh7 proliferation in DMEM +1 % FBS or
in DMEM + 10% FBS was synergistically and significantly
inhibited by sorafenib and PI-103. Since 3H-thymidine
incorporation detects DNA synthesis in a short time period,
the MTT assay was used to determine if sorafenib and PI-
103 can inhibit Huh7 proliferation over a longer period of
treatment. At first, an EGF concentration titration was
performed to determine the optimum stimulating
concentration of EGF on Huh7 proliferation cultured in
DMEM + 1% or 10% FBS. It was found that EGF (2.5 nM)
is able to optimally stimulate Huh7 proliferation in both
culture conditions. When the cells were cultured in 1% FBS,
EGF (2.5 nM) stimulated Huh7 proliferation 63% as
compared to control (p=0.001; n=12). The EGF-stimulated
Huh7 proliferation was inhibited 73% (p<0.001; n=12) by
sorafenib (at 2.5 μM). PI-103 (2 μM) inhibited EGF-
stimulated Huh7 proliferation 56% (p<0.001; n=12).
Combination of the two drugs synergistically inhibited EGF-
stimulated Huh7 proliferation by 93% (p<0.001; n=12). The
effect of the drug combination was significantly different

from the inhibitory effect of sorafenib (p=0.037) or PI-103
(p<0.001). When the cells were culture in 10% FBS, EGF
(2.5 nM) stimulated Huh7 proliferation 36% (p<0.001;
n=12). The EGF-stimulated Huh7 proliferation was inhibited
33% by sorafenib (at 2.5 μM) (p=0.001; n=12). Although PI-
103 alone (2 μM) did not inhibit EGF-stimulated Huh7
proliferation significantly in 10% FBS; the combination of
sorafenib and PI-103 synergistically inhibited EGF-
stimulated Huh7 proliferation 61% (p<0.001; n=12). The
effect of combination of the two drugs was significantly
different from the inhibitory effect of sorafenib (p=0.01) and
PI-103 (p=0.001). (Figures 2A, B). The experiments were
repeated with similar results.
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Figure 1. Effects of sorafenib and PI-103 on inhibition of 3H-thymidine
incorporation in Huh7 cells. The Huh7 cells were plated in 96-well
plates at 1000 cells/well in 0.2 ml DMEM + 10% FBS with
quadruplicate repeats (n=4). The cells were treated with various
concentrations of the drugs (as indicated) and cultured for 72 h. Carrier
DMSO (<0.1% final concentration) was added to the zero controls. The
cells were pulsed with methyl-3H-thymidine (specificity 2 Ci/mM) for 4
h at 1 μCi/well. 3H-Thymidine incorporation was measured by
scintillation counting in a Packard Scintillation Analyzer (model TRI-
CARB 2100TR). *Drug combination vs. mono-drug, p<0.05; **drug
combination vs mono-drug, p<0.01.

Figure 2. Sorafenib (Sora) and PI-103 inhibited EGF stimulated Huh7
proliferation. A: Cells cultured in 1% FBS starvation condition. Huh7 cells
were plated in 96 well plate at 5,000 cells/well (n=12) in 100 μl of DMEM
+ 10%FBS and cultured for 24 h. The cells were starved for 24 h in
DMEM + 1% FBS and then cultured in 1% FBS in DMEM for 48 h with
DMSO (0.017%, control), EGF and inhibitors at the indicated
concentration. MTT assay was performed as indicated in the Materials
and Methods. B: Cells cultured in 10% FBS. Huh7 cells were plated in
96-well plates at 5,000 cells/well (n=12) in 100 μl of DMEM + 10% FBS
and cultured for 24 h. EGF and inhibitors were added for another 48 h.
MTT assay was performed as indicated in the Materials and Methods.



ANTICANCER RESEARCH 30: 4951-4958 (2010)

4954

Figure 3. Sorafenib (Sora) and PI-103 differentially inhibited or activated phosphorylation of several key enzymes in the Ras/Raf/MAPK and
PI3K/Akt/mTOR pathways. A: Western blot for p-mTOR(Ser2448), p-S6K(Thr389), p-AKT(Ser473), p-MEK1/2(Ser217/221) and 
p-ERK1/2(Thr202/204) level after different treatments. Also shown are endogenous mTOR, S6K, AKT, MEK1/2 and ERK1/2. Positive and negative
controls for p-MEK and for p-ERK from Cell Signaling Technology (Danvers, MA, USA) were included in the experiments but are not shown.
Phosphorylated kinase band densities were assessed by Scion Image software and normalized by β-actin. B: A plot generated based on β-actin-
inormalized phosphorylated kinase band densities shown in Figure 4A. 



The combination of sorafenib and PI-103 inhibited
multiple key enzymes in the Ras/Raf/MAPK and
PI3K/AKT/mTOR signaling pathways. In comparison with
DMSO control, EGF stimulated mTOR(Ser2448),
S6K(Thr389), AKT(Ser473), MEK1/2(Ser217/221) and

ERK1/2(Thr202/204) phosphory-lation by 43%, 56%,
83%, 47% and 41%, respectively. Sorafenib inhibited
EGF-stimulated MEK1/2 and ERK1/2 phosphorylation by
45% and 22%, respectively. However, sorafenib, as a
single agent, only slightly inhibited S6K phosphorylation
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Figure 4. Possible mechanisms by which sorafenib and PI-103 differentially inhibit and activate key kinases in the Ras/Raf/MAPK and PI3K/AKT/mTOR
pathways. A: In the absence of added inhibitors, EGF/EGFR signaling activates Ras/Raf/ MAPK and PI3K/AKT/mTOR pathways. Activation of S6K in
the PI3K/AKT/mTOR pathway may induce feedback inhibition on Ras/Raf/ MAPK and PI3K/AKT/mTOR pathways. B: When sorafenib is added, sorafenib
directly or indirectly inhibits Raf, MEK and ERK (shown by rectangles). Sorafenib may activate HGF/HGFR signaling via activation of PI3K, thus further
activating AKT, mTOC1 and mTORC2 and S6K based on the activated levels after EGF stimulation (shown by ovals). Activation of S6K still causes
feedback inhibition on both pathways. C: Addition of PI-103 directly inhibits PI3K, mTORC1 and mTORC2. PI-103 indirectly inhibits AKT and S6K in
the PI3K/AKT/mTOR pathway (shown by rectangles). Inhibition of S6K eliminates the feedback inhibition effect of S6K, thus increasing the signal towards
the Ras/Raf/ MAPK pathway and further stimulated the Ras, Raf, MEK and ERK phosphorylation based on the activated levels after EGF stimulation
(shown by ovals). D: Combination of sorafenib and PI-103 blocks EGF stimulated Ras/Raf/MAPK and PI3K/AKT/mTOR pathways. Therefore, the
combination of sorafenib and PI-103 may have an advantage over mono-drug treatment in HCC therapy. 



(7%) but did not inhibit EGF-stimulated mTOR, and AKT
phosphorylation in the PI3K/AKT/mTOR signaling
pathway. Interestingly, it was found that sorafenib
stimulated mTOR and AKT phosphorylation by 17% and
41%, respectively. PI-103, as a single agent, inhibited EGF
stimulated mTOR(Ser2448), S6K(Thr389) and
AKT(Ser473) phosphorylation by 45%, 87% and 88%,
respectively, thus indicating PI-103 inhibited both
mTORC1 and mTORC2 activity. Rapamycin, as a single
agent, inhibited mTOR(Ser2448), and S6K(Thr389)
phosphorylation 48% and 90%, but rapamycin did not
inhibit EGF-stimulated AKT(Ser473) phosphorylation.
Rapamycin increased mTORC2 substrate AKT(Ser473)
phosphorylation by 22%. PI-103, as a single agent, did not
inhibit EGF-stimulated Ras/Raf/MAPK pathway and was
found to increase MEK1/2(Ser217/221) and ERK1/2
(Thr202/204) phosphorylation by 11% and 33%. The
combination of sorafenib and PI-103 strongly inhibited
both Ras/Raf/MAPK and PI3K/AKT/mTOR signaling
pathways. The EGF-stimulated mTOR(Ser2448), S6K
(Thr389), AKT(Ser473), MEK1/2(Ser217/221) and
ERK1/2(Thr202/204) phosphorylation was inhibited by
54%, 91%, 17%, 70% and 21%, respectively (Figure 3A,
B). These findings indicate that combination treatment
with sorafenib and PI-103 has a significant advantage over
single agent therapy at specific concentrations by
preventing increased activity of non-targeted pathways. 

Discussion

The 3H-thymidine incorporation and MTT assay experiments
performed in this study indicated that sorafenib and PI-103,
as single agents, are able to attenuate HCC cell proliferation.
Sorafenib and PI-103, in combination, resulted in synergistic
inhibition of HCC cell proliferation when cells were cultured
in 1% or 10% FBS. Using 1% FBS allows the cells to reach
a quiescent state after 24 h of starvation, so that EGF
stimulation will be more prominent. At the same time, this
condition mimics the limited nutrition from poor blood
supply in tumor cells. The synergistic inhibition by the
combination treatment indicates that the Ras/Raf/MAPK and
PI3K/AKT/mTOR pathways play an important role in HCC
cell proliferation. This was confirmed by Western blot
experiments showing inhibition of key enzymes in these two
pathways. It was found that EGF stimulates MEK and ERK
phosphorylation in the Ras/Raf/MAPK pathway and
enhanced mTOR, AKT and S6K phosphorylation in the
PI3K/AKT/mTOR pathway, in agreement with previously
published studies (10, 11). PI-103 mono-therapy strongly
inhibited EGF stimulated mTOR, S6K and AKT (Ser473)
phosphorylation. In contrast, rapamycin only inhibited
mTOR and S6K phosphorylation, but stimulated AKT
(Ser473) phosphorylation. 

S6K phosphorylation is a marker of mTOR complex 1
(mTORC1) activity, while AKT(Ser473) phosphorylation
is a marker of mTOR complex 2 (mTORC2) activity (12).
A different inhibition pattern was demonstrated between
PI-103 and rapamycin. PI-103 inhibited both mTORC1 and
mTORC2; however, rapamycin only inhibited mTORC1.
Not surprisingly, PI-103 monotherapy stimulated MEK and
ERK phosphorylation. This may be explained by the fact
that inhibition of mTORC1 can eliminate the S6K-
mediated negative feedback inhibitory loop, causing
activation of Ras/Raf/MAPK pathway (13). Sorafenib
monotherapy inhibited EGF stimulated MEK and ERK
phosphorylation, but interestingly it stimulated mTOR and
AKT (Ser473) phosphorylation and had almost no effect
on EGF stimulated S6K phosphorylation. It is
hypothesized that sorafenib may induce other signals, such
as HGF/HGFR, that further stimulates the EGF stimulated
PI3K/AKT/mTOR pathway. Indeed, sorafenib stimulated
HGF secretion in HCC cells and promoted c-Met, S6K and
4EBP1 phosphorylation (7). Increased HCC activation and
mobility by HGF was reported to be mediated through
PI3K signaling(14). Sorafenib, rapamycin, MEK inhibitor
U0126, Raf inhibitor GW5074 and PI3K inhibitor
LY294002 in monotherapy all enhanced EGF stimulated
AKT(Ser473) phosphorylation; PI-103 was the only drug
that caused near complete inhibition of EGF stimulated
AKT(Ser473) phosphorylation. Since AKT plays an
important role in tumor cell survival, AKT may be a target
in HCC therapy. 

Sorafenib or PI-103 monotherapy induced differential
inhibition and activation of the key kinases in the two
pathways, which underscores the importance of using
sorafenib and PI-103 in combination. Combination treatment
inhibited multiple kinases in the two pathways and caused
synergistic inhibition of cell proliferation. Figure 4
summarizes the possible mechanisms of sorafenib and PI-
103 on inhibition of EGF-stimulated Ras/Raf/MAPK and
PI3K/AKT/mTOR pathways. 

Recent studies have found that the Ras/Raf/MAPK and
PI3K/AKT/mTOR are two activated pathways in HCC cells
(11). Several attempts have been made to target these
pathways as therapy. Villanueva et al. used a rapamycin
analogue, everolimus, and an EGF/VEGF inhibitor, AEE788,
to block these two pathways in the Huh7 HCC cell line,
which resulted in the inhibition of mTOR signaling in vitro
and decreased tumor progression and increased survival in
xenograft model. The combination of everolimus and
AEE788 enhanced tumor suppression as compared to
everolimus monotherapy (15). Newell et al. used sorafenib
and rapamycin to target mTOR and Ras/Raf/MAPK
signaling and decreased proliferation and induced apoptosis
in HCC cell lines. In a xenograft mouse model, the
combination of rapamycin and sorafenib enhanced tumor
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necrosis and ulceration when compared with sorafenib alone
(10). The use of sorafenib in advanced HCC has become a
common practice. Llovet et al. (6) demonstrated that this
multi-kinase inhibitor has a significant impact on tumor
progression and patient survival. 

The use of mTOR inhibitors such as rapamycin to treat
HCC is still a matter of debate and faces many challenges.
A recent publication indicated that prolonged treatment
with rapamycin is able to inhibit both mTORC1 and
mTORC2 in several cancer cell lines, however, no
inhibition of mTORC2 in HCC cell line was reported (16).
Rapamycin disrupts the assembly of mTORC1 but has no
effect on mTORC2 conformation. Because of this, more
mTOR units are available to bind rictor and mSin1 to
generate more mTORC2. mTORC2 phosphorylates AKT at
Ser473 and promotes tumor cell survival by inducing
resistance to contemporary mTOR inhibitors (17, 18).
Inhibition of mTORC1 by rapamycin can eliminate S6K
mediated negative feedback inhibitory loop with
subsequent activation of upstream PI3K and
Ras/Raf/MAPK pathways (13, 19). An agent that is able to
inhibit both mTORC1 and mTORC2, and also block
upstream of mTOR, will result in a stronger inhibition of
the PI3K/AKT/mTOR pathway. The novel drug PI-103 is a
chemically synthesized small molecule that exhibits potent
dual inhibition of PI3K and mTOR (mTORC1 and
mTORC2). It is highly bioavailable and with low toxicity
to normal cells (8). PI-103 has been used in preclinical
studies to inhibit several cancer types, including glioma,
leukemia, and drug-resistant malignant peripheral nerve
sheath tumors (18, 20). PI-103 has not been used in HCC
preclinical or clinical studies to date. Based on these
observations, this in vitro study used a novel combination
of sorafenib and PI-103 on the inhibition of HCC cell line
Huh7. Future investigations will be focused on in vivo
xenograft model to translate these in vitro results. 

In conclusion, sorafenib and PI-103 are potent anti-HCC
drugs; their application in combination has significant
advantages compared with mono-drug therapy in the
inhibition of pivotal pathways Ras/Raf/MAPK and
PI3K/AKT/mTOR in HCC. 
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