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Abstract. Patients suffering from advanced hepatocellular
carcinoma can generally be treated only by targeted therapy
to achieve a survival rate that lasts a few months more than
that achieved with conventional therapy. To develop better
drugs against hepatocellular carcinoma, we screened a
variety of compounds and treated four human hepatocellular
carcinoma (HCC) cell lines with different drug
concentrations. We then examined cell viability using the
MTT assay. Results show that a new candidate drug,
acriflavine (ACF), suppresses the viability of HCC cell lines
in a dose-dependent manner. Flow cytometry analysis reveals
that ACF significantly induces the accumulation of a Sub-G,
population of Mahlavu cells. Moreover, ACF decreases Bcl-
2 expression and caspase-3 activation. The content of
cleaved poly-(ADP-ribose)polymerase-1 (PARP-1) is
significantly increased. These findings suggest that ACF
suppresses HCC cell growth through the caspase-3 activation
pathway. Compared to clinically-approved drugs, the ICs, of
ACF (1 uM) is nearly ten-fold lower than that of sorafenib
(13 uM). In the in vivo test, nude mice received Mahlavu cell
xenografts subcutaneously and were randomly assigned into
two groups: control and experimental groups. Treatment was
initiated 3 days after implantation and intraperitoneal
injection of 0.9 % normal saline or 2 mg/Kg of ACF was
continued daily for five weeks. Tumors were palpable in
vehicle-treated mice by day 3 and grew to approximately
2000 mm’ by the end of the experiment, whereas mice
treated with ACF experience tumor growth to approximately
500 mm?>. We, thus, suggest that ACF can inhibit cell growth
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in HCC cells. Our results may assist the delineation of the
mechanism(s) leading to HCC cell growth inhibition and
provide a new target therapy capable to prolong the survival
rate of patients in advanced stage.

Liver cancer can be categorized into numerous types, including
hepatocellular carcinoma (HCC), cholangiocarcinoma (CCA),
hemangiosarcoma and hepatoblastoma. HCC has the highest
incidence and accounts for 75% to 85% of all primary liver
cancer cases (1, 2). Liver cancer is ranked as the third highest
mortality cause among the world’s most common cancers in
2008 (3). HCC is the sixth most common cancer and is the
third most common cause of cancer death worldwide (4).

The Barcelona clinic liver cancer system has become the
basis for guidelines for HCC treatments (5). Such treatment
comprises of four stages for the selection of the best
candidates to undergo the best therapies currently available
(6-8). HCC treatment is the most effective in the early stages.
If HCC is diagnosed in the early or intermediate stage, the
major treatment options include surgery (e.g., surgical
resection, cryosurgery, radiofrequency ablation, and liver
transplantation) and interventional radiological therapy (e.g.,
hepatic artery chemoembolization, percutaneous ethanol
injection, percutaneous radio frequency ablation, and
cisplatin infusion) (5, 9). However, if diagnosed at an
advanced stage, among numerous potential novel agents for
patients (8), sorafenib is currently the only systemic therapy
for advanced HCC (2). However, patients with advanced
HCC have very poor prognosis with a mean survival of only
four to six months (10). Despite endeavors to provide
chemotherapeutic agents and target therapy for HCC
patients, no treatment approach has shown a significant
improvement in survival or quality of life (10-12).

Three main strategies are currently used for the
development of novel cancer drugs: rational drug design,
drug screening, and development of analogs. Therefore, this
study aims to apply a high-throughput screening of the
cytotoxic activity of 300 molecules from a commercial
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library in four human HCC cell lines. Using this approach,
we successfully identified acriflavine (ACF) as a potential
drug for HCC treatment. ACF is a mixture of 3,6-
diaminoacridine  (proflavine) and 3, 6-diamino-10-
methylacridinium chloride (trypaflavin) (13-16) used for the
treatment of microbial infections for humans and fishes,
particularly as an antiseptic agent possessing a quaternary
ammonium structure known to possess antiseptic agent
mechanisms of action, such as inhibition of cell-wall
synthesis, protein synthesis and DNA synthesis (17, 18). As
shown in an earlier report, the 1:1 mixture of ACF and
guanosine has been evaluated as a possible antitumor agent
in pre-clinical and clinical studies (18). The antitumor effects
of ACF have been recently reported in colon cancer (19). In
our study, we showed that ACF may suppress cellular HCC
growth and promote antitumor efficacy in vivo.

Materials and Methods

Chemicals, antibodies, and cell culture. Compounds were obtained
as follows: ACF hydrochloride was supplied from Sigma-Aldrich
(St. Louis, MO, USA) while the 98% pure clinical drug sorafenib
was purchased from AK Scientific (Union City, CA, USA). Bcl2
and poly(ADP-ribose)polymerase-1 (PARP-1) antibodies were
purchased from Gene Tex (Irvine, CA, USA). Caspase-3 and Bax
antibodies were purchased from Cell Signaling (Danvers, MA,
USA). B-actin antibody was purchased from Santa Cruz (Dallas,
Texas, USA). The five human hepatocellular carcinoma cells,
namely, Mahlavu, SK-Hep1, Hep3B, Huh-7, and PLC/PRF/5, were
cultured in Dulbecco’s modified Eagle medium (Gibco, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum (Thermo,
West Palm Beach, FL, USA), 100 U/ml penicillin G, 100pg/ml
streptomycin and 100 uM non-essential amino acids (Gibco) in a
humidified atmosphere containing 5% CO, at 37°C.

Cell viability and proliferation assay. Cell cytotoxicity and viability
were detected by using a tetrazolium dye 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich Co., St.
Louis, MO, USA) assay. HCC cells were seeded at a density of
7x103 with 2x104 cells in each well of 96- and 24-well plates and
treated with a range of ACF concentrations (0 uM to 40 uM). After
one day of seeding, ACF was added to the culture medium and at
0, 24, 48, and 72 h post treatment, the MTT reagent was added to
each well at a concentration of 1 mg/mL and incubated for 3 h at
37°C. The media were then aspirated and cells were solubilized in
100 and 500 pL dimethyl sulfoxide (DMSO; Sigma-Aldrich Co., St.
Louis, MO, USA). Cells were incubated for 30 min at room
temperature with gentle shaking. Absorbance was measured at 550
nm using a computerized micro plate analyzer by ELISA.

Flow cytometric analysis. HCC cells were treated with 0, 1,2, 5, and
10 uM of ACF for 48 h. After collection, the cell were washed twice
with phosphate-buffered saline (PBS; Gibco), and then fixed in 70%
ethanol overnight at —20°C. Fixed cells were stained with a solution
containing 10 pg/mL propidium iodide (PI, Sigma), 100 pg/mL
RNase A (Sigma), and 0.1% Triton X-100 (Sigma) at 37°C in the
dark. After 30 min, cell cycle distribution was performed using
FACScan (BD Biosciences, San Jose, CA, USA) flow cytometry.
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Figure 1. Screening variety of compounds and treatment of human HCC
cells with different concentrations of compounds. The HCC cell lines
were treated with different concentrations of (A) ACF, (B) Cetrimonium,

and (C) Nigericin for 48 h, and cell viability was examined using the
MTT assay.
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Figure 2. Effect of ACF on the cell-cycle distribution of Mahlavu cells by flow cytometry. Mahlavu cells were incubated without or with 1, 2, 5, and
10 uM of ACF for 48 h. (A) Control; (B) 1 uM ACF exposure; (C) 2 uM ACF exposure; (D) 5 uM ACF exposure; (E) 10 uM ACF exposure for

48 h. (F) Accumulation of Sub-G | population of Mahlavu cells.

Western blot analysis. Cells were washed with PBS and lysed with
cold radioimmunoprecipitation assay buffer (RIPA buffer; Thermo)
supplemented with protease and phosphatase inhibitors. The
protein concentration was determined using the Bradford assay.
Proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. After electrophoresis, proteins
were transferred to polyvinylidene difluoride membranes by
electroblotting and then blocked in TBST (50 mM Tris-HCl, pH
7.4, 150 mM NacCl, and 0.2% Tween-20, Sigma) containing 5%
non-fat milk. Membranes were incubated with the primary
antibody (1:1,000) at 4°C overnight and then washed with TBST
thrice. The blots were then incubated with an appropriate
horseradish peroxidase (HRP)-conjugated secondary antibody at
room temperature for 1 h. After washing, membranes were
incubated with ECL and exposed to X-ray films. Quantitation of
the protein levels was performed using the Image] software
(http://imagej.nih.gov/ij/download.html).

Animal model. The effects of ACF on nude mice were evaluated
using a tumor xenograft model. Four-week-old male nude mice
(BALB/cAnN.Cg-FoxnlI"¢/CrINarl) were obtained from the
National Laboratory Animal Center (Taipei, Taiwan). Mahlavu
cells (1x10%) were subcutaneously injected into the right flanks
of nude mice, and treatment was performed 3 days post-injection.
Once the tumors were established, the mice were treated with
ACF daily through intraperitoneal injection for five consecutive
weeks with 0.9% normal saline as control group (n=3) or 2 mg/kg
ACF (60 pL ACF) for the experimental group (n=3). Three
animals is considered the minimum number of animals required
provided that the harvested data is statistically significant (20).
The experiments performed in duplicate. Tumor size was
measured once a week with a caliper using the following formula:
tumor volume (mm3)=0.5236 length x width2. Control and treated
mice were sacrificed after five weeks and the removed tumors
were fixed in formalin.
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Figure 3. Total Mahlavu cell lysates analyzed by western blot with antibody against Bcl-2, Bax, caspase-3, and PARP-1. Mahlavu cells were
incubated without or with 1, 2, 5, and 10 uM of ACF for 48 h. Effects of ACF on protein expression in (A) dose-dependent and (B) time-dependent
manners. (C, D) Densitometry of protein bands was quantified by using Image J software. B-actin was used as the internal control.
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Figure 4. Effect of ACF and sorafenib administration on viability of
Mahlavu cells as shown by an MTT assay.

Statistical analysis. Values are reported as the mean+SD and data
were analyzed using one-way analysis of variance (ANOVA)
followed by post hoc tests for multiple comparisons. Student’s z-test
was used in two-group comparisons. Values of p<0.05 were
considered to be statistically significant.

Results

ACF suppresses the growth of four HCC cells in vitro. We
performed random screening of hundreds of compounds
from a commercial library and found certain compounds
with a novel anticancer mechanism in HCC cell lines. We
first compared cell growth in five HCC cell lines, namely,
Mahlavu, SK-Hepl, PLC/PRF/5, Huh-7 cell and Hep3B after
treatment with ACF. HCC cell lines were treated with
different concentrations of ACF at a concentration range
from 0 uM to 40 uM for 48 h, and Mahlavu exhibited an
apparent inhibition effect on cell growth in a significant
dose-dependent manner. We also determined cell viability
using an MTT assay. The data are shown in Figure 1. ACF-
induced reduction of cell growth rate was evident at a
starting dose of 5 uM in Mahlavu cells.

Alteration of cell cycle by ACF in HCC cells. To evaluate
whether ACF-induced cell growth retardation is mediated by
alterations in cell-cycle progression, we performed flow
cytometry analysis to determine whether the change in the
cell cycle profile was induced by ACF. Mahlavu cells were
treated with different concentrations of ACF for 48 h and
were then collected and stained with PI reagent through
FACS analysis. Cell-cycle analysis showed that ACF induced
accumulation of the Sub-G; population of Mahlavu cells at
10 uM (Figure 2). We found that ACF treatment of Mahlavu
cells could affect the regulation of cell-cycle progression and
enhance Mahlavu cell apoptosis effectively.

ACF induces apoptosis in Mahlavu cells. Bcl-2 family and
caspase-3 activation is considered to be a key hallmark of
apoptosis (21). We investigated the effects of ACF on the
expression of the Bcl-2 family and activation of caspase-3 in
Mabhlavu cells that were exposed to increasing concentrations
of ACF for 48 h as well as time course treatment. We
measured the protein levels of apoptosis, including pro-
apoptotic protein Bax and anti-apopotic protein Bcl-2. In our
study, ACF increased the expression of the cleaved-caspase
3, cleaved PARP 1, and Bax, but decreased the expression of
Bcl-2 in Mahlavu cells. As shown in Figure 3, ACF treatment
activated caspase-3, followed by subsequent PARP-1
cleavage, decreased levels of Bcl-2, and increased levels of
Bax. These findings suggest that ACF could induce apoptosis
through the mitochondria-mediated apoptotic pathway as
well as promote HCC cell apoptosis.

ACF suppresses cell growth. Sorafenib is clinically-proven
effective in treating advanced HCC but prolongs patient
survival by only a few months. Thus, we further examined
whether ACF could have the potential to be a new
therapeutic agent. For this, Mahlavu cells were treated with
different concentrations of ACF and sorafenib for 48 h. The
data showed that ACF suppressed the growth of Mahlavu
cells in a dose-dependent manner, and ICs, of ACF (1uM)
was lower than that of sorafenib (13.4 uM) (Figure 4).

ACF inhibits tumor growth. To evaluate the therapeutic
effects of ACF, nude mice bearing Mahlavu cell xenografts
were intraperitoneally injected with 2 mg/kg ACF daily for
five weeks. As shown in Figure 5A, compared with the mice
in the PBS group, the ACF-treated mice had smaller tumors
at almost the whole experimental time interval. ACF
significantly suppressed tumor growth at the dose of 2 mg/kg
for a 5-week period compared with the control group. At this
very same time point of 35 d, the mice were sacrificed and
tumor size was evaluated (Figure 5B). The mean size of
tumors (week 5) of the PBS group was 19754633 mm? and
653+185 mm? of the ACF group. This significant decrease
in tumor growth in mice treated with ACF compared with
control is shown in Figure 5C. These findings demonstrate
that tumor size is reduced by using ACF treatment.

Discussion

Disrupted signaling pathways that are associated with HCC
carcinogenesis promote angiogenesis, enhance growth, and
inhibit apoptosis, all of which can result in uncontrolled tumor
cell growth (22). HCC signal transduction may occur through
1) angiogenesis-related pathways (e.g., vascular endothelial
growth factor, VEGF; platelet-derived growth factor, PDGF;
and fibroblast growth factor, FGF) (23), ii) growth-related
pathways (e.g., hepatocyte growth factor receptor, HGFR;
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Figure 5. ACF results in the significant inhibition of tumor growth in Mahlavu tumor xenografts established in nude mice. (A) Images of mice before
sacrificing. (B) Tumor size reduction in ACF-treated mice. (C) Quantification of tumor size. Data represent the mean=+SD of experiments performed

in triplicate. *p<0.05 compared to control PBS-treated tumors.

epidermal growth factor receptor, EGFR; insulin-like growth
factor 1 receptor, IGF-1R; PI3K/AKT/mTOR, and Wnt-3
catenin) (24, 25), and 3) HGF/ c-Met pathway (26).

Previous studies have reported that sorafenib is a multi-kinase
and tyrosine kinase inhibitor for the treatment of advanced renal
cell carcinoma (RCC) (23). A 2008 phase III trial has shown
that sorafenib significantly extends the survival of patients with
advanced HCC (27). Sorafenib is a multi-targeted small
molecule that inhibits the activity of VEGF, PDGF, and EGF as
well as Raf to block tumor proliferation and angiogenesis (2).
The median overall survival in the sorafenib-treated group was
10.7 months compared with 7.9 months in the placebo group
(23,27). However, the survival benefit was only a few months.
In addition, numerous patients required a dose reduction or
cessation of treatment because of the adverse effects of the drug,
and some patients with renal cancer experienced tumor rebound
after discontinuing the drug (13, 28).
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ACFinduced cell apoptosis via caspase signaling pathway.
Apoptosis, a form of programmed cell death, is tightly
regulated by the pro-apoptotic and anti-apoptotic members
of the Bcl-2 family in the intrinsic apoptotic pathway (20).
Therefore, the Bcl-2 family serves an important function in
the intrinsic apoptotic pathway. Pro-apoptotic Bax is known
to promote intrinsic apoptosis by forming oligomers in the
mitochondrial outer membrane, whereas anti-apoptotic Bcl-
2 blocks mitochondrial apoptosis by blocking the release and
oligomerization of Bax (29, 30). In this study, we found that
ACF decreased the expression of Bcl-2 in Mahlavu cells
(Figure 3). Thus, we suggest that ACF induces apoptotic cell
death through the caspase signaling pathway in HCC cells.
The activity pattern observed for ACF is promising from a
clinical perspective, and further understanding the
mechanisms of ACF-induced cell apoptosis in HCC cells
would be beneficial for optimal treatment.
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HCC cells are more sensitive to ACF than to sorafenib. HCC is
a complex pathogenesis involving aberrant signaling in several
molecular pathways. Sorafenib is a target therapy currently
used as a standard treatment for patients with advanced HCC.
Sorafenib is a multi-kinase inhibitor that demonstrates activity
against several tyrosine (VEGFR and PDGFR) kinases and
serine/threonine (Raf) kinases (23). The administration of
sorafenib has generated promising results for the treatment of
HCC patients, and the mechanisms behind the antitumor
activities of sorafenib have been well-explored (31). In a
previous study, the administration of more than 400 mg/day of
sorafenib for one month prolonged progression-free survival in
Japanese patients with advanced RCC (32). Therefore, the
management of sorafenib dose to prevent the occurrence of
side-effects is a very important topic. In our study, ACF
inhibited the growth of HCC cell lines in a dose-dependent
manner. Compared to sorafenib, the ICs, of ACF was nearly
ten-fold lower (Figure 4). Overall, this study demonstrates that
ACF may be beneficial for HCC treatment.

Molecular mechanism of the effect of ACF in HCC cells. A key
point is what makes HCC cells extraordinarily sensitive to
ACF. A common property of acridine derivatives, such as ACF,
is their capability to intercalate nucleic acids and inhibit
topoisomerase II (33). Furthermore, ACF binds to and disrupts
the cell surface membrane, thus resulting in the inhibition of
protein kinase C, which is considered to account for some anti-
tumor effects (34). ACF reportedly acts against colorectal
cancer (35). ACF was recently found to inhibit the dimerization
of Hypoxia inducible factor-1a (HIF-1a) and HIF-1§3, which
suppress VEGF and GLUT 1 gene expressions and are
associated with anti-angiogenesis effects and tumor growth
inhibition (16). In our study, ACF also decreased the expression
of GLUT I mRNA in Mahlavu cells (data not shown).
Sorafenib decreased the accumulation and activation of HIF-
la protein and inhibited HIF-1a protein synthesis but did not
promote HIF-1a protein degradation (36). Further studies are
required to understand the role of ACF in the angiogenesis of
HCC cells as well as the mechanism of its renewal.

Inhibition of tumorigenesis by ACF. Numerous stimulatory
factors contribute to tumor angiogenesis, which is the key
role of HIF-1a and VEGF in tumors. In pre-clinical studies,
the inhibition of HIF-1 activity has marked effects on tumor
growth (37). In a previous study, guanosine was found to
enhance the anti-tumor effects of ACF against a variety of
cancer cells without serious adverse effects (14, 35). In our
experiment on the animal model, we observed the the
suppressive role of ACF in the progression of tumor growth,
and ACF treatment was found to reduce tumor sizes in nude
mice (Figure 5). The results may shed light on the anticancer
effects of ACF, thus providing a pre-clinical basis for
potential cancer application.

Acknowledgements

This work was supported by grants from the National
Science Council, Republic of China (NSC 99-2632-B-039-
001-MY3, NSC 102-2320-B-039-049, NSC102-2911-1-002-
303, NSC 100-2325-B-010-003 and NSC 102-2325-B-010-
003), Taiwan, Republic of China.

References

1 Jemal A, Bray F, Center MM, Ferlay J, Ward E and Forman D:
Global cancer statistics. CA Cancer J Clin 6/7: 69-90, 2011.

2 Gobel T, Blondin D, Kolligs F, Bolke E, and Erhardt A: Current
therapy of hepatocellular carcinoma with special consideration
of new and multimodal treatment concepts. Dtsch Med
‘Wochenschr 7138: 1425-1430, 2013.

3 Ferlay J, Shin HR, Bray F, Forman D, Mathers C and Parkin
DM: Estimates of worldwide burden of cancer in 2008:
GLOBOCAN 2008. Int J Cancer /27: 2893-2917, 2010.

4 Meyerl T, Reau N, and Poordad FF: Primary liver cancer. Br J
Cancer 108: 995-996, 2013.

5 Wong R and Frenette C: Updates in the Management of
Hepatocellular Carcinoma. Gastroenterol Hepatol 7: 16-24,
2011.

6 Llovet JM, Bri C and Bruix J: Prognosis of hepatocellular
carcinoma: the BCLC staging classification. Semin Liver Dis /9:
329-338, 1999.

7 Wildi S, Pestalozzi BC, McCormack L, and Clavien PA: Critical
evaluation of the different staging systems for hepatocellular
carcinoma. Br J Surg 97: 400-408, 2004.

8 Wang JH, Changchien CS, Hu TH, Lee CM, Kee KM, Lin CY,
Chen CL, Chen TY, Huang YJ and Lu SN: The efficacy of
treatment schedules according to Barcelona Clinic Liver Cancer
staging for hepatocellular carcinoma - Survival analysis of 3892
patients. Eur J Cancer 44: 1000-1006, 2008.

9 Bruix J and Sherman M: Management of hepatocellular
carcinoma: An update. Hepatology 53: 1020-1022, 2011.

10 Abdel-Rahman O, Abdel-Wahab M, Shaker M, Abdel-Wahab S,
Elbassiony M and Ellithy M: Sorafenib versus capecitabine in
the management of advanced hepatocellular carcinoma. Med
Oncol 30: 655, 2013.

11 Padhya KT, Marrero JA and Singal AG. Recent advances in the
treatment of hepatocellular carcinoma. Curr Opin Gastroenterol
29: 285-292, 2013.

12 Lee JK and Abou-Alfa GK: An update on clinical trials in the
treatment of advanced hepatocellular carcinoma. J Clin
Gastroenterol 47: S16-S19, 2013.

13 Chabner BA and Roberts TG Jr.: Timeline: Chemotherapy and
the war on cancer. Nat Rev Cancer 5: 65-71, 2005.

14 Song S, Kwon OS and Chung YB: Pharmacokinetics and
metabolism of acriflavine in rats following intravenous or
intramuscular administration of AG60, a mixture of acriflavine
and guanosine, a potential antitumour agent. Xenobiotica 35:
755-773, 2005.

15 Shin DH, Choi KS, Cho BS, Song S, Moon DC, Hong JT, Lee
CK and Chung YB: Pharmacokinetics of guanosine in rats
following intravenous or intramuscular administration of a 1:1
mixture of guanosine and acriflavine, a potential antitumor
agent. Arch Pharm Res 37: 1347-1353, 2008.

3555



ANTICANCER RESEARCH 34: 3549-3556 (2014)

16 Lee K, Zhang H, Qian DZ, Rey S, Liu JO and Semenza GL:
Acriflavine inhibits HIF-1 dimerization, tumor growth, and
vascularization. Proc Natl Acad Sci USA 7106: 17910-17915,
2009.

17 Kawai M, Yamada S, Ishidoshiro A, Oyamada Y, Ito H and
Yamagishi J: Cell-wall thickness: possible mechanism of
acriflavine resistance in meticillin-resistant Staphylococcus
aureus. ] Med Microbiol 58: 331-336, 2009.

18 Keyhani E, Khavari-Nejad S, Keyhani J and Attar F: Acriflavine-
mediated apoptosis and necrosis in yeast Candida utilis. Ann N
Y Acad Sci 1171: 284-291, 2009.

19 Lim MJ, Ahn JY, Han Y, Yu CH, Kim MH, Lee SL, Lim DS and
Song JY: Acriflavine enhances radiosensitivity of colon cancer
cells through endoplasmic reticulum stress-mediated apoptosis.
Int J Biochem Cell Biol 44: 1214-1222, 2012.

20 Festing MF: Reduction of animal use: experimental design and
quality of experiments. Lab Anim 28: 212-221, 1994.

21 Leibowitz B and Yu J: Mitochondrial signaling in cell death via
the Bcl-2 family. Cancer Biol Ther 9: 417-422,2010.

22 Wei Z, Doria C and Liu Y: Targeted therapies in the treatment
of advanced hepatocellular carcinoma. Clin Med Insights Oncol
7: 87-102, 2013.

23 Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF,
de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz M,
Porta C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz JF,
Borbath I, Hdussinger D, Giannaris T, Shan M, Moscovici M,
Voliotis D, Bruix J and SHARP Investigators Study Group:
Sorafenib in advanced hepatocellular carcinoma. N Engl J Med
359: 378-390, 2008.

24 Sheppard K, Kinross KM, Solomon B, Pearson RB and Phillips
WA: Targeting PI3 kinase/AKT/mTOR signaling in cancer. Crit
Rev Oncog 17: 69-95, 2012.

25 Dahmani R, Just PA and Perret C: The Wnt/beta-catenin
pathway as a therapeutic target in human hepatocellular
carcinoma. Clin Res Hepatol Gastroenterol 35: 709-713, 2011.

26 Kudo M: Signaling pathway/molecular targets and new targeted
agents under development in hepatocellular carcinoma. World J
Gastroenterol /8: 6005-6017, 2012.

27 Mousa B: Sorafenib in the treatment of advanced hepatocellular
carcinoma. The Saudi J Gastroenterol /4: 40-42, 2008.

3556

28 Desar IM, Mulder SF, Stillebroer AB, van Spronsen DJ, van der
Graaf WT, Mulders PF and van Herpen CM. The reverse side of
the victory: flare up of symptoms after discontinuation of
sunitinib orsorafenib in renal cell cancer patients, A report of
three cases. Acta Oncol 48: 927-931, 2009.

29 Wood WG, Igbavboa U, Muller WE and Eckert GP: Statins, Bcl-
2, and apoptosis: cell death or cell protection? Mol Neurobiol
48: 308-314, 2013.

30 Barillé-Nion S, Bah N, Véquaud E and Juin P: Regulation of

cancer cell survival by BCL2 family members upon prolonged

mitotic arrest: opportunities for anticancer therapy. Anticancer

Res 32: 4225-4233, 2012.

Kitada N, Kanamori K, Konishi A, Tanaka S, Suginoshita Y,

Inokuma T and Hashida T: Analysis of factors affecting the

duration of treatment with sorafenib in patients with hepatocellular

carcinoma. Gan To Kagaku Ryoho 40: 479-482,2013.

32 Nakayama M, Arai Y and Nishimura K: Side effects of sorafenib
and countermeasures. Hinyokika Kiyo 58: 635-637, 2012.

33 Goodell JR, Madhok AA, Hiasa H and Ferguson DM: Synthesis
and evaluation of acridine- and acridone-based anti-herpes
agents with topoisomerase activity. Bioorg Med Chem /4: 5467-
5480, 2006.

34 Hannun YA and Bell RM: Aminoacridines, potent inhibitors of
protein kinase C. J Biol Chem 263: 5124-5131, 1988.

35 Hassan S, Laryea D, Mahteme H, Felth J, Fryknds M, Fayad W,
Linder S, Rickardson L, Gullbo J, Graf W, Pahlman L, Glimelius
B, Larsson R and Nygren P: Novel activity of acriflavine against
colorectal cancer tumor cells. Cancer Sci 102: 2206-2213, 2011.

36 Liu LP, Ho RL, Chen GG and Lai PB: Sorafenib inhibits
hypoxia-inducible factor-la.  synthesis: implications for
antiangiogenic activity in hepatocellular carcinoma. Clin Cancer
Res 18: 5662-5671, 2012.

37 Semenza GL: Targeting HIF-1 for cancer therapy. Nat Rev
Cancer 3: 721-732, 2003.

3

—_

Received April 25, 2014
Revised May 28, 2014
Accepted May 29, 2014



