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Summary

SL1122-37 is a novel derivative of sorafenib that was characterized by introducing
trifluoromethyl on the 4-position of indazole. We aimed to evaluate the effects of SL1122-
37 on human hepatocellular carcinoma (HCC) growth and on umbilical vein vascular
endothelial cells (HUVECs) angiogenesis. Its efficacy and mechanisms were compared with
sorafenib. SL.1122-37 significantly prevented PLC/PREF/5 cell proliferation as estimated by
colorimetric assay. Flow cytometry analysis showed the induction of apoptosis and arrest of
cell cycle in G1 phase. Western blotting showed the decrease of cyclin D1 and regulation of
apoptotic proteins. Further analysis suggested that these effects of SL1122-37 might arise
from its roles in the inhibition of multi-kinases, including c¢-Kit and its downstream targets
and the Wnt/B-catenin pathway in PLC/PREF/S cells. SL1122-37 also possessed the activity of
antiangiogenesis, showing the prevention of HUVEC migration and capillary tube formation.
Western blotting indicated the inhibition of VEGF and phosphorylation of VEGFR-2 in
HUVEC:s. Statistical analysis suggested that SL.1122-37 might possess greater activities than
sorafenib in the prevention of HCC proliferation and HUVEC angiogenesis. Conclusion,
SL.1122-37 could develop as a potent anticancer agent for the treatment of HCC.

Keywords: Sorafenib, SL1122-37, human hepatocellular carcinoma, multi-kinase inhibitor,

antiangiogenesis

1. Introduction

Sorafenib is a multi-kinase inhibitor which is known to
inhibit cancer cell proliferation by targeting Raf/MEK/
ERK signaling, and to prevent angiogenesis by targeting
vascular endothelial growth factor receptor tyrosine
kinase. Sorafenib has shown clinical advantage in many
cancers, such as hepatocellular carcinoma (HCC), breast
cancer, thyroid cancer, renal cell carcinoma (RCC), and
lung cancers (/). Sorafenib particularly exhibited benefit
for the patients with advanced and unresectable HCC (2).
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However, the drug was discontinued in many patients due
to severe adverse effects. The most frequent adverse events
include myelosuppression, neutropenia, lymphopenia,
anemia, and thrombocytopenia, hypertension and
cardiovascular events, liver dysfunction, kidney injury, and
abdominal pain (3) Although most of these adverse effects
are usually manageable, myelosuppression and renal injury
would led to discontinuation of treatment. Hypertension
and cardiac toxicity would lead to fatal outcomes (4). Thus,
new derivatives of sorafenib with higher activity and lower
toxicity than sorafenib have remained to be investigated.
Sorafenib, N-(3-trifluoromethyl-4-chlorophenyl)-
N'-(4-(2-methylcarbamoyl pyridin-4-yl)oxyphenyl)urea
(Figure 1A), is structurally defined as bis-aryl ureas.
Although the mechanism of sorafenib binding to its targets
has remained unclear, the following analysis of its crystal
structure might provide a helpful clue for designing new
derivatives. Studies suggested that the carbamido in
sorafenib is essential for its activity through binding with
Raf protein by the formation of hydrogen bonds (3). After
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Figure 1. Chemical structures of sorafenib and SL1122-37.

binding, the distal pyridyl ring inserts into the ATP adenine
binding pocket and then interacts with three aromatic
residues in the hinge region, the catalytic loop, and the
DFG motif. The trifluoromethyl phenyl ring at opposite
end of sorafenib inserts into a hydrophobic pocket between
the aC and aE helices and N-terminal regions of DFG
motif and catalytic loop. These structures in sorafenib are
considered to accommodate the active pockets in its targets
and therefore improve the selectivity with these kinases
(6). In our previous studies, we synthesized a series of
compounds with bis-aryl ureas referenced the structure of
sorafenib (6). In addition to the skeleton of sorafenib, these
compounds contained the substituent structures of indazole
or azaindazole. Our following screening assays in HCC
and HUVECS indicated that some of these compounds
exhibited higher activity than sorafenib. SL1122-37,
1-(4-(4-(trifluoromethyl)-1H-indazol- 1 -yl)phenyl)-3-(4-
(trifluoromethyl)phenyl)urea (Figure 1B), was one of
these compounds that exhibited strong activity against
cancer cell proliferation and HUVEC angiogenesis. The
characteristic of SL1122-37 structure is its trifluoromethyl
on the 4-position of indazole. The role of trifluoromethyl
in SL1122-37 might improve the electro-negativity for
binding to the ATP adenine binding pocket in its target
kinases. Meanwhile, the hydrogen bonds between the
trifluoromethyl and the ATP adenine binding pocket could
improve its activity against RAF kinase (7). We thus
suggested that SL1122-37 might possess higher activity
than sorafenib in the prevention of cancer proliferation and
angiogenesis. SL1122-37 might be a promising agent that
could develop as a potential agent for supplant the use of
sorafenib. In this study, we evaluated the inhibitory effect
of SL1122-37 on the growth of HCC cells and formation
of angiogenesis in HUVECs. These effects of SL1122-37
were compared with those of sorafenib.

2. Materials and Methods
2.1. Chemicals

SL1122-37 as shown in Figure 1B was synthesized as

described in patent (6). The purity of SL1122-37 as
determined by high performance liquid chromatography
(HPLC) was 99.9%. Sorafenib was purchased from
Biochempartner China (purity 99.5%). SL1122-37 and
sorafenib were dissolved in dimethylsulfoxide at 50 mM
as stock solution.

2.2. Cell lines and cell culture

The human hepatocellular carcinoma (HCC) cells PLC/
PRF/5 and umbilical vein vascular endothelial cells
(HUVECs) were purchased from the American Type
Culture Collection (Manassas, VA, USA). PLC/PRF/5
cells were cultured in DMEM medium supplemented with
10% heat-inactivated fetal bovine serum. HUVECs were
maintained in Medium 199 supplemented with endothelial
cell growth factor at 37°C in a humid atmosphere (5%
CO,-95% air). Cell proliferation was estimated by
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT, Sigma-Aldrich, St. Louis, MO, USA) assay.

2.3. Cell cycle analysis

PLC/PRF/5 cells seeded in 6-well plates (1.5 x 10° per
well) were synchronized by 24 h of growth in 0.5%
serum medium, and then were exposed to 10% serum
medium containing SL1122-37 or sorafenib for 24 h
(8). Cells were harvested and fixed in cold 70% ethanol
overnight. Cells were suspended in propidium iodide (PI)
solution for 30 min. Cell cycle distribution was analyzed
by using a FACScan flow cytometer (Becton Dickinson
and Company, Franklin Lakes, NJ, USA).

2.4. Annexin V/FITC/PI staining assay

The apoptotic cells were estimated by determining the
levels of phosphatidylserine on cell surface (9). PLC/
PREF/5 cells seeded in 6-well plates (1.0 x 10° per well)
were exposed to SL1122-37 or sorafenib. After exposure
for 24 h, the levels of phosphatidylserine were determined
by using Annexin-V/FITC and PI kit (Labtek, Dalian,
Liaoning, China). The experiment was performed on a
FACScan flow cytometry. The population of apoptotic
cells was estimated by comparing to the vehicle control.

2.5. Scratch assay

The effects of SL1122-37 or sorafenib on HUVEC
migration was evaluated by using a wound scratch assay.
HUVECs were seeded into 6-well dish at 2.0 x 10
cells/well. Cells were allowed to attach and reach 80%
confluence and a scratch (1 mm) was made through dish
with a micropipette tip to generate one homogeneous
wound. After wounding, the peeled off cells were
removed with PBS washes. Cells were further incubated
with SL1122-37 or sorafenib for 24 h and then the wound
widths were measured under microscope using an ocular
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grid. Cell migration = 0 time wound width (1 mm) - 24 h
wound width.

2.6. Capillary tube formation assay

The capillary tube formation assay was performed to
evaluate the activity of SL1122-37 or sorafenib against
capillary tube formation of HUVECs on 3-D Matrigel.
Matrigel (50 pL/per well, Becton Dickinson and Company)
at 4°C was used to coat each well of a 96-well plate and
then allowed to polymerize for 1 h at 37°C. Cell suspension
was added to each well (2.0 x 10%), together with or
without SL.1122-37 or sorafenib, and incubated at 37°C in
a humidified chamber with 5% CO,. The morphogenesis
of capillary tube was visualized after 24 h. Images from a
total of five microscopic fields per well were analyzed by
Motic Image Plus 2.0 software (Motic Instruments Inc.,
Richmond, Canada). The tube formation was defined by
counting the branch points of the formed tubes and average
numbers of branch points were calculated.

2.7. Western blotting analysis

Cells (3.0 x 10° per well) seeded in 6-well plates were
exposed to SL1122-37 or sorafenib for 24 h. Cells
were harvested and cell lysates (30 pg of protein per
lane) were fractionated by 10% SDS-PAGE. The
proteins were electro-transferred onto nitrocellulose
membranes and the protein levels were detected using
the primary antibodies with appropriate dilution (70).
The primary antibodies included those to caspase-9
(9502), caspase-3 (9662), cleaved PARP (9541), Bax
(2772), cyclin D1 (2922), phospho-c-Kit (3391), c-Kit
(3308), PI3K (4249), phospho-p44/42 MARK (9101),
p44/42 MARK (4370), Wnt-2 (3169-1), B-catenin (9562),
survivin (2808), PCNA (2586), phospho-VEGFR-2
(2478, Cell Signaling), Mcl-1 (YT2679, Immuno Way),
phospho-Akt (sc-13565), Akt (sc-8312), phospho-
NF-xB (sc-33020), NF-kB (sc-8008), VEGF (sc-152,
Santa Cruz), c-Myc (ab32072), and B-actin (ab6276,
Abcam). The bound antibodies were visualized using an
enhanced chemiluminescence reagent and quantified by
densitometry using ChemiDoc XRS+ image analyzer
(Bio-Rad, Hercules, CA, USA). Densitometric analyses
of bands were adjusted with -actin as loading control.
The percentages of increase or decrease of protein were
estimated by comparison to the vehicle control (100%).

2.8. Statistical analysis

Data was expressed as mean + S.D. for three different
determinations. Statistical significance was analyzed by
one-way analysis of variance (ANOVA) followed by
Dunnett's multiple range tests. p < 0.05 was considered as
statistically significant. Statistical analysis was performed
using the SPSS/Win 13.0 software (SPSS, Inc, Chicago,
IL, USA).

3. Results
3.1. Inhibition of HCC proliferation

PLC/PRF/5 cells were exposed to SL1122-37 or
sorafenib for 72 h and then subjected to the MTT assay.
As shown in Figure 2A, SL1122-37 had the similar
profiles of inhibition to sorafenib, whereas a greater
inhibitory effect was observed in SL1122-37 than
sorafenib (0.04-1 pM, p < 0.05; 5 and 25 pM, p < 0.01
vs. the vehicle control). Statistical analysis indicated the
difference between SL1122-37 and sorafenib (0.04-1 puM,
p <0.05; 5 and 25 uM, p < 0.01). The ICs, values based
on the rates of inhibition at 72 h exposure in SL1122-37
and sorafenib were 4.34 and 11.39 uM, respectively.

3.2. Arrest of cell cycle in G1 phase

The inhibition of SL1122-37 on HCC proliferation was
also determined by its activity of cell cycle arrest in G1
phase. SL1122-37 at 1.25, 2.5 and 5 uM for 24 h exposure
significantly increased the population of cells with G1
phase by 25.3%, 27.6%, and 29.7%, respectively (Figure
2B c-e, p <0.01 vs. the vehicle control). Sorafenib at 5 uM
increased G1 phase cells by 10.5% (Figure 2B-b, 5 uM,
p < 0.05 vs. the vehicle control). A significant difference
existed between SL.1122-37 and sorafenib (p <0.01).

Western blotting indicated the inhibition of cyclin D1
expression in the SL.1122-37- or sorafenib-treated cells.
SL1122-37 at 1.25, 2.5 and 5 pM, the levels of cyclin D1
were significantly decreased by 4.1%, 51.2% and 55.5%,
respectively (Figure 2C, 1.25 uM, p > 0.05; 2.5 and 5
uM, p <0.01 vs. the vehicle control). Sorafenib at 5 uM
reduced cyclin D1 expression by 46.1% (p < 0.01 vs. the
vehicle control).

3.3. Induction of cancer cell apoptosis

HCC cells were analyzed by flow cytometry following
staining with Annexin-V/FITC and PI. Similar profiles
of cell apoptosis were observed after treatment with
SL1122-37 or sorafenib. SL1122-37 at 1.25 to 5 uM for
24 h, the percentages of apoptotic cells were significantly
increased to 16.1%, 24.7%, and 29.3%, respectively
(Figure 3A c-e, 1.25 uM, p < 0.05; 2.5 and 5 pM, p <
0.01 vs. the vehicle control). Sorafenib at 5 uM induced
apoptotic cells to 25.2% (Figure 3A-b, 5 uM, p < 0.01 vs.
the vehicle control).

Western blotting suggested that this effect of SL1122-
37 might arise from its roles in regulation of apoptotic
proteins. As shown in Figure 3B, SL1122-37 at 1.25, 2.5
and 5 uM for 24 h exposure, the levels of the cleaved
caspase-9 were significantly increased by 28.7%, 14.5%
and 53.3%, respectively (p < 0.01 vs. the vehicle control);
cleaved caspase-3 by 6.8%, 87.5% and 57.2%, respectively
(1.25 uM, p > 0.05; 2.5 and 5 uM, p < 0.01 vs. the vehicle
control); cleaved PARP by 20.2%, 287.5% and 350.5%,
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Figure 2. The effects of SL1122-37 on PLC/PRF/5
proliferation. (A) The inhibition of PLC/PRF/S proliferation
was estimated by the MTT assay. *p < 0.05, **p < 0.01 vs.
the vehicle control. #p < 0.05, #p < 0.01 between SL1122-37
and sorafenib. (B) SL1122-37 arrested cell cycle in G1 phase
as determined by a FACS-can flow cytometer. a: the vehicle
control; b: sorafenib 5 uM; c-e: SL1122-37 1.25, 2.5 and 5
UM, respectively. (C) Western blotting showed the inhibition
of cyclin D1 expression by SL1122-37 or sorafenib. Western
blotting assay was performed as described in the Materials
and methods. Densitometric analyses of bands were adjusted
with B-actin as loading control. The percentages of decrease
of protein were estimated by comparison to the vehicle control
(100%). The bars indicated mean + S.D. (n = 3).

respectively (1.25 pM, p < 0.05; 2.5 and 5 uM, p < 0.01
vs. the vehicle control). While the levels of pro-caspase-9,
pro-caspase-3 were consequently decreased, respectively.
Further analysis indicated the increase of Bax and decrease
of Mcl-1 in the SL1122-37-treated cells. The ratio of Bax/
Mcl-1 was significantly increased as compared with the
vehicle control (Figure 3B, 1.25 uM, p < 0.05; 2.5 and 5
UM, p < 0.01 vs. the vehicle control). Sorafenib at 5 uM
increased the level of the cleaved caspase-9 by 36.8% (p <
0.05 vs. the vehicle control); cleaved caspase-3 by 10.5%
(p > 0.05 vs. the vehicle control); and cleaved PARP by
278.2% (p < 0.01 vs. the vehicle control), respectively.
A significant difference existed between SL1122-37 and
sorafenib (5 uM, p < 0.05).

3.4. Inhibition of a multiple tyrosine kinase activity in
HCC cells

Western blotting analysis determined the levels of the
multi-kinases in PLC/PRF/5 cells. Both sorafenib and
SL.1122-37 had the activity of modulating the expression
of these tyrosine kinases, whereas SL1122-37 possessed
more potential than sorafenib. SL1122-37 at 1.25, 2.5
and 5 puM for 24 h exposure prevented phosphor-c-Kit
expression by 6.4%, 46.1%, and 88.2%, respectively
(Figure 4A, p < 0.01 vs. the vehicle control); PI3K by
5.8%, 29.1%, 57.3%, respectively (2.5 uM, p < 0.05; 5
uM, p < 0.01 vs. the vehicle control); phospho-Akt by
3.4%, 28.6%, 82.9%, respectively (2.5 uM, p < 0.05; 5
uM, p < 0.01 vs. the vehicle control); phospho-ERK1/2
by 26.2%, 65.6%, 84.5%, respectively (1.25 uM, p < 0.05;
2.5 and 5 pM, p < 0.01 vs. the vehicle control) (Figure
4B); NF-«kB by 13.2%, 30.3%, 89.9%, respectively (2.5
uM, p < 0.05; 5 uM, p < 0.01 vs. the vehicle control);
phospho-NF-kB by 16.4%, 26.7%, 72.7%, respectively
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Figure 3. SLL1122-37 or sorafenib induced PLC/PRF/5 cells to apoptosis. (A) Flow cytometry analyzed the apoptotic cells
exposed to 5 uM of sorafenib (b) or different concentrations of SL1122-37 for 24 h (a, the vehicle control; c-e, 1.25, 2.5 and
5 uM, respectively). (B) Western blotting analyzed the changes of apoptotic proteins in PLC/PRF/5 cells. The procedure was
described as Figure 2. The ratio of Bax/Mcl-1 was calculated by dividing the density value of Bax by that of Mcl-1 at same point.

Triplicate experiments were performed with triplicate samples.
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Figure 4. Western blotting analysis demonstrated the
inhibition of multi-kinases and modulation of the Wnt/
p-catenin pathway in PLC/PRF/5 cells exposed to SL1122-
37 or sorafenib. Western blotting assay was performed as
described in Figure 2. Densitometric analyses of bands were
adjusted with B-actin as loading control. The percentages of
decrease or increase of protein were estimated by comparison
to the vehicle control (100%). Triplicate experiments were
performed separately.

(2.5 uM, p < 0.05; 5 uM, p < 0.01 vs. the vehicle
control); c-Myc by 10.6%, 25.9%, 89.7%, respectively
(1.25 and 2.5 uM, p < 0.05; 5 uM, p < 0.01 vs. the
vehicle control) (Figure 4C). Sorafenib at 5 uM reduced
the level of phosphor-c-Kit by 35.5%, PI3K by 40.8%,
phospho-Akt by 18.4%, phospho-ERK1/2 by 67.2%,
NF-«B by 69.4%, phospho-NF-xB by 72.6%, c-Myc by
79.9% (p <0.01 vs. the vehicle control). The comparative
analysis of these data indicated that SL1122-37 had
greater activity than sorafenib in the modulation of these
kinases (p < 0.05 between SL1122-37 and sorafenib).

3.5. Modulation of the Wnt/f-catenin signaling pathway

We evaluated the activity of SL1122-37 in the
modulation of the Wnt/B-catenin pathway. As shown in

Figure 4D, SL1122-37 at 1.25, 2.5 and 5 uM significantly
reduced the level of Wnt-2 expression by 11.6%, 30.4%
and 49.8%, respectively (1.25 and 2.5 uM, p < 0.05;
5 uM, p < 0.01 vs. the vehicle control); B-catenin by
31.6%, 39.0% and 81.9%, respectively (1.25 and 2.5 puM,
p <0.05; 5 uM, p <0.01 vs. the vehicle control); PCNA
by 36.6%, 55.0%, and 75.9%, respectively (1.25 uM, p
< 0.05; 2.5 and 5 uM, p < 0.01 vs. the vehicle control);
survivin by 25.0%, 44.3%, and 59.8%, respectively (1.25
and 2.5 uM, p < 0.05; 5 uM, p < 0.01 vs. the vehicle
control). Sorafenib at 5 uM inhibited the level of Wnt-
2 expression by 36.9% (p < 0.05 vs. the vehicle control);
B-catenin by 65.4% (p < 0.01 vs. the vehicle control);
PCNA by 37.0% (p < 0.05 vs. the vehicle control);
survivin by 47.9% (p < 0.05 vs. the vehicle control),
respectively. Statistic analysis showed the significant
difference between SL1122-37 and sorafenib (survivin, p
<0.05; Wnt-2, B-catenin and PCNA, p <0.01).

3.6. Prevention of angiogenesis in HUVECs

Figure 5A showed the similar profiles of SL1122-37 and
sorafenib in the inhibition of HUVECs growth. SL1122-
37 at 0.04 and 0.2 uM did not obviously inhibit HUVECs
proliferation (p > 0.05 vs. the vehicle control), whereas
SL1122-37 at the concentrations range from 1 to 25 uM,
the inhibition of HUVECs was significantly increased by
17.6%, 36.8%, and 79.3%, respectively (1 uM, p <0.05; 5
and 25 pM, p < 0.01 vs. the vehicle control). Sorafenib at
the same concentrations inhibited HUVEC proliferation by
12.0%, 21.8%, and 59.9%, respectively (1 and 5 uM, p <
0.05; 25 uM, p < 0.01 vs. the vehicle control). A significant
difference was seen between SL1122-37 and sorafenib at
the range from 1 puM to 25 uM (p < 0.05).

The prevention of HUVEC migration by SL1122-37 or
sorafenib was then determined (Figure 5B). HUVECs in
the control group exhibited highly spontaneous migration.
The average spontaneous distance at 24 h incubation was
620 um. The ability of migration was markedly reduced
in the presence of SL1122-37 or sorafenib. The migration
distances of HUVEC exposure to 1.25, 2.5 and 5 pM of
SL1122-37 were 228, 146 and 87 um, respectively (p <
0.01 vs. the vehicle control). The migration distances of
HUVEC exposure to the same concentrations of sorafenib
were 388, 263 and 157 pm, respectively (p < 0.05 vs. the
vehicle control). Statistical analysis of these data showed
the difference between SL1122-37 and sorafenib (p < 0.05).

SL1122-37 possessed the activity against capillary tube
formation and this activity was greater than sorafenib. As
shown in Figure 5C, the branch points of capillary tube in
the vehicle control cells were 27 (26.6 & 3.8). SL1122-37 at
1.25,2.5 and 5 uM for 24 h exposure, the number of branch
points were significantly reduced to 16 (by 40%), 15 (by
42.5%) and 9 (by 67.5%), respectively (1.25 uM, p < 0.05;
2.5 and 5 uM, p < 0.01 vs. the vehicle control). Sorafenib
by 5 uM reduced the branch points of capillary tube to 14
(47.3%) (Figure 5C-b, p < 0.05 vs. the vehicle control).
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Figure 5. The effects of SL1122-37 on HUVECsS. (A) The inhibition of cell growth was estimated by the MTT assay. The bars
indicated mean + S.D. (n = 3). *p < 0.05, **p < 0.01 vs. the vehicle control. #p < 0.05 between SL1122-37 and sorafenib. (B)
The inhibition of HUVECs migration by SL1122-37 or sorafenib as determined by the scratch assay. Cell migration = 0 time
wound width (1 mm) - 24 h wound width. (C) The prevention of HUVEC tube formation on 3-D Matrigel, a: vehicle control;
b: sorafenib 5 pM; c-e: SL1122-37 1.25, 2.5 and 5 pM, respectively. (D) Western blotting showed the inhibition of VEGF and
phosphor-VEGFR-2 in HUVECs exposed to SL1122-37 or sorafenib. Triplicate experiments were performed separately.

There was a significant difference between SL1122-37 and
sorafenib (p < 0.05).

Western blotting determined the levels of VEGF and
phospho-VEGF receptor 2 in HUVECs (Figure 5D).
SL1122-37 at 1.25, 2.5 and 5 uM reduced the levels of
VEGF by 38.8%, 57.7%, and 79.9%, respectively (1.25

uM, p < 0.05; 2.5 and 5 uM, p < 0.01 vs. the vehicle
control); phospho-VEGF receptor 2 by 22.3%, 53.0%, and
81.8%, respectively (1.25 and 2.5 pM, p < 0.05; 5 uM, p
< 0.01 vs. the vehicle control). Sorafenib at 5 uM reduced
the level of VEGF expression by 21.5% (p < 0.05 vs. the
vehicle control); phospho-VEGF receptor 2 by 30.9% (p
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< 0.05 vs. the vehicle control), respectively. Significant
differences existed between SL1122-37 and sorafenib (p <
0.05).

4. Discussion

In this study, we determined the inhibitory effects of
SL1122-37, a novel derivative of sorafenib, on the
proliferation of HCC PLC/PRF/5 cells and the formation
of angiogenesis of HUVEC:s. Its efficacy and mechanisms
were compared with those of sorafenib. SL1122-37
possessed the activity against cancer cell proliferation. We
suggested that these high effects of SL1122-37 might arise
from its roles in the apoptotic induction and regulation of
cell cycle. The mechanisms of SL.1122-37 action might
associate with its activity in the inhibition of multi-kinases.
The following assays were performed to determine its
activity of antiangiogenesis. SL1122-37 strongly prevented
HUVECSs migration and capillary tube formation. The
activity of SL1122-37 against angiogenesis was greater
than sorafenib. The effect of antiangiogenesis might be
due to the prevention of VEGF and phospho-VEGFR in
HUVEGCs. These results support our strategy of designing
new derivatives based on sorafenib.

Studies showed that the inhibition of sorafenib on
cancer growth was mainly due to its activity of apoptotic
induction (/7). Sorafenib might induce cancer cells to
apoptosis through activating the intrinsic mitochondria-
mediated pathway (/2). Further studies suggested that
the crucial event for initiating this pathway might due to
its role in the inhibition of myeloid cell leukemia-1 (Mcl-
1) (13). As a member of the antiapoptotic Bel-2 family,
Mcl-1 is overexpressed in HCC. Overexpression of Mcl-1
could protect cancer cells from apoptosis. Down-regulation
of Mcl-1 is related to the release of cytochrome ¢ from
mitochondria into cytosol, caspase activation, and apoptotic
cell death. The Bax/Mcl-1 ratio has thus been considered
to be a marker of apoptosis activation (/4). In this study,
SL.1122-37 was found to have the similar profiles in the
inhibition of HCC and induction of apoptosis, whereas
its activities were more potential than sorafenib. We thus
suggested that SL1122-37 might induce cancer cells to
apoptosis through initiating the intrinsic mitochondria-
mediated pathway.

RAF/mitogen-activated protein/extracellular signal-
regulated kinase (ERK) kinase (MEK)/ERK cascade
signaling pathway has been considered to play crucial
roles in the development of HCC (/5). In this pathway,
the activation of c-Kit might be an important initial event.
Activated c-Kit could regulate the transcription of its
multiple downstream targets, such as the Ras-Raf-MEK-
ERK cascade and PI3K/Akt pathway. The cytoplasmic
target of ERK and Akt is IKK (/6). Activation of IKK leads
to the degradation of IkB, resulting in the translocation of
NF-kB into nucleus and transcription of targeted genes.
High level of NF-«kB has been implicated in the regulation
of apoptosis, proliferation and c-Myc expression (/7). We

evaluated the activity of SL1122-37 against these kinases
and compared them with those of sorafenib. SL1122-
37 possessed the similar profiles against these kinases,
whereas its effect was greater than sorafenib. We thus
suggested that SL1122-37 might be a promising multi-
kinase inhibitor.

The high efficacy of SL1122-37 might also be
contributed by its roles in the modulation of the Wnt/
[-catenin pathway. Over-expression of the Wnt/B-catenin
pathway is frequently observed in HCC. Activation of Wnt-
2 and B-catenin has been considered to be the initial events
for HCC proliferation (/8). Its downstream targets, such as
cyclin DI, survivin, PCNA and c-Myc, are consequently
amplified following the initial event (/9). Among these
targets, PCNA is a marker of cell proliferation and is
highly expressed during G1 and S phases. Cyclin D1 is
a cell cycle protein frequently overexpressed in HCC.
High level of c-Myc could stimulate cancer growth and
prevent them from apoptosis. Survivin is an anti-apoptotic
molecule widely expressed in HCC. Overexpression of
survivin leads to antiapoptosis (20). In this study, SL1122-
37 was observed to have a greater activity than sorafenib
in modulation of this pathway, suggesting its roles in the
inhibition of HCC.

HCC is a hypervascular tumor and the progression
of invasion is highly correlated to the formation of
angiogenesis (2/). Angiogenesis actually starts with
vascular endothelial cells and cancerous tumor cells
releasing molecules. These signals activate the proliferation
and migration of vascular endothelial cells leading to
endothelial cell sprouts in stromal space. The crucial
signal of angiogenesis is the release of vascular endothelial
growth factor (VEGF). Circulating VEGF binds to its
receptors (VEGFR1-3, mainly 2) on endothelial cells and
induces the dimerization and autophosphorylation of the
receptor, which activates the downstream signal eventually
leading to angiogenesis (/6). Using HUVECs, SL1122-37
was found to have a greater inhibitory effect than sorafenib
on the angiogenesis. This effect might arise from its roles in
the inhibition of VEGF and its autophosphorylation of the
receptors. These results support our strategy of designing
SL1122-37 to be an angiogenesis inhibitor. However, more
evidence of antiangiogenesis and mechanisms of action are
needed.

In summary, SL1122-37 possessed greater activity
than sorafenib in the inhibition HCC growth and HUVECs
angiogenesis. These inhibitory effects of SL1122-37
might arise from its roles in the induction of apoptosis
and inhibition of multiple kinases. We suggested that
SL1122-37 might be a promising compound that could be
developed as a potential agent for the treatment of HCC.
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