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Background: Rho-kinase signal pathway is a new target for cancer therapy. Fasudil, a selective
Rho-kinase inhibitor, is found to exert antitumor effects on several types of cancer, but whether
fasudil has antitumor effects on laryngeal carcinoma is still unknown. The aim of this study was
to determine the effects of fasudil on laryngeal carcinoma and explore the underlying molecular
mechanisms in this process.

Methods: After treatment with fasudil, changes in biological behaviors, including the growth,
proliferation, clone formation, apoptosis, and migration of human laryngeal carcinoma cells
(Hep-2 cells) were observed. The influences on apoptotic protease activity factor-1 (APAF-1)-
mediated apoptosis pathway and the activities of matrix metalloproteinases (MMP-2 and MMP-9)
were measured by Western blotting and gelatin zymography assay.

Results: Half-maximal inhibitory concentration of fasudil to Hep-2 cells was ~3.40x10° uM
(95% CT: 2.53-4.66x10° uM). Moreover, fasudil treatment significantly decreased the ability of
growth, proliferation, clone formation, and migration of Hep-2 cells, while remarkably increased
the apoptosis rate. Furthermore, the expressions of APAF-1, caspase-9, and caspase-3 signifi-
cantly increased in fasudil treatment group. Meanwhile, fasudil led to a remarkable decrease
in the expressions and activities of MMP-2 and MMP-9.

Conclusion: Our findings first demonstrate that fasudil not only inhibits the proliferation of
laryngeal carcinoma cells through activating APAF-1-mediated apoptosis pathway, but also
prevents migration by inhibiting the activities of MMP-2 and MMP-9. Therefore, fasudil is an
attractive antitumor drug candidate for the treatment of laryngeal carcinoma.

Keywords: fasudil, laryngeal carcinoma, apoptosis, apoptotic protease activity factor-1, matrix
metalloproteinase

Introduction
Laryngeal carcinoma is one of the most common head and neck cancers worldwide, and
nearly 90% laryngeal carcinoma cases were diagnosed as laryngeal squamous cell carci-
noma (LSCC) according to the pathology diagnosis.! Although the surgery and radiotherapy
are widely used in the treatment of LSCC, its overall survival rate has never changed
(at ~35%—70%) over the past several decades.? Therefore, there is a great need to identify
the molecular pathways that are essential for the proliferation and migration of LSCC, and
develop pharmacological compounds that can effectively block these pathways.
Rho-kinase (ROCK) is known as an effector of the small GTPase Rho and consists
of 2 isoforms, ROCK1 and ROCK2. ROCK executes multiple cellular functions,
including smooth muscle contraction, actin cytoskeleton organization, cell adhesion,
and cell motility.>* There is growing evidence showing that Rho/ROCK signal
pathway is activated in tumors and plays a key role in the proliferation and migration
of cancer cells.*”” Moreover, Rho GTPases are required for Ras-mediated oncogenic
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transformation.® More importantly, recent studies have dem-
onstrated that Rho/ROCK signal pathway is a new target for
cancer therapy.>!°

Fasudil, a selective inhibitor of ROCK, has been approved
by Japan and China government to use in the clinical treat-
ment of cerebral vasospasm.!' Moreover, fasudil is also used
in the treatment of pulmonary hypertension'? and age-related
or neurodegenerative memory loss.!* Most interestingly,
fasudil is found to exert antitumor effects on several types of
cancer.'*" However, whether fasudil causes tumorigenesis
in LSCC is still unknown. Therefore, in the current study, we
investigated the effects of fasudil on the growth, proliferation,
clone formation, apoptosis, and migration of LSCC in vitro,
and further explored the underlying molecular mechanisms
involved in this process.

Materials and methods
Drug

Fasudil was purchased from Meilun Co., Ltd. (Dalian, China)
(Purity: high-performance liquid chromatography >99%.
CAS#:105628-07-7. Molecular formula: C ,H,_N.O,S.HCI.
Molecular weight: 327.83). The fasudil powder was dissolved
in phosphate buffered solution (PBS) to make a stock solution

at the final concentration of 100 mg/mL.

Cell line and cell culture

Human laryngeal carcinoma cell line (Hep-2) was obtained
from the Cell Biology Institute of Shanghai, Chinese Academy
of Science and cultured in Roswell Park Memorial Institute
(RPMI) 1640 (GIBCO, Los Angeles, CA, USA) with 10%
fetal bovine serum (FBS; Hyclone, Logan, UT, USA),
100 units/mL penicillin and 100 pg/mL streptomycin in a
humidified atmosphere at 37°C with 5% CO,.

Growth inhibitory assay

Hep-2 cells were seeded in 96-well microplates (2x103 cells/
well in 100 uL medium). Fasudil was added to the cultures
at a concentration of 0, 9.15, 4.58x10!, 9.15x10", 4.58x10?,
9.15x10?%, 2.29x10%, 4.58x10% 9.15x10°% 1.53x10%, and
2.29x10* uM and cultures were incubated for 6 h. The
medium was discarded and 10 pL tetrazolium dye (MTT)
solution (5 mg/mL in PBS) was added to each well. Plates
were incubated at 37°C for an additional 4 h. Dimethyl
sulphoxide (DMSO) (150 uL) was added to dissolve the
formazan crystals that had formed. The optical density (OD)
was measured on a microplate reader (Bio-Rad, Hercules,
CA, USA) with a 490 nm filter. MTT and cells treated with

DMSO (0.1%) were the control for 100% survival. The
percentage of growth inhibition was expressed as growth in
control conditions minus growth in test conditions divided
by growth in control conditions. At least 6 independent
experiments were performed for each experimental condi-
tion. The concentration of 4.58x10* uM used in this study
was determined based on this data.

Tumor cell morphology study

Hep-2 cells were seeded in 6-well chamber slides with
growth medium overnight at 37°C. The next day, the cells
were treated with 4.58x10° uM fasudil for 6 h, and then washed
with PBS, fixed with 4% paraformaldehyde at room tempera-
ture for 30 min, washed with PBS and stored at 4°C. After
that, the cells were permeabilized with 0.1% Triton X-100
in PBS at room temperature for 5 min, washed with PBS,
blocked with 5% bovine serum albumin at 4°C for 30 min,
washed with PBS, incubated with mouse anti-o-Tubulin anti-
body (1:100 dilution; Boster, Wuhan, China) at 4°C overnight
in humidified chamber. After washing with PBS, the cells
were stained with fluorescein-conjugated affinipure goat
anti-mouse IgG (1:100 dilution; ZSGB-BIO, Beijing, China)
at 37°C for 45 min under the conditions of protection from
light, then washed with PBS again, and finally, stained with
propidiumiodide for 5 min (1:100 dilution). Slides were air
dried and mounted with 50% glycerol. Fluorescence images
were photographed using the x40 objective.

Cell proliferation and colony formation

assay

After 6 h of incubation with 4.58x10°* uM fasudil, the cells
were collected for cell proliferation assay. For cell prolifera-
tion analysis, 2—3x10* Hep-2 cells were plated into 96-well
plates in triplicate. Cells were then cultured for 1, 2, 3, and
4 days. The absorbance at 490 nm was measured after incu-
bation of the cells with 10 pL sterile MTT dye (0.5 mg/mL,
Sigma, St Louis, MO, USA) for 4 h at 37°C and 150 puL
DMSO for 15 min. Then the cell growth rate was expressed
as the values of OD at 490 nm. In the colony formation assay,
after treating with 1.5 mg/mL fasudil for 6 h, Hep-2 cells were
seeded at a density of 3x10° cells in 35 mm Petri dishes in
triplicate and maintained in RPMI 1640 with 10% FBS. After
7 days, the colonies were fixed with methanol for 30 min,
washed with PBS, dried and stained with H&E for 20 min,
and scored using a microscope. Colony formation for each
condition was calculated in relation to the values obtained
from the mock and the scramble-treated control cells.
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Cell apoptosis assay

Flow cytometric analyses were performed to measure the
cell apoptosis for treated and untreated cells. After treatment
with 4.58x10° uM fasudil for 6 h, Hep-2 cells were col-
lected and then stained with fluorescein isothiocyanate-
conjugated annexin-V and propidium iodide for 10 min at
room temperature according to manufacturer’s instructions
(Annexin V-EGFP Apoptosis Detection Kit, KeyGEN,
Nanjing, China). Data acquisition and analysis were
performed by flow cytometry using Cell Quest software
(fluorescence-activated cell sorting [FACS] calibur, Becton-
Dickinson, Sparks, MD, USA).

Cell migration assay

After treatment with 4.58x10° uM fasudil for 6 h, Hep-2 cells
were collected for a transwell migration assay. For the migra-
tion experiment, 100 mL cell suspension containing 7x10*
cells were separately planted onto transwell upper cham-
bers in triplicate and 1 mL RPMI-1640 medium containing
20% FBS was supplemented into lower chambers. Chambers
were incubated at 37°C with 5% CO, for 24 h, and washed
with PBS. The cells invading the lower surface and attach-
ing to the membrane were fixed in 4% paraformaldehyde
for 5 min, stained with H&E, washed with PBS thrice, and
examined under a microscope. Five visual fields on each
microfilm were randomly selected for cell counting.

Gelatin zymography assay

Gelatin zymography was performed to determine the activity
of matrix metalloproteinases (MMP-2 and MMP-9) using
Gelatin Zymography Assay Kit (APPLYGEN, Beijing,
China) according to the manufacturer’s recommendation. The
details have been described in previous article.!” The band
intensity represented the activities of MMP-2 and MMP-9.

Western blot analysis

After incubation with 4.58x10° uM fasudil for 6 h, protein was
extracted from Hep-2 cells using a protein extraction reagent
(Beyotime, Shanghai, China) and protein concentration was
measured using the bicinchoninic acid Protein Assay kit (Beyo-
time). The aliquots of protein (50 1g) were separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred to polyvinyl difluoride membrane. The membrane
was then blocked with 5% non-fat milk overnight at 4°C, and
incubated with apoptotic protease activity factor-1 (APAF-1)
(1:500 dilution; Abcam, Cambridge, UK), caspase-3 (1:500
dilution; Abcam), caspase-9 (1:500 dilution; Abcam), MMP-2

(1:500 dilution; Abcam), MMP-9 (1:500 dilution; Abcam),
and B-actin (1:500 dilution; ZhongShan, Beijing, China) antibod-
ies for 2 h, followed by incubation with horseradish peroxidase-
coupled goat anti-rabbit antibody (1:2,000 dilution; ZhongShan)
or horseradish peroxidase-coupled goat anti-mouse antibody
(1:10,000 dilution; ZhongShan) for 1 h. Detection was performed
by enhanced chemi-luminescence using a Western blotting
luminological reagent (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) according to the manufacturer’s instructions.
B-actin was used as a reference protein. Relative densitom-
etry was performed using a computerized software package

(NIH Image 1.63 software; https://imagej.nih.gov/ij/).

Statistical analysis

The results are presented as means *+ SD. Statistical analyses
were performed with unpaired #-tests using SPSS 17.0 soft-
ware (IBM Corp., Armonk, NY, USA). P-values <0.05
were considered significant. Confidence intervals for the
effective dose of fasudil were performed using probit regres-
sion analysis.

Results
Fasudil inhibited cell growth in Hep-2

cells in vitro

As shown in Table 1, for Hep-2 cells treated with fasudil at
the dose 0f 0, 9.15, 4.58x10', 9.15x10', 4.58%10?, 9.15x10?,
2.29%x10% 4.58x10%,9.15x10°%, 1.53x10%, and 2.29x10* uM, the
growth inhibition rates were 0, 3.3%, 6.8%, 10.4%, 20.9%,
30.7%, 43.8%, 55.2%, 65.2%, 73.6%, and 83.6%, respec-
tively, which presented in a dose-dependent manner.
Probit regression analysis showed that the half-maximal
inhibitory concentration (IC, ) of fasudil to Hep-2 cells
was ~3.40x10° uM (95% CI: 2.53-4.66x10° uM; Figure 1).

Effect of fasudil on the morphological

changes of Hep-2 cells

The Hep-2 cells were treated with 4.58x10°* uM fasudil for
6 h and then stained with o-Tubulin to visualize cytoskel-
etal elements in the cell cytoplasm. The treated Hep-2 cells
lost their original polygonal morphology and adopted more
of a stellate morphology with an increasing number of cell
processes. The cell body became thinner, elongated and the
processes presented as filopodia (Figure 2).

Effect of fasudil on cell proliferation of
Hep-2 cells

As shown in Figure 3, the relative proliferation rate in fasudil
treatment group was significantly reduced compared with
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Figure 3 Effects of fasudil on proliferation of Hep-2 cells.

Notes: The inhibitory effects of fasudil (4.58x10° uM) on proliferation of Hep-2
cells were measured for 4 consecutive days. The values of OD at 490 nm were used
as the ordinate axis. Data are representative of three independent experiments.
*P<0.05 vs control.

Abbreviation: OD, optical density.

which indicated that fasudil significantly suppressed migra-
tion of Hep-2 cells (Figure 6).

Fasudil upregulated APAF-1, caspase-9,
and caspase-3 of Hep-2 cells

As shown in Figure 7, Western blot analysis revealed that the
levels of APAF-1, caspase-9, and caspase-3 were increased
significantly in Hep-2 cells treated with fasudil, compared
with control group (P<<0.05).

Fasudil inhibited MMP-2 and MMP-9 of

Hep-2 cells

Western blot analysis displayed that the levels of MMP-9
and MMP-2 protein were remarkably decreased by fasudil
treatment (P<<0.05; Figure 8) and the result of gelatin zymog-
raphy showed that the activities of MMP-9 and MMP-2 were
also significantly decreased compared with control (P<<0.05;
Figure 9). These 2 results indicated that fasudil inhibited the
MMP-2 and MMP-9 of Hep-2 cells.

A Control

Fasudil

Figure 4 Effects of fasudil on colony formation of Hep-2 cells.

Clone forming

Discussion

Rho/ROCK signal pathway has been demonstrated to contribute
to the cancer development and progression.’ More interest-
ingly, pharmacological inhibition of Rho/ROCK signal path-

way by fasudil alone'*"

or in combination with chemotherapy?'
displays powerful antitumor effects on several types of cancer
and the underlying mechanisms might be linked to its regula-
tion on the contraction, adhesion, migration, proliferation, and
apoptosis of cancer cells.?'* However, few data concerning the
antitumor effect on laryngeal carcinoma cells are recorded.

In the present study, we reported the antitumor activities
of fasudil in human laryngeal carcinoma cells (Hep-2 cells)
for the first time. We found that fasudil induced dramatic
morphologic changes in Hep-2 cells. After 6 h of fasudil
treatment, the cell bodies became round and some cells
detached from the plastic surface. This result agreed with
previously published studies, showing that fasudil caused
morphologic changes in MDA-MB-231 breast carcinoma
cells and HT1080 fibrosarcoma cells.'* Therefore, our study
further supported the fact that Rho/ROCK pathway plays an
important role in regulating reorganization and assembly of
the cytoskeleton in cancer cells.

There are still some controversies in literature with regard
to whether fasudil can inhibit the growth and proliferation of
cancer cells. Ying et al found that fasudil or fasudil-OH did
not inhibit the proliferation of MDA-MB-231 or HT1080
cells when grown in culture dishes, and they suggested that
fasudil exerts its antitumor activities by affecting tumor
dissemination and metastasis rather than directly affecting
cellular proliferation.'* Furthermore, Y-27632, another
ROCK inhibitor, did not show any inhibition effect on the
proliferation of MM1, neuroblastoma and Walker 256 cells
either,'**?* which further supported the point that Y-27632
did not have any inhibition on the proliferation of cancer cell.

rate (%)

aaaa
ONPOOONIAOD

Control Fasudil

Notes: The clone formations were harvested after 7 days and the number of clone formation was counted. The clone formation rate is the number of clone formation
and the number of cells implanted in transwell upper chambers (7x10* cells). (A) Image for clone formation. (B) Statistical analysis for the rate of clone formation. Data are

representative of three independent experiments. *P<<0.05 vs control.
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Figure 5 Effects of fasudil on early apoptosis of Hep-2 cells.

10

Fasudil Control

Notes: After treatment with 4.58x10% UM fasudil for 6 h, Hep-2 cells were collected and stained with annexin-V and Pl. (A) Image for flow cytometric analyses and cells
in the lower right quadrant (Q4) represents early apoptosis cells. (B) Statistical analysis for the early apoptosis rate. Data were representative of one of three independent

assays. *P<<0.05 vs control.
Abbreviations: FITC, fluorescein isothiocyanate; Pl, propidium iodide.

However, in this study, we showed that fasudil inhibited cell
growth in Hep-2 cells in a dose-dependent manner. Besides
the effect of fasudil on cell growth, we observed that fasudil
prevented the proliferation of Hep-2 cells, mirroring data
obtained in NCI-H446, T98G, and U251 cells.'>!” The sig-
nificant decrease of cell number implicated that Hep-2 cells
treated with fasudil might have undergone apoptosis. So, we
further studied whether fasudil might also induce apoptosis
in Hep-2 cells. In the present study, we found that fasudil
could lead to a remarkable increase in apoptosis in Hep-2
cells. Similar results were also reported in small cell lung
cancer,' hepatocellular carcinoma,® urothelial cancer,?® and
acute myeloid leukemia cells.”” These evidences supported
the view that the inhibition of ROCK could induce apoptosis.
However, there are still some paradoxes in literature on the
Rho/ROCK signal pathway in the modulation of apoptosis.?
For instance, He et al reported that inhibition of Rho/ROCK
signal pathway upregulated anti-apoptotic family members
and inhibited caspase activation.?® Similarly, Street et al
reported that the inhibition of ROCK by Y-27632 upregulated

A

Control Fasudil

Figure 6 Effects of fasudil on migration of Hep-2 cells.

the anti-apoptotic protein (Bcl2), and downregulated the pro-
apoptotic protein (Bik, Bad, Fas, and FasL) in cisplatin-treated
neuroblastoma cells.?’ Furthermore, in our previous study, we
provided a direct evidence that the inhibition of ROCK by
fasudil decreased the number of apoptosis cell in the condition
of myocardial ischemia reperfusion injury.*® We speculate that
these obvious discrepancies may be attributed to the difference
in specific contexts, such as different tissues and cells.
APAF-1 plays a crucial role in mitochondria-mediated
apoptosis. APAF-1 participates in forming a large complex,
namely apoptosome. The initiator caspase, caspase-9, is
activated through a protein—protein interaction with the
apoptosome. The effector caspases, such as caspase-3, are
activated through cleavage by the initiator caspase and thus,
lead to cell apoptosis.’! In the present study, we observed
that the expressions of APAF-1, caspase-9, and caspase-3
were significantly increased in Hep-2 cells with fasudil,
and they were consistent with previous data derived from
the apoptotic-FACS (Figure 5). Taken together, our studies
indicated that APAF-1 and caspase-dependent apoptosis

[e5)
o
]

w b o N
o O O O o
| B S s

Migration cells (n) W
N
o

-
o o
T

Fasudil

Control

Notes: After treatment with 4.58x10° UM fasudil, the number of Hep-2 cells migration was decreased significantly. (A) Image for cell migration. Magnification x400. (B)
Statistical analysis for the number of migration cells. Data are representative of three independent experiments. *P<<0.05 vs control.
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1

Control Fasudil

T -— Cocpase-3

SE——— Caspase-9
s—— APAF-1

Figure 7 Protein expression of APAF-I, caspase-9 and caspase-3 measured by Western blot.

Notes: After incubated with fasudil (4.58x10° UM) for 6 h, cells were collected and subjected to Western blot analyses to measure the expressions of APAF-1, caspase-9 and
caspase-3. (A) The image for protein band. (B) Statistical analysis for the expressions of APAF-1, caspase-9, and caspase-3. Relative protein level represents the expression
of target protein normalized to a reference protein (B-actin). Data are representative of three independent experiments. *P<<0.05 vs control.

Abbreviation: APAF-1, apoptotic protease activity factor-1.

*

Relative protein
level
o
S
T

Caspase-3 Caspase-9 APAF-1

might contribute to fasudil-mediated anti-proliferation/  significantly downregulated the expressions and activities
anti-survival effects on Hep-2 cells. of MMP-2 and MMP-9. The result is in line with previous
Previous studies have shown that Rho/ROCK pathway  findings in other cancer cell lines.!*>!7#° These data suggested
plays a key role in the migration and invasion of cancer that fasudil prevented the migration of Hep-2 cells. The
cells.*>** Fasudil may inhibit the migration of several types  underlying mechanism may be involved in repressing the
of cancer cells, including breast cancer cells,'* glioblastoma  activation of MMP-2 and MMP-9.
cells,'” and non-small cell lung cancer cells.’** However, One limitation of our study was that we only demonstrated
whether fasudil can inhibit the migration of Hep-2 cellsisstill ~ the antitumor effect of fasudil in Hep-2 cells, but whether
not known up to date. In this study, we reported that fasudil ~ fasudil has antitumor effect on animals was not determined.
significantly inhibited the migration of Hep-2 cells. Growing  Therefore, its antitumor effect on human laryngeal carcinoma
evidence demonstrates that MMP-2 and MMP-9 are involved ~ xenograph in nude mice should be further tested.
in the progression of human malignancies.*® Specifically,
MMP-2 along with MMP-9 is capable of degrading type IV Conclusion
collagen, the most abundant component of the basement In conclusion, our results demonstrate that fasudil not only
membrane and thus, leading to the degradation of the base-  inhibits the proliferation of laryngeal carcinoma cells through
ment membrane.’” Degradation of the basement membrane  activating APAF-1-mediated apoptosis pathway, but also
is considered as an essential step for the migration of cancer ~ prevents migration by inhibiting the activity of MMP-2 and
cells.*® So MMP-2 and MMP-9 can facilitate tumor progres- ~ MMP-9. Considering that fasudil is approved for human use
sion and are considered as biomarkers for tumor migration  and tolerated without serious adverse reactions, it is an attrac-
and invasion.** Our experiment further showed that fasudil  tive antitumor drug candidate in the treatment of LSCC.
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Figure 8 Protein expression levels of MMP-2 and MMP-9 measured by Western blot.

Notes: After pretreatment with fasudil (4.58x10° uM) for 6 h, cells were collected and subjected to Western blot analyses to measure the expressions of MMP-2 and MMP-9.
(A) The image for protein band. (B) Statistical analysis for the expressions of MMP-2 and MMP-9. Relative protein level represents the expression of target protein normalized
to a reference protein (B-actin). Data are representative of three independent experiments. *P<<0.05 vs control.
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Figure 9 Activities of MMP-2 and MMP-9 measured by gelatin zymography analyses.
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Notes: After pretreatment with fasudil (4.58x10° M) for 6 h, cells were collected and subjected to gelatin zymography analyses to measure the activities of MMP-2 and
MMP-9. (A) The image for gelatin zymography. The activities of MMP-2 and MMP-9 appeared as clear bands against a black background. (B) Statistical analysis for the activities
of MMP-2 and MMP-9. Data are representative of three independent experiments. *P<<0.05 vs control.
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