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INTRODUCTION

Uveal melanoma (UM) is the most common primary intraocular malignant tumor in
adults aged 50-60 years old, who have no known family history. The disease
commonly affects a unilateral eye. UM accounts for approximately 5% to 6% of all
primary melanomas and about 85% to 95% of the ocular melanoma cases. The
annual incidence rate is approximately 5.3~8.6 cases per million people (7,105).
Though white people share a higher prevalence of UM than other racial groups, its
incidence rate in China (approximately 0.37 per million) is only second to
retinoblastoma (which is most frequently found in children) (41,52).

Nowadays, the diagnosis and treatment of primary UM are not the major
problem. Over 90% of the local tumors can be controlled with the radioactive
plaque brachytherapy (23). However, all-cause mortality rates were 49.0% at 15
years and melanoma-related mortality rates after irradiation were 24.6% within 15
years (77). This is due to the metastasis of the primary UM mainly in the liver (89%)
and lung (29%) (21,44) via the bloodstream and rarely through direct dissemination
to nearby tissues. So far, no therapeutic measures were proven to be effective in
preventing the metastatic activities of UM cells and further improving the survival
rate.

Unlike cutaneous melanoma, UM is triggered by mutations in the GNAQ or
GNA11 genes encoding the G-protein alpha-subunits Galpha-q and Galpha-11,
respectively, which lead to the conversion of these signaling proteins into a

constitutively active form (99). However, the precise molecular mechanisms



underlying the GNA-driven UM development still remain to be elucidated. Recent
studies found that an increased activity of the transcriptional coactivator
Yes-associated protein (YAP) downstream of the Rho/Rho-kinase signaling
pathway is related to the growth of UM cells with Galpha-q/11 mutations (112,24).
The Rho/Rho-kinase pathway is an important regulator of actin cytoskeleton
organization, and implicated in numerous aspects underlying cancer progression,
including proliferation, migration, adhesion, matrix remodelling, angiogenesis, and
gene expression (102). Several synthetic Rho-kinase inhibitors were reported to
interfere with the cytoactivity and survival of UM cells in-vitro. However, the
research on this subject is limited and the novel Rho-kinase inhibitors would require
a long process of evaluation before receiving approval in the clinical application.
As one of the most widely distributed natural metabolites of plants and fungi,
flavonoids have demonstrated many potential bioactive functions, such as the
suppression of metastatic activities of various tumor cells by interfering with cellular
events that are mainly regulated by Rho-kinase. More excitingly, certain flavonoids
have been clinically utilized for cardiovascular diseases and highly recommended
as routine nutritious supplements. However, there is no study so far aiming at the
possible effects of flavonoids on UM cells. Accordingly, our work specifically
focused on the potential of the flavonoids tanshinone IIA and apigenin for
suppressing the metastatic activities of UM cells and aimed to determine whether

the Rho/Rho-kinase signaling pathway is involved in the underlying mechanism.



1. Anatomy and histopathology

UMs are melanocytic neoplasms that are generally found in the iris (3-5%), ciliary
body (5-8%) and choroid (~85%). These three parts make up the uveal tract, which
form the deeply pigmented vascular middle layer of the eye. (Figure 1A) Historically,
UM is divided into three histological classifications: spindle, epithelioid (over 75%),
and mix cellularity. Spindle cells are characterized by fusiform morphology
arranged in bundles with non-typical intermediate junctions. In contrast, epithelioid
cells present with big foam-like, oval-shape with more frequent mitotic figures in the
nucleus. (Figure 1B, 1C) Spindle cells are regarded as a better differentiated UM
type with less metastatic potential compared to the epithelioid cells. This might be
partially because of the non-typical intermediate cell-cell junctions and filamentous
or finger-like protrusions on cell surface, which might help strengthen the cellular

connections and inhibit metastasis (8).
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Figure 1. A. Anatomy of the three typical sites of UM: iris, ciliary body and choroid. * B. Histology of

a choroidal melanoma with spindle melanoma cells; C: Epithelioid UM cells (8).



* llustration from @ MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH.

https://www.mayoclinic.org/diseases-conditions/eye-melanoma/symptoms-causes/syc-20372371

(Date of access: 02.04.2018)

2. Clinical presentation and risk factors
Clinical symptoms are often inconspicuous. Patients may present with visual acuity
decrease, localised scotoma, photopsia, metamorphopsia, and color vision
deficiency, depending on the properties of the tumors. These clinical complaints
may be absent when the tumor derives from the peripheral area of the fundus.
Increased intraocular pressure may occur in advanced stages due to the tumor
volume augmentation, accompanied by red and/or puffy eye, ophthalmodynia,
headache, and exophthalmos. Besides, an externally visible abnormality of the iris
melanoma might be the main reasons for a patient’s visit. Ophthalmoscopic
findings, such as different levels of the elevated, oval and brown-coloured lesions,
are indicative of a posterior choroidal melanoma. Once the apical part of grown
tumor breaks through Bruchs’s membrane, a typical feature shaped as ‘collar stud’
or ‘mushroom’ is acquired. Associated signs such as subretinal fluid and exudative
retinal detachment suggest the presence of an active tumor. Surface drusen (the
yellow/white accumulations of extracellular deposits that locate between the RPE
and inner Bruch’s membrane of the eye) and RPE hypertrophy are characteristics
of tumor chronicity (8).

The presence of choroidal nevus is highly correlated to the development of

choroidal melanoma, which can be observed in up to 5% of the Caucasian



population (13). Distinct from cutaneous melanoma, exposure to ultraviolet
radiation has not been clearly proven as a definitive environmental cause of UM.
Other risk factors mentioned below imply a greater risk of distant metastasis of UM:
larger tumors having more than 8 mm of apical dimension; tumors with epithelioid
cells; BAP1 mutations that present in nearly 50% of UMs (9); chromosome 3 loss,
which confers the worst prognosis, and the presence of chromosome 8 and 16
abnormalities. In contrast, chromosome 6p gain is significantly associated with a

better outcome (46,103).

3. Existing approaches of UM treatment and corresponding limits

Currently, the major challenge in the management of UM is to improve its poor
survival rate. Therapeutic modalities are performed based on the symptoms of
patients, the tumor size, lesion location, degree of stromal penetration, presence of
adjacent or systemic metastasis, metastatic extent, the fellow eye status, age and
general health status of the patient, as well as the patient preference. Although the
conventional treatments of primary tumor, such as extrascleral plaque
brachytherapy, transpupillary thermal therapy (TTT), charged-particle therapy,
local tumor resection, enucleation, and systematic adjuvant therapy with receptor
inhibition or immune-modulating reagents, can stop local recrudescence in over 95%
of the patients (7), they haven’t been proven to effectively control further metastasis.
Up to 50% of the patients develop metastasis predominantly in the liver within 10

years, and approximately with 89% metastasis to the liver (21,44). What follow in



the sections below are the general principles for the local therapy in the absence of
metastasis and the guidelines which are recommended to the UM patients with

evidence of distant metastasis.

3.1 Local treatments

Conventional managements, such as radiotherapy (branchytherapy and
teletherapy) and transpupillary thermotherapy (TTT), can allow for the conservation
of visual acuity in the patients with localized lesions. Other feasible management

choices include local resection, enucleation or orbital exenteration.

3.1.1 Transpupillary thermotherapy (TTT)

TTT is a non-invasive treatment that induces tumor cell death by hyperthermia from
an infrared laser beam, which is delivered through the pupil to the target tissue on
choroid. Small tumors with a thickness of less than 4 mm and keeping a certain
distance to the optic nerve or macula are conditions treatable with TTT. Additionally,
it is also performed with extrascleral plague brachytherapy as a combination
modality therapy for small tumors (45), especially in the cases with tumor relapse.
Though laser presents as a safer management compared to invasive surgery, it is
limited to flat tumor (2.5 mm) and has a high local recurrence rates, which were

reported to be 9% in the first year and 27% in the five-year follow-up (90).



3.1.2 Radiotherapy

Radiotherapy can be classified into two main forms: plaque brachytherapy and
proton beam radiotherapy (or teletherapy). Brachytherapy refer to the application of
a sutured lodine-125 or Ruthenium-106 plaque to the sclera for several days, which
is more commonly recommended as a vision salvaging approach for medium size
UM (thickness of 2-8 mm and basal diameter of 8-16 mm) with a desired dose of
radiation (70-100 Gy) (26). The Collaborative Ocular Melanoma Study (COMS), a
prospective randomized trial, found no difference in the mortality rate of UM
patients with tumors of 2.5-10 mm in apical height treated with plaque
brachytherapy or enucleation (19). Five-year postoperative evaluations showed up
to 46% recurrence rate and more than 18% mortality rates, with related
complications include cataract, radiation retinopathy, maculopathy, neovascular
glaucoma and exudative tumor response (5,49,65,89,95). Teletherapy or proton
beam therapy refers to a projection of a beam of accelerated protons to irradiate
and destroy the cancerous cells. The advantage of the teletherapy is that it is not
limited by the certain size or location of the tumorous lesion as the brachytherapy
(26). However, the following complications after irradiation and the secondary
surgical treatment may not inevitable (31). Besides, clinical studies found no
difference in metastasis-free or overall survival in the compared particle teletherapy

to plaque brachytherapy (15,68).



3.1.3 Surgical resection

The surgical resection includes local resection, enucleation and exenteration. A
large neoplasm, extensively recurrent tumors, optic disc invasion, loss of vision,
and painful eye due to melanoma-induced glaucoma involvement, are crucial
condition to perform enucleation. It is a surgical procedure involving the removal of
the eyeball, insert of the orbital implant, with eye muscles and orbital contents still
intact. The exenteration is recommended with the clinical evidence of the
extrascleral extension (31). The difference between enucleation and exenteration
is the former remove the entire eye ball with the remaining of the orbital contents,
whereas the latter excise the all contents of eye socket involving ocular muscles,
lacrimal gland system, optic nerve and orbital bones with the evidence of the
extraocular invasion of the tumor. However, these have not been demonstrated to
be of benefit for the prevention of the metastatic spread of UM (105). Five-year
survival rates after enucleation were indicated as 84%, 68% and 47% for the small,
medium-sized and large neoplasm, respectively (20). Certain study including 111
consecutive patients reported that primary enucleation led to more than 2 times

higher of the 5- and 10-year mortality rates than the brachytherapy (49).

3.2 Treatment of metastatic disease
Circulating UM cells have been detected in patients who were clinically free of
metastasis at diagnosis (97), suggesting that subclinical micrometastases may

present at the time of diagnosis in these patients (50). The typical symptoms, such



as blurred vision, metamorphopsia, localized scotoma, photopsia, and partial visual
field loss, do not present in every case. Approximately 30% of the patients are
asymptomatic at diagnosis (104), which delays the early detection and timely
managements. Due to the lack of efficient therapies, 5-year survival rates (81.6%)
have not changed in the past three decades (92). Once metastasis occurs, it
results in an approximate survival time of 12-14 months following diagnosis (105).

Liver is the most common target organ of UM metastasis, affecting around 89%
of the patients (105). There is currently no standard remedial pattern for metastatic
UM. Conventional regimens include liver-target therapy, systemic chemotherapy,
immunotherapy and targeted therapy. Most of the remedial agents utilized for
chemotherapy and immunotherapy are adapted for the treatments of cutaneous
melanoma, such as the chemotherapeutics treosulfan and dacarbazine, cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4) inhibitor ipilimumab, and
anti-programmed cell death-1 (PD-1) receptor antibody Nivolumab. However,
expected outcomes remain disappointing, with the response rate of 0-15% and the
absence of an improvement in the survival rate (4,109).

Unfortunately, previous results of pathway-targeted therapies showed no better
results than the treatments mentioned above, with less than 10% of the overall
clinical response rate and 3.29 weeks of the median progression-free survival
(7,15,19,65). UM is activated by mutated GNAQ/ GNA11 genes, which induce the
constitutive activation of MAPK (mitogen-activated protein kinase) and PI3K/AKT

signaling pathways. Several novel molecular therapies are targeting the



downstream effectors of these signaling pathways, such as the mitogen-activated
protein kinase kinase (MAPKK or MEK) inhibitor selumetinib and trametinib, protein
kinase C (PKC) inhibitor AEBO71 (MAPK signaling pathway), AKT inhibitor
GSK795 (PI3K/AKT signaling pathways), hepatocyte growth factor receptor
tyrosine kinase c-Kit/c-Met inhibitor sunitinib and cabozantinib, and heat shock
protein 90 (HSP90) inhibitor Ganetespib, which are recently under clinical
investigation. These adjuvant therapies are still administered as ongoing clinical
trials and none of them has been verified of metastasis free survival or overall

survival benefits to date.

4. Pathogenesis

4.1 Rho/ Rho-kinase/ YAP signaling pathway underlying the GNA-driven UM
development

The molecular profile of UM is composed of various chromosomal abnormalities
and somatic gene alterations. Up to 83% of primary UMs are triggered by
mutations in the GNAQ (Guanine nucleotide-binding protein subunit alpha-Q) or
GNA11 (Guanine nucleotide-binding protein subunit alpha-11) genes encoding the
heterotrimeric G protein alpha-subunits Gag and Ga11, respectively, which lead to
the conversion of these signaling proteins into a constitutively active form (99). In a
study of oncogenic mutations in 123 primary UM patients, 47% harbored mutations
in the GNAQ gene and 44% had mutations in the GNA11 gene (17). These two

mutations are also predicted to be genetically initiating events in the tumorigenesis



of UM (36,75). However, the precise molecular mechanisms underlying the
GNA-driven UM development still remain to be elucidated. Recently, the mutations
in Gaqg/11 were found to be correlated with an increased activity of the YAP protein
through the Rho/Hippo signaling pathway, which promoted UM cell growth (24,112).
YAP acts as a transcriptional coactivator in most proliferating cells. The
YAP-dependent transcription is initiated through the activation of a Gag-regulated
guanine nucleotide exchange factor, Trio and the subsequent activation of the
small GTPases RhoA and Rac1, promoting the polymerization of globular (G) actin
to filamentous (F) actin. F-actin can bind angiomotin (AMOT), leading to the
nuclear translocation of YAP and activation of YAP-dependent gene transcription,

which promotes excessive proliferation (24). (Figure 2)
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Figure 2. Proposed mechanism leading to the development of UM: Ga activated signaling
pathway and the Rho/Rho-kinase/YAP pathway. In UM cells, the mutations in oncogenic
GNAQ/11 were found to be correlated with an increased activity of the G protein alpha-subunits
(Ga). The YAP activation occurs through active Ga protein signaling to Trio, which promotes the
polymerization of globular (G) actin into filamentous (F) actin via Rho/Rac. F-actins can bind
angiomotin (AMOT) and further release YAP to enter the nucleus. The Rho/Rho-kinase signaling
pathway is an important regulator of actin cytoskeleton organization, and implicated in numerous
aspects underlying cancer progression, including proliferation, migration, adhesion, matrix
remodelling, angiogenesis, and gene expression. Rho-kinase might therefore become a noteworthy

pharmacological target for the inhibition of UM metastasis (24).

4.2 Synthetic Rho-kinase inhibitors to suppress the pathological Rho-kinase activity
in UM

As an important regulator of actin cytoskeleton organization, Rho/Rho-kinase
pathway is implicated in numerous aspects underlying cancer progression,
including proliferation, migration, adhesion, matrix remodeling, angiogenesis, and
gene expression (102). Accordingly, the pharmacological inhibition of Rho-kinase
with the moderately selective synthetic inhibitor Y-27632 resulted in a decreased
motility and survival of cultured UM cells (85). Our preliminary data also
demonstrated that the treatment with H-1152, the most specific of the currently
available synthetic Rho-kinase inhibitors, suppressed the proliferation of UM cells
in response to the conditioned medium of human hepatocytes (98). Rho-kinase
therefore emerges as a noteworthy pharmacological target to interfere with multiple
cellular events underlying UM metastasis. (Figure 3) Rho-kinase inhibitors, such as

fasudil and Y-27632, are non—selective inhibitors, which non-specifically suppress

10



both ROCK1 and ROCK2 by targeting their ATP-dependent kinase domains and
competing with ATP for binding to their catalytic sites (32,58). (Table 1) However,
there is no work specifically focusing on the availability of naturally occurring

Rho-kinase inhibitors so far.
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Figure 3. Rho/ Rho-associated coiled-coil containing protein kinase (Rho-kinase/ROCK)
signaling pathway and their downstream cellular functions. The activation of Rho-GTPase
proteins are regulated by guanine-nucleotide-exchange factors (GEFs) and GTPase-activating
proteins (GAPs). Activated Rho-GTPase acts on Rho-kinase/ROCK, which phosphorylates various
downstream proteins. The Rho-kinase-dependent phosphorylation of myosin light-chain (MLC)
promotes actomyosin contraction. Activated LIMK by Rho-kinase induces the phosphorylation and
inactivation of the cofilin, suppressing the disassembly of actin filaments. These two events play a

vital role in cytoskeleton remodeling, cell adhesion motility and adhesion. Collectively,
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Rho/Rho-kinase and their downstream effectors carry out many important cellular activities, that

render them as potential therapeutic targets to inhibit tumorigenesis and metastasis (66).

Chemical Cancer cells/
Name Target .
Structure Cell lines tested
ROCK1/2
Fasudil Leukemia, UM-UC3, T98G,
9 I\ PKA
(HA1077) OZS_N\) UB7MG, U251, A549, 95D,
_ PKG
e A2780, B16
PKC
Leukemia, MDA-MB-231,
SUM 1315,
LS
Pyridines Z HJOY ROCK1++  MCF-7 ,MDA-MB-231,HCT116,
(Y-27632) A L, ROCK2+ HT29, LN-18, Li-7, A549,
A2780, SKOV3, PC3, LNCaP,
CB0140C12, B16F1
H-1152 ROCK1/2
q \/‘/\ “NH
(di-methylated io=s—~f\ | PKA,
AA T B16F10
variant of | [ J e PKG,
N A~
fasudil) PKC
ROCK1+++
. H-1299, MDA-MB-231
RKI-1447 e A, ROCK2+++
O MDA-MB-468
GSK429286A
ROCK1+++
NRAS-mutant
ROCK2++

Table 1. Several Rho-kinase inhibitors in various cancer model studies (14)

* "+" indicates inhibitory effect. Increased inhibition is marked by a higher "+" designation. Images of the chemical structures

of inhibitors were obtained from: http://www.selleckchem.com/ROCK.html

5. Phytochemical therapy
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Since the effects of canonical interventions are limited for the UM in metastatic
phases, prevention before metastasis seems to be the priority needed to be solved.
Currently natural compounds play an important role in numerous biomedical
applications, especially in anticancer therapies. More than 60% of the clinically
applied anticancer agents are derived from natural sources as potential
therapeutics with lower side effects (16).

Safety is indeed the major concern for synthetic chemotherapeutic drugs. An
ideal compound for both chemoprevention and therapy should be nontoxic, easily
extractable, economical, highly efficient, and with a low drug resistance (2). Natural
phytochemicals were found to be safe in long-term human diet consumption and
many of them could exhibit potential chemopreventive and anti-tumor effects in
preclinical studies (3,33). Moreover, most natural compounds hit multiple targets
compared to synthetic chemotherapeutics (3,33). Therefore natural phytochemicals
might aid in the development of effective and rational strategies with lower side

effects for cancer remedy.

5.1 Flavonoids and their promising bioactive properties

Flavonoids are the most common and widely distributed polyphenolic compounds,
which are ubiquitously present in foods of plant origin. The flavonoid group is
comprised of approximately 5,000 compounds (96) that are defined chemically as
substances composed of two benzene rings (A, B) and a heterocyclic ring (C)
(structurally abbreviated as C6-C3-C6). Accordingly, flavonoids are generally

13



classified into six subclasses: flavones, flavanols (catechins), flavanones,
isoflavones, flavonols, and anthocyanins, depending on the degree of oxidation of
the C in position 4, the hydroxylation pattern, and the substitution of the C3 position
(96). (Figure 4A)

Flavonoids display various biological activities, including anti-allergic, anti-viral,
anti-inflammatory, anti-oxidant, anti-tumor, and vasodilatory effects (38,56,60,61).
Epidemiological studies also indicated that the dietary intake of total flavonoids is
usually inversely correlated with the cancer risk (72). Interestingly, flavonoids seem
to share a certain structural similarity to adenosine and the synthetic Rho-kinase
inhibitors Fasudil and H-1152. (Figure 4, Table 1) Based on this similarity,
flavonoids might occupy the ATP-binding domains of Rho-kinase and exert certain
analogous biological effects as the Rho-kinase inhibitors mentioned above, which

deserves further investigation.
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5.2 Tanshinone IIA

Tanshinone IIA (Figure 5) is a lipid-soluble phenanthrene-quinone compound
isolated exclusively from Salvia miltiorrhiza Bunge (Danshen in Chinese) and
highly valued in traditional Chinese medicine for more than 2000 years (106),
especially in the clinical application in cardiovascular and cerebrovascular
disorders (12). Tanshinone IIA could promote anti-inflammatory (47), anti-oxidative
(82), neuroprotective (53), antiangiogenic (55), and antifibrotic (107) activities. The
anticancer potentials of Tanshinone IIA, however, have only been recognized in
recent years. In vitro studies found that Tanshinone IIA could suppress the
proliferation, migration, and viability of various tumor cells, inducing cell cycle arrest
and apoptosis (12,27,70). Tanshinone IIA could also down-regulate the myosin
phosphatase and vascular endothelial growth factor (VEGF) partly by the
Rho/Rho-kinase pathway (57) and suppress actin cytoskeleton rearrangement and
stress resistance during the tumorigenesis of human hepatocellular carcinoma
cells (62). However, there is so far no study focusing on the inhibitory potential of

tanshinone IIA on UM cells.
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Figure 5. Chemical structure of TAN IIA (A), a lipid-soluble phenanthrene-quinone compound

isolated exclusively from Salvia miltiorrhiza Bunge (Danshen in Chinese) (B).

5.3 Apigenin

Apigenin (4', 5, 7-trihydroxyflavone) is a natural phytochemical compound and the
major flavone that can be found in many vegetables, especially parsley, celery,
chamomile, and red wine (83). (Figure 4B) Apigenin could exert significant
anti-proliferative, anti-oxidant, anti-inflammatory, and anti-neoplastic effects (87).
Apigenin could also induce apoptosis and suppress the metastatic activities of
various tumor cells by interfering with cellular events that are mainly regulated by
the Rho-kinase (71,78,91,101). Yet, similar to tanshinone IIA, there is so no study

on the therapeutic potential of apigenin for UM treatment.
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6. Research purpose

The biggest challenge in the management of UM is to prevent the metastasis and
thus improve the survival rate of patients. Rho/Rho-kinase/YAP signaling pathway
is recently proven to be involved in the growth of UM cells by controlling several
cellular events, such as proliferation, motility, and apoptosis. However, there are
currently no synthetic Rho-kinase inhibitors which are clinically approved for the
treatment of UM patients.

Flavonoids are natural phytochemical metabolites, which are widely abundant
in plants and which could exert suppressive effects on numerous cancer cell types.
However, no studies have elucidated yet, whether certain flavonoids can prevent
UM cell growth and to what extent the modulation of the activities of Rho-kinase
and YAP would be involved in this process.

In our study, we investigated for the first time the in vitro efficacy of tanshinone
lIA and apigenin as potential inhibitors of the growth and metastatic activities of the
UM cell line 92.1, which harbors the Q209L mutation in the GNAQ gene. We also
evaluated the outcomes of flavonoid treatment on the extent of Rho-kinase
dependent events in UM cells to elucidate the possible underlying mechanisms.
We are therefore trying to develop a natural, efficient, affordable, and immediately

available pharmaceutical therapy with lower side effects for UM patients. (Figure 6)
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Figure 6. Study design: 92.1 cells were treated with tanshinone IIA or apigenin at a concentration

range of 1.5-100 uM. Viability and optimal concentration of test substances were evaluated by the

MTT assay. Cell damage was determined by ethidium homodimer-1 staining. Organization of the

actin cytoskeleton was analyzed by phalloidin staining. Migration was assessed by the scratch

assay. Proliferation was determined by Ki67 immunostaining. Activity of Rho-kinase was analyzed

by the immunostaining of myosin phosphatase target subunit 1 (MYPT1), the main downstream

target of Rho-kinase, and phosphorylated Thr-696 (p-MYPT), one of the major Rho-kinase

dependent phosphorylation sites on MYPT1. We also estimated the activation of YAP-1

(yes-associated protein-1) in response to these two flavonoids.
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METHODS
Cell culture

UM cell line 92.1, which harbors the UM specific hotspot mutation Q209L in the
GNAQ gene (30), was generated from the primary tumor of a female patient (18).
The cells between the 9™ and 19" passages were used for the experiments. Cells
were grown in normal culture medium (RPMI-1640 with 2mM L-Glutamine, 10%
serum, 100 Units/ml penicillin, 100 pg/ml streptomycin) in 75 cm? culture flasks at
37°C with 5% CO, and subcultured after reaching up to 70% confluence. Culture

medium was replaced by two-third every 2-3 days.

MTT assay

The MTT test is a colorimetric assay for estimating cell metabolic activity by
measuring the conversion of the tetrazolium dye MTT
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide to insoluble formazan,
which has a purple or dark blue color, under the action of NAD(P)H-dependent
cellular oxidoreductase enzymes in the viable cells (6).

UM 92.1 cells were seeded into 96-well cell culture plates at a density of 8000
cells/well and incubated without (0) or with tanshinone IIA or apigenin at the
indicated concentrations (1.56, 3.12, 6.25, 12.5, 25, 50, 100 pM) in normal culture
medium (containing 10% serum) for 3 days. A group of cells were incubated in
medium containing 0.5% serum as a negative control for cell growth. The vehicle

group was incubated with normal culture medium containing dimethyl sulfoxide
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(DMSO), which is the solvent used for dissolving tanshinone IIA or apigenin), at
1:500 dilution, corresponding to the concentration of DMSO in the 100 pyM
tanshinone IIA or apigenin groups. After 3 days, MTT solution (5 mg/ml) was added
into cells and incubated for 3.5 hours. Cell solutions were discarded and replaced
with 100 pL/well lysis solution (100% DMSOQO). The plate was shaken vigorously for
15 minutes and the absorbance values at 544 nm were measured with a
spectrophotometric microplate reader. The background values of the negative
control (row B) were subtracted from the absorbance values of all the test groups.

(Figure 7)

2 3 4 5 6 7 8 9 10 1"

B | 0.5%UMM | 10%UMM | 1.56 | 3.13 | 6.25 DMSO

C | 0.5%UMM | 10%UMM | 1.56 | 3.13 | 6.25 DMSO

D | 0.5%UMM | 10%UMM | 1.56 | 3.13 | 6.25 DMSO

E | 0.5%UMM | 10%UMM | 1.56 | 3.13 | 6.25 DMSO

F | 0.5%UMM | 10%UMM | 1.56 | 3.13 | 6.25 DMSO

G | 0.5%UMM | 10%UMM | 1.56 | 3.13 | 6.25 DMSO

Figure 7. Template illustrates the different concentrations of test substances(um) in 96-well plate.
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Groups with 0.5% FBS (rank 2) and 10% FBS (rank 3) inside medium served as the negative and
positive controls, respectively. DMSO (rank 11) at the same concentration used for dissolving 100
MM of the flavonoids served as the vehicle control. The wells on row B treated withour MTT solution

served as the background controls.

Survival test (Ethidium homodimer-1 staining)

Ethidium homodimer-1 (EthD-1) is a high-affinity fluorescent nucleic acid stain
(Excitation: ~528 nm, Emission: ~617 nm) which cannot penetrate intact cell
membranes and presents a weak fluorescence. Once the integrity of cell
membrane has been damaged, as in the case of dead or damaged cells, EthD-1
penetrates the cell membrane, binds to DNA with high affinity and labels the cell
with highly enhanced 40-fold red fluorescence. This dye is excluded from cells with
an intact membrane and thus was used as an indicator of the extent of cell damage
in our study.

92.1 cells were seeded into fibronectin coated (coating density: 4 pg/cm?)
12-well chamber slides at the seeding density of 1.5x10* cells/well (250 ul cell
suspension per well). After overnight incubation, cells were treated with tanshinone
lIA or apigenin with the same treatment methods as previously described below.
(Figure 8) 0.5% FBS medium served as a control group for reduced cell growth. An
additional group was treated with phosphate-buffered saline (PBS) after overnight
incubation instead of test substances or medium as a positive control, where cells
were deprived of essential nutrients (represented as the first well labeled green in

Figure 8). Cells were rinsed with PBS after 3 days incubation and then incubated
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with 100 pl/well of 2 yM Ethidium homodimer-1 (diluted in PBS at the ratio of
1:1000, protected from light) for 15 minutes under room temperature. Cells were
fixed with 2% and 4% paraformaldehyde(PFA)-PBS solutions for 10 minutes each
successively. After three times washing with PBS, the blocking buffer was applied
for 30 minutes. Cells were incubated with the DAPI-PBS solution (0.5 pg/ml, 100
ul/well) for 10 minutes, for nuclear staning. After discarding the DAPI solution, the
chambers were removed. The slides were then rinsed in a cuvette with PBS for 5
minutes, and covered with Mowiol-coated 60-mm coverslips. The cells were
visualised by fluorescence microscopy using the appropriate filters (DAPI: exciation
BP360/40, suppression BP470/40; EthD-1:excitation BP620/60, suppression
BP700/75). Quantification of the value of intensities of ethidium homodimer-1

stainings was performed using the Fiji software on the fluorescent images.

No UMM change | 0.5%FBS UMM | 10%FBS UMM 1.56 3.12 6.25

12.5 25 50 100 DMSO PBS

JUogaga
SRR

Figure 8. Template illustrates the different concentrations of tanshinone IIA or apigenin (um) in a
12-well chamber slide (orange). Cells that were incubated with medium containing 0.5% FBS (light

pink) or 10% FBS (dark pink) served as controls. DMSO (purple) of the same concentration as
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those used for dissolving the test substances served as vehicle control. (Green: no medium change.

White: PBS. UMM=uveal melanoma medium)

Phalloidin staining (F-actin/microfilament staining)

12-well chamber slides were coated with fibronectin and seeded with the 92.1 cells
as mentioned above. After overnight incubation, cells were treated with tanshinone
lIA or apigenin with the same treatment methods as described above. (Figure 8)
0.5% FBS medium served as a control group for reduced cell growth. One group
was treated with PBS solution after overnight incubation instead of test substances
or medium as an additional control for cell starvation/damage. Cells were rinsed
with PBS after three days incubation and fixed with 2% and 4% PFA-PBS solutions
for 10 minutes each. The blocking buffer was applied for 30 minutes after PBS
washing. Cells were incubated with Alexa Fluor 488-conjugated phalloidin for 1
hour under room temperature, except for one group (arranged as the first well of
the chamber slide, illustrated as green in Figure 8), which was treated with only the
blocking buffer as the negative control. After 3 times rinsing with PBS, cells were
incubated with the DAPI solution (0.5 pg/ml, 100 pl/well) for 10 minutes, for nuclear
staining. After discarding the DAPI solution, the chambers were removed. The
slides were then rinsed in a cuvette with PBS for 5 minutes, and covered with
Mowiol-coated 60-mm coverslips. The cells were visualised and photographed by
fluorescence microscopy using the appropriate filters (DAPI: exciation BP360/40,
suppression BP470/40; Phalloidin: excitation BP460/40, suppression BP527/30).

Images at the magnification of 400x were quantified by measuring the values of the
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areas of complete microfilament staining of all the cells in the view field using the
Fiji program. The results of three independent experiments were collected and

presented as the meantstandard error of the mean (SEM).

Scratch-wound healing assay

92.1 cells were seeded in 24-well plates at a concentration of 5x10* cells/well. The
medium was changed every 2-3 days until the confluence reached 80-90%. Cells
were washed with PBS twice and a wound line was scratched in the middle of the
cell monolayer using a new, sterile 1000 ul pipette tip in each well. Cells were
washed with 1x Hanks’ Balanced Salt Solution twice before being treated with
tanshinone |IA or apigenin at the concentrations as described below. (Figure 9)
Microphotographs of the marked regions along the wound area were obtained at 0
and 48 hours after scratching using a phase-contrast microscope at a magnification
of 50x. The initial wound area and the area unoccupied by cells were measured by
using the Fiji program. The extent of cellular invasion was determined as the
percentage ratio of the healed wound area and the initial wound area calculated

following the formula below.

unhealed wound area
the ratio of healed wound area (%) = (1 —

%1009
initial wound area ) %
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Figure 9. Template illustrates the different concentrations of test substances (um) in a 24-well
chamber plate. The concentrations of tanshinone IlA are 3.13, 6.25, 12.5 and 25 uM while apigenin
was introduced at 12.5, 25, 50 and 100 yM (orange). Cells incubated in 10% FBS medium served
as the positive control group (pink). DMSO (purple) of the same concentration as those used for

dissolving the test substances served as vehicle control.

Immunostaining

92.1 cells were seeded in fibronectin coated 12-well chamber slides (coating
density: 4 ug/cm?) at the seeding density of 1.5x10* cells/well (250 pl cell
suspention per well) or uncoated 8-well polycyanoacrylate (PCA) slides at the
seeding concentration of 4x10* cells/well. After overnight incubation, cells were
rinsed with PBS twice and treated with tanshinone IlA or apigenin at the indicated
concentrations. (Figure 8 and 10) 0.5% FBS medium served as negative control
groups. Cells were rinsed with PBS after 1-3 days incubation and fixed with 2% and
4% PFA-PBS solution. The blocking buffer was applied for 30 minutes after three

times washing with PBS. The primary antibodies were diluted with blocking buffer
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in the ratios as indicated in Table 2. Cells were incubated with the primary antibody
overnight (16-18 hours) at 4°C or for one hour under room temperature, with the
exception of the negative control, which was treated with just the blocking buffer.
After 3 times rinsing with PBS, cells were incubated with Alexa Fluor 488
conjugated secondary goat anti-rabbit IgGs, diluted in the blocking buffer in the
ratio of 1:200, for one hour under room temperature. After three times rinsing with
PBS, cells were incubated with DAPI solution for nuclei staining. DAPI was aspired
out of the chamber slide. Chamber of the slide was removed before being
immersed in PBS for 10 minutes. Slide was covered with 60-mm Mowiol-coated
coverslips. The cells were visualised by fluorescence microscopy using the
appropriate filters (DAPI: exciation BP360/40, suppression BP470/40; Phalloidin:
excitation BP460/40, suppression BP527/30). Images at the magnification of 400x
were acquired and positive cells were quantified using the Fiji program as
described below.

Concentration of tanshinone IIA (uM) in YAP-1 immunostaining:

No UMM change

0.5%FBS UMM

10%FBS UMM

6.25

12.5

25

50

DMSO

A

Concentration of apigenin (uM) in YAP-1 immunostaining:

No UMM change

0.5%FBS UMM

10%FBS UMM

12.5

25

50

100

DMSO
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Figure 10. Templates illustrate the different concentrations of test tanshinone IIA (A) and apigenin

pm) in 8-well chamber slide (orange). Cells treated with medium contained 0.5% ight pin
B in 8-well chamber slid Cell d with medi ined 0.5% FBS (light pink

or 10% FBS (dark pink) were served as the negative controls. DMSO (purple) of the same

concentration as those used for dissolving test substances was served as vehicle control. (Green:

no medium change. UMM=uveal melanoma medium)

Primary antibodies

Antigen Type Company Catalog number Dilution factor

Ki67 Rabbit IgG polyclonal Abcam ab15580 1:500

MYPT1+MYPT2  Rabbit IgG monoclonal Abcam ab32519 1:100

p-MYPT Rabbit IgG monoclonal Abcam ab59202 1:100

(phospho T696)

YAP1 Rabbit IgG monoclonal Abcam ab52771 1:150

Secondary antibody

Reactivity Type Label Company Catalog number Dilution factor
Rabbit IgG Goat IgG Alexa 488 Abcam ab150077 1/200

Table 2. The primary and secondary antibodies used in experiments.

Abbreviations: IgG, immunoglobulin G; MYPT, Myosin Phosphatase.
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Range of Filter Cubes of the Leica Fluorescence Microscopy

Filter cube Excitation range Excitation filter Suppression filter
A4 uv BP360/40 BP470/40
L5 Blue BP460/40 BP527/30
Y5 Red BP620/60 BP700/75

Table 3. The range of filter cubes of the Leica fluorescence microscopy used in

experiments.

Quantifications of immunostainings

The cells were photographed by fluorescence microscopy with a minimum of 15
images/ well on 8-well chamber slide or 20 images/ well on 12-well chamber slide.
Quantifications of the staining intensity were performed using the Fiji software on
the images by marking all the cells, which were completely present in the field of
view. To better identify the boundaries of cells that exhibit a very weak staining, the
intensity of MYPT1+2 and p-MYPT were quantified on the merged images of the
DAPI and tested protein stains, respectively, and the green intensity values were
recorded from the histograms of marked regions. The green intensity of Ki67 and
YAP-1 were obtained by marking the nuclear region on the merged images. The
thresholds of the intensity of Ki67 staining were determined by the green intensity
of the negative controls (incubated with the blocking buffer alone without the
primary antibody). The percentage of the cells with positive Ki67 stain was defined

as the intensity value higher than the threshold in all the cells with green staining.
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The mean intensity of negative controls was subtracted from the intensity of test

groups for all the immunostainings.

Evaluation of cell cycle arrest by measuring the integrated density of the
DNA-binding dye DAPI

The analysis of different cell cycle phases were performed by measuring the DNA
levels in the fluorescence microscopy images of the 92.1 cells treated with or
without tanshinone IIA or apigenin for 3 days, which were all selected from three
sets of experiments in our study. The cell cycle phases are defined as the Sub G1
stage (cells with DNA loss), GO/G1 (Quiescent / Gap 1) stage, S (DNA synthesis)
stage, and G2/M (Gap 2 / Mitosis) stage. The integrated density of the DNA-binding
dye DAPI staining in the nucleus region of each cell was measured using the Fiji
software (n= minimum 50/20 nuclei/group). The nuclei located at the edges of the
images were filtered out of quantifications. The thresholds for the classification of
cell cycle phases were calculated by the frequency distributions of the DAPI
integrated density of the nuclei in untreated cells using the Excel software.
Afterwards, the percentages of cells belonging to each phase of the cell cycle were
quantified in the untreated group. Accordingly, the DAPI integrated densities of the
treated cells were sorted to the corresponding cell cycle phases based on the
threshold settings of the untreated cells. The methods above are followed using the

principle and protocol introduced by Roukos V, et al (84).
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Statistical Evaluation

Statistical analysis was performed using the Microsoft Excel software. The
two-sided Student's t-test was applied for comparing the test groups and negative
controls, assuming equal variance among the samples. The P values less than

0.05 were considered as statistically significant.
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RESULTS

MTT assay: Optimal concentration of the flavonoids

Tanshinone IlA led to a significant and dose-dependent reduction of metabolically
active 92.1 cells at the concentration of 12.5 yM onwards after 72 hours. Compared
to tanshinone IIA, apigenin had a weaker impact on UM cells and a significant
reduction in cell growth was observed at the higher tested concentrations (50-100

MM). (Figure 11)

15

IC50: 6.48 uM
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Figure 11. Tanshinone llA led to a significant and dose-dependent reduction of metabolically active 92.1 cells
after 72 hours. Phase-contrast images of the cells in normal culture medium (A) or in medium with 6 yM
tanshinone IIA (B) after incubation with the MTT dye for 3 hours. Bar= 100 ym. (C) Histograms of tanshinone
IIA represent the mean + standard error of mean (SEM) of n=4 independent experiments. IC50 (Inhibiting
concentration)=6.4821 uM. (D) Quantification of metabolically active cells after apigenin treatment. Data

represent the mean £ SEM of n=5 independent experiments. IC50=66.54825 uM

Survival test: ethidium homodimer-1 staining

Cell damage was evaluated by the extent of staining with the
membrane-impermeable fluorescent dye ethidium-homodimer-1. A significant and
dose-dependent increase in the uptake of this dye was observed in the test groups
treated with tanshinone IIA (from 25 yM onwards) and apigenin (from 12.5 yM
onwards). These results indicated that both test substances could induce a
dose-dependent impairment of the plasma membrane integrity and viability of 92.1

UM cells. (Figure 12)
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Figure 12. Increase in cell permeability and damage in response to Tanshinone IIA and apigenin. 92.1 cells
were treated with tanshinone IIA or apigenin for 3 days and cell damage was assessed by ethidium
homodimer-1 staining. Fluorescent images demonstrated that tanshinone IIA (A) and apigenin (B) led to a
significant increase in the uptake of this dye in the experimental groups compared with the control group.
Bar=25 pym. (C) Quantification of ethidium homodimer-1 intensity. Data represent the mean + SEM of n=3
independent experiments of tanshinone IIA (blue) and apigenin (red), respectively. P values compared to

control group. *P<0.05.
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Morphological changes in response to tanshinone IIA and apigenin
estimated by the staining of actin microfilaments

The morphology of the 92.1 cells after the incubation with flavonoids was assessed
by the staining of actin microfilaments. Tanshinone |IA and apigenin led to a
dose-dependent decrease in the amount of actin microfilaments, which became
significant at a concentration of 50 uM (P=0.018 and 0.049 respectively, compared
to control) and 100 yM (P=0.014 and 0.044 respectively, compared to control).
Cells incubated with such high concentrations of the flavonoids exhibited apoptotic
morphology with shrinkage of cell size and loss of flamentous actin. Interestingly,
cells treated with the intermediate concentrations of tanshinone IIA and apigenin
exhibited long, branch-like dendritic protrusions, which are characteristic of the
quiescent, differentiated melanocytes in healthy tissue, indicating that these
flavonoids at intermediate concentrations might promote cellular differentiation to a

certain degree. (Figure 13)
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Figure 13. Staining of the actin filaments with fluorescently labeled phalloidin in the 92.1 cells treated with
tanshinone IlIA and apigenin for 72 hours. Fluorescence microscopy images demonstrate the disruption of actin
microfilaments in response to tanshinone IIA (A) or apigenin at high concentrations (B), manifested as the
shrinkage of cell size and the weakening of the staining intensity. (C) Quantification of the area value of
phalloidin represent the mean + SEM of n=3 independent experiments of tanshinone IlA (blue) and apigenin
(red), respectively. P values compared to control group. *P<0.05. Cells treated with the intermediate
concentrations of flavonoids exhibited long, dendritic protrusions (Indicated by the arrows in A and B), similar to
the normal, differentiated melanocytes (D). (Source of illustration D:

https://ghr.nim.nih.gov/condition/giant-congenital-melanocytic-nevus. Date of access: 09.04.2018)
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Anti-proliferative effect of the flavonoids assessed by Ki-67 immunostaining

Proliferation of 92.1 UM cells in response to tanshinone IIA and apigenin for 72
hours was determined by the Ki-67 immunostaining. A dose-dependent decrease
in Ki-67 levels was observed in response to apigenin compared to the control group,
which became significant at a concentration of 50 yM onwards (P=0.040 and 0.047
respectively, compared to the control). Incubation of the cells with 12.5 or 25 pM of
tanshinone IlA also led to a significant decrease in the percentage of Ki67-positive
cells (P=0.008 and 0.019 respectively, compared to control). However this effect
diminished in the cells treated with higher concentrations of tanshinone IIA without
reaching significance (P= 0.420 for 50 yM and P=0.265 for 100 uM tanshinone

[IA compared to control). (Figure 14)

Tanshinone lIA Apigenin
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Figure 14. Ki-67 immunostaining of 92.1 cells treated with tanshinone IIA and apigenin for 72
hours. Images show a dose-dependent decreased expression of Ki-67 treated with tanshinone 1A
(A) at the intermediate concentrations of 6.25 to 25 uM. Apigenin (B) had a weaker impact on the
expression of Ki-67 in the UM cells, with a significant decrease occurring at a concentration of 50
UM onwards. Quantification of the percentage of Ki-67-positive cells in the groups treated with

tanshinone IIA (C) or apigenin (D). Data represent mean + SEM of three independent experiments.

*P<0.05 **P<0.01.

Cell Migration: Wound healing (Scratch) assay

Cell motility in response to the flavonoids was tested via the scratch /
wound-healing assay, by creating a wound in the middle of a confluent cell layer
and determining the extent of wound invasion with the cells after 48 hours.
Untreated cells could efficiently repopulate the wound region, resulting in the
coverage of 69.751-80.444% (TAN I1IA) and 61.266-73.039% (apigenin) of the
initial wound area after 48 hours. The invasion of the wound area was impaired in
response to the flavonoids in a dose-dependent manner. Tanshinone I|IA at 25 yM
resulted in a significant decrease in wound coverage by 58.285% (P= 0.029
compared to control). Likewise, the treatment with 50 and 100 uM apigenin

reduced the extent of cellular invasion by 36.138% and 24.045%, respectively,
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compared to control (P=0.003 and 0.001, respectively). (Figure 15)
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Figure 15. Scratch assay of 92.1 cells treated with tanshinone IIA (A) and apigenin (B) respectively.
Phase contrast images were acquired after creating the wound in the confluent monolayer (0 hr)
and at the end of the incubation period (48 hrs, Magnification: 50X). Quantifications demonstrated
the significant and dose-dependent reduction in the invasion of the wound area in the cells treated
with tanshinone A (C) or apigenin (D) versus control groups. Data represent the mean + SEM of

three independent experiments. *P<0.05 compared to 0 uM tanshinone IlA or apigenin.
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MYPT1 and p-MYPT1 immunostaining: Rho-Kinase activity in response to
tanshinone IlIA / apigenin

Activity of Rho-kinase was assessed by determining the levels of the myosin
phosphatase target subunit 1 (MYPT1), one of the major substrates of Rho-kinase,
and its phosphorylation at threonine 696 (p-MYPT1), the major
Rho-kinase-dependent phosphorylation site of this protein. A dose-dependent
decrease of MYPT expression was observed at the concentration of 3.13 uM
tanshinone lla or apigenin onwards. Likewise, the intensity of the p-MYPT1
immunostaining exhibited a significant and dose-dependent decline with both
flavonoids at the end of 3 days. The intensity ratio of p-MYPT to MYPT rose in a
dose-dependent manner in response to the flavonoids, however, this effect did not
reach statistical significance. Our results therefore demonstrate that both
tanshinone IIA and apigenin might interfere with the Rho-kinase signalling by
decreasing the levels of the major Rho-kinase target MYPT1 and its
phosphorylation at threonine 696 after 3 days, without significantly affecting the

ratio of the phosphorylated to the total protein. (Figure 16)
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Figure 16. Significant dose-dependent reductions in the expression of myosin phosphatase (A/C)
and its phosphorylation (p-MYPT) (B/D) in 92.1 cells incubated with tanshinone IIA or apigenin for
72 hours. Scale bar=25 pym. Diagrams of data represent the mean + SEM of n=3 independent
experiments. Histogram (E) presents the ratio of p-MYPT and MYPT with no statistical significance

compared to the control groups. P values compared to control group. *P<0.05 **P<0.01

Expression of YAP-1 after the treatment with tanshinone IlA and apigenin

The expression pattern of the transcriptional co-activator YAP-1 in 92.1 cells was
evaluated by fluorescence immunocytochemistry. Untreated cells exhibited a
strong expression of this protein in the nuclear region whereas the incubation with
tanshinone |IA or apigenin led to a significant decrease in YAP-1 levels in a

dose-dependent manner. (Figure 17)
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Figure 17. YAP-1 immunostaining of 92.1 cells under the treatment with tanshinone IIA or apigenin
for 72 hours. (A) Merged fluorescence images demonstrate that the expression of YAP-1 could be
significantly suppressed by tanshinone IIA or apigenin in a dose-dependent manner. Scale bar=25
pm. Histograms illustrate a significant and dose-dependent decrease in the intensity of nuclear
YAP-1 expression in response to tanshinone IIA (B) or apigenin (C) compared to the control. P
values compared to the control group. Diagrams of data represent the mean + SEM of n=3

independent experiments.
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Induction of cell cycle arrest by tanshinone IIA and apigenin

Different cell cycle phases were determined by measuring the integrated density of
the DNA binding dye DAPI in the fluorescence microscopy images of the 92.1 cells
treated with or without the flavonoids for 3 days. The cell cycle phases are defined
as the Sub G1 stage (cells with DNA loss), GO/G1 (Quiescent / Gap 1) stage, S
(DNA synthesis) stage, and G2/M (Gap 2 / Mitosis) stage. The thresholds for these
cell cycle phases were determined by plotting the integrated density values of
untreated cells against the number of cells having such values.

Histograms demonstrated a distributional change in the percentage of cells that
could be assigned to the distinct cell cycle phases. Generally, both flavonoids
resulted in a significant and dose-dependent decrease in the percentage of cells
committed to proliferation (S and G2/M phases). With increasing concentrations,
tanshinone IlA led to the accumulation of 92.1 cells in the Sub G1 phase, while

apigenin induced UM cell cycle arrest mainly in the GO/G1 phase. (Figure 18)
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Figure 18. Dose-dependent cell-cycle arrest in response to tanshinone IlA and apigenin. The
thresholds for different cell cycle stages were defined by plotting the number of untreated cells (in
normal medium, UMM) against their DNA-content (N), which was measured as the integrated
density of the DNA-binding dye DAPI (Sub G1: Cells with less than 2N; G0/G1: 2N (diploid cells,
containing two copies of each chromosome); S: more than 2N, less than 4N; G2/M: 4N or more).
Histograms illustrated that tanshinone IIA promoted an increase in the percentage of cells in the
Sub G1 stage (A: n=6 independent tests), whereas cell cycle arrest was more likely to present at the
G0/G1 stage when they were incubated with apigenin (B: n=4 independent tests). *P<0.05

compared to the untreated group.
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DISCUSSION

The biggest challenge in the management of UM is to find an effective treatment to
prevent the metastasis and improve the prognosis. Depending on the different
developmental stages of UM, radiotherapy and surgical resection are the main
conventional therapeutic principles for UM patients. Unfortunately none of these
therapies can effectively prevent the progression of the metastatic disease, but
result in physical and psychological burdens on patients in return.

Interestingly, certain natural substances could exert chemopreventive and
anti-tumor effects in current preclinical research (17,36). In the Zutphen Elderly
Study, five flavonoids (quercetin, kaempferol, myricetin, apigenin and luteolin) were
administered daily to 738 individuals, who were aged 65-84 years old and had no
tumor history. Final evaluations after the follow-up period of 5 years showed that
the high intake of these flavonoids from vegetables and fruits was inversely
associated with the risk of cancer development (40). Several cancers, for example
breast cancer, have a lower incidence in Asia than in western countries (29). This
may be attributed to the typical Asian dietary regimens that are customarily rich in
flavonoid-containing plants. Tanshinone IIA and apigenin, the test substances in
our study, have been reported to possess various beneficial biological properties,
such as anti-carcinogenic, anti-oxidant, anti-mutagenic, anti-proliferative, and
anti-inflammatory effects (12,34,62,78,91). In addition, in comparison with other
structurally related flavonoids, apigenin has gained a particular attraction as a
potential antitumor reagent, due to its lower intrinsic toxicity and beneficial effects

46



on normal cells (34).

However, the possible anti-metastatic effects of flavonoids and the underlying
mechanisms have not been fully elucidated yet in UM cells. Our study aimed to
evaluate the effects of tanshinone IIA and apigenin on different metastatic aspects
of the 92.1 UM cells, such as cell viability, proliferation, and migration. Moreover,
the possible molecular targets and signaling pathways that were affected by these
two flavonoids were investigated as well, with particular attention to the Rho-kinase

dependent events.

UM cell viability in response to tanshinone IIA and apigenin
The analysis of cell viability was performed based on the principle of intracellular
enzymatic activities in viable cells and intact plasma membranes. In our study, we
first applied the MTT assay to determine the metabolic activity of the 92.1 cells.
Additionally, the percentage of damaged cells after the treatment with tanshinone
lIA or apigenin was detected through the measurement of EthD-1 fluorescent
staining. EthD-1 is a high-affinity nucleic acid stain, which is applied as a
cell-impermeant viability indicator. After entering the cells with damaged membrane,
it binds to nucleic acids, which results in an enhancement of its fluorescence
emission.

After the treatment with tanshinone IIA or apigenin, both assays demonstrated
a significant and dose-dependent decrease in the viability of 92.1 cells in our study.

The IC50, as assessed by the MTT test, was 6.48 yM for tanshinone IIA and 66.58
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MM for apigenin. The results of apigenin treatment were in accordance with the
findings of an earlier study (37), which demonstrated a significant reduction of
metabolically active cutaneous melanoma cells incubated with 50 uM apigenin, but
no difference in cell viability at lower concentrations. Likewise, the treatment with
Tanshinone |IA resulted in the upregulation of apoptotic proteins in certain tumor
cells, such as the human gastric cancer, cervical cancer, and hepatoma cells
(43,94). Our results on UM cells therefore provided further support to the

tumor-suppressing effect of these flavonoids.

Tanshinone IlA and apigenin-dependent cell cycle arrest in UM cells

Cell cycle is a complex biological process involving the duplication of
chromosomes and resulting in the division of a cell into two daughter cells.
Generally, the majority of the cells remain at the G0/G1 phase without apparent
activity related to cell division. The GO phase is a quiescent state, at which the cells
carry out their normal, differentiated functions without actively preparing for division.
At the first growth (G1) phase, the cells start the production of building blocks and
organelles. These biosynthetic activities increase further in the cells committed to
proliferation. The replication of DNA during the following synthesis (S) phase leads
to a gradual increase in the total DNA intensity. Cells that manage to complete the
S phase proceed further to growth and enter the G2/M (mitotic) phase, at which the
DNA content is two times more than the cells at the GO/G1 phase. In the mitotic (M)
phase, the cell equally separates the duplicated genetic material into two poles and
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divides its cytoplasm (cytokinesis), which results in the formation of two daughter
cells and completion of the cell cycle. Interestingly, some cells can present with a
significantly lower DNA level than the cells in the GO/G1 phase. Such cells in the
sub-G1 stage are considered to be damaged cells. To avoid any error during the
complicated cell cycle process, there are three main checkpoints: the G1/S
checkpoint, the G2/M checkpoint and the metaphase (mitotic) checkpoint, which
prevent the entry of the cells into the next step of the cell cycle until certain
requirements are met. However, despite these stringent controlling mechanisms,
failure in the regulation of cell division can still occur, which often leads to tumor
formation. On the other hand, alterations in the length of certain cell cycle phases
can provide valuable information on the impairment of cell cycle progression and
the efficacy of anti-cancer treatments.

Based on these principles, we evaluated the outcomes of tanshinone IIA and
apigenin treatment on the percentage of UM cells in specific phases of the cell
cycle. For this purpose, the nuclei of untreated and treated cells were stained with
the DNA-binding fluorescent dye DAPI and the integrated density of the
DAPI-staining was quantified to determine the DNA levels. Our results showed that
tanshinone IIA promoted the accumulation of the 92.1 cells at the Sub-G1 stage,
whereas apigenin led to an increase in the amount of cells at the GO/G1 phase.
These results suggested that tanshinone |IA could induce a notable degree of cell
damage in the 92.1 cells, as reflected by the amount of cells in the Sub-G1 phase,
while apigenin could induce cell cycle arrest mainly in the GO/G1 phase.
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The rearrangement of actin filaments, such as the formation of stress fibers
during interphase and contractile rings during mitosis, is one of the most important
events throughout the progression of cell cycle (71,54). The assembly of the actin
cytoskeleton is mainly regulated by the Rho-GTPases and the RhoA/RhoC effector
Rho-kinase. Accordingly, the Rho/Rho-kinase pathway was found to be playing a
critical role at different steps of the cell cycle progression, particularly during the
G1/S transition and cytokinesis (39,108). Interestingly, our study also
demonstrated the direct effect of tanshinone |IA and apigenin on the organization of
the actin cytoskeleton as well as the expression and phosphorylation of MYPT1,
the major target of Rho-kinase. (Figure 13, 16) The impairment of Rho/Rho-kinase
activity and the associated remodeling of the actin filaments might therefore be one
of the reasons underlying the flavonoid-dependent cell cycle arrest in our study,
which deserves further investigation.

The inhibitory effect of various flavonoids on the cell cycle progression of tumor
cells has been well demonstrated in numerous other studies, including in vitro, in
vivo and clinical trials (80). For instance, tanshinone IIA could effectively promote
the cell cycle arrest of cancer cells at GO/G1, S or G2/M, depending on its
concentration and the cell type (115,100). Interestingly, Zhou et al. (116) found that
tanshinone IIA could arrest cancer cells before metaphase-anaphase transition
during mitosis by disrupting the mitotic spindle, which is the period mainly regulated
by Rho-GTPases. Unlike other chemotherapeutic drugs, such as the taxanes or
vinca alkaloids, that were originally identified in plants and that cause G2/M arrest
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by acting on the spindle microtubule structure, tanshinone IlA destroyed the mitotic
spindle during interphase. Likewise, apigenin could increase the amount of breast
cancer cells in the sub-G1 phase (60). Our results demonstrate for the first time the
efficacy of tanshinone IIA and apigenin to induce cell cycle arrest in UM cells.
Further studies to elucidate the molecular pathways involved in this process would

provide more support to the therapeutic potential of these promising flavonoids.

Tanshinone IlA and apigenin suppress the proliferation of UM cells

Our results showed a significant reduction in the expression of the proliferation
marker Ki-67 in response to tanshinone IIA at lower concentrations (12.5 and 25
MM). In contrast, apigenin had a weaker impact on UM cells at such concentrations
and could exert a significant anti-proliferative effect at 50 and 100 pM. Interestingly,
the inhibitory effect of tanshinone IIA on Ki67 expression weakened unexpectedly
at the concentrations of 50 uM and 100 uyM. Several studies have reported similar
results, suggestive of the differential impact of flavonoids on tumor cells at lower
and higher concentrations. For example, genistein was reported to be biphasically
regulating prostate cancer cell proliferation and invasion after 72 hours in vitro,
represented as a 1.5-fold increase at 0.5 to 1 uM concentrations and ~3.0-fold
decrease at 50 uyM (22). Likewise, a similar effect was observed in breast cancer
cells after treatment with the soybean isoflavone daidzein (59). Since the uveal
melanoma cells appeared apoptotic after the incubation with high concentration of
tanshinone lIA, (Figure 13A) the weakened anti-proliferation of high concentration
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of tanshinone IIA might be explained by the overestimation of the unspecific
binding of antibodies due to apoptotic protein degradation at very high
concentrations of the flavonoids, or the subcellular fragments produced by the
disintegration of the dead cells, or the condensed apoptotic cells, which may
functioned as unspecific targets leading to the contradictory results (67). However,
there is currently no clear interpretation on such concentration-dependent
contrasting actions of flavonoids on cancer cells.

The downregulation of Ki67 in response to tanshinone IIA was also observed in
the gastric cancer cell line SGC-7901 (114). However, the signaling pathway(s)
regulating this event remain unknown. As stated previously, the Rho-kinase has a
well-established role in the formation of stress fibers, cell adhesion and fibronectin
matrix assembly in tumor cells (48). Accordingly, the Rho-kinase inhibitors such as
Y-27632 and fasudil could inhibit the growth of carcinoma cells by disrupting the
F-actin dynamics and stress fiber formation (93,110). Our results also suggest that
tanshinone IIA and apigenin may be interfering with the Rho/Rho-kinase signaling
pathway in the 92.1 cells, as demonstrated by the changes in the actin
cytoskeleton and the levels of the main Rho-kinase target MYPT. (Figures 13,16,
respectively) Further investigation of the Rho-kinase mediated events would
provide valuable insight into the molecular mechanisms underlying the

anti-proliferative effect of these flavonoids.
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Tanshinone IIA and apigenin suppress the motility of UM cells

During cell migration, actin microfilaments collaborate with microtubules to direct

the cells to their destination by the protrusion of the leading edge, tail retraction and

ECM adhesion. The Rho/mDial pathway is involved in the regulation of actin

polymerization for the protrusion in the front, whereas the Rho/Rho-kinase

signaling pathway controls the integrin adhesion of the tails and induces tail

retraction (71). Accordingly, the treatment of skin melanoma cells with the novel

Rho-kinase inhibitors CCT129254 or AT13148 could reduce cellular invasion (86).

Using scanning electron microscopy, Routhier A et al. (85) also found that the

treatment of UM cells with the synthetic Rho-kinase inhibitor Y-27632 resulted in an

increased filopodia formation and limited lamellipodia formation.
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Figure 21. The four steps of cell migration and underlying rearrangement of the cytoskeleton. Cell
motility is generally divided into four procedures: head protrusion, ECM adhesion, cell contraction
and tail retraction. The polymerization of F-actin generates the protrusions at the leading edge,
while the depolymerization of F-actin leads to the retraction of the tailing part. The actin
cytoskeleton is mainly regulated by the Rho-kinase and its relevant downstream targets, such as

LIMK and cofilin. (ROCK= Rho-kinase; MTOC=Microtubule organizing center) (25)

In our study, tanshinone IIA and apigenin reduced the cell motility into the
scratched wounds of 92.1 UM cells monolayer in a dose-dependent manner. This
is in agreement with the degradation of actin microfilaments in response to
tanshinone IIA and apigenin, as indicated by the phalloidin staining. The
impairment of the stress fiber formation might therefore have reduced the

contractile strength of the cells, resulting in the impairment of cellular invasion.

Tanshinone IIA and Apigenin reorganized the actin microfilaments and
changed the morphology of UM cells

The actin cytoskeleton is recognized as the molecular fundament implicated in
numerous metastatic aspects of cancer progress, such as proliferation and motility.
We therefore assessed the outcomes of flavonoid treatment on UM cell
morphology by staining the actin filaments. Increasing levels of tanshinone IlIA and
apigenin significantly weakened the intensity of the F-actin staining in a
dose-dependent manner. Interestingly, adding very high concentrations (100 pM)
of tanshinone IIA and apigenin promoted a contracted, apoptotic appearance. Cells
in the intermediate concentration groups, on the other hand, exhibited a more
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dendritic, and branch-like morphology, which is similar to the normal, differentiated
melanocytes. This is in agreement with the observations of a former study on
cutaneous melanoma cells, where the incubation with 20 yM apigenin for 1 day
promoted the formation of long protrusions, whereas the higher concentrations (up
to 50 pM) induced a rounded and granulated morphology (37). Interestingly, the
loss of melanocytic differentiation as well as the acquisition of primitive stem-like
cells are the two important features that distinguish metastatic UM from the
non-metastatic tumors (36). This might suggest that the lower concentrations of the
flavonoids tested in our study might reverse the de-differentiated state of malignant
UM cells to normal, functional melanocytes with less metastatic potential. This may
also partially explain the suppressive effects of these flavonoids in the growth and

migration tests in our study.

Tanshinone IlA and apigenin exert inhibitory effects on Rho-kinase/MYPT
and Rho-kinase/YAP signaling pathways

As stated previously, the best known regulators of the organization of actin
cytoskeleton are the Rho-GTPases and their main downstream effector
Rho-kinase (35). The most important downstream targets of Rho-kinase include the
myosin light chain (MLC) and the myosin phosphatase target subunit 1 (MYPT-1)
(88,102). In UM cells, phosphorylation of MYPT-1 (myosin phosphatase target
subunit 1, also known as myosin binding subunit or MBS) inhibits the
dephosphorylation of MLC (73,74). The phosphorylated MLC in turn catalyzes
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actin-myosin filament bundling and myosin-driven contraction, therefore initiating
several tumor-associated processes, such as morphological changes, cell motilty,
proliferation, and adhesion (81).

Our results showed that tanshinone [IA and apigenin decreased the levels of
both MYPT and its phosphorylation at threonine 696, the major site targeted by
Rho-kinase, in a dose-dependent manner. Interestingly, the very high
concentrations of both flavonoids, which induced an apoptotic morphology, led to a
gradual increase in the ratio of p-MYPT to MYPT levels, but this effect did not reach
statistical significance. High concentrations of flavonoids, as mentioned above,
might cause the degradation of cellular proteins in apoptotic cells, which might
create unspecific binding targets for the antibodies, leading to the slight higher
expression of p-MYPT over MYPT (67). This might also attribute to other involved
unknown protein molecules or signaling pathways, which are worthy of further
invastigations.

The increased Rho-kinase activity in UM cells due to the mutations in Gaqg/11
also induces the translocation of the YAP protein to the nucleus, which promotes
UM cell growth (24,63,112). YAP functions as a transcriptional co-activator and
presents in most proliferating cells (76,79). Normally, the level of YAP in
proliferating cells remains in dynamic stability that is regulated by cellular density.
When cells reach to an appropriate number, the signaling cascades that are
activated by cell-cell contacts lead to the rearrangement of the actin cytoskeleton
and degradation of YAP in the cytosol, which prevents further cell growth (24).
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Conversely, the accumulation of unphosphorylated YAP in the nucleus would allow
for its interaction with the related transcription factors and further promote the
expression of proliferative genes (111). Accordingly, knocking down the mutant
Gaq gene in UM cells increased the phosphorylation of YAP, decreased YAP
nuclear localization, and suppressed tumor growth in an in vivo study (63).
Moreover, YAP-deficient UMs developed significantly smaller than the controls
(113). Currently, the YAP inhibitor verteporfin has been approved by the FDA
(Food and Drug Administration) to be utilized in the photodynamic therapy (PDT) of
eyes against abnormal blood vessel formation. However, it still has a limited use
abroad due to its low solubility.

Our study demonstrated that tanshinone I[IA and apigenin reduced the
expression of nuclear YAP in a dose-dependent manner, possibly due to the
degradation of actin microfilaments. These findings provide further support to the
promising therapeutic potential of both flavonoids for the treatment of UM patients.
To confirm these findings, it would be very beneficial to perform further analyses in
other UM cell lines and evaluate the underlying mechanisms in the future.

A possible mechanism of the inhibitory effects of the flavonoids in our study
might be related to the structural similarity of flavonoids to adenosine. (Figure 4)
Adenosine and its derivatives, such as the adenosine triphosphate (ATP),
adenosine diphosphate (ADP) and cyclic adenosine monophosphate (cCAMP), play
vital roles in biochemical processes like energy transfer, vasodilation and
neuromodulation. It is also well described that tumor cells can release adenosine
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due to the hypoxic environment, which induces the accumulation of extracellular
adenosine. The activation of adenosine receptors by the extracellular adenosine
can in turn promote the growth and development of tumors (1,51). Accordingly, the
inactivation of adenosine receptors emerges as a promising therapeutic approach
to suppress tumor growth (51). Interestingly, certain flavonoids have also been
indicated as adenosine receptor antagonists (42,69), possibly due to the mild
similarity of their structure to adenosine. (Figure 4) Flavonoids could also activate
the adenosine monophosphate-activated protein kinase (AMPK), which is
proposed as a major controller of cell proliferation and apoptosis (64). These
aspects might bring us a new insight, that flavonoids can be utilized as potential
competitors of adenosine receptors against oncogenesis and metastasis.
Moreover, the synthetic Rho-kinase inhibitors exert their effects by targeting
the ATP-binding domain of these enzymes (98). As stated previously, Rho-kinase
plays a substantial role in the growth and metastasis of UM cells. To date, two
Rho-kinase inhibitors have been authorized for clinical application: Fasudil was
approved in Japan in 1995 and is now used for preventing cerebral vasospasm as
an inhibitor of actomyosin contraction (74). Ripasudil was ratified in Japan in 2014,
to be applied as eye drops for improving the outflow of the intraocular aqueous
humor as a therapeutic management for ocular hypertension and glaucoma (28).
However, the clinical approval of these synthetic inhibitors in Europa may take
many more years. On the other hand, the dietary flavonoids such as tanshinone IIA
and apigenin are readily available, natural, and botanically extracted nutraceuticals.
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Our results provide the first evidence that these flavonoids can interfere with many
of the cellular events regulated by Rho-kinase in a certain UM cell line, such as
survival, cell cycle progression, proliferation, motility, rearrangement of the actin
cytoskeleton, and YAP activation. Tanshinone IIA and apigenin can therefore be
considered as readily available and natural inhibitors of UM cell growth and
metastasis. To further evaluate the therapeutic potential of these flavonoids, it
would be invaluable to conduct in vitro assays on additional UM cell lines and in

vivo experiments in the future.
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SUMMARY

Uveal melanoma (UM) is the most common and potentially devastating primary
intraocular malignancy in adults with an extremely high rate of metastasis and
mortality. There is currently no standard treatment for metastatic UM. In this study,
we evaluated the efficacy of flavonoids, tanshinone IIA (TAN IlIA) and apigenin, as
potential inhibitors of the metastatic activities of UM cells.

In our study, we evaluated the optimal concentration of the flavonoids, the
organization of the actin cytoskeleton, cell migration, proliferation, cell viability and
the cell cycle arrest of UM cells 92.1 treated with TAN I[IA or apigenin at a
concentration range of 1.5-100 uM. In order to investigate the underlying molecular
pathways involved, activity of Rho-kinase and YAP-1 was assessed by the
immunostaining for MYPT-1, phosph-MYPT and YAP-1.

TAN IIA and apigenin led to a significant and dose-dependent reduction in the
number of metabolically active cells and actin microfilaments staining, and a
dose-dependent increase in the intake of EthD-1 in the treated groups compared to
the control (p<0.05). TAN IIA or apigenin inhibited the migration of cells after
treatment for two days (p<0.05) and declined the upregulation of the Ki6G7.
Flavonoids induced significant reductions of the expression of MYPT-1, p-MYPT
and YAP-1 in a dose-dependent manner.

Our study showed promising inhibitory effects of TAN IIA and apigenin on the
metastatic activities of the 92.1 cells. Flavonoids might be considered as natural,
efficient pharmaceutical therapies with lower side effects for the UM patients.
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Zusammenfassung

Das uveale Melanom ist die haufigste primar intraokulare maligne Erkrankung des
Erwachsenen mit einer sehr hohen Metastasierungsrate und Letalitat. Bei 50% der
Patienten treten innerhalb von funf Jahren Metastasen auf, daher ist die derzeitige
Therapie des primar uvealen Melanoms nicht mit einem signifikanten
Uberlebensvorteil verbunden. So betragt die durchschnittliche Uberlebenszeit nach
derzeitigem Stand noch lediglich 12-14 Monate. Eine effektive Pravention der
Metastasierung ist demnach das oberste Ziel in der Behandlung von Patienten mit
UM.

Molekulare Mechanismen, welche der Entwicklung des UM zugrunde liegen,
mussen noch weiter erforscht werden. Unter anderem ist bekannt, dass das UM
durch Mutationen in den GNAQ oder GNA11 Genen, die fur die
G-Protein-alpha-Untereinheiten Ggq und G11 kodieren, ausgeldst wird. Diese
Mutationen fuhren zur Konversion dieser Signalproteine in eine konstitutiv aktive
Form. Kurzlich veroffentlichte Untersuchungen konnten aufzeigen, dass die durch
den Rho/Rho-Kinase Signalweg ausgelOste erhohte Aktivitat des transkriptionellen
Co-Aktivators yes-associated protein-1 (YAP-1) Wachstum und Entwicklung von
UM-Zellen begunstigt. Somit stellt dieses Signal ein potentielles Target fur neue
Therapien dar. Vielversprechende Studien wiesen nach, dass synthetische
Rho-Kinase-Inhibitoren sowohl Uberleben, als auch Motilitat und Proliferation von
kultivierten UM-Zellen verhindern konnten. Jedoch existieren zur Zeit keine Studien,
die speziell auf die Nutzbarkeit naturlicher Inhibitoren mit Wirkung auf die
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metastasierenden Eigenschaften von UM-Zellen ausgelegt sind.

Flavinoide sind die am weitesten verbreiteten bioaktiven phytochemischen
Verbindungen und finden sich in Krautern und anderer pflanzlicher Nahrung. Es ist
bereits nachgewiesen, dass Flavinoide vorteilhafte biologische Auswirkungen auf
die Metastasierung verschiedener Tumorzellen haben. Unser Interesse galt zwei
Flavinoiden, Transhinone IIA und Apigenin, im Hinblick auf ihre Wirkung als
potentielle Inhibitoren von Uberleben und Metastasierung von UM-Zellen.

Im Rahmen unserer Studie wurden Zellen des Stammes 92.1 mit TAN IIA oder
Apigenin in den Konzentrationen 1,5 bis 100 yM behandelt. Die optimale
Konzentration wurde mittels eines MTT-Assays ermittelt. Die Organisation des
Aktiv-Zytoskeletts wurde mit einer Phalloidin-Farbung analysiert. Ein scratch-Assay
untersuchte die Zell-Migration. Die Proliferation der Zellen wurde mithilfe einer
Ki67-Immunfarbung analysiert. Um die zugrundeliegenden molekularen
Signalwege zu analysieren, wurden die Aktivitaten der Rho-Kinase und YAP-1
mittels Immunfarbung von MYPT-1 (myosin phosphatase target subunit-1), phosph
MYPT-1 (p-MYPT-1) und YAP-1 bestimmt. Der Zellzyklus-Arrest wurde bestimmt,
indem die IntDen des DNA-bindenden Farbstoffs DAPI gemessen wurde.

Unsere Ergebnisse weisen nach, dass TAN I[IA und Apigenin zu einer
signifikanten Reduktion von metabolisch aktiven 92.1 Zellen gefuhrt haben.
Desweiteren fuhrte eine Behandlung der Zellen mit 50uM TAN oder Apigenin zu
einer signifikant dosisabhangigen Reduktion der F-Aktin-Farbung. Dies weist auf
eine Beeintrachtigung des Zytoskeletts hin. Auf3erdem wirkte sich TAN verlangernd
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auf die Protrusionen aus und fuhrte zu morphologischen Veranderungen der
92.1-Zellen im Vergleich zur epitheloidzellartigen Kontrollgruppe. Die Zellmigration
in Richtung des Wundbereiches wurde offensichtlich durch mittel bis hohe
Konzentrationen von TAN IIA und Apigenin verhindert. Die Proliferation wurde
signifikant durch TAN IlIA reduziert, wohingegen Apigenin im Vergleich eine
schwachere Auswirkung aufwies. Eine Verminderung der Zellviabilitat durch TAN
[IA und Apigenin konnte durch eine Schadigung der Plasmamembran erklart
werden. Dies konnte mit einer Veranderung der Rho-Kinase Aktivitat einhergehen,
welche durch eine reduzierte Expression von MYPT-1, p-MYPT-1 und YAP-1 durch
TAN IlIA und Apigenin ersichtlich ist. Die Analysen des Zellzyklus deuteten auf eine
Storung in der Sub-G1-Phase durch TAN hin; Apigenin hingegen fuhrte zu einem
Zellzyklus-Arrest in der GO/G1-Phase. Damit verhindert Apigenin die
DNA-Replikation und Teilung.

Unsere Ergebnisse zeigen vielversprechende inhibitorische Effekte von
92.1-UM-Zellen.Somit konnten Flavonoide fur die Entwicklung von naturlichen,
effizienten und sofort verfugbaren pharmazeutischen Therapien mit geringeren

Nebenwirkungen fur UM Patienten in Betracht gezogen werden.
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APPENDIX

1. Abbreviations

Ml microliter

MM micrometer

AKT protein kinase B or PKB

AMOT angiomotin

AMPK adenosine monophosphate-activated protein kinase
ATP adenosine triphosphate

ATPase adenosine triphosphatase

COMS Collaborative Ocular Melanoma Study
CYP2J2 cytochrome P450 2J2

DAG diacylglycerol

DAPI 4',6-diamidino-2-phenylindol

DNA Deoxyribonucleic acid

dH20 distilled water

DMEM Dulbecco’s modified Eagle’s medium
DMSO dimethyl sulfoxide

DNA deoxyribonucleic acid

ECCG epigallocatechin-3-gallate

ECM extracellular matrix

EDTA ethylene diamine tetraacetic acid
EMT epithelial-to-mesenchymal transition

78



ERK extracellular signal-regulated kinase
ERM ezrin/radixin/moesin

EthD-1 ethidium homodimer-1

F actin filamentous actin

FDA Food and Drug Administration
FBS fetal bovine serum

g gram

G actin globular actin

GAP GTPase activating protein

GEP gene expression profile

GDP guanine diphosphate

GTP guanosine triphosphate

GTPase guanosine triphosphatase
hr(s) hour(s)

HBSS Hanks’ balanced salt solution
HCC Hepatocellular carcinoma

IC50 50% inhibiting concentration

IgG immunoglobulin

IP3inositol 1,4,5-trisphosphate

LASTS large tumor suppressor homologue
M mole

MAPK mitogen-activated protein kinase
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MBS phosphorylate myosin-binding subunit

MEK mitogen-activated protein kinase kinase or MAPKK
mg milligram

MLC myosin light chain

mM millimolar

MST mammalian STE20-like protein kinase

mTOR mammalian target of rapamycin

MTT 3-(4, 5-dimethylthiazolyl)-2, 5 diphenyl tetrazolium bromide
MW Molecular weight

MYPT1 myosin phosphatase target subunit-1

NEBD nuclear envelope breakdown

NHE1 Na'/H" exchange protein

P-MYPT1 phospho-myosin phosphatase target subunit-1
PBS phosphate buffered saline

PCA polycyanoacrylate

PDT photodynamic therapy

PFA paraformaldehyde

PI3K phosphatidylinositol-3 kinase

PKC protein kinase C

PLC-B phospholipase C-3

QNA11 guanine nucleotide-binding protein subunit alpha-11
QNAQ guanine nucleotide-binding protein subunit alpha-Q
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Rho ras-homology

ROCK Rho-associated coiled-coil kinase/ROK
RPE retinal pigment epithelium

SEM standard error of mean

SEM scanning electron microscopy
S-phase synthesis phase

TTT transpupillary thermal therapy

UM uveal melanoma

UMM uveal melanoma medium

UV ultraviolet

VEGF vascular endothelial growth factor
YAP yes-associated protein

TAN IlIA tanshinione lIA
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2. Materials

* Alexa488-phalloidin, Thermo Fisher scientific, # A12379

* Alexa Fluor 488 conjugated goat anti-rabbit IgGs, Abcam, # ab150077
* (Rabbit) Anti-Ki67 antibody, Abcam, # ab15580

* (Rabbit) Anti-MYPT1, Abcam, # ab32519

* (Rabbit) Anti-phospho T696-MYPT1, Abcam, # ab59202

* (Rabbit) Anti-YAP1, Abcam, # ab52771

* Apigenin, Sigma-Aldrich, # A3145

* DAPI, Invitrogen, # D1306

« Dimethyl sulfoxide (DMSQ), Carl Roth, # 4720.1

+ Ethanol, Carl Roth, # 9065.2

* Ethylene diamine tetraacetic acid (EDTA), ROTH, # 8043.2

* Ethidium homodimer-1(EthD-1), Thermo Fisher Scientifc, # E1169
* Fetal bovine serum, gibco, life technologie, # 10100-147

* Hanks’ balanced salt solution (HBSS), gibco, life technologies, #14170-088
» KCI, Merck Millipore, #1.04936.0500

* KH2POQOy, Fluka, # R00125

* Mowiol, Carl Roth, # 07132

* Na;HPO4, Merck Millipore, # 1.06586.0500

* NaCl, J.T.Baker, # 1764

 Tanshinone IIA, Enzo life sciences, # GR-336-0005

* Tris-HCI, Carl Roth, # 9090.1
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* Triton X-100, Serva, # 39795

» Paraformaldehyde, Merck Millipore, # 1.04005.1000

* Penicillin/Streptomycin, Biochrom, # A2212

* Phosphate buffered saline (PBS), without Ca++ and Mg++, for cell culture, Merck
Millipore, # L1825

* RPMI-1640 with 2mM L-Glutamine, Lonza, # BE12-752F

« 1xTrypsin-EDTA (0.25% Trypsin with 1mM EDTA, without Ca* and Mg?*), Merck
Millipore, # L2143

* 3% Bovine serum albumin, Sigma, # A4303

2. Laboratory containers, glasswares, and other materials
+ 8-well chamber slide, Sarstedt, # 94.6140.802

* 12-well chamber slide, ibidi, # 81201

» 24-well plate, Greiner Bio-One, # 662160

* 24 x 60 mm coverslip, Menzel, # CS2460100

« 75 cm? culture flask, Greiner Bio-One, # 658175

» 96-well cell culture plate, Sarstedt, # 83.3924

* Millex GS 0.22 pm filter unit, Millipore, Billerica, MA, # SLGSO33SS

3. Laboratory apparatus and computer softwares

* Autoclave, Systec, # DX-23
 Centrifuge, Sigma, # 2-16PR

* Colorimeter, FLUOstar OPTIMA microplate reader,# 413-2002
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+ Cytometer with Neubabuer chamber, Heinz Herenz Medizinalbedarf GmbH,
Germany

* Fluorescence microscopy, Leica DMI 6000 B microscope, Wetzlar, Germany

* Fluorescence monochrome digital camera, DFC 350 FX, Leica Microsystems.

* Filter sets, indicated by Table 3

*Fiji is Just Imaged (Fiji) program, National Institutes of Health, USA,
https://imagej.net/Fiji/Downloads, 2007-2017

* Incubator, Sanyo, # MCO-17A1

* Leica application suite software, Advanced Fluorescence 2.7.0

+Leica application suite software, V3.7 (build 871), 2003-2010 (scratch assay)

*Microscope for scratch assay, Leica DFC295

*Microsoft Excel software for Mac 2011, 14.7.2 (170228), 2010 Microsoft
Corporation, U.S

* MTT phase contrast microscope, Leica DFC295, Germany

Water bath, GFL, #1083

4. Buffers and solutions

Apigenin stock solution

Under a laminar flow hood, apigenin (Molecular weight: 270.24) was dissolved in
sterile DMSO at a final concentration of 50 mM, aliquotted into sterile 500 pl

microtubes wrapped in aluminum foil, and stored at -20°C protected from light.
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DAPI stock solution (1ug/ml)
20 pl of DAPI (5 mg/ml) was dissolved in 100 ml 1xPBS on a magnetic stirrer for
one hour under protection from light, aliquotted into 50 ml tubes wrapped in

aluminum foil, and stored at 4°C.

Blocking buffer

* 120 mM KCI

« 20 mM NaCl

5 mM EDTA

* 10 mM Tris-HCL, pH 7.5

* 3% Bovine serum albumin

* dH20

Dissolved in 160 ml dH>O to reach the final volume 200 ml. The solution was sterile
filtered with 0.22 um filters and stored at 4°C.

Mowiol

* 6.4 g Mowiol 4-88

* 16 g Glycerol

* 32 ml 0.2M Tris-HCL

6.4 mg Mowiol and 16 g Glycerol was mixed and stirred for one hour under room
temperature. Afterwards, 16 ml of aqua tridest was added and the mixture was
stirred for one hour under room temperature. 32 ml Tris-HCL was added and the
stirring was continued for 2 hours at 50°C, followed by an overnight stirring at room
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temperature. On the next day, the solution was centrifuged at 5000 rpm for 15
minutes to precipitate the undissolved Mowiol. The supernatant was aliquotted at

ca. 1.5 ml and stored at -20°C.

MTT stock solution (5 mg/ml)

«0.25gMTT

« 50ml PBS (cell culture grade, without Ca++ and Mg++)

MTT pulver was dissolved in PBS by rotating overnight protected from light. The

solution was sterile filtered using 0.22 ym filters and stored at 4°C.

Tanshinone IlA stock solution
Under a laminar flow hood, tanshninone A (MW: 294.3) was dissolved in sterile
DMSO at a final concentration of 50 mM, aliquotted into sterile 500 ul microtubes

wrapped in aluminum foil, and stored at -20°C protected from light.

4% paraformaldehyde

* 4 g paraformaldehyde

+ 100 ml PBS

Stirred under fume hood and heated to approximately 60°C until the solution

appeared clear. Stored at 4°C.

10X PBS
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+ 80 g NaCl (MW=58,44)

2.7 g KCI (MW=74.55)

* 11.5 g Na2HPO4 (MW=141.96; anhydrous)

* 2 g KH2PO4 (MW=139.09)

Adjusted the volume of 10X PBS to 1 liter 1X PBS using dH20. Stored at room

temperature.
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