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Figure 1. Schematic models of the Hippo pathway in Drosophila and

mamnals 24
Figure 2. Hippo signaling pathway 25
Figure 3. Immunohistochemical stamning for Fascin 26
Figure 4. Immunohistochemical staining for MST2 27

Figure 5. Comparison of Fascin and MSTZ2 immunoreactivity in each

coresponding case 2
Figure 6. Immunoblotting for Fascin knock—-down 29
Figure 7. Immunoblotting for MST?2 knock—down 30
Figure 8 BALB/c mice xXenograft experiment 31
Figure 9. Histopathologic findings of the xenograft experiment————-———-——————- 32
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Abstract

Role of Fascin and MST2 in melanoma

Byung-Soo Kang, MD
Advisor: Prof. Sung-Chul Lim, M.D., Ph.D.
Department of Medicine

Graduate School of Chosun University

Background and Objectives: Fascin is an actin—bundling protein which is an
essential element in cancer metastasis. Hippo pathway is a critical for
carcinogenesis and cancer stem cell self-renewal. One of the core
components of the Hippo pathway is mammalian ste20-like protein kinase
(MST). The aim of this study was to investigate the roles and mechanisms
of Fascin and MST?Z2 on carcinogenesis in melanoma, which remains largely
unknown.

Materials and Methods: Surgically excised 30 cases of primary skin
melanoma with adjacent non-tumorous skin tissue were conducted
immunohistochemical staining for Fascin and MST?2. The melanoma cell line
WM793 was employed for the Fascin and MSTZ2 knock-down and then
analyzed by the Western blot assay, and the melanoma xenograft followed
by Fascin knock-down in BALB/c mice and then analyzed by tumor size

measuring and histopathologic assessment.
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Results: Immunohistochemical analysis showed increased expression of Fascin
and decreased expression of MSTZ2 in melanoma. Reverse correlation of
Fascin and MST?2 was statistically significant. Fascin siRNA oligonucleotides
upregulated MST?2 but MSTZ siRNA oligonucleotides did not significantly
change Fascin in the WM793 cell line. WM793 xenograft followed by Fascin
knock—down inhibited tumor growth significantly in the animal study.

Conclusions: Fascin is a regulator in the Hippo pathway through MST?2 and
plays an important role in melanoma carcinogenesis. Knock-down of Fascin
reduces melanoma carcinogenesis, so Fascin could be a potential

therapeutic target for melanoma.

KEY WORDS: Fascin, MST?2, Melanoma, WM793, Hippo pathway,
siRNA, BALB/c mouse
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Fascin< #7¢H6), t7d(7, 8) 18]al 449, 10) & 43 dellA] 4
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AAZA B2 AF7F o] FA XA, A S F (melanoma)s Edi= H AT

= B ot PYEAFNA Fascinel FFFH} waol Arks WEE 27
= gl aelt

Mammalian ste20-like protein kinase (MST)13¥} MST2+% Drosophila Hippo
kinaseo] 7F& 7W7be EF7F AEAo|th. Hippo pathwaye] AL serine -
threonine kinases (STK), MST1/STK42} MST2/STK3, large tumour suppressor
kinase 1 (LATS1)¥} LATS2, Z18] 3L scaffold protein Salvador (Sav1)¥} cofactor
Moblo]thH(Figure 1).

Hippo 715 A4S =W A2F7]7F 7hEshe]an, daapye] doju= Al
3 3 AHapoptosis)7F FoJUA] 7] wiitol 713 Z7|7F wlg- AX= Aot
ZEH11713). MST2= HippoZt 715& s s s Ithds),
184}, Hippo kinase®] &4 x4 714 ofz] 2 <A A &t (Figure 2).

Graves 5(14)°] MST2 o] ofe] T/ FAASE AELFNA LALS
et gk ¥ Zhou w(15) MST1# 27} Yapls &2/ 3HA1A 1HA

FobEe] PSS At Bttt 181l Hippo pathway’} actin
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cytoskeletondl]  &ste] ZHET= A2 I} actin FF(polymerization) &2
Hippo signaling©] bl thi= A o] 3] th(16). MST2= LATS1= A4k
71:=dl MST?2 kinase &4 3}ol MST2 homodimer”} 8 8.3FtH17).

X 7ol A transcriptional co—activator with PDZ-binding motif (TAZ)+= #H <,

Z_]’/‘ﬂ_‘%?:][ lg_g] %}—%xgoﬂ %ozﬂ. ol 3o dﬂo}ﬂﬂ(lSNZD, Ol x] S Al

=1 1 0 T T

A FH I o] & knock-downA| 7| A S A Fo] AAFS A Sk

3 Z7 ANl ATH23725). A RE oA EAEo]
, Fascin®} Hippo pathway2] & Ao

al
ST AEFE o] 83 Fascin-MST2-TAZ A& A 2l A77F F4T A

2 ARHHES FHE F o= 72ARE AFskaA MST2-LATS-TAZ 415
dae] AMz2e A2 %3l Fascin® A4S WAxAs8H2 T4,
Fascin @ MST2 knock-downs &3 in vitro 97, 24 S5AE M EF WM793

S BALB/c mouse®] xenograft 3+ % Fascin knock-down< A|3§3}e] 23l
TYHste] A5 Foto] Yol gt
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1. Aok

Wz 3ty A 9 A& A= rabbit anti-fascin  antibody

il
rob

(Sigma-Aldrich, MO, USA)®} rabbit anti-MST2 antibody (Thermo Fisher
Scientific, MA, USA)E ©] 433l th.

RNAi A 3& 9135t Fascin siRNA (5 - 3 sense GCCUGAAGAAGAAGCAGAU)
(Dharmacon, CO, USA), MST2 siRNA 5 -3 sense
CAAGAGUCAUGAAAAUUGULt) (Invitrogen, CA, USA)E AH&-3}3lth. Fascin
siRNAT in vivo deliveryE 91314 liposomeol &= =5 A|2HskSlth

Western immunoblotting= 3+ A]2f Anti-B-actin (Sigma-Aldrich, MO,
USA), Horseradish peroxidase-conjugated secondary antibody (Santa Cruz

Biotechnology, TX, USA)ES A3t}

2. 9% A AA

A FAE FHs] AVES

it

&
N
e
1o
=
o\
oS
oX,
o
H
BN
iy
o,

Collection @ chosun



3. AEF 2 vjgxd

A ZAZE A EF WM793 (ESTDAB Melanoma Cell Bank, Tiibingen,
Germany)E 10% (v/v) fetal bovine serum¥} penicillin/streptomycin
(Calbiochem, CA, USA)o] ¥3t¥l RPMI 1640 medium (Invitrogen, CA, USA)el

A 5% CO, ZAaFl A 37C = wlokalglTh.

4. A&

] _

by

EI

52 A § 65%%E BALB/c mice (Samtako Bio Korea, 47| %=, o 3t
W) A7 6ukg] & ARSIl o) Atgel B2 AEA FEEHAT AR

L WC~26T, 5 50%, 19 F =48 g7] 124)7F & ob7] 124 7Fo] Atk
5. A9z 33ty |4

4 mm FA9 FHHAAHEGS A Zste] BenchMark XT AHs A 7](Ventana
Medical Systems, AZ, USA)E A}-&35to] At om, AxekA|e] 3An] &2
fascin 1:200, MST2 1:2,000°.2 &3t SN2 12 A gyl

Tris-buffered salines A]83F3 3, JZE A2 Mayer's hematoxylin® = 3}

=
A7 Pascin?h MSTZ W% AXAW 2494 oz agsigi,
o Axel weh kR, 24(FFE P, 3+ (FRA) oz PR 245
e,
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#7484 -c< vl BALB/c mouse &% Y3t WM793 ME55 HFstal 2
T AR AASFEA R ARSEAY. HE 14 dAbdl 3 vl aeA9e
F3 1 mg/mle Fascin SIRNAENS 10 u/g- Aoz, tixzd 3 vt
Fascin siRNA WAl s3] AZAATE 29 G FAVIZ FA3190E 72 A7k
B FES At FES HAS

el sLgekgiet.

1-4

A71€ SAT F 10% T4 2%

7. Western Blot ¥4

WM793 A3EF9] Fascin siRNA oligonucleotides 2} MST2 siRNA
oligonucleotidesE Amaxa™ Transfection System (Lonza Bioscience, Basel,
Switzland)& ©]-&&to] AWMl wel 22} transfectA 2] - pH 7oA 72 A3E
Hj<F3te] immunoblot 41-& 3T

NE-PER kit (Pierce, MA, USA)E ©]-§-38}of Adrg Aol whe} vl AL &3} A
x4 23S drt 10% SDS-PAGE gel® total cell lysateE ]33t}
Electro-transferringS v}%l % membraned 204 30 #7F non-fat dry
milk® HEo] REES sl 3 W MEH 3 blotss dA A9}
peroxidase-linked anti-mouse IgG (Amersham Biosciences, Little Chalfont, UK)

oF Wk AT @l E band+ ECL-plus Western blotting detection system

(Amersham Biosciences) 2. % =73} )
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8. W=ty 24

AP TEANA A& FFEA dg FtdAn A #HFS A 2 A4
& A& W 22 10% buffered formalinell A 24 AIZF A7 H, 2%

B8 Aol 7 Yo wolad: formaling A AL 70%, 80%, 90%, 95% =
100% ethyl alcohololA Z+zF 1AM €434 (dehydration)S A At}
Xylene A2} paraffin I FHAS AX & Eujste] 555 A Atk o
Al =8 E paraffin £5& 3 d3 ¥4 7] (microtome) & AFE3le] 4 mm A=
f2l &Elol= AHE AFEIAL Xyleneo® 3~5 4 2 3] A3 F
ethanol& 100%, 90%, 80%, 70%, 60% % 50% o2 1 4 & Ity 7

S AR & FEE 10 E37F AlF 35 tE hematoxylinoll A 5 #3F ¥H8 3 <=
7

o

EEoA 1 B7F AHS £ 1% acid alcoholdl 4 3] H&H T FEEo | 27
Mgl o]F ammonia®l 4 3] HZ a0l 15 B3F AMHESI T
Eosinol] 3 7F 9AS 31 & ethanolS 80%, 90% % 100% <o 2 g3k &

xylenes 3 &4 2 3] A3 F FJsto] FotAn|Fd oz dEsA

9. $A%H ¥4

BE QAE 3 8 ol del AAANE mean  SEX HIISHATh BADAE

Student’s t-test® ©]83}3 3, P<0.05 & W SAgHCRE Fodo] & AL
2 F7tskslth
- 6 -
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1. 2%

1 JA8R Aol U WA= G4 B

ECE I R P IO e
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gl Al Fascine 2 S#l7F Aoz dAEAa, MST2+ & 4

S99 AHRTAAE B HP=0.0001) (Figure 5). 28]}, Fascin® MST2 9474 =

= TYY HFeH #A] A

2. Fascin knock-down A% A}

WM793 Al3EF9] Fascin siRNA oligonucleotidesE transfection*| #] Fascins
knock-downAl 7l & Western immunoblotting 7| 2.2 MST2E =A3 Ay

) Ztoll Hlste] MST29] 2l3 7170 #2E QI (Figure 6).

3. MST2 knock-down A3 ZA3}

[e)

WM793 A|3EFo] MST2 siRNA oligonucleotidesE transfectionA] ] MST2E
knock-downAl 71 3 Western immunoblotting 7] ©. 2 Fascing =743 A3}
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ol Hlske] Fascin®] 93t 7142 #2E R vt (Figure 7).
4. Fascin siRNA A& FE49

WM793 AMXF HFO=2 xenograft TUS 5% & liposomeo] B3+
Fascin siRNA oligonucleotides® transfection?] #] Fascine knock-downA] % t}.
72A13F A3 $ BALB/c miceE A F4S HE33Th

Fascin siRNA A2 TLFo] Ho H7do] 1.33 cm@l WA tfx2v-2 1.93
cmzZ 253 AT R Fold ApolE HATHP<0.05) (Figure 8).

5. AYEE WezAtH 27
Fascin siRNA A 2] 18 M FFe] Aol 723 Ab(micro-focal necrosis)

7F FEEDA N x2S 38 BF A9 Ak SAE dEEIY

(Figure 9).
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ezl Aol gt ST S tidez dAE MST2 A= 7
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o] {1A)9F Hippo kinase (MST1/2)7} YAP/TAZ AAbsS 9 A|ste] 1A E ot
o] A& AT E AFHAL(3E3) Fel A MST1IH MST2E Al AsHH Al
A P EGFo] wAs=H, o] YAP/TAZ, STATS3, Wnt/B-catenin %
Notch signalinge ZAI3IA A 2%+ Ao ®E HEJTH34).

by

2 AFAFANME MST29] A7 o3 AF] WAy #do] 9= Ho=
et o, g EAE ] WA o| Fascin® MST2E A3 A4 #A7 9= A

o= yotH At

3} Fascin siRNA oligonucleotides ¥ MST?2 siRNA oligonucleotidesZ ©]-&
gk WM793 ot A% M XS A¥ A7} Fascin knock-downs MST2 &S
S7HA 71 A %, MST2 knock-down< Fascin @&l f2]gk W3sE 4074
o} Al HAGA A MST2+= Fascin® 3} (downstream)oll A= Aoz F74
t}.

BALB/c mouseE T3 TE23dA WM793 AN F MEFE IsF

&

_L4

sto]l A SAFS  xenograftdt 25 ¢ wE|AMS F3 Fascin siRNA
=z

oligonucleotides H& AdS &dto] 793 TFA7] T4 Ayt glEg]

ok ol oA TlEd dRHEAE o83 Fascinel e Wz steha A
A BT A HE L), Fascin 2 MST2e tfgh W x4 3}18t4 A4
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Legend for figures

Figure 1. Schematic models of the Hippo pathway in Drosophila and
mammals. Cells are shown with respective cellular junctions; adherens
junction (A]), tight junction (TJ), septate junction (SJ). Hippo pathway
components in Drosophila and mammals are shown in various colors, with
arrows and blunt lines indicating activation and inhibition, respectively. The
yvellow spheres indicate phosphorylation of target proteins by Kkinase.
Continuous lines indicate known interactions, whereas dashed lines indicate

unknown mechanisms. (Adopted from EMBO reports 15:642-656)

Figure 2. Hippo signaling pathway. Schematic diagram for the core
components and signal transduction of Hippo pathway. (A) When Hippo
signaling is Off (in low cell density): The kinases MST1/2 and LATS are
inactive, which results in inhibition of phosphorylation of YAP and TAZ. The
stabilized YAP/TAZ in nuclei interacts with TEAD and enhances the
transcription of target genes related to anti—apoptosis and proliferation. (B)
When Hippo signaling is On (in high cell density): Activation of KIBRA and
NF2 via unknown upstream signaling leads to activation of MST1/2.
Activated MST1/2 phosphorylate SAV1 which in turn phosphorylate LATS
and MOBI1. The activated LATS/MOB phosphorylates YAP/TAZ which results
in cytoplasmic retention by 14-3-3 protein and proteasomal degradation of

YAP/TAZ. As a result, TEAD interacts with VGL4 and suppresses the
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expression of target genes. (Adopted from creative commons

https://creativecommons.org/licenses/by—nc/3.0/)

Figure 3. Immunohistochemical staining for Fascin. A: Nests of early stage
melanoma shows diffuse strong positive cytoplasmic immunoreactivity
(arrow) in the tumor focus. However, the adjacent non-tumorous epidermis
(asterisk) shows weakly positive immunoreactivity confined to the basal layer.
B: Deeply invasive advanced melanoma shows diffuse strong positive

Immunoreactivity.

Figure 4. Immunohistochemical staining for MST2. A: Early stage melanoma
shows weakly to moderately positive cytoplasmic immunoreactivity (arrows)
in the tumor area. The adjacent non-tumorous area (asterisk) shows
moderately positive immunoreactivity in the full-layer of the epidermis. B:
More advanced melanoma shows weakly to moderately positive
immunoreactivity (arrows) in the tumor area. However, the adjacent
non-tumorous epidermis (asterisk) shows strong positive immunoreactivity in

the full-layer of the epidermis.

Figure 5. Comparison of Fascin and MSTZ immunoreactivity in each
corresponding case. Histogram demonstrates statistically significant negative

correlation between Fascin and MSTZ2 immunoexpression.
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Figure 6. Immunoblotting for Fascin knock-down. Fascin siRNA
oligonucleotides transfection increases MSTZ2 expression in WM793

melanoma cell line.

Figure 7. Immunoblotting for MSTZ2 knock-down. MST2 siRNA
oligonucleotides transfection does not increase Fascin expression in WM793

melanoma cell line.

Figure 8. BALB/c mice xenograft experiment. A: Excised tumor sizes of the
liposome encapsulated Fascin siRNA injection group are smaller than those
of the control group. B: Histogram shows statistically significant decrement

of tumor size in the Fascin knock-down group (P<0.05).

Figure 9. Histopathologic findings of the xenograft experiment. A: Fascin
siRNA treated group shows micro—foci of tumor necrosis (asterisks) in the
tumor center (left). Higher magnification shows malignant melanoma with
melanin pigmentation (right). B: Control group shows massive tumor
necrosis (asterisks) in the tumor center (left). Higher magnification shows
malignant melanoma with melanin pigmentation (right). Hematoxylin—eosin

staining.
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Figure 9
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