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Inhibitory effect of Cinnamomi Cortex extract on motility of prostate cancer cells
through reducing YAP activity
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ABSTRACT

Objectives : Recently, natural bioactive components catch a major attention for their potent anticarcinogenic activity.
In this study, the inhibitory effect of Cinnamomi Cortex (CC) was examined in PC3 prostate cancer cells,

Methods : The toxicity of CC extract was evaluated with cell viability and cell morphology. The activity of Yes
associated protein (YAP) was tested with qRT—PCR for the target gene expression such as CTGF and AMOTLZ2,
Western blotting was performed for the evaluation of phospho—YAP level, For cell motility analysis, cellular motility
was imaged by live imaging system for 6 hr, Successive images were used for the generation of movie file, Using this
movie file, cellular migration was manually tracked and analyzed using time—lapse microscope and Fiji software,
Results : Cytotoxicity of CC extract was not detected at 500 ug/ml or below concentration, Although 500 ug/ml of CC
extract reduced CTGF and AMOTL2 gene expression as YAP target genes, it was not statistically significant (CTGF
expression P=0,0605, AMOTL2 expression P=0,4478). However, phosphorylated YAP was highly enhanced by CC
extract treatment, when normalized with total YAP protein expression, suggesting YAP activation was inhibited,
Finally prostate cancer cell motility was markedly reduced by 500 ug/m¢ of CC extract,

Conclusions : CC extract suppresses cancer cell motility and migration ability through inhibiting YAP activation
without prostate cancer cell death, suggesting that this herb might be effective therapeutic drug for prostate cancer
metastasis.
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e ol 8% A e ol wet AYPAA =7
HlEo] oMHEolE =7, T4 APAAY] 10-50%=

AP APAgGes HA=w Y Aoz dAnzz g
W 20| Hol7} ojup= Aol & A rt,

A7 o] APAY AR AHS T2 A S22 Agef
3 5 F] oFEo] APAMY HAE AMHO BEHog &
Hi Yot W X237 A AA| Hgo R <l
2ol ojgo] Ut 53] Hol& Fuket APALAE] H$
g S22 g ay vhg-S Bolxut, Hap vhe-E Kol
AZbo] Fotx| 1, A= T2 vk MPAL o2 WA
=o] H@g X7yl gl AAolct,

F| L APAGA Z FFuA A NN FAE 254
Z A3l gHAo)lE FL3d= nHiolen}l# Yes associated
protein (YAP) o] Hu =gtk YAPL Hippo signaling &
uj7fsh= F23k QIRE Hippo signaling Al Z 4] 9 23]
A sy, HEAAE T3 AZ2 AT AES
Aoste Aoz A 9, ot 2- 7|H vgAH
H7E dold A9 e Ut 2o E HuEo| glof ¢t
Azl $83 71H02 AAA T Y}

Agaere] el ofz A3 g AR oy,
FAE2 R Hopatgat 1A AF B-go] APt A
FEL Loty B, gdebd ALY fEea
AW Z23 Al E AL ZA APALGS st
Ad 83 5 9l Aozt AtrE o] 1AW &7 4%t
EZZA7)2, AURAHAE SAA7IE, EAedS S35
B37} Qe A B APl AHgstad®,

SA(AEE)E SUFT(Lauraceae)o]l &% A
(CinnamomumecassiaPresl)®] 43 (Cinnamomi Cortex)=
MmkE EH, AES L RS B, M, SR Hohks, B
B, B, ik Xaee]l ol #iEel 4dhe AgASS
Az 4 A, $AE DAY §F Lol 2L FE A
AL To] Rt o, FAFAdEQd A4t (cinnamic
acid)@ ¥ &< Fu(coumarin)E -3k Ut 4
FEE tigt Fejas AFE v nfe Ao A Q] 25 ofjY
AZ7e 23t g’ P 22%(muscular dystrophy)
AR AR e A ggs g Farst? 537 BaE
ok EI HZ SAFESE FATA digt d3= WY
Rzol|A2] 54 A9, MEArd =Y, Ho] oA &
FAEY P AZ M AEAE §E o] HIES]
ou, AYPAL] et FLaSS ok 7] HiH vl gick,

ety B Aol AA AFMANETQ PC3 AZ
(PC3 AZ)E ol g3t SAFEES AFAUAE Hole
gt JA 552 Felstdon, fo4e] e ARE I

7)o Bashi wrolt

o XN op flo

I. A 2y
1. %A
E Agof AMgH S$A(Cinnamomi Cortex, CC)+ ¥

AR (&AL, T=)erRE BEAAHE FUT F FIHE
i FefFHst Exstw oA GAdste] F2EE AR AR

shech,

2. A 5 4 &4

S AF&E(Cinnamomi Cortex, CC)& &4 200g°] &
8 & 2LE ¥ 95CA 3AER 13 2ET & 722
HE2 23 &% HABIT 282 13 9ET ASS
o](Whatman paper filter No. 1)2 AZ21, A4 A=
7|(rotary evaporator)& °©l&3te] &% & FAAXI|E
ol-gste ARAFG, olff &L 6.7%%t. SAFEE
(COE ¥7 HustuA AF A AEidso 34 ==
&4A g3AZ & FA7]-E HE (syringe filter, 0.45 um)E
e st ARSI

3. PC3 ANz ujjoF

PC3 AN|Z%E American type culture collection (ATCC,
Manassas, USA)oJA st AFE3IG o, NEZ= 10%
fetal bovine serum (FBS, GE Healthcare Life Sciences,
Logan, USA), 1% Antibiotic—antimycotic (Thermo,
Waltham, USA)¢] Z3&%E Dulbecco’'s modified eagle’s
medium (DMEM, Welgene, Gyeongsan, Korea)2 ©]-&3}%]
37 C9 5% COx27] 3ol Al vkttt

4, AIZPEE S L Iy #F

96— ZHo]E4] 2 x 10°cells/m<] PC3 AZE 100 wtX
B3k, AZ7t 90% AsE W SAFEE 250, 500,
1000 ug/ml9] =2 24A17F B 48A17F B2 A stArh,
Viability assay kit. (MediFab, Seoul, Korea)2 10 wWE
Y1 1AZE vieFe & 450 mo] SR E=E SSAH. d2E
AETW SAFEE 500 ug/miE 24X7F A2e 1L YAkt
Au|F & o] &3t Alx mefo] HstE AT

5. ARXZHGFAAE A M (Quantitative real—-time

polymerase chain reaction, QqRT—PCR)

AlZ |AFEE 0, 250, 500 ug/mé 6AI17F B9 A8
2 Dulbecco’s phosphate buffered saline (DPBS, Welgene,
Gyeongsan, Korea)Z 2¥ A|Z3}1 RNeasy mini kit,
(Qiagen, Hilden, Germany)< ©]-&3le] & RNAE EI)3s}
Attt RevertAid first strand cDNA synthesis kit.
(Thermo, Waltham, USA)E 0] &3} A|RALY] T2 EZ0
w2t 1ug® F RNAQ} 5X Reaction buffer, RiboLock
RNase inhibitor, 10 mM dNTP Mix, RevertAid M—MuLV
RTE 4]-& & Thermal cycler (Bio—rad, Hercules, USA)
270, 587F ¥HAIA cDNAE 43t F4E cDNAS
o] &3}t CTGF, AMOTL2, 18sRNA2] mRNA A&
LightCycler 96 AA]7t PCR7|7] (Roche, Basel, Switzerland)
£ ARg3ke Flskth, ARESE CTGF, AMOTL2, 18sRNA
primer ¥7|A ¥ ®13} A},



LA 9] AYHALAZAA YAP B4 JAIS B3 %

Table 1. The sequences of gRT—PCR primer

Primers Sequences (5 — 3 )
Forward CA AGG GCC TCT TCT GTG ACT
CTGF
Reverse AC GTG CAC TGG TAC TTG CAG
Forward AT TGA GAA GCT GGA AAG CGA
AMOTL2
Reverse GG TTG AAG TCT TGC AGC CTC
Forward CTT CCA CAG GAG GCC TAC AC
18s
Reverse CTT CGG CCC ACA CCC TTA AT

6. Western blotting

*1]55011 SAFEE 0, 250, 500 ug/mlS 12A17F Bt A
23t & Dulbecco’s phosphate buffered saline (DPBS,
Welgene, Gyeongsan, Korea)2 2¥ A3 & RIPA BT
(Thermo, Waltham, USA)E o] &3dle] dhizg B3t
BCA protein assay reagent (Thermo, Waltham, USA)S
ol-gste] TS Attt AT DAL Sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS—
PAGE)E B33}, Nitrocellulose (NC) membrane® & %
7l &, 5% Skim milk®} Tween20°] 5= Phosphate
buffered saline (PBS)Z blockingdtth. 1 & XA
p—YAP (Cell signaling, Danvers, USA, 1:1000), YAP (Cell
signaling, Danvers, USA, 1:1000), f—actin (SantaCruz,
Dallas, USA, 1:1000)2} 4TColA 16417t HHgA]7|3
membranes Tween20°| Z3+E PBSTE 3¥ A3 &=
Ao A 22} FAY 1ATF ¢ BHSAIF T THA] PBSTE
39 A|A3E & membranes ECL solution (Thermo, Waltham,
USA)®} BESA1A HE39 L, X357 =+ Fusion solo 2M
(Vilber Lourmet, Paris, France)2 ©]-8&3}o] =43}t
Phospho—YAPT} YAP9] intensity:= Image J (https://
imagej.nih, gov/ij) 2 ggste] THZ2 FAISHFTE,

2 d+ ]‘EO] o] ol &
@7, due

= Al ZFHAIE @n (Nikon Ti—2)o &
G} om| A R M| 29| 5L TR vigH
A A& AAstA ou|X & E=F sk, o 3Emtrt
o|uR & dof F 6AITF BEHSIA BojXl olu|A|= =5 F7
EZ219& Z33l= Fiji (image J: https://imagej. net/Fiji)
2 A4  fieldol A EoARle AlEZe 4 20702 sk,
AX A = 570 o1y =P AR field§ At 7 N2E
FAsHTH AEZE 522 AT A= 7 A2 o]5e
ALt £5=5 Z35HH, 0.42 un/pixel 2 F4bsto] B A5}
Gt AlZo] Bt o] 5& =S o] EFE i 1507] A2
A3E Aot 223} 5k

do] A a5 AT 57

8. A=

R2E dglo|El&= GraphPad Prism 822 EAXF 31
meanSEM 22 FA|3Hh NE $54 EAL unpaired
t—test® EASIHIL, M YEE&EI FAAEE £42 Tukey
H| 2 E 0]&3F one—way ANOVAZ BEA4319cH P (0.05 &
single asterisk (¥), P (0.001 & triple asterisks (**%)&
FEAIBHAT BE APZAdte 39 ol SHHQ HEAEE
F3 Aot

m 2

1. A9 M2 B4 o7 &

PC3 A|ZoA SAFEEY F4& ERlst7] Y8l Viability
assay kit. (MediFab, Seoul, Korea)E o]&3}o] A|ZAHZE
&8 A9 SAFEEY 5=+ 100, 250, 500, 1000
ug/m= 3te] 24, 48 At T A wﬁ]-’f—%%&
AeobA] & 27 v wskES o, 1000 wg/mS] 7
2417 48A1ZE B ti 2o Hs) Al AEEY §9F
a7t ol vhd (p <0,05), 1000 ug/ml ©|5+e] EEoA:
24ANZAA N ZAYELA F2% Zpol7F YehbA] gttt
(Figure 1A), =3t SAFE&E 23 AZAHO] FEEHE= X]
HxZ QFs o BEstr] Qs r|H R AEY Bk
BEsT X EAAY AZ APEO] fEEHE ¢ *ﬂi——]
25t 9 Azute] 3 So] BEHLGY, SAFEE
500 ug/mle] FEE 24A7F HEE A 273t Bt
Az 4% defida £ 4 = Wiyl $EEA gsioh
(Figure 1B). °]g|%t AA=Z 5 € 100, 250, 500 ug/ml 5
Z9] SAFEELS PC3 AlZ AZAPES 4o7)A = AE
gIsth, o] A= AEZ AFEE FE5HA] 2=
zol 2A7} AYAY $=A T Aolo] F3FL =L x| Yo}
7] A8 500 ug/ml &) T2 AHE AESHAT

2, A7} YAP &A4o)| A= |9F

| YAPY Ido] AYAYY] Ay} Aolof F
g Fdon Y. YAPY %Wﬁ}% P4 Aolg
x5t 53] dAzY olF E54S A F7HIA
HAEZ Aolof| FaF A8 = A °§ ‘”E:] AP, webA
SAFEE] YAPY 45 Adfste A9 o5 Yotr]
213 YAPO 3F991AHQ] CTGFS AMOTL2 mRNA ¥H-&
real—time PCR& ]85} 2 ?_]o]—;ﬁl:]- SA=ZEL 950,
500 ug/ml F=Z 6AIZE A3 & SAFEE A2y o
27 WS Figure 2A9 o], SAFSES 44
250 ug/m¢ I 500 ug/meE AT oA Y@E= CTGFS
AMOTL2 mRNA 422 j2Z3 $9ulst xlo]S Ho|x|
AtHFigure 2A), HHH YAPQ| QA4S SA2&E 500
ug/ml Aol A thztol Bls] 1.8 7heF FUFsHE L (FP <
0.05), 250 ug/m¢-> el Blsf F7tstdeyd SAA &
o2 ISt YAPY] QA4S 14-3-3 T A7) AdS
Z205t0] AlZFA EaEo] S43E Farr|nz? g

-

o 8% 9

l° 2 off
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oJ3k YAP| Qliteh= YAP 4317t JAH A5 vletth(Figure 2B).
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Figure 1. Effect of C.cassia on cell viability and morphological change of PC3 cells.
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(A) Cells are seeded in 96 well plate and added with

C.cassia of indicated concentration for 24 hr or 48 hr. Cell viability is measured at 450 nm (Tukey’s Multiple comparison, *P { 0.05). (B)

Photos are taken at 24 hr after vehicle or C.cassia.
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Figure 2. C.cassia modulates YAP activity and target genes. (A) YAP target genes, CTGF and AMOTL2 gene expression are not reduced
by C.cassia treatment. (B) 500 ug/ml of CC increases phosphorylation of YAP on S127. Intensity of each band was quantified by Image J
software (three independent sets of replicates. one way ANOVA—Tukey's, *P ( 0.05)
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A& &l

A2 2 A7) A7 o5t YAPS BAst A
YA Z ] Mol LEA o AFL XL AR z:z}omo*
o, kA AFpoA SAZRZE 500 ug/ml HEl2e A
YAPS] 9lAFE}E E3F VAP B4 oA7} BREgona tvzﬂ

FEE°] PC3 A2 254 ATE 7= =+ = A &4

AT SAFEE ARTEH d2ds A olHonE &

=+ Control

Migration speed (p1m/min)
2%
1

ol g3te] AAZE A o]F-S WAL 0|53 AE FH 5
HlastE S o, 2T B AZ olF £=7F B 1.8 m
/min 1d| W) 500 ug/m¢ SAFEE A2 FL 0.9
un/min@ 2 F F02 F/do] gt Ag I 4 AU
ERE 7 A2 o]F AR E SAFEE o3 A HAT

OS2 Kol S77} YAP 843t JAIE S8 AHEAdA 2
54 4 o8& #ARNE = &S FdsHAH(Figure

3A, B).

1 C.cassia

Control

C. cassia

Figure 3. C.cassia attenuates the motility of PC3 cells through inhibiting YAP activity. (A) Migration plots depict travel path of individual cells
during 6 hr of vehicle or C cassia treatment. (B) Quantification of migration speed indicates that C.cassia treatment blocks prostate cancer
cell motility (three independent sets of replicates, unpaired t—test, ***P ( 0.001).

nF

=

o BAe] E AL T2 7)®, 2hewe) Hololt,
QA wep 2w Yxpoz o Mol AYletel
2 g ABRHLE o HFAU RS AL &
AL AT 5 e oFRY) o] Wasn, Ay
o] Y91e obx Bt Yout Aol Ho| FFHE A
wol A5t AYAere] 44 o] kobdrks Bust
slow, o= A AFZ AT ALohE AHAIIE FEE
S5 AYHLE o B A2 5 8L oJulg,

_°_",
N

¢

R R LR
flo o 2 rlo
(o3

°°1

&2 groso A FEROE HYAA2
et 2 dAtollA= Brimste i% | 9=
Ao Ao AgAagHe] 9A a5 FRlstlnh. £ dAtolAl
SAZZEL SEHE PC3 N2 gt 54
1000 ug/mf ©]38t9] FEo A A|2EdS HolR] grfar, Al
o Hste WEE R gt Az YEEY AHE EYE
SAZZEY SEE 250 ug/mlT 500 ug/ml LR AAsI
ool At Holo] Zad AT dAvtm LA e
YAPY] 43} o 7o) Tl 15ttt YAPY 319 A=
422 CTGFE AMOTL2 mRNA & real-time PCRE




60 PN N .

I ESE o #ﬁ]-’?é 2 39 AR TEE AAISHA]
skt 28y SAFEE 500 ug/mlollA YAPS| QlAtsHE
F=sHHA YAPS 45 9—17‘11 ke 2AS & 5 Y (Figure
2A, B). 2 oA Beldt YAP S127 £99] QlAtsh= YAP
o] P BRo] & ALz dEA Qlvh, S1279 d4kEt
dojd YAPS oz o]FstA| ot AxZFe| EAst=
14-3-3 @ A3} A3E doA AxdeA Eafi7t dojih=
HHA 2147 dojd YAPS So = o]Fste] sh9QlAte
BHL GEI, ety $A52E0) 9% YAP 5127 2
A8} F7H= YAPY] #0229 o5& 9, QHYAE Hol=d
A3H o 2 YAP E43HE A5t IS HojEr

2 dFolA SAFEE Yl ®Ert 23 ¢id CTGF,
AMOTL2 9] A¢ gty os d#A Sle YAPY ¢
o)A T YAPS tj/l2 Lol HAIE LB oA
o] gt Aoz B ety SAFEE 9%
YAPS €43} A= AP GAEY 2548 Boldez o
od ALz AAEH, |SAFEZE o8 A== YAPY
SERIQIAZE Rl ol et R 25 AFE F3l grEAok
gk Ao|t},

SAFEES F437. Fas, gun'), 2exgt?
2% 9 37 viEE 3 ??l' Hoghg 2207 @ nof 23t
2280 WA 27 G570 RuHUT EF T
oheFet Fredol RuEN glon FAVIHMORE HYAE
E(A549, H1299, BEAS—2B, LLC, 293T)°| A 9] pyruvate
dehydrogenase kinase (PDHK) 24 A" @ Nuclear
factor—E2—-related factor 2 (Nrf2) @& AR p—focal
adhesion kinase (FAK) Tyr3979} p—extracellular signal—
(ERK)1/2 4571 Hpcko]  <Jst
plasminogen activator (u—PA)/ matrix metalloproteinase
(MMP)-2 &g A", ZFHAIZ(SASVO3) ol A &
caspase—3 &d % 2 EHXR ixé S$7A4A (autophagic
markers) 2@ 27197} AN EZE (HCT116, SWA8O0,
LoVo, HT—29)°}| 4 2] ROS—dependent NF—«B/ activating
transcription factor (ATF3) 243} 4=!” o] gAZ =
Aot & dojet BAE EXAEY 24 Z-go] AAEHL
Utk £ dAFolAe SAFEEC] PC3 AZoA Aol ¢
Q1 YAPS] U@ AAIE Fa AL Hol& TobE 4= 3l
< gelstsinh

AFZTA SAFEEC] GHNE AHE f= §lo] o
A28 34E A Bolxg= AL sk, FF
o HAYEY EXF 7|dE sk, sE2doAY A
AAS JA asdTE APstuA} gt o] F3 oo
716k A 9 7]& Eof v A4 S e AH
AQel Aol AT = e 2ALZ =gl 2 £ AT
Ao 7zt

regulated kinases

AT HE §AFEES) PO3
shelstel theat 2 BES A9t

=k
i

o

=
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1. B doA SAFEEL 1000 ug/ml ©]3+e] F=o
A NEZEEALE Bo|7] gokar, Al JEg F-ou]st

WSS do7]x] ¢t

2. 500 ug/m¢ & SAFEEL NE 54T
YAPY] 3+ A & JAE FEFHA| e
A 9] AL JA = Ut

‘T—‘r_l
%rﬂ

Y.

3. SAFEES A PC3 A2 o5 A &

dhzzol ula @A Wobsit,
ool A SARZ Rl YAP S5 oAE Fo) WY
HUAES £EHE ANOZA o FeRE ol &

o]‘—

2 43 20189 % S2stn
ARSYTt

A A A POz o] F
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