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Anti-tumorigenic Effects of Angelica gigase Nakai Extract on MBA-MB-231
through Regulating Lats1/2 Activation
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The Hippo-YAP signaling pathway is critical for cell proliferation, survival, and self-renewal in both Drosophila
and mammals. Disorder of Hippo-YAP pathway leads to tumor development, progression and poor prognosis in
various cancers. YAP/TAZ are the key downstream effectors of the Hippo pathway and they can be inhibited through
LATS1/2, core kinases in the Hippo pathway, mediated phosphorylation. In this study, we investigated the effect of
Angelica gigas Nakai extract (AGNE) on Hippo-YAP/TAZ pathway. First, ANGE induced YAP/TAZ phosphorylation and
dissociation of the YAP/TAZ-TEAD transcription complex. By qRT-PCR, we found that ANGE inhibits the expression of
YAP/TAZ-TEAD target gene, CTGF and CYR61. In addition, the transcriptional activity of YAP/TAZ was not suppressed
significantly in LATS1/2 double-knockout (DKO) cells by ANGE compared to LATS1/2 wild-type (WT) cells, which
means AGNE inhibits YAP/TAZ signaling through direct action on LATS1/2. Further, it was confirmed that
AGNE-induced activation of LATS1/2 inhibited the migration potential of the vector-expressing cells by suppressing
YAP/TAZ activity. The reduced migration potential was restored in active YAP-TEAD expressing cells. Taken together,
the results of this study indicate that ANGE downregulates YAP/TAZ signaling in cells through the activation of
LATS1/2.
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7} WW Domain-containing Transcription Factor (TAZ)Z 9l
At AlZezN Az WEA oh NS YAPH TAZ2
14-3-3 protein®t EIAE FHYT F HZAAN Zsi=v, 3
o] FARIARQlI TEAD familyete] Aol Asfelo] HAREYS
A st "ok S| Hippo pathway?h A|=|H YAP#t
TAZE= Z43teo] 3 Yz olFstA =W Sdet HAsAd TEA
domain family members (TEADs) #oF ojua} c}ekst FAFQIA}
S} 2EAS o] Chst QAR WAL Yo Ao YA
EXaT AE AFRL ARIFHTIOD,

Hippo pathway?] Zz=A A7 AB7IAY BEsHA

YAP/TAZS] 2ol 3718 2% chydt 9L zefstnl 1 3
Ae go wag Ay By WAL WAL, Hippo
pathway® £Rst: of2 Er £EUAE WIstust g A7
So| MPLD 9lou], oS9 FUWAS olshFOZM Hippo

pathway 24 222 ¢ FLR&Y M2 AsFFe=A 7t
82 AXNE 2 AE Aol

AIN  (Angelica gigas Nakai, AGN) ZX&E22 rloksl
coumarin $=A|, HEA 3¢E 2 flavonoids g5t Jow]
W Hol pekg JJMStL B WED s}, FAS
Uzt cheet QAo Aetatol Qe Ao waga oyt

E d70qL oj2jdt &S0l MuE AGN Extract (AGNE)7
Hippo-YAP pathwayo] ojEg @FZ UX|=A] AstALL,
AGNE7} Lats1/28 S4SHAIZO2K YAP 24 Zale A
< &QIste] BsH: wlo|tt

R

L Az vy ¥ BEE 53

2 Agd] ARESE QIZH[opilZ} (HEK) AZEQl HEK293A,
HEK293T, MST1/2 DKO HEK293A, LATS1/2 DKO HEK293A
HN|ZZXEL2 DMEMo] 10% FBS, 50 units®] penicillina} 50 pg/
mC]  streptomycing  @7}sto] WS,  AEHLL
MDA-MB-231 A|Z= RPMIo] 10% FBS, 50 units®] penicilling}
50 pg/meo] streptomycing Z7Iste] Hjgsigich ZE AEE
37°C, 5% CO; 2719] &% incubatoro|A] v]Ys5tYct Ax AE
€ 572 EZ-CytoxE o]8slo ANZRA n2EZZ mat 450
mol A st A IPE 7HS] 7|&SHAFE  blanks
DMEM 200 n09t EZ-Cytox 10 108 4jo] A&si9ict AZE= 96
well plateo] 1 X 10° cells/plate A|Z9] 2 Bxstn ikt
=59] AGNES X 2]5}o 12A]7F &9t CO, incubatoro]A] ¥HS-A|
71 & microplate leader7]2 450 mm &4 oA SO ZH A

I JEge WAL

2. Angelica £5& A=

A3 (Angelica gigas Nakal)= =BAS2aEIA(NIHHS)
o2 RE AU FAUZ T Angelica gigas 10 mg2 1 ml9
ofgt2o] e st & 0.45 ym syringe filter2 oj3}sto] -20°Cof|
HAstHA Ao ArEsHT

3. A A A

Axt A0 Anti-YAP  (14074), YAP/TAZ (8414),
phospho-YAP (4911), LATS1 (3477), LATS2 (5888), MST2
(3952)2 Cell Signaling Technology, Inc. (Beverly, MA, USA)
oAl Y5t} Anti-TEF-1 (No. 610922)¢t anti-MST1 (No.
611052)= BD Transduction Laboratories (Lexington, KY,
USA)OA #4519t Anti-Vinculin (V9131)2 Sigma-Aldrich
(St. Louis, MO, USA)olA ¢35ttt Immunoprecipitation?]
controlo] AF83F normal rabbit IgG: Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA)oJA i5t9ict. o]
X} kA9l rabbit IgG HRP (NA934)?} mouse IgG HRP(NA931)
L GE Healthcareo|A] +U35}%ct.

4. High performance liquid chromatography (HPLC) &A1
High performance liquid chromatography (HPLC) 7]7|=
Agilent1260 Infinity II with a A ZORBAX Eclipase Plus C18
(4.6 x 250 mn, 5 ym, 95 A, Agilent, USA) (Agilent Technologies,
Inc., Santa Clara, CA, USA) ZH& Al&stct. 240 ArgE
olz=Atoz guA (0.1% phosphoric acid)?} 20B (acetonitrile)
2 AH&ste] 0.8 md/mind F&02 A2 10 WE FUste 24
tdon, #ajote B¢ A 25t 35CE AU 8599
B3t Y=g 330 mo|A ESIHCE.

ol

5. Western blot

AGNEO] oJ3t YAPY] Ql4tel 2 F=5 WR6Hy] flsto] 6
well plateo] HEK293A cellS 8 x 10° cells/plate?] 732 B&
sttt CO; 2719 48 incubatoro] 12&]7F vjst & AG 50
ng/mi9t 100 pg/mdS 12A)7F A2lsky THMALS 1X Protein sample
buffer (40% glycerol, 8% SDS, 20% B-mercaptoethanol, 0.2 M
Tris pH 6.8, 0.04% bromophenol blue)E ©0]&3}0o] E2]X|71 ¥
100°Cofl 4] 523+ ®/d AlZiTh. o8 TiAZ 15 w loading 510
SDS-PAGESH t}2 gel2 PVDF membrane©] transferi|7l &
5% skim milkZ2 1A]7F &9 blocking 5t¢itl. %0 primary
antibodyQ} 7 4°C rockero]A] overnightsto] ¥FS-A|Zict, ot
22 TBS-TZ 33 A& 3 % HRP7I Z¥E secondary
oribodiesst ALeolA] 1AIZF 2.8 A17lm. TBS.T= 33| AH
3t & ECL solutiong o] &3}0 bandE &QIstYct.

6. Immunoprecipitation (IP)

HEK293A HJZE 90 mn culture disho] 8 X 10° cells/plate
9] Me2 #Foto AFE APstAh o3, vix|o] 50 ng/md
9] AGNEZ 6|7t X2]5tal mild lysis buffer (10 mM Tris pH
7.5, 2 mM EDTA, 100 mM NaCl, 1% NP-40, 50 mM NaF, 1
mM NaVO4, protease inhibitor)E ©0]23}9 lysisstict. Lysis
9 AEZ5Z 4ColA 13,000 rpmez AHZ2F o FFAgh
normal IgG (sc-2027) A2t anti-YAP/TAZ (8418S) (Beverly,
MA, USA) FA|E do] 24|17t 59t 4°CoA incubationA]Zl &
magnetic beadg ‘g0] 1At F¢t 4°CoA] incubationst AE
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E£& mild lysis buffer2 33 A& 3tyct 222 sample
bufferg 21 100°C heat blocko]A] 587F WA A]7|1L western

blotg £ bandS EAstgc}.

7. Luciferase reporter assay

12 well plateo] HEK293A AZE 1 X 10° cells/plate2 &
Zato] AL R3Psict. 1247t incubation ., Gald-TEADA,
5 x upstream activation sequence (UAS)-luciferase reporter,
Renilla, Flag-YAP2S 31itdst9ict. 6A]7F incubation 3, HjA]
£ °MtA AGNEE =9 (50 ng/ml, 100 ng/mQ)2 wjx|of] &2
3to] 12A]7t incubationdtil welld 150 p0°] chemiluminescent
lysis buffer (1.7%2] 1 M KH,PO,, 18.3%2] 1 M K;HPO,, 1
mM dithiothreitol (DTT), 1 mM phenylmethyl sulfonyl
fluoride (PMSF))E &%5l0o] MZE lysisstgth. Luciferase
activity= Dual-Glo luciferase assay system (E2940)2
Promega (Madison, WI, USA)2YXE] 1Uslo] A|xAI] =2 &
22 gt s4sig

8. RNA Ea] % real-time quantitative polymerase chain
reaction (qQRT-PCR)

Total RNAE= RNeasy Mini Kit (Quiagen, Germantown,
MD, USA)E olgsto] MZAte] uhio] wat X&slgich. RNAY)
&+t NanoDrop RJF=AE ol8ste] F4t &, cDNA:=
reverse transcriptase (Promega, Madison, WI, USA), random
hexamers (Takara Bio Inc, Shiga, Japan)i} 3H/dofl Zast A
oFS nFsto] total RNAY 1 pgo] FZ Al4tsto] cDNAE &4
31911, specific primerE ©0]-£35}0] real time PCR W& %35}
o cDNAE ZZ=5}9t}t. Real time PCRE SYBR Green PCR
master mix (KAPA Biosystem, Woburn, MA, USA)E o]£3}9
AzAte] n2EZZ oot A¥E ABPsch. PCRO AREH
primert 33 2t}

HPRT, 5-AGAATGTCTTGATTGTGGAAGA/ACCTTGACCAT
CTTTGGATTA-3’;

CTGF, 5-CCAATGACAACGCCTCCTG/TGGTGCAGCCAGAA
AGCTC-3';

CYR61, 5-AGCCTCGCATCCTATACAACC/TTCTTTCACAA
GGCGGCACTC-3'.

9. SRB (Sulforhodamine B) assay

96 well plateo] 3 X 10° cells/welle BF3ta 24A7+g
incubationstgct. th2yd, =¥ Z AGNEE X 2|5t 9HSA|AH
daylil day5S SRB assayS &3 5452 EATo=zHN A
FAe BASGL. 4d Pue ugel Jlsstd et gk A
27t 8534 plated] NZE 1745}7] 9Jsto] 100 neo] 10% TCA
solution (T0699)2 wF5t1 1X]7F =9 XpE5te]  4°CoflA
incubationg A]7lt}. Fixationo] S distilled water2 3-5%
AR utEstct o] & 0.4% SRB solution (230162)2 80 wd &
Z5t 308 T9F X}E5te] RTO|A]  incubationA]Z]1L 0.1%

acetic acid (695092)=2 3-5W¥ AjAsith AA oF g 1A]7F =9t
dd & 150 w9 Tris base solution (77-86-1)2 o]
invertingstHA] 1A]7F ¥k2A]7ich. ©k2o] EuH microplate
leader7]2 450 molA FF=E FAT ZEg A2
Sigma-Aldrich (St. Louis, MO, USA)o.2 Y E] JLoj5}9ict.

10. Retrovirus infection®} stable cell line A&t

HEK293T MZE AIE5}o] retrovirusE e 39| 5 pg/m
9] polybrene (Millipore Co., Beillelica, MA, USA)E 0] -&35}9
MDA-MB-231 AJZ stable cell lineg R|&SIYC}?. S0, 2 ng/
mo| G482 olgste] Maby Sl AESte Mdsteict.

11. Wound healing assay

6 well plateo] MDA-MB-231 HZ2 1 X10° cells/plate®
B =5t3 vjoFsto] N27F oF 80% HE A2 o Scar™scratcher
(SPL, South Korea)E ©o]£35}l9] woundS 951 debrisE A|A
571 95l PBSE plates A& a5t o] & Hjx]o] 10 pg/ml
o] AGNEZ Aajsto] 8AIZlulct AZo] o]55=e phase
contrast microscope (OLYMPUS 1X71 DP controller, Tokyo,
Japan)g ol 83tel Bestaion, Al olulx] meAA AmEY]
o19) Imagel2 £Astel ol572lE SAstoict

2

1. HPLC &A

HPLC-UV 2A4Z &3l AGNE &89 A4 #4 #4222 ¢
ol¥r] 9Ja] HPLCE A}23}%ith. AGNES ethanold} distilled
waterd] Z}7b SRF F£&F9 F4 ZW, ethanolo] {3
AGNE £&E9]|A] Decursin©| retention time 38.623%.0] ZH&o0]
g9, E3t AGNE ethanol %804 Decursin©] 28.05 mg/g
2 ARt 22 HaAstE of $ AAL DWol uls] gol &2
AGNE ethanol £&&& AM2sI@tHFig. 1A). &322 Decursin®]
a8t PxE UElL gickFig. 18).

2. AGNE7} YAP &X40] ]| 9%

AGNE7} M=z A&Ego] od JFS XAl AWEIX}
EZ-CytoxE ©o]8&slo] Nz JEES el
EZ] 100 yg/miolA vlofstAl Zaste 2
2A). Hippo signaling pathway?t 2/d3t=|d 49 =RAASY
MST1/29} LATS1/2 kinases E3t 243}7 EWA YAPS QA
SHAIZIt}. LATS1/20] Q5] YAPo] Ql4tsyt & 7% YAPL &%
43} g7t slol TEAD FAlIAteh BEargota] £atn AEA
o go} 14-3-3 Ty} AFEAY [fu|FHS}E|o] Z2EoLE
B3171 €lct. AGNE7} Hippo signaling pathway?] £Q3t AALH
ZQAXQl YAPO] Qlitgto] ojugt Y2 UlX|=A] &Rlsty] 3l
AGNE 50 pg/m0it 100 pg/m0-& A|ZF ¥=2 A2]gt & phos-tag
gel assay®} phospho-YAP(S127)o] ti3$t western blot-g A|385}
ot mAp 23 A7 W2 AGNEE Aslgie 39 YAPY oyt
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7t woll HA At QEH oz FItotchHFig 2B). YAP HA}
oAt eixl TEADS B&AE ystoasm ZN Rl urd
£ {=351A E=d AGNE7} YAP# TEAD9 Arsxhgo| mOjx]&
AFE RA6H] Y8l immunoprecipitation (IP)AJS 433st 2
3, AGNE’} YAP3} TEADS] B¥A] #4¢ Malete g &8
AthFig. 2C). =3t YAPy} ZHFsto] o]59 oncogenic 858
wEshe Zoz A &M TEADY AA #4E FAstuAt
luciferase assayS %S85t AGNE 50 pg/md7} 100 pg/md-S
12413t A2jgt ZAa}, TEADQ HAP &/do] FEX|A Zaste
A& =Rl cFig. 2D).

YAPo] £Ql4teht & A9 3 Y=z JeEo] Az FAa ¢
Ae 793 FARIXQ TEADZL M2 HFSAMEsHA Eal YAP
target gene?] T{o] F713tct. SHA|T AA|AHE-S k= AGNE:
YAP dependent geneQl connective tissue growth factor
(CTGF)2t cysteine-rich angiogenic inducer 61 (CYR61)9]
mRNA level2 ZtAA|ZItHFig. 2E).

w2} AGNE7} YAPL QIANSIA|7]1 YAP-TEAD A5 &8-S
d5fist YAP &4 AAX|A YAP target gene?l CTGFe}t
CYR619] mRNA level 74 & § =519t

Extracts of Angelica gigas
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Fig. 1. Flavonoid profiles and toxicity activity in leaves of Angelica
glgas Nakai (A) Comparative high-performance liquid ultraviolet
(HPLC-UV) chromatograms of Angelica gigas ethanol extracts and
Decursin in the standard solution. Decursin was detected ranging from 38
to 40 min. AGNE contained 28.05 mg/g of Decursin. (B) The chemical
structure of Decursin isolated form ANGE.

Table 1. Retention time, calibration equation, and correlation
coefficient for compound in extracts of Angelica gigas Nakai.

Retention time Correlation coefficient

Compoud (min) )

Calibration equation®

Decursin 38.623 y = 26516x + 138210 0.998

°: peak area, x: concentration of standards (mg/ml).
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Fig 2. AGNE inhibits YAP activity via phosphorylation and inhibits its
transcriptional activity. (A) We treated the indicated amount of AGNE to
HEK293A cells for 24 h. Cell viability was measured by EZ-Cytox kit
according to the protocol of the manufacturer. Cell viability was
significantly decreased in the AGNE treated cells at concentrations higher
than 50 pg/me. (B) AGNE increased YAP phosphorylation. HEK293A cells
were treated with various natural compounds (50 p@/me) for 6 h. Dimethyl
sulfoxide (DMSO) was used as a control treatment. Phosphorylated YAP
proteins were detected using a phos-tag gel. Vinculin used as a loading
control. (C) AGNE disrupts YAP-TEAD interaction. HEK293A cells were
treated with AGNE (50 pg/mg) for 6 h. Endogenous YAP/TAZ was
immunoprecipitated, and the co-precipitated TEAD1 was detected by
western blot. (D) AGNE reduces YAP mediated TEAD-luciferase reporter
activity. HEK293A cells were co-transfected with 5 X UAS-luciferase
reporter, Gal4-TEAD4, Renilla, and with or without Flag-YAP2. HEK293A
cells were treated with AGNE as indicated concentrations (50 and 100 ug/
m). one-way analysis of variance (ANOVA) were performed to calculate a
p-value using GraphPad software (La Jolla, CA, USA) and considered at *P
<0.05, **P<0.01, and ***P <0.001. (E) AGNE decreases mRNA level of
YAP target genes (CTGF, CYR61). HEK293A cells were treated with
indicated concentrations (50 pg/m¢ and 100 pg/m@) of AGNE for 12 h
before harvesting. mRNA levels of CTGF and CYR61 were determined
using gRT-PCR (error bars represent + SD from n=3 per group). *p <
0.05, **p < 0.01, and ***p < 0.001; One way ANOVA.

3. Hippo core kinased] OJX]= ¢

YAPO] Qiisto] sbg ZRAY &g skt Re Hippo
signaling pathway®] ArRo] ZEAJst= MST1/29F LATS1/2
kinaseo|t}. & HLoA= AGNEZ} core kinaseQl MST1/29}
LATS1/20] o|H FFZ UlRl=A] AHE A} wild type (WT)x}
MST1/2 double-knockout (DKO)N|Zo] AGNES 12A]7F 2]}
o] YAP dependent gene®] mRNA level® XAFSIY1 1 ZAxt
MST1/2 WT#} DKO MZoJA =% CTGFe CYR619] mRNA
levelo] 7Z443hS ARSI THFig. 3A). ¥HH LATS1/2 DKO A&
olX= WT ANzzof ulafl o] 3F4AXS] mRNA levels Zt2AA|7]%]
ggtou], £ AEg ulEste A$ LAY ot 994 9l
A Fe=FciFig. 3B). o] ZAdE F8l AGNE7l Hippo
signaling pathway©] %23l kinaseQl LATS1/20] 9J&xo=g =%t
g3l 22 AR
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Fig 3. AGNE suppressed YAP target genes in a LATS1/2-dependent
manner. (A) LATS1/2 Wild type (WT) and double-knockout (DKO)
HEK293A cells were treated with AGNE for 12 h, and then mRNA levels of
CTGF and CYR61 were measured using gRT-PCR. (B) MST1/2 Wild type
(WT) and double-knockout (DKO) HEK293A cells were treated with AGNE.
After 12 h, mRNA levels of CTGF and CYR61 were measured using
gRT-PCR (error bars represent + SD from n=3 per group). *p < 0.05, **p
< 0.01, and ***p < 0.001; one-tailed t-test.

4. 30 AlzolA AGNEY] 93t Mlz5A 4 o5 53 &
Hippo signaling pathway”’} <A|E]H YAPo| &23}E] o]
TEAD AAlQIxiel Z¥dozd AZ 4% 2 54, 599 4%
240 #ojstA ==t AGNEZF g9 H=ZZFQ1 MDA-MB-231
AEFON FAE AAAZIER BAbsgich 1 AT, AGNES]
£7} §obI4S MDA-MB-231 AZFN AZ FAo| oxes
71 WASIYcHFig. 4A). tf292 virus infection E3i
YAP-TEAD chime  obgHoz  WAAI:
MDA-MB-231 NJZFE 9l50] western bloto g d¥rgdS &H9IstH
93 gRT-PCR Aoz &3} YAP-TEADES dst= AlxFo
M YAP-TEADS| EASAAe] mRNAZ Z713be atolsteict
(Fig. 4B). o|2M stable N=F7} &2 Quigitt. 75
stable A|ZFo] AGNE 50 pg/miS X 2jgto] uwat vector
control A|ZZFoA] YAP dependent gene (CTGF, Cyr61)Q]
mRNA levelo] AA|5}A ZHAsIY 1 dtdo] YAP constitutive
active form9 A|ZZFoAE mRNA levelo] @ ZrAE YcHFig.
4B). Wound healing assayS £35}0] AGNEO] SuIQF A ZLZFofA
AE 54 oAl vRE J¥e Bt HES Agsieict
Vector control A|ZZQ} YAP constitutive active form?Ql
stable A|ZZXZ 24X]|7F vjY3t 6 well plateo] scratcherS o]&
slo] scratch= W & AGNEE 10 pg/md X]2] & 847t 18A|7H,
24A17t & wound areaS EA5I¢tt. 1 A3l control vector
Alzo] AGNES A2Jgt Z1} wound area®] 3|Fo] =3 4id,
constitutive active A|ZoJA]:= AGNES] A 2]7} wound area?]
sj2e XA RolRee HAQlstTHFig. 4D). Wt A

fusion

HolA 433 A7 Aus Fato] AGNEZL MDA-MB-231 Suet
AZZY AE oL AAstL 9L Alstict.
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Fig 4. Constitutively active YAP-TEAD rescues AGNE-induced
inhibition of cancer cell growth. (A) MDA-MB-231 cells were treated as
indicated concentrations-dependent manner. Cell proliferation was
measured by SRB assay. Cell proliferation was significantly decreased by
AGNE treatment. (B) TEAD1AC-YAP(AD), a fusion of the TEAD
DNA-binding domain with the YAP transactivation domain, was stably
expressed in MDA-MB-231 cells. Expression of HA-pPGS (vector control)
and HA-TEAD1AC-YAP(AD) was confirmed using western blot, and the
mRNA level of Cyr61 was confirmed using gRT-PCR. (C) AGNE was
treated 50 pg/me 12 h each of stable cell lines. (error bars represent + SD
from n=3 per group). (D) The cell motility of MDA-MB-231 cells
expressed with pPGS-HA (vector control) or TEADTAC-YAP(AD) were
treated with AGNE at 10 pg/me. Inhibition of YAP activity by AGNE
reduces wound healing of MDA-MB-231 cells.
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A% AL FY YAt Aol L A WYHsol Fag
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o B FFsHol BotAIT At FIAY FYEL Oy
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