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Inhibition of Adrenergic Agonists—induced Metastatic Ability of Liver

Cancer Cells by Ethanol Extract of Premature Citrus Unshiu Peel

Shin—Hyung Park*

Department of Pathology, College of Korean Medicine, Dong—eui University

Previous studies have highlighted the pivotal role of the B-adrenergic receptor (B-AR) signaling pathway in
stimulating cancer metastasis induced by chronic stress. According to the theory of traditional Korean medicine,
chronic stress can induce Qi stagnation. Based on the traditional role of premature citrus unshiu peel in moving Qi,
we hypothesized that an ethanol extract of premature citrus unshiu peel (EPCU) can attenuate chronic stress-induced
cancer progression. In this study, we investigated the potential role of EPCU on modulating the adrenergic
agonists-induced metastatic properties of liver cancer cells. Our findings revealed that adrenergic agonists, including
norepinephrine (NE), epinephrine (E), and isoproterenol (ISO), augmented the migratory capacity of Hep3B human
hepatocellular carcinoma cells, which was completely abrogated by EPCU treatment in a concentration-dependent
manner. Consistently, EPCU inhibited the E-induced invasive property of Hep3B cells in a dose-dependent manner.
These results suggest that EPCU efficiently attenuates adrenergic agonists-induced metastatic abilities of liver cancer
cells. As a molecular mechanism, EPF suppressed the phosphorylation of major components of B-AR signaling
pathway, including Src, signal transducer and activator of transcription 3 (STAT3) and ERK, induced by E treatment.
Taken together, our results demonstrate that EPCU impedes the adrenergic agonists-driven metastatic potential of
cancer cells by inhibiting B-AR signaling pathway. This study provides basic evidence supporting the probable use of
premature citrus unshiu peel to prevent metastasis in liver cancer patients under chronic stress.
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£ d70] A8E AL 53 Aol AN @0
(Seoul, Korea)olx] #+J3tqict. WA Fu] 20 g2 1L FYR
gt 3 80% ol 200 M I ESTAHIIONN 2084
% 33] sonication A|ZCh 1 & 40°CoA] 120 rpmC.2 YA
Ao} 72412 B 1A FEIAGL 14 2592 we F A
CHA] 80% ofHH-g 100 mE g3 L& WAloz 2447 52t 2
A ZEstgon], 1 2593 27 2592 2o} YR L of
AAE EINA WAlE AASIET oatE a9 -
AZIL T2A3F 9t SAAES A} 4.56 g0 wHE dYoH(S
& 22.8%), G YL dimethylsulfoxide (DMSO; Amresco,
Solon, OH, USA)9] 100 mg/md=2 o] -80°Cof] Bustgict. o]
EPCU(ethanol extract of premature citrus unshiu peel)2 9
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Hep3B QA tFAIzF+= Sodistn 2Yd uyHozRE
Hokdtolt}, Dulbecco's Modified Essential Medium (DMEM;
WelGENE, Seoul, Korea) HJX] 500 mQo]] fatal bovine serum
(FBS; WelGENE) 50 m0i} antibiotics (WelGENE) 5 m0-S F7}st
of ujgpjo 2 ALgstRlom, 37°C, 5% CO, AZA0IA wjoFsigich.

3. MTT assay

96 well plated] Hep3B A|Z2 3x10%7] st oHg3tAZ]
% EPCUE =X4¥(0, 0.1, 1, 10, 100 pg/md)= X]2]5tHCt. 244]
7t & ANzujgdo] MTT A]2(Duchefa, Haarlem, The
Netherlands)g 0.4 mg/mdo] E =% H7lst 37°ColA 2X]7t &
Qb st Plate HiEo] ¥l formazino] F4H A &
g & MmujPAe B HAst DMSOS 100 A Zstel
t}. PlateE B tHA tappingdstHA] formazing A3 2544171
S microplate reader (Molecular Devices, Sunnyvale, CA,
USA)E ArEste] 352 540 nmoA E4stdct. 549 0D
= 71E0 R NRZAEES ALY

4. Transwell assay

Hep3B M|Z9] o]5%& n}otst 4 9l transwell migration
assay~ 24 well transwell plate (8.0 ym pore size; Corning,
NY, USA)E A}23}lo] AJs85tct. HA] transwell plateQ] insert
ZHE 0.1% gelatin (Sciencell, Carlsbad, CA, USA)o2 FHE]
g & AoA 3087t 23k 1 th2 Hep3B AE 2x10°70S
serum©| ZSE]|X] ot2 DMEM Hjx] 200 plof] FE5tY inserto]
BX5HHA ony=H(E, 10 pM:; Sigma-Aldrich, St. Louis,
MO, USA), :==2omuy=(NE, 10 uM; Sigma-Aldrich), o]AX
g Z3(isoprenaline, IP, 10 pM: Sigma-Aldrich) %
EPCU(25-100 pg/md)S x| 2]5}9ct. Lower chambero]= 10%
FBS7I =&¥ DMEM HiA] 500 W& 55t 24At vig &
insert® methanol2 587t 1A5t1, hematoxylin (Sigma-
Aldrich)e@ 3087F 95t 1 3 H0|7(Carl Zeiss,
Oberkochen, Germany)2 AR5t dA=] NS &9J(x100 vff
2)3l1 A4tk Hep3B Azl Aese meld 4
transwell invasion assay+ insert?] ¢I& W& 300 g/mL
Matrigel (BD Bioscience, San Jose, CA, USA)Z FESI A&
A|Q]5tal transwell migration assay®t TU35}A X385}

5. 29E%

Hep3B A|ZE 6 well plated] %35} QtA3IA|Zl & EPCU
£ 5&H(25-100 pg/ml)2 A2|stict. 2443t
uM)Z Mlzujgdo] F7lsta 4083t YRSAJRI

t}. AN=Zojx TuiAS ZZE3517] Q5] RIPA buffer (Thermo
Fisher Scientific, San Jose, CA, USA)o]| protease inhibitor
cocktail (Thermo Fisher Scientific)¥} phosphatase inhibitors
(1 mM Na3VO,, 100 mM NaF)Z A7}sto] lysis buffer2 A5}
et 4°ColA 1A 9 A& lysis A]7]1 & 4°C, 13500 rpm
o] 3087 YAE5t0 A& AF=S bjcinchoninic acid (BCA)
protein assay kit (Pierce Biotechnology, Rockford, IL, USA)
£ AHgstol FYSIUTE 2 £AY 20 12 PAWLE SDS-PAGE
2 32 9 transfer 3tgon], 3% bovine serum albumin
(BSA, GenDEPOT, TX, USA)oz2 Ao 3087t blocking 3}
9t} Phosphorylated STAT3 (p-STAT3), p-Src, p-ERK &
L+ 9% Cell Signaling Technology (Beverly, MA, USA)o]JA 3t
st on, total STAT3 (t-STAT3), t-Src, t-ERK ¥ actin g
A= BT Santa Cruz Biotechnology Inc. (Santa Cruz, CA,
USA)olA] Ystgct. 1 FA= blocking bufferS A&3}o]
1:10000.2 3]Adst & 4°ColA overnight YF2AJZIt}h Goat
anti-rabbit 2X} A= Enzo Life Sciences (Farmingdale, NY,
USA)IIA Fostgon, 3% skim milkS AM23to] 1:100000.2
gHE & 17 59 AL weAch wu wde
D-Plus ECL Femto System (Donginbio, Seoul, Korea)S A&
3to]  &olstct.  p-STAT3/t-STAT3. ratio= ZF  band9]
intensity2 Image] softwareE £3] £X|83t & actine & H7H
stol AN,
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1. Hep3B QA 7tAANzF0 FAlo] JFZ U] Y+ EPCU
= A%

WA EPCUZL Hep3B QA tFAIxzZ0] FAlo] Y2 U4l
A+t 5= RUS ARSI et EPCUZ N254d3 Yerd
a2 Qs Aol &avt yehd 7HsAdol Q71 wiEoltth. Al
NS Qorlx] Foul wichl YAEO HolE R &
LS ERI5H7] 915te] Hep3B Alxo] thest 5%=(0,
0.1, 1, 10, 100 pg/md)2 EPCUZ 24A|7t 2]t & MTT assay
£ A5ttt 1 Ax} Fig. 10] YRt vieh Zo] FAs=Q
EPCU 0.1 pg/m0 X2]ZoA #]11% =9l EPCU 100 pg/md = 2]+
TR HRZAYEEo] BF 90% ooz et MEZA TS
UjR]R] ¢= Aoz eI, w2ty EPCU 100 pg/mE |
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Fig. 1. Effects of EPCU on the cell viability of Hep3B human liver
cancer cells. Hep3B human liver cancer cells were treated with EPCU
(0.1-100 pg/m@) for 24 h. The cell viability was evaluated by MTT assay.
The data are expressed as the means + SD of 3 independent
experiments. The dotted line indicates the cell viability of 90%. EPCU,
ethanol extract of premature citrus unshiu peel.
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Hep3B AZ9] o]55g 7P AAI5] $7HAFH 8 229) & Ao
A= 10 pM =2 EE Astct. 2 A} Fig. 20 Jebd vt
9} Zo] Eo] 2|5] Hep3B A9 o]&50] 216.37+22.32%7HA|
371stden], EPCU 25 pg/md A2Fo|x= 79.64+10.36%, 50
pg/m  Ra]@ojMe  65.47+1.13%, 100 pg/md R ]Fo=
21.96+4.39%2 77} 7t45tAcHFig. 2A and 2B). o|2jgt Aute=
AEH A AFo|A BH|EE E7F IIGARO o5 EXT £ 9
on, o]g EPCUZl 5 E9EXo2 AMFT £ AJE AARRITH
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Fig. 2. Effects of EPCU on epinephrine (E)-induced migration of
Hep3B cells. Hep3B human liver cancer cells were plated in triplicate into
the inserts of transwell plate and treated with E (10 pM) and EPCU
(25-100 pg/m). Medium containing 10% FBS was used as a
chemoattractant. The cells were incubated for 24 h for migration. (A) Cells
that migrated through the membrane were stained and photographed
under a microscope (x100 magnification). (B) The number of stained cells
was counted. The data are expressed as the mean + SD of three
independent experiments. Significance was determined by the Student's
t-test (###P < 0.001 versus untreated cells; ***P < 0.001 versus E-treated
cells). EPCU, ethanol extract of premature citrus unshiu peel; E,
epinephrine.

Relative migration (%)
3
s

0
o

+ + + +

3. 20y =Y(NE)C2 S %3t Hep3B HXo] o]=%
EPCU9] g}t

NE: AEAZ QI3 BPAAA FRIAOIN EQ o]
BulE|s &R slE2olulolct. EPCUZL E #9t ohe}l NE=
=35t Hep3B Axo] o]y %Al AAF £ Q+EA] transwell
migration assayS %5f &9I5}¢ict o] ©ff NE= 1 pM &2
Aejstgion], ol M3 A7o|A Hep3B AlZo] NES srz
A2se U 1 Mol g e o5y Fvtans wo ug
ojc}d. A Zit NEJ| ©J5] Hep3B A|Z9] o]550] JAA3| 37t
5t 195.52+1.94%7X] S7Fst¥ o0, EPCU 25 ng/ml & 2|0 Al
L 30.66+7.25%, 50 pg/md Aa]Zo|A: 9.91+2.83%, 100 pg/md
Aado= 8.96£2.93% 2 ZtZt o]550] ZH4sttHFig. 3A and
3B). 718t A= E 29 ol NEz {28 AR ol55
AA] EPCUZL s=ol&EXoz AATE £ YIS HojEDh

AAa a2

olx]

4. olamedi(lP)e2 {E=3t Hep3B A29 ol&s
EPCU9] &1}

AEY A F1E2olRIQl EQ NE7} o-AR¥ B-ARE H|AH
Rog AL 2 e T [P B-ARZ MHAoR /st
Al7]= A-g&A(agonist)oltt. EPCUZF E/NE #3t oplz}t P2 3
T3t Hep3B AZ9 o552 AAT 4 Q=X| transwell
migration assayES ol Esich M3P AxZAuto] w2t
Hep3B MZ9] o552 7Pd @A 57HZA 10 pME P A
gera AYstgtt. A ZAx P o] oJs] Hep3B A=9
ol5Lo] #x5] Z7lsto] 253.94+26.58%S UERJon|, EPCU
25 pg/md R2]Zo|AE 261.82+11.71%02 olE% Asjans} U
E}UrKl Qokout, 50 yg/md A2]F3t 100 pg/md A 2]FoAlE o]

Lo] 7Hz}b 163.64+23.79%, 40+5.77%2 UER} EPCUQ €Y
or ol5L ZtA &S EHI3 4 9I9IrHFig. 4A and 4B). o]a|3t

ulx]

At E/NE R oflet P2 QEG UUAZY o5y 94X
EPCUZL 5EoERoz Asig 4 9182 AXKITh [P B-AR
¥es mgAlolozg Ar|et Aut EPCUZL B-AR 222 oA
oM UYAZY olF5e £PY & ASS ulshe ot
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Fig. 3. Effects of EPCU on norepinephrine (NE)-induced migration of
Hep3B cells. Hep3B human liver cancer cells were plated in triplicate into
the inserts of transwell plate and treated with NE (1 pyM) and EPCU
(25-100 pg/m@). Medium containing 10% FBS was used as a
chemoattractant. The cells were incubated for 24 h for migration. (A) Cells
that migrated through the membrane were stained and photographed
under a microscope (x100 magnification). (B) The number of stained cells
was counted. The data are expressed as the mean + SD of three
independent experiments. Significance was determined by the Student's
t-test (###P < 0.001 versus untreated cells; ***P < 0.001 versus
NE-treated cells). EPCU, ethanol extract of premature citrus unshiu peel;
NE, norepinephrine.
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Fig. 4. Effects of EPCU on isoprenaline (IP)-induced migration of
Hep3B cells. Hep3B human liver cancer cells were plated in triplicate into
the inserts of transwell plate and treated with IP (10 uM) and EPCU
(25-100 pg/m@). Medium containing 10% FBS was used as a
chemoattractant. The cells were incubated for 24 h for migration. (A) Cells
that migrated through the membrane were stained and photographed
under a microscope (x100 magnification). (B) The number of stained cells
was counted. The data are expressed as the mean + SD of three
independent experiments. Significance was determined by the Student's
t-test ###P < 0.001 versus untreated cells; ns, not significant; **P < 0.01;
***P < 0.001 versus IP-treated cells). EPCU, ethanol extract of premature
citrus unshiu peel; IP, isoprenaline.
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32 9ujsit}. Hep3B M=o E (10pM)E A=t 2
%o] AA3] Z715to] 199.63+6.72%71A] Z71stQi.ou], EPCU
A

0 pg/md ®a]ZoAL 138.60+15.06%, 100 pg/md ol A
L 90.44+12.04%=2 7}7t Z¥ASto] EPCU9 st Ags A3
a5 gQlstArHFig. 5A and 5B). o]2§ AIe AE A
osfl ZHlEl= E7F AEAIR9] ol U otz Aes FIY
& o, o]F EPCU7} s=o&EXNoz AT 4 52 90|
gt}
A)
con’ =
E+EPCUSO || | E+EPCU100
B) 250
& 200
§
B 150
©
g
s 100
2
3 50 I '
4
0

100 EPCU (ug/ml)
- + + +  E(10 uM)

Fig. 5. Effects of EPCU on epinephrine (E)-induced invasion of Hep3B
cells. Hep3B human liver cancer cells were plated in triplicate into the
inserts of transwell plate and treated with E (10 uM) and EPCU (50-100 g
/m). The inner membrane of the insert was coated with Matrigel. Medium
containing 10% FBS was used as a chemoattractant. (A) After 24 h of
incubation, the invaded cells were stained and photographed under a
microscope (x100 magnification). (B) The number of stained cells was
counted. The data are expressed as the mean + SD of three independent
experiments. Significance was determined by the Student's t-test (###P <
0.001 versus untreated cells; ***P < 0.001 versus E-treated cells). EPCU,
ethanol extract of premature citrus unshiu peel; E, epinephrine.
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Fig. 6. Effects of EPCU on the B-adrenergic receptor (3-AR) signaling
pathway in Hep3B cells. Hep3B human liver cancer cells were pretreated
with EPCU (25-100 pg/me) for 24 h and subsequently treated with E (10
M) 40 min before harvest. (A) The phosphorylation and total expression
of the major components of the B-AR signaling pathway were detected
by Western blot analysis. Actin was used as an internal control. (B) The
ratio of phosphorylated/total protein was calculated using Image)
software after normalization to actin. The data are expressed as the mean
+ SD of three independent experiments. Significance was determined by
the Student's t-test (##P < 0.01, ###P < 0.001 versus untreated cells; **P
< 0.01, **P < 0.001 versus E-treated cells). EPCU, ethanol extract of
premature citrus unshiu peel; E, epinephrine; B-AR, B-adrenergic receptor.
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[ rr do N o rr X4

2
I
o &
2 3
)
o
BT
5
2
i )
fol
L
22
lo

ol
—_

2
ol
>
.}
1o
2
fu
)
i)
re
)Y
)
ot
o]

. &3 [3 -AR x}mﬂ Y
°"Ur33 2 A7Ae A

)
i)
2
I )
_ﬂ

o Bxtol AIES AAAY]
d

= AIAME} 2 AROJANE E, NEQ}
2o} B-AR ﬂﬂxﬂOI IPE Hep3B Aﬂ_iaon x—]E]ﬁ}x} Axo o]

L3} Agso] nE =jlkste AL stolstgct. agLt ojst &
Ao Hum x589 EPCUY 93] 2% °olA|Eo] EPCUZ AEZ]
r2 oJaL HS{] 5_] A o] 2 FaHoz xﬁﬂfﬂ 4 &2 A

Xol& 9.**1]3:.*.3 in vitro2} in vivooAl 2% ¥ on o] %35t
Hu w§5520] Panc-1 ¥ SNU-213 A& HFAAZY o]%
52 AAIZS in vitrooA 93 ut Aok VIE =SS RF A
o £&89 gutdol o o] oFauts At Zojx|u, B o
= AL AEA FFoA o FEZ0] 49 Hols2 9
A 3 YA F8|uA ¢t Hoz AEH AT Bt A
FBoA Ao F&529 ILaAES HFoh= Aol Aol
g & o

2 d7old= ol2igt EPCUY Ho|AA &7} of® #AHH 7]

2]
o
ofm
=L

UehteR] B-AR AsRYAR0 Ze A Src,
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STAT3, ERK9] &2 F4og ZAISIRth WA Srcd H|$EA]
E]24l 7]UolA|(non-receptor tyrosine kinase)2A] 2A|xL9] o]
=53 A58 57471 An)7HgE o]3d(epithelial-mesenchymal
transition, EMT)2 ZAlslo] ¢Ro]E Yoyl oz LA
AP Sreo]  QMEHAIIE FQ EHo2A  HARIANI
STAT3E & & U=l STAT3:= of2] dFoA H&idst Hoigl
o, oo WA Holg FAsh= [AAEY wWIFZ 2SI
N2g FAA Lo mxoz gy ok ERKE: dotuby
oA ARl S5l= Ras/Raf/MEK/mitogen-activated
protein kinase (MAPK) Z=29] FQ JAdgozA 4o AAtut
RePo] WAHo|F). 2 AFo|ME Hep3B AZo] E 2] A
Src, STAT3, ERK9| QI4tsh7} FstA FL=gled, 01313} il
Aol EPCU] 8.5 a8l 22 WojZzolch 473 A

AAx Pkl ool AUE YAES] Holg ok
EPCUS] Jetambt B-AR ASALA2 Atdol oJg e Mol

asto
aas

&t}
of=ggdd 48A(AR)= a-AR, B-AR & 7}A] ofgoz 3
2og, o]52 77t al, a2 ¥ B1, B2, p3E EFHcl EPCUL

B-AR H=A A9l IPo] o3t Hep3B AZY o552 293t
A ARenz p-ARS MaRORA Ftadte el o

2 Aagt. Wt BPCUL a-ARS EAFEE ol ofef 37}
3 AAE 0|5 AL 4 ¢S Hol7] WRolck. chgk EPCU

rlr

IP2 {=3 Hep3B MZ9 o]55HC E/NE A2l {&gt
ol55S Bt A3 FaATle FTFE BA=. o2 A
EPCUZ} B-AR #5t ohyza}t a-ARE 3 AoiE 750l A2
AN &, o-AR, B-AR] H]MEiMo2 X5l E/NE X
Fo]lH: EPCU7} o-AR#} B-ARS RE Ajgksto @y wr} cat
opERt A awyt yepd oz Atedo. EPCUZL AR o

4 3 FAHCR ROl Y SRl ¥3% 571 947Ut T
a5ttt E3F EPCUY 2 o J& 5 of® A& s gA

x o] AAaurt e A Wole A= TAsit dE &
o] o] nFH /Y hesperidine IFIANZO] AEE U
o7 mut ohat Aol dAlste oz FAA A 53
hesperidin® ¢A|Zo]x] STAT32] QIAtsIE AA|5l0] FAALS
gozicts ¥u'y glonz HYuo| FLawg ujzfsts HEO
2 AAs 2 9lth D-limonene A 7H¢t, Ao, ddlor £ ot
et AFN FHEAE 7Y, ERK BHL Aslste Aoz
A A o9 FAans ulfichs Eoh2 IR0 R ARHT
. olg 4% B ohyet Yuo] mF ChYT YEE0| TEO
2 52 ¥3xlog x@slo] EPCUQ &71E UEPE Zog ot
g vy, YEQI Fjshy 2 ALYHES AgSte] EE2
ATt nEg & Wart ok

Z

rhu

B A7 AEdAR QY o) oshEe 712 WRA
siMst Amel AZmplAYlE kol Adste] xEdAy o
Aolo] chat Ame] Yerashe Wl stck AR A
§2 2529 EPCUL AE#AY 7tel2oIl E/NE U IPo]
ofs 571t Hep3B ZIUAIZZAC] ol553 Molse SUsh 7
ANZOU, ol B-AR MSHYHZ Atdto] 3 jhEe 2ol
& 2 9or}. o] st dFLAIL TR AEYA AN 7|
o Aol YT B FE ALY 2 Yt J|EA
g AT Ao2 T Buol IAY TP
A+ FEsts A7t 2

o
ol

Aol 2

£ A7t dRAPATY 94HAd
2(No. NRF-2021R1C1C100506211).
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