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Abstract - In this study, we evaluated the inhibitory effect against cell growth and potential molecular mechanism of 100%
ethanol extracts of branch from Sageretia thea in human colorectal cancer cells, HCT116. Ethanol dose-dependently
extracts of STB significantly suppressed the growth of HCT116 cells through apoptosis. STB activated NF-kB signaling
pathway through IkB-a proteasomal degradation and inducing p65 accumulation in nucleus. The inhibition of GSK3[3 by
LiCl didn’t affect STB mediated degradation IkB-a but STB mediated p65 accumulation in nucleus. In addition, STB
phosphorylated GSK33. Based on these findings, STB may be a potential candidate for the development of anti-cancer

agents for human colorectal cancer.
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1809FA o] iy} of 88Tk o] APYsh= AREl7F L ofoltt
(Arghi et al , 2019; Yaghoubi et al, 2019), 2 tf=atof o
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A= Rol hefehA 2| mRle 3-8k A =7 o] F7skaL Slrk
(Wang et al,, 2012), A AA|S] o 2 4G EE Ophi -
opogon japonicus), ‘= UA|(Dendrobium nobile), IHH Codon —
opsis pilosula), X (Scrophularia ningpoensis) 1] 1L Tk
(Salvia miltiorrhiza) 5-©] QJTHCheng et al, 2018), 71 @] &
o AERAYAA F 2 AT YA U AFHE
(Sageretia thea)= ZUF-IHRhamnaceae) 2] AA=4=2 3+
=} Fol A AEehde) ofgAlERA T X BA =
2ol (Hyun et al,, 2015), | s H2] 71578 Aol
me=d, AU 7HeE 9 5 NF«B Aloddyt
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U (Sageretia thea) 7PAFEES] tRYQPAZONH NF-kB AlSHY BY3E B8 ATAE G524

£510] 995 BAE Uehich M sI9iekKim ef al, 20190),
ERFAFFUE 719 9 $389) HO-1 T W fet
AR5 A Tl eycelin D19 GSK34 224 Tl 2

2 59 Q0 oA AEY AEAS Gesicha ws)
o al,, 20190), gL AL} sfef A=) )

Wnt/B—catenin A& I 2 0] sHATENZI 0] f—catenin®] &
al

3 SEE Eaf Al APES S Esthal B U EITHKIm et al,

OFE AL 913 B4} vAUE T o Ao Qo] Fad
B3o|n] B E2 PO B o5 AP 4 G

oheE d=9] Zlgjolut o] hofgithar A glom o
A|3E0]| A 9] proapoptosis X antiapoptosis 22404 NF—+B 4l
A AR 2 L] tdo] E|¢iriHassanzadeh, 2011;
Bours et al., 2000), NF—xB A& d2-2] 4317} apoptosisE ¢
Aot def G A AR LF- ol A Fas, Fas-ligand
&} -2 apoptosis 1= -FAL B A=610] apoptosisE
T3l 93ke- shobal H 11 %] Qi t(Perkins and Gilmore, 2006).
71 o= NF—B Ale Y BeLE 53 395 e 7=
NSAID X247} QHA Eol chat A% oJA|2A 4k NE-
kB A 23S Fofl fredtehal HarE v §ltk(Jeong
etal,, 2013), & Aol EUHF NF+«B AT HE S &
2 QI Pgat ATALS STl thsl B 9
U 71A] 2520 ot Alzo] it NF—«B 4134
LS BT ATAS LS 2
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AdA=

& Aol diget Al vigReS HAo= ARGE el
Dulbecco’s modified Eagle’s medium (DMEM)/F-12 1 : 1
modified medium (DMEM/F—12)+= Lonza (Morristown, NJ,
USA)OA Tulstolch, SRS oAl MaIs2, B4 Fid
34 oA 91 PD98059, SB203580, SPE00125, LY294002, LiCl
9 BAYI-T0R9l AEAS OWARS Wl s
3—(4,5—dimethylthiazol —2—yl)—2, 5—diphenyltetrazolium
bromide (MTT)+= Sigma—Aldrich (St. Louis, MO, USA)A}of|A]
Ful5kAT) western blot £412 8l AREE 3A|Q] Cleaved

PARP, IxB—¢a, P65, GSK343, phosph—GSK33, TBP, actin-2 Cell
Signaling Technology (Danvers, MA, USA)ojjA] Jtafj=|Qic)

5 ATl A3 AR AFUR 7 SRt

241 R AAATARRE Ao} (75 Wtk

AU SRR E(HEHS: FM.J,S, 20180510-01)2 =+

BT A oFg Aelho] Hasha glon] oft

AR o AUATL0] £3% whate] ABSPH FAS A
0

[ JREA

FEES Iesielnt. SRt AU 7HA ethanol 3555
2 7ot 3k WZMAFX](N-1110S, EYEIA, Tokyo, Japan)S A}
83101 40T o5t FRIA FFsto] FAUE sl A=
4 Ethanol F+&E52 -80CY Wailol| Hytsto] 2 A=
QR AR 2 AREE I, S 7] FEEES Al
A] dimethyl sulfoxide (DMSO)©] &3al5}o] ARE-E 10T, of
£30] DMSOE 0.1%% 236HA] =% sh¢ith

A2 AL A8 &4

B4 5180 AMHE 212 el AL HOTIGS SHHE
Fo80)| A Juf5}l &1, HCT116 A3+ 10% fatal bovine
serum (FBS), 100 U/mL penicillin and 100 ug/mL streptomycin
o] o1 DMEM/F-12 A& 5% CO, 8= A3 204
epslsict, HOTL M) ATAS A4S 35k o
of] MTT assay= ©]- &5}t HCT116A]| 3= 96 well plateo|A]
well B1 X 10° cellsZ 244 7F v %F & AFEUEE 714 ethanol
FFEES ethanol 23 5% U 2 FEE] R 24 A
25k HelBheh, e 2441 F 2} wellol MIT (1 ng/im)
$90 50 %) 71510 24120 B2 AIR) F, AL A
st /d% formazanTHS HAATH 45 o] A H formazan
o]l DMSOE 100 yL.Z ZFz}H] wello #7}5}1e] formazan©| Ho|
A Q2 =0] & V/Visible spectrophotometer (Xma—3000PC,
Human Corporation Co,, Seoul, Korea)& ¢]-&35}0] SH =&

570 nmof| Al SA3}3ct,

SDS-PAGE @ Western blot ¥4

g A2l HCTH6 =8 Tl 3225 517] 9ls, Al
FA2] T A|ZZ 4004 8-AE 1 X phosphate—buffered saline
(PBS) = 23] Al|23}0] 314311t} Protease inhibitor cocktail
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(Sigma—Aldrich, St, Louis, MO, USA)T} phosphatase inhibitor
cocktail (Sigma—Aldrich, St. Louis, MO, USA)©] 3£5Fs NP-40
lysis buffer (GenDEPOT, Katy, TX, USA)Z 47 3}o] 308 ul
SAI7 24 2] FASL Fach A5E Fajo] 2
HH2LS Bicinchoninic acid protein assay (Pierce Biotechnology
Inc,, Waltham, MA, USA)= H24E AAEHITE H7a
A T Eoleko] Tl 28 199 SDS—acrylamide gel 2 21795
< 3}o] PVDF membrane (BioRad, Hercules, CA, USA)9] 0]
=X71 B 5% non—fat dry milk-& ARE5Fo] AR2o| A 17 &
¢} blocking 3F43t}, Blocking £ 5% non—fat dry milko]) -2-3f|
AZ1 12 FAIE 4T Btoll 164171 E<t membrane] ¥-5-A171
S membrane 0,05% tween—200] E3HE tris—buffered
saline (TBS—T)= 517 33] A5G}, A& $- 221 A&
5% non—fat dry milke]] -&3|A]A AL2-0]| Al membraneo]] 14]7F
BRSAIZTE 1AIZE & TBS-TE 5& M08 33| A& 510
membrane2 ECL western blotting substrate (Amersham
Biosciences Co,, Little Chalfont, England)S ©]-8-8}o] ¢l

AL =lstich

A2y

¥ o170] 274 3 5] Walo] Zgaien B + &
Hak2 JeERQIT), Student’s t—test (EXCEL, Microsoft Cor—
poration, Redmond, Washington, USA)2 *&] 7+ -F-2JA]
5501 0.05 1|k p-value Y 3¢, AL 79
o Bttt

AN

T

Znt Y Dy
STB®] HCT116A]| ]| th &t apoptosisir=E 5 A ZAS
AAEA

& 7HA(STB) ] thhet 4321 HCT116 A|azof| ot
AEZAE AAfr=2/de B71817] 918) 5" ethanolof] 5
%3} STB 50 ug/mLE HCTU6M|ZS] 2447k A2)5te] MTT
assay 5ol ERISHITE. 1 A3}, 40% ethanol F+ZEa A€
S 522 0 2 AlEAgEo] A=) 21 100% ethanol
FEEZ AR oA @ASHA ARl JAIES gl
SFITHFig. 14), A= AlaEAPd o] Yojubd Al 7he) 342}
o] JojA|u] 7137} 471w X2} chromatin®] -§-F0] 12§t
(Wyllie et al, 1981), 18]3}o] 9-8]= =¥ ethanol & F&
= STBE HCT1169] A 2]t thS, STB7} thAFhA|| 32 HCT116A]|

39 chromatingSo FEsh=A] Ittt 1 Aol A]
STB9] ethanol 52 =20 uje} -§-217 0 2 AJEE WQ] chromatin
5 Fhlsto] A7t 53 5a EjIskithFig, 14), 1
2] 31 HCT116M|329]| 100% ethanol & 3% STB (STB-E100)
£ FEHE 2447 A3t A3, STB-E1002 5k 240
E HCT116M|29] AEo] A= SlaL, A Wellx] 7|27} 7]
™ chromating50] Gojub X327} 4258h= 2& Ik
tH(Fig. 1B). HCT116 A 3of STB-E100 25 ug/mL-S A|7HEE
Aefst Auf, 24A17F A 2] gt 717t @A S1A HCT1I6M|322] A
Fo] AA|=] gl om A3 Yf chromating S Al7te] 72kt
wteh 2} dofut 24 X7l A A 2SS0 Yol BRIEH
CHFig. 10). Apoptosist= AJ2E Yol ZI8Y == A AP of| Tt
At A QL HiFUSolth WA= apoptosisE 2] H|ohs 54
o] 9101 apoptosis 227|542 AL S @2 A
SA7I0 AEZO] BFAS Fish7] ool ool 3le]
apoptosist 523t HAUZ 5= slLfo]ch(Pfeffer and Singh,
2018), HCT116A| 3] th3t STB-E1002] Al ZEAYE A& o]
apoptosisf-of 2/t ZQ17] H7}5}7| $13) apoptosis T T
w14 cleaved PARP W8-S ZAFSSITE HCT116A] 0] STB-E100
< FEER 24A7 A3t A3l FEEHOE cleaved
PARP thi} 2 222 2712 5 9 o v(Rig, 1D), STB-EL100 25 ug
/mL& 7P R Aejato] 2AlgH Aat, A2 5 2447l #A
17 cleaved PARP & o] Uelh= A& 2lst9ith(Fig.
1E), & A3}5-2 STB-E100-> HCT116K|320] thgh A :2gE o
Ade FoAo2 Uehfin, of= STB-E1009] AL
apoptosis 25 FoF AlRZAE AASYUS oJu|git,

HCT116M|3Z )| 4] STB2] P65 3] o] S F3F NF«B A%
g 493

N|32AEo ofeh=s A5 72 MAPK, PISK-Akt,
NF—«B A5 4d 50] QIthLin et al,, 2010), 7L % NF—«B 4l
TG Ao ASar g 12 an FA o] olshm FEARA]
3 oA AL A} apoptosisE 243K Hassanzadeh,
2011; Lin et al., 2010). Y 0 & NF—«B A3 AE S/3k=
A|ZZAPE-S AAISEA|RE A2 of] Al ZAPE ] elsl= oF 2=
o IAA Alsdd 2402 7= e FHeh(Dolcet ef al.,
2005, Jeong et al., 2013), NF—B Al o] 24 3le]H NF—
kBERIA| 9] Q1AL 5 Pes7E U= Ao Hrtarl A A qlck
(Kole et al., 2011). HCT116M| 30} 4] STB-E1002] NF—B &
3= B71s}7] 918 STB-E1009] p65 S Ho|f=E £AlSH
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Fig. 1. Effect of STB on the cell growth in HCT116 cells. (A) HCT116 cells were treated with ethanol dose-dependently extracts of
STB (50 ug/mL) for 24 h. (B and D) HCT116 cells were treated with STB-E100 at the indicated concentrations for 24 h. (C and E)
HCT116 cells were treated with STB-E100 (25 ug/mL) for the indicated times. Western blot analysis was performed against Cleaved
PARP. Actin was used as internal controls for Western blot. .p<0.05 compared to cell without STB.

%I}, HOTL6A| 0] 4 STB-E100 95 ng/mlg ARPAR A2id = %4 NE«B B3HHo] T4Elo] YoM kB-at 23 3
390U} P65 T 28 SQIRH AT, e FOARE §9 ol A RARS B kB0 Bl p652] Sy Hol7h
205 p657h S Hol7k Hl91-2 SIS ATHFig, 24). 65 UoluiThil QoA QIeHLin et al, 2010). HCTUGHERA
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Fig. 2. Effect of STB-100 on NF-«B activation in HCT116 cells. (A and C) HCT116 cells were treated with STB-E100 (25 ug/mL)
for the indicated times. (B) HCT116 cells were treated with STB-E100 at the indicated concentrations for 24 h. Western blot analysis
was performed against [xB-a and P65. Actin was used as internal controls for Western blot.

STB-E1002] kB¢ 5311 B715}17] o) HlE A oA 2] thal
$Z20E 2AREIGIT HCT16A| oA STB-EI00S %=
2 A7 A2 AT}, w2 A 0 7 [xB—oo] ThijA S
ZHe7} Vo H(Fig, 2B), STB-E100 25 ug/mL-2 A|7FEE
Aefet A, 22| & 10AKHE fojaom IxB—a«l chalg o=
A7 YepdthE A& 29IskGItHFg, 20). 2 s
STB-E100%= p652] S| Ao 4% & E3) NF—«B
SAISIA71H p652] U] Hol= I/cB—a«l o
«B-a®] ElE F3l VEhdthe e 57

mEE i)

F

STB-E1009] IxB—a 2] QAIS}E 58 D B3 5284

HCT116A) )| A STB-E1002] IxB—¢ THlA $=27kA7) o
W2 B R QIgh 4= A1A] H7Fsl] 98l HCT116A 20
Chal 2] Bl o 4| 491 MG132 10 uME 2417 H#] 2] 3t & STB-
E100 25 ug/mL-< 14417 A 2)3}e] [kB—o 2] Thild 4228 %
ARSIt I AT, STB-E1002 A 2]gt 7ol A= 1k B—a T
WA 222717} UERE A IE MG1329F STB-E100S 74| &2
SF bl A Tl A EolE itk Ale Elskltt
(Fig. 3A). HCT116A|2z0f T2 Faf A4 Q1 MG132 20 M
£ 9A|I7F A 23t T STB-E100 25 ug/mL-& 6A|7F X235t 2
I}, STB-E100- A 2] gk 7-7kol| A<= P65 S Zo]7} LpetstA]
Tk MG1322} STB-E1002 ] A 2j3k 71710l A P65 U # o]
7t 018t As ERlsith(Fig. 3B). A= HroF NF—
kB AT o] SAEEH [k B QA4S Bof thild 2
3|7} doldth(Park et al., 2018), HCT116A] 20| A] STB-E100

9] IkB— QIABIE BH71517] 918 HCT1164)3E0]| STB—E100 25
ug/mLE AZPEE A 2jste] g1t Aat, A2] T 1A 2l
ARSE7E dofut 6AITHEE FA|SHA] dolitthrt 24417 Eol&
QIHFig, 30), & AT5-2 HCTL6M| o)A STB-E1002] IkB—
a8 QitekE F3t T Eaf7E dojum o] 2 QI Pe5 L
HolE fiegiths 2 Sjujgih,

HCT1164| | 4| STB-E1002] GSK34 9]/ P65 U A o]
=24

NF—«B A1 Z A =9] B4J5H= MAPKs, PISK/Akt 5 thoFgh
AT G| Tof & Yofrar YA It Dolcet et al., 2005,
Moon et al., 2018), HCT116A]| 320l 4] STB-E1002] o]} P65 3
W o] =2 A kinaseE 1 5}7| I8l HCT1164| 3]
ERK1/2 4| A|21 PDIS059 (20 M), p38 AA|AI$1 SB203580
(20 uM), INK JA|A|2] SP600125 (20 uM), IKK JA|A| 2l
BAY11-7082 (20 1M), GSK34 <AIA¢] LiCl (20 mM) 1&]at
PI3K JA|A[Q] LY294002 (20 uM)E 242} 2417 52t 4]
3 STB-EI100 25 ug/ml-& 6A]7t 50t 2|5} pe5 SHuj| o]
£ BRIttt 1 Ay Licle] AElE HCT116A1]§£01]A1b
STB-E1009] P65 S Ho| $&7} &0]59 21 KFig. 3D)
PD98059, SB203580, SP600125, BAY11-7082, LY2940020]
2] 2] %] HCT116 A|3Z0]| A= STB-E1007} - 5H= P65 S A
0|7} ZolEA] UITtHFig 4A—C, 4E and F), & a5
STB-E1002] P65 S| Ho] 3% 7} GSK3p 2|24 olat= AL
ofm|tet,
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Fig. 3. Effect of STB-E100 on l¢B-a proteasomal degradation through IxB-a phosphorylation in HCT116 cells. (A) HCT116 cells
were pretreated with MG132 (10 M) for 2 h and then co-treated with STB-E100 (25 ug/mL) for 14 h. (B) HCT116 cells were
pretreated with MG132 (20 ;M) for 2 h and then co-treated with STB-E100 (25 ug/mL) for 6 h. (C) HCT116 cells were treated with
STB-E100 (25 ug/mL) for the indicated times. Western blot analysis was performed against [¢B-a, p-l«B-« and P65. Actin and TBP

were used as internal controls for Western blot.
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[ = — =

Fig. 4. Effect of MAPKSs, IKK, PI3K and GSK3p on P65 accumulation to nucleus by STB-E100 in HCT116 cells. (A-F) HCT116
cells were pretreated with PD98059 (20 M), SB203580 (20 M), SP600125 (20 M), BAY11-7082 (20 M), LY294002 (20 12M)
and LiCl (20 mM) for 2 h, and then co-treated with STB-E100 (25 ug/mL) for 6 h. Western blot analysis was performed against p65.

Actin and TBP were used as internal controls for Western blot.
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(A)

0 1 3 6 10 24
[ ™ e ww o | pGskp
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|- - eoe o W -l Actin
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Fig. 5. Effect of STB-E100 on GSK34 activation and IxB-« proteasomal degradation through GSK3 activation in HCT116 cells.
(A)HCT116 cells were treated with STB-E100 (25 ug/mL) for the indicated times. (B) HCT116 cells were pretreated with LiCl (20
mM) for 2 h, and then co-treated with STB-E100 (25 ug/mL) for 14 h. Western blot analysis was performed against [«B-a, p-GSK3

B and GSK3p. Actin was used as internal controls for Western blot.

STB-E1002] HCT11X| 2o A GSK38 A3} S =84

SFA] HCT116A|3E o) 4] STB-E1002] P65 S| Ao| G=7}
GSK3p 924 Y& 2elskoirt. GSK3p= NF—B 415499
AL B 2ol FaFe ol NF-«B 42499 243H=
ol SHch(Hoeflich et al,, 2000). ThFet MJ2E9] A4 415
A7 2 {9k ofu) e} apoptosisoll &= ¥oish= GSK3B+: QA
3= =8l FASHETHYun er al, 2009). HCT116A|ZEo]|A]
STB-E1000] GSK38E S4J3}A]71=4] H7}8}7] )&l HCT116
A| 2ol STB-E100 25 ug/mL& AZPE = Z2]s}qlet, 71 A,
A 2] S 1AZHEE FASHA| GSK3p7F QAR E Jlar 13} o
St (Fig. 5A), HCT116 A|3Eof| A STB-E1002] GSK38 &4
317} kB—a A Fafjo]] Tholsh=A] H7sl7] 915 GSK3p
AR LiCl (20 mM)< 212} 2A17F 5<9F A Ae] $-, STB-
E100 25 ug/mLr 14A17t 59F A 2j8kal [xB—a A 55
grolskstt, 1 27} LiCl-S HCT116A 304 STB-E1002] Ik
B T A =3 Tae oS4 WSitHFig, 5B). & Zi=
< 0|FE o}, HCT16X| o4 STB-E100-2 GSK3pE 413}
Al p65 S Hol& F- =544 STB-E1002] IkB—o THH4
o= GSK3B oEAlo] ofd ks A& gklskaltt.

5 2

2 AollA AF U 7HA] F+EE(STB-E100)2 Tt Al
FO M MZAPE & Fiesto] Al 2SS AAISHIT 3t Ik
B-a QeHE 57 kB T ZaE st o] = <l
P65 S| Fo|E f+IEsto] NF—«B Al S He-S S4g3hAl7Ict,
NF—B 21 870e 2/doh= GSK3p 2/ &3l P65 djuf 4
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