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ABSTRACT

Cell growth inhibition by bavachin

in KB human oral cancer cells

Park, Byung-Soo
Advisor: Prof. Oh, Ji-Su, D.D.S., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Psoralea corylifolia is widely distributed over southeastern Asian countries
and has been used as traditional Chinese medicine. Bavachin, one of the main
constituents of Psoralea corylifolia, possess various biological activities in
common such as inhibiting platelet aggregation, anti-oxidation and anti-bacterial
activity. However, the anti—cancer activity of bavachin has not yet been well
defined. In this study, therefore, the cytotoxic activity of bavachin and the
mechanism of cell death exhibited by bavachin were examined in KB human
oral cancer cells.

The cytotoxic effect of bavachin on cell growth in KB cells was examined
by inhibition of cell growth (MTT assay). In addition, the cell death mechanism
by bavachin was examined using DAPI staining, DNA fragmentation analysis

and immunoblotting.

1. Treatment of bavachin in KB cells induced the inhibition of cell growth in a
concentration- and a time-dependent manner as determined by MTT assay.
2. Treatment of bavachin induced the nuclear condensation in KB cells.

3. Treatment of bavachin induced the DNA fragmentation in KB cells.
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4. The proteolytic processing of caspase-3, -7, -8 and -9 was increased by

bavachin treatment in KB cells.
These results suggest that bavachin can induce the suppression of cell

growth and cell apoptosis in KB human oral cancer cells, and therefore, that it

may have potential properties for anti—cancer drug discovery.

Key Words: Bavachin, Anti—cancer therapy, Apoptosis, Cell death,

KB human oral cancer cells

Collection @ chosun



YErhe Aore wAol® BTaa, Yool dal AbgE Wk o YOE U
oo olgol 7R FA Yr AL FE A¥ol on wA ArGE ol
gt el A wol gl

=
ox
12
o
rlr
il
N
)
N
)
ofr
)
o,
o
oj
-
¥0,
N
2 o

[e]
9,
it
fru
"
i)
K}
o
e
o m
o,
ﬁ
il
il
do
o
=
fru
Mo
Ho
fols
ox.
™
i)
A
il
lo,
12
o
filo
=
iy
)
o
ol
N

S5 o] 7%

_1>~1

f

gt A AgEa Qo 1 o 24 Taxol, Oncovin =&
Captothecin #&2 ¢FEEo] 7dEo F o, O] =5 A HelA e shst
A ARARAM THsAel A= Aoe=

Apoptosis® A ZE7}F f3d 2ol o] &l 1%]"15]01 == WA dHE, AN
AZE A7 o] 4ol B AEE AA
- T8 A4S "t JAu7-9] FEEHEY tFE> AEZAY dFQ]
apoptosisE °F71ste] HAlE F
7] wjzell, o] ¥ gk FGEAS ARESte] WA S GAIE apoptosist o A EH
o Ao gk Fag A x7F HATH5,6,10,11].

B A| (Psoralea fructus)= 33 (Leguminosae)? 43t 331X (Psoralea
coylifolia)®] 4<% AL dAE= Aoz ydaE /MdE dujg av, 1 3
B7F 32 R Zu Wastal v W A e AR 5 Kok
2he FY7E o2l REAE A 2 A 7]

§, B3EY A4} RG] S5 pAE delA JTHIZI). w0

7I5e Mt AaEsE e
A= FA, AF, bakuchiol, psoralen, angelicin, bavachin, bavachinin %
isobavachin &°] %o A3, AZA = psoralidin, corylifolin & FLAAE

L ekskal loH12-14]. E%X] i+ T bavachine =4 sFgE=ZA did
< oA, Fatst 2AE B oA A8 o ZF RauEa du12-14] 1Yy
bavachin®] g & o] # Axm= vl FHsH, 53] 774 ¢olA bavachin®
B g ekl vk gl
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I. A= 2 v

1. 48A%

Bavachin< Santa Cruz Biotechnology, Inc.(Dallas, TX, USA)lA TFL 3t AF
£3}% 32, N-methylthiotetrazole(MTT)2} 4’ 6-diamidino-2-phenylindole (DAPI)+
Sigma(St. Louis, USA)A Fste] A&t o, ECL detection kit
Amersham Biosciences Corp.(Piscataway, NJ, USA)dA F¢ste] ARE3F T}
Anti-cleaved caspase-3, anti-cleaved caspase-7, anti-cleaved caspase-8,
anti—cleaved caspase-9 % anti-cleaved PARP & A+ Cell Signaling Technology,
Inc.(Danvers, MA, USA)A FYste]l Algstdon, 7E ZAAGES
analytical gradeg i3t AF-&3FTh.

AbeE M E KB+ American Type Culture Collection(ATCC, Rockville,
MD, USA)ol| A Al &-Hko} A7l o] &3ttt

2. AZXF9 AEAF

Abgl FAOAIE KBE 5% fetal bovine serum(FBS, Invitrogen Co., Carlsbad,
CA, USA), 3AA(100u/ml penicillinm, 100xg/ml streptomysin) % 1%
non—-essential amino acids(NEAA, Invitrogen Co., Carlsbad, CA, USA)7} sk
37°C2] A8l A] minimal essential medium(MEM, Invitrogen Co., Carlsbad, CA,
USA) stoll A wjFetar Aol o] &3kt tH15]

3. AERT AAAIMTT &4)

Bavachindl <93t AMEXAZ Az} E FEsH7] Y3&l, 24well plated] 5 X
10°cells/welle] KB AlEZ HEaAch 2447 W% 5 bavaching G4 Fx
o AlZkoll A AHelsto] 37TCA WA 5 AxAE AAZIE MTT 4 o=
Aot ATH16]. MTT #2412 bavaching A 2§ KB AlZo] MTT &AMTT

S 05pg/pl)e 37CAA 4A7F AHggt &, MTT &4-& #AlAska 0.04N HCI

k¥ isopropanolZ FHofglo] 570nmolA FHEE S5t APttt

o\ _ll)l

)
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4. DAPI €A o4& Axs e #F

Bavachin®ll 9|3 KB A F2 A7} apoptosis F=¢F A#Ad o] dE=AE FAF
&t7] $1sto] DAPI @45 o &3 Alx3 el st wsts #&sith 10cm ¥
FHAll 5 X 10709] KB AE2ES HEste] 2447 kst &, bavachin 3uM}
10uMS  2+7 Aglste] 72417 EF 37CelA vt vt KB AlxXE
37% formaldehyde &3 PBSE 1:99 Hl&=® 412 fixing solutions ©]-&3}of
FElM 10 ¢ 24T 5 DAPI 45 ol&3to] 158 &<t dAsdt a4
3t KB AlXE §3dv 4 (X71, Olympus, Japan)& o] &3ke] o] Fests s}

A=
E wEs AT

o

5. DNA fragmentation +4]

MAEAES] 71 F apoptosis®] A ¥ 7} ¥i= DNA fragmentation 415 A] 83}
2 t}h. Bavachinol] 93 A3 DNA fragmentation &35 #237] &, 10cm Hi
FHAl 5 X 1070 KB Al£2 HEaAth 2427 st 3 bavachin 10uM
= Agste] 72A3F FF 37T A wgFe ¥ AEE skl lysis buffer(0.1IM
NaCl, 0.00lM EDTA, 0.3M Tris-HCI(pH, 7.5), 0.2M sucrose)S ©]&3F ZFA4}9]
phenol-chloroform extraction® 22 DNAE FZ319th. F%3 DNAE 2%
agarose gelollA #7195 (50volts, 90+%) 3t 2™, ethidium bromide® 3 4 3}o]

dHs A

6. Immunoblotting

M3 apoptosis® A ¥7}F F i+ caspase-3, caspase-7, caspase-8 %
caspase-9(Anti-cleaved  caspase-3, anti—cleaved caspase-7, anti—cleaved
caspase-8 % anti-cleaved caspase-9) #2415 ¢33 immunoblottingS A] & &} %t}
[17]. 10cm ®<FHAl 5 X 10°70e] KB AZE& HFsta 2447+ o F,
bavachin 10uM< A& ste] 72A17F &<t 37ColA vt & AxE F3 s
MXEE 4T PBSE 23] A&3gk & 4T lysis buffer(1% Triton X-100, 0.5mM
EDTA, 1mM phenylmethylsulfonyl fluoride, 5rg/ml aprotinin 2 5xg/ml leupeptin
o] X3tEl PBS)ollA 304 REEAIFTH AE &3ES 12500 x gollAl 207 ¥4

&

g9 ¥, wwd ARE 4Fgsdd. wmd =S 2019 SDS sample

ME
o
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buffer(60mM  Tris-HCI(pH, 6.8), 4% SDS, 25% glycerol, 14.4mM
2-mercaptoethanol, 0.1% bromophenol blue)ol]l ¥ 12 100TCoNA 587 WA A7l
T 12% SDS-polyacrylamide gelel] 120voltell A 2A17F A7) % 3 tfS, ¢z
transferE ©] 83} nitrocellulose membrane(Millipore Co., Billerica, MA, USA)2S
2 o]EA|FHY. Membranes 5% fat—free dry milk-PBST buffer(PBS, 0.2%
Tween-20)0l A 2A17F =<t blockingdl i, PBST buffer® 15%7F 33] A2 8} o},
A x}a A 2 anti-caspase—3, anti—caspase—7, anti—caspase-8 % anti-caspase-9
(anti-cleaved caspase-3, anti—cleaved caspase-7, anti-cleaved caspase-8,
anti—cleaved caspase-9) A& 1,0008] 3]Aste] AFE-3F o™, anti-B-actin &
A= 20008 3 A8ke] A3 TE o] 2FE A & horseradish peroxidase conjugated
anti-rabbit IgGE 50008 348t AF&3} o™, ECL detection kitgE A}-&3}o

X-ray 5ol &3 5 48

7. AR5 TATNHY AA

BE AP AHLE mean + SEMo 2 YeElWA L, 7 AT 9] fFolA
ANOVA % Student’s t-test& 3t 2™, p valueZ} 0.05 7| RH(p<0.05)e] 7 5ol
A AR fFrelde]l de AR Sk ek B Ao A HA--L SPSS

ver. 12.0(SPSS Inc., Chicago, IL, USA)S o] &3&}o] A&t}
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1. AEARFY 93&FS v X = bavaching &
KB A|3Eo] A bavachino] 93t AlX A dAEGH}E FAsH7] 98] MTT 24

S A3kt Bavaching 0.1, 0.3, 1, 3 2 10uMe] thdd == 24, 48 2 72
A|ZF Fot KB Ao Tl & MTT AALS Al A3} bavachin A2 2447+
o Ag-elAe dExzad st s W MEAAF gAY AolE B 4 A TH(Fig.
1). E3F bavachin A2 4817t} 72A]13Fe] 7 $-o| 4 bavachin 0.1, 0.3 2 1uM<]

o
SEANME fxaH st s w AEAAYG A ZeolE & F MK Fig. 1.

ey bavachin A2 48A17FF 72A17Ee] 79~ bavachin 3uM#} 10uMoll A &= d

w3 Hlwete] & w) FEg AR AAEHE B o Ao, o] e A
). KB AE37% Al gt
bavachin®] ICx(H A 50%E F2A 71 $%5)S bavachin g 2447
I 48N Aol e AR g glen, T2Atl A= oF 6.15uMeol At
(Table 1).

Table 1. Anti—proliferative effect of bavachin in KB cells

Time ICs (uM)
24 hours ND
48 hours ND
72 hours 6.15 + 0.73

The ICs values represent the mean + SEM for

three experiments. ND; not detected.

2. DAPI €44 &3 A= Je A

Bavachin *glo] w2 KB Axe A9 A7F ME apoptosis &2 AFaHAd o]
A=A AT f18ke] 0, 3 2 10uMe] bavaching A2l gk Aol A 72A17F &
F HikEt 5 DAPI A4S F3l A3 Jejsts wsts dEstdth AlZ23

_6_
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Sold oz Agsts FFEAR DAPI d4S AAs FFAHAES o] &3t
et A3 Fig. 2A WERA vke} 2ol bavaching A g3tA] g2 tix&a KB
Az M= ool Aol o] eyt FEletA Ao m Mol HAS
bavachin 3uM¥} 10uM< A 2|3t A EZe A= apoptosis A AELo|A 7324 o

2 AFEE dad &= 93t apoptotic body7F Tt & E A THFig. 2A).
Apoptosis7} HAEHA] F& AAANEE 100%= 7] F3F] apoptotic bodyS H &=
vele] vlagk A3 bavaching A glebA] 8 iz KB AlZo A= ofF 2.7%,
bavachin 3uM¥ 10uM<= A=d AlxzoA= 22 F 287%°9 64.9% %,
bavachin X7} Z7}gtol ulegl apoptotic bodye] Hl&o] F71ES & 4 AUt

(Fig. 2B).

3. DNA fragmentation +4]

Bavachinoll 93k KB Alxe] AAAgA 71dE &ty flste] DNA
fragmentation #42 Al 33tk Bavachin 03 10pME 2] 3+ sl Aol A 724 7F
st A2lg KB AE DNAE F=35te] 7|9 so= s 2Aa ol
= DNA fragmentation @4<S & 4 A2}, bavachin 10uMS = 23+ A&+

B

o 5 &= DNA fragmentation &4+< T AAJT(Fig. 3).

4. Bavachind] ¢ 3t caspase®] &4

Caspase—3, caspase-7, caspase—-8 % caspase-9¢| A|X apoptosise] A E7} H=
Z[18-22], bavaching &3t KB Al *Eo| A cleaved caspase-3, cleaved caspase-7,
cleaved caspase-8 % cleaved caspase-9 #&dFAS 93] immunoblottingS A] 3
stk Bavaching 23 KB Ao @ilds FEste] gl A3, x4
X = procaspase-3, procaspase—7, procaspase-8 % procaspase-9¢] ©¥ld JpgEE
&l (proteolytic cleavage) @d4<S & G §lley, bavachin 10uM-E 72A17F &<t

At Aol s @i el dds F3lol & 5 A Fig. 4-7).
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H, Aoks ol gst FgAE XTI TS oftEs

AAA = thekgh Ak okl AX o dvH23-27]. 1 T FA=ES 53 oA
FEoA oy 7HE %‘Sﬂ SAE AEE oA Pﬂ‘/‘r SHE AME S fdele Ao=
g 9lom[28,29

st Fagh Od%—% %‘%’ﬂ“ﬂ =
SoH28,29]. HAIE AME S dodjE Fas W F sl apoptosisE 99143 <]
death receptor-o]&% 4= T WA mEIZE=gol-o&4 A2E weh o
U Zlog Holw, o= ¢k 3183 XA osi Aot HrH18,19]. X
Joko 7 g-gupetol A HdEFAHoR ALgH A &

>

ZAE 29, AE 2 G B

A T shboln, HEA 4E F bavachin® A% &3 A, Fikst 2§
2t 2E Sol dvtal Bwausa Iv12-14]. 2y bavachin®] & el

$ BEem 53 ool A bavachin® &dte] tisjAs g 8}
gith. ek 7oA E AbgE A AlEF KB AlEE o] &38te] bavachin]
A E AgAAel M= Eae MEAAE AdATIAS Wl sl
BE A8 1% MTT 464 bavachine A1 7F} 5=

AA A HH(Fig. 1). o= AHH = ¢

EHoz dAX AHEE FEIe IgadE Ad A8 A Fy 2F
(Echinacea root, Toona sinensis, Willow bark)ol A ¢ A2 3¢} HAg Aot
[30-32]. T%o] tt& A Fd Edy wuse] AdgForn we Fro

bavachino| A = 83 KB 772 AE9 AMES F 58 tH30-32]. o2 3 23}

i bavachin®] 77 AE A et Sol#Ql adE 7HAL U= As
AlAbeH, B bavachin®] @ HAI R A=A A} A QL ZFAE AlAFSEaL Q)

A E G A Ao A apoptosis®] FEE A FH EXEZHYH IFAEE
Aol 83 defo] ©rH33] 1= erﬂx}"é—f?_ Aoks 23k theke
EZFH SAEZLES apoptosisE FEdheE AFES Aldsta vk E AT A

= bavachinel] 93t KB Al A AolA] 7] Aol apoptosis’7} L &E E=x=5 3keld}7]
) sle], DAPI 9A& o]&83k Axsle] Hestd M3l #ad 2 DNA fragmentation

Hg Agstget Al Solqow Ags B DAPL 94 A

f

r—{E
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7S o] g3l #A3 A} bavaching AP sx &S hxa+ KB A
A= tiFEe AxdA el FHerE FEstA gdoz dAlo] FHIo
bavachin 3uM¥} 10uM=S * &3k A XA += bavachin A3 =2 7o u&

A Do) Aok HEo] apoptosis B MFEoA APH o #HEHE 44
S0 9% apoptotic body7} thg= #H#E A tH(Fig. 2). T3k apoptosis e &
& AHPAA ZH7Ad EEE= DNA fragmentation JH-E  FARSE A3}

bavaching @ 3}#A] &< thF+o|A+= DNA fragmentation A4S & 4 (o
u}, bavachin A& A& A= DNA fragmentation dAS = A A HFig. 3).
ol WAEe AES AN FLEHAE Ad Y ==%5° DNA
fragmentations +=3}= apoptosis Ao 93] YA EZ AFEAZITE A
[30-32]9F A Asl= A 2A, bavachino] 93] F=5H= KB 74 AX A%
Al Ao+ endonuclease”’t &4 stE o] A EZWe] DNAZF fragmentation 5
apoptosis 7] o] 23 = AoRE ALg T
Cysteine protease®l caspase?] AX W AL vkt #Fo] & F=d
g FrH20-22]. AbEe] ARl A
°l¥l caspase ©°}8 Tl caspase-3, caspase-7, caspase-8 % caspase-9 9|
apoptosis =9 A3 caspasez dHA JoH, o] 7tz theFst A=l 9|
apoptosisZ7} do]Y u] proteolytic cleavage 34to] Uojdri20-22]. H Aol A
caspase-3, caspase-7, caspase-8 % caspase-99] proteolytic cleavage &4 &
¢15t7] 98l o] =9 FAE o] &3] immunoblottingS A @3 A3} bavachin *
2] A¥ ol A caspaseE9 proteolytic cleavage A4S E 5 9l tHFig. 4-7).
ol]gt A ZAH}EL bavachine 93] #Fr=¥ = KB 74 AlZE A4AA A

caspase-3, caspase—7, caspase-8 % caspase-95 E3 9|¢lA o] death receptor—

NV

>

in)
&

-

b

apoptosisE 7NAlslaL Adsl=d F 3

)

oEH A=zl A vEZEgol-o&H HZE H 3t apoptosis’t EHH
o] A& A|AET}E. 28y bavachinZ} =3k 774 AlXE A A0 @3 A

F 9 224 V- o Fetelor & AR AzE

AEAOoRE HEAY F8 A% T st bavachine Abgt 749 Ax5F KB
M S apoptosisE FEstY] FHAY AEZAAEES JAA T HAoE AlREY. E
sk 2 AFel AR bavaching o] &3k M E Ao #A3t o] WS

ANT & e Aow Az,
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Abgl A AIESF KB AEE ol &ste] HIAe Fa A
bavachin®] T7¢F AE AZAAd vA= a3et AxZHE A7 HS B9e] 7]
218l, KB Al¥o A bavaching ©]&3te] MTT 4], DAPI Ao 2] A3
FE) 4, DNA fragmentation £41 2 immunoblotting &< A3 3ste] tfL-3 2

e Ang A

ju

A
ofN
PrL
T
2,

1. Bavachin>= KB 774 M2l A4S At skof ofEH oz oAt}
2. KB 77+t A|Eo A bavaching 3¢ $Hu 9= Fxsrh

3. Bavachin® KB 7% Al ¢ DNA fragmentationg =3}t
4. KB 774 A3 A bavachine caspase-3, caspase-7, caspase-8 2 caspase—9

9] proteolytic cleavages =3}

2 Ao AfREA BHEAY Fo AR F Q] bavachine Ab 74 Al
KB A9 apoptosisE 23t 49 AXAGHS AT Ao=E AR
s & Ao Ay =E| bavaching ©]&3 dAxE G A o g shr}e

WEFe ANE 7 s Aoz Az4dn.

i,
FOpet
2
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VI AP AT

Fig. 1. Concentration- and time-dependent effects of bavachin on the cell
viability in KB human oral cancer cells. (A) Concentration-dependent
effect of bavachin on the cell viability in KB cells. The KB cells were
treated with various concentrations of bavachin or without bavachin for
24 (circle), 48 (square) and 72 hours (triangle). (B) Time-dependent
effect of bavachin on the cell viability in KB cells. The KB cells were
treated with 0.1 (circle), 0.3 (square), 1 (triangle), 3 (diamond) and 10
UM (hexagon) bavachin for 0 - 72 hours. The cell viabilities were
determined by the MTT assays. The percentage of cell viability was
calculated as a ratio of A570nms of bavachin treated cells and untreated
control cells. Fach data point represents the mean = SEM of four
experiments. ~P<0.05 vs. control, “"P<0.01 vs. control and ““P<0.001 vs.

control (the control cells measured in the absence of bavachin).

Fig. 2. Induction of apoptosis by bavachin in KB cells. (A) Changes in nuclear
morphology by bavachin. The cells were treated with 0, 3 or 10 uM
bavachin for 72 hours. Representative fluorescence photomicrographs
show the nuclei morphology of KB cells. The arrows indicate chromatin
condensation, reduced nuclear size and nuclear fragmentation typically
observed in apoptotic cells. (B) The percentage of apoptotic cells was

calculated as the ratio of apoptotic cells to total cells.

Fig. 3. Fragmentation of internucleosomal DNA by bavachin in KB cells. The
cells were treated with 0 or 10 uM bavachin for 72 hours and nuclear

DNA was subjected to agarose gel electrophoresis.

Fig. 4. Proteolytic cleavage of caspase-3 by bavachin treatment in KB cells. (A)

Activity of cleaved caspase-3 by bavachin was measured in KB cells.
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The cells were treated with O or 10 uM bavachin for 72 hours. The
cell lysate was prepared and analyzed by immunoblotting as described in
"MATERIALS AND METHODS”. (B) Quantitative data for (A) were

analyzed by using Imagegauge 3.12 software after B-actin normalization.

Fig. 5. Proteolytic cleavage of caspase-7 by bavachin treatment in KB cells.
(A) Activity of cleaved caspase-7 by bavachin was measured in KB
cells. (B) Quantitative data for (A) were analyzed by using Imagegauge

3.12 software after B-actin normalization.

Fig. 6. Proteolytic cleavage of caspase-8 by bavachin treatment in KB cells.
(A) Activity of cleaved caspase-8 by bavachin was measured in KB
cells. (B) Quantitative data for (A) were analyzed by using Imagegauge

3.12 software after B-actin normalization.
Fig. 7. Proteolytic cleavage of caspase-9 by bavachin treatment in KB cells.
(A) Activity of cleaved caspase-9 by bavachin was measured in KB

cells. (B) Quantitative data for (A) were analyzed by using Imagegauge

3.12 software after B-actin normalization.
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A Bavachin (72 hours)
0 10 (uM)

= Caspase-7

20 kDa —| s e (cleaved)

47 kDa —| = = | (-actin

140 -

I C aspase-7
120 (cleaved)

Density of band (% of p-actin)
iy [=;] [==] -c:‘
= = = [=]

ka
(=]
1

=
I

0 10

Bavachin (uM)

Collection @ chosun



VI. A3 &= (Fig. 6)
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VI. AHRF-%=(Fig. 7)
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