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showed DNA ladder pattern in the betulinic acid-treated KB cells, but
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Figure 9. Effects of nicotine against betulinic acid-induced growth

inhibition and apoptosis in KB cells. Morphological appearance of the
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ABSTRACT

Nicotine-induced chemoresistance in head and neck
squamous cell carcinoma and strategy for overcoming
resistance

- on the basis of KB cell line and betulinic acid -

Heo, Joon

Advisor: Prof. Do, Nam-Yong, Ph.D.
Department of Medicine,

Graduate School of Chosun University

The aim of this study was to investigate the role of smoking on
cancer chemotherapy and also clarify the effect of betulinic acid as a
chemosensitizer. The author checked the apoptotic pathway after
treatment of nicotine, and compared the effect of anticancer drugs such
as cisplatin and etoposide in the presence or absence of nicotine in oral
squamous cell carcinoma (SCC) KB cell line. Moreover, the author
assessed the combination chemotherapeutic effect of betulinic acid with
well-known chemotherapeutics in the presence or absence of nicotine.
Nicotine induces Bad phosphorylation in association with suppression of
apoptosis in KB cells. The inhibition rate of KB cells co-treated with
anticancer drugs and nicotine was significantly decreased compared to
anticancer drug only treated group. However, chemoresistance caused by
nicotine was subjugated by combination of betulinic acid and
chemotherapeutics. To sum up these results, the author could expect
that nicotine may involved the chemoresistance and carcinogenesis via

anti—apoptotic pathway in SCC, and chemotherapy for the SCC should



be done in the absence of nicotine in the patients’ blood. Moreover,
betulinic acid could be an useful chemosensitizer to treat SCC or to
overcome nicotine-induced chemoresistance in SCC.

Key Words: nicotine, squamous cell carcinoma, KB cell line, betulinic

acid
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FRA BARE AFAZAFS 2GR ¥ A=A Aol AFo] of

T Ata, FEe] 30-40% 7l A Al E Holy] WiEe] Az oy &
o] 9l tH(O-Charoenrat et al., 2000).

Y 9 (nicotine)> HHIA7IS] F8 AR Fo stvzA #Ag 2o 7}
FTaT APAA eIy o] AT A& HL obA WEe] vl AA @

% th(Schuller, 2002). YzEL AL ZHHseE AFEFI=
(growth-promoting pathway)s &3} Al7|9, A a&& Hojd
F dvE A+ HE L (Heusch and Maneckjee, 1998)¢} adrenergic receptor
7} YxE A& A9 (signal transduction pathway)ol 523 93a& 3o}
= B a1 E(Park et al, 1995, Suemaru et al.,, 1997)¢] A t}.

FAR AWALGE B MY Fo@ A% AN FAAW, 53 77
7

o] A9 2 BHEAo wS Edu dEA Jdou, AGY F9HY Y=
glo] A3gr 287 de # A= @A Zth(Warnakulasuriya et al.,

2005). Yade oz 74 zg FolA FEAEY] ‘5 HEE AT

A g 2 ’(death-related signal pathway)el @3 AFH = AE A}

(apoptosis)¢t #AE o FAer @¥ld Wzt #d A =olvh

(Onoda et al., 2001; Jin et al., 2004).

stetas 2§ i ddeyE 7 dow XY AEA

Lo Z2F o] gr3olq 7] wiiLol, irEY FAATHAL S AEA T2
= 2 4 9ti(Herr and Debatin, 2001;

Johnstone et al., 2002).

Bel-2 family+= X247/ A% & 2049707 EA5=dl, ol A% 1

7N o]Ae] Bel-2 homology (BH) domaing &3t (Cory and Adams,



2002), ©] domain & F o4 BH3 domain°] ™2 Bcl-2 family & 2z
Az ZE3e] Az AEA7E dojuyAl sh(Keleker and Thompson,
1998). 53 BH3 WS Zt&= Al AE AL = (proapoptotic) @ & (5, Bad,
Bid, Noxa, %)< Bel-X19 B 37]%5& dlAlste] AlxAEAE FH261A
#AH(Tan et al, 2000). Bade= 14Fst7E e w Al 2AEAL £31 7] 5 0]
AAEY, gl 2dE 249 Bade W= =gotol A Bel-Xi
d32gske] Bel-Xpo] AEZAEAL A7 TS Adste] AH o R A E
A ALE FZ35A @Y (Bergmann, 2002).

cisplatin®] 1} etoposide®} #Z< 3 dA= FAHE HAHAELT AR
& A5AJY, o5 AEAE TRV YR odto] S W=
el Azl glo] g Fadty. fuetd, FAAR F e F
71 Foll ANH Fdol 93 dF Yado] FAAY Am Z&ol I
T 7] wEol

betulinic acid [3B-hydroxy-lup-20(19)lupaen-28-carbonic acid] (Fig. 1)

A]

rr

13

o
(i)

1]

= SolEYIt NEF Jzphus mauritianadl Xl A zx2 Y Hqod, I
Aol F 55} th(Pisha et al, 1995). o] oA 3 A% Al ¥ F(Pisha et
al, 1995; Liu et al, 2004)v 274l 71 L FSAH*E(Fulda et al,
1999)0ll A& Qe AEAEA Fr=aH7F vk o8 AErHe MEZE
gol EIH}AELE FA2AZ AV} (Fulda et al, 1998), cytosol WE
mitochondrial cytochrome ¢& W% 34 W (Fulda and Debatin, 2000), ¥k
4 kA&7 (ROS) @A oly caspase 43t 55 F3to] ol Fo] A tH(Wick
et al., 1999).
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1. A4 A=
7h AIEF L A Eu]

KB A X5 (KCLB No. 10017, gt=AxF238 £)E 10% fetal bovine

serum (GIBCO BRL)# 1X antibiotic-antimycotic (GIBCO BRL)o] *3+#

RPMI 16400 wiatsict. KB AExFe FUAsH A A5s o
H ¥ A}

HEE 37°C, 5% CO2 W% 71el A 10 cm petri dishol 1.5 x 10° 749l A%

Aol Y= 4 AHAEGFTAA

L7 FAHA &5 F 2 wFe sto d=AgdE stk KB
Azel Ua® o5 HXo A= Uae A 2043 i 43 F Ax
AAEds Ao, AR A HE AA 2 dzd, FeA
4 betulinic acid B A Ao W2 AEXAA &= 200 nM/L YIRS 4
ANZF A F A we oA 9l betulinic acid HEAS Fo3stn

20 A1ZF W} F #A ekl h

. Aot

Bad, phospho-specific Bad (Ser'™ and Ser'™3* Santa Cruz
Biotechnology (Santa Cruz, CA)ol A, phospho-specific Bad (Ser'™):
Cell Signaling Technology (Beverly, MA)| A, nicotine, etoposide,

cisplatin % betulinic acid¥ Sigma (St. Louis, MO)oll A 7] 5}



5x 10° 7l A= AZE 1000 T/C dishol w38ka, 37C, 5% CO; Ml
F7lol A 2477 wikE F 200 nM/L U=EH™, ICs #9 A =&
betulinic acid, &) 3, ICy # <9 LAl E betulinic acid HgAZ Z+zt
Aelskar 24 AIZE ke dth. R vl ey

FotaAvk Zb AIFE R trypsin/EDTAR A elste] AxXE 5}

-

ol 2 AR

¢

phosphate buffered saline (PBS, pH 7.4)% A 23 % 1X CHAPS &3
Z 410 mM Tris HCIl, pH 75 1InM MgCl; 1mM EDTA, 0.1 nM
Benaxmidine, 5 mM B-mercaptoethanol, 0.5% CHAPS, 10% Glycerol) 200
w=z Ayt d59eA 3023 WA F 12,000 rpm, 4ColA 208& 3k

AP Rl FEole A,

. dALA E A (metabolic labelling)?t W9 A

YHzZ€(200nM/L) &5 == Yy zE(200nM/L)¥ betulinic acid(0.5ng/ml)
2 FA A KBAXE <o) Eo]UA &2 (phosphate-free) RPMI
1640 WA= A& F [PP] orthophosphoric acid® 907k # 2 8te] AL
%A (metabolically labelling)E 3F¥th o * MxIes dFo=z Wz
PBSE2 A3l Triton X-100 &F del] ¥o] AE LS Lot 4
(Deng et al., 2000)°] w2z} Bad 3AS o]&3le] Bad immunoprecipitation

S doHt, HAZE SDS-polyacrylamide gel electrophoresis (PAGE)



(15%)=2 % 3to] 83 5 nitrocellulose @ (membrane)ol =7 -80C ol A
Kodak X-Omat Z&o| ==AZt}. Bad 2438t autoradiography 2 4

sttt

t}. Western blot ¥4

Hjke ME2E PBSE A3, 50 mM HEPES, 150 mM NaCl, 1% Triton
X-100, 5 mM EGTA, 50 mM glycerophosphate, 20 mM NaF, 1 mM
NasVOy4, 2 mM PMSF, 10 pg/ml leupeptin ¥ 10 ug/ml aprotinin® 2 £
A A dAEYTd F odmd S ALsidd. TRy dwAE
SDS-PAGE (15%)& &3te] &2 § nitrocellulose 2ol &7 33 A
&  o]&3  immunoblots  Al#@EAT.  WFAIEE enhanced
chemiluminescence Western Blotting Detection Reagents (Amersham)E

o] g3t =439tk

B AEEA B4

kA el AESELS MTT [3-(4,5-dimetylthiazole-2-y1)-2,5-diphenyl

tetrazolium bromide] (Sigma, St. Louis, MO) assayE ©o] &3ttt UL

WA ZE 2 x 10° cells/mle] H%Z RPMI 16400 Z0] 100 ule] ) kA

bl
b
Sl
12
o
©
o

well microplateo] ¥ o] sFE9S v g & 204 7F F ot
MEES FdEo] AT, 28/, MTT (0.5 mg/mDet g7 44 7HE
oF vj¥S & T wjxE A AS 150 pul dimethyl sulfoxide (DMSO)E
F7Fste]  formazan crystal® & &3|A#A ELISA microplate reader

(Perkin-Elmer)E ©]&3}9] 540 nmolA EFE=E SAHSAC AX AEE

(
=

e FEE AN welld FIE AL FBL AANA ¥E AT AL



ul. DNA ¥4 (fragmentation) ¥4

Wizard Genomic DNA purification kit (Promega, WI, USA)S o] §3}¢]
DNAE FEsrh =, F=Az & "ids A 9 deed Ax 25
= 1% 3ol RNase o] #H7# lysis buffer® 37ColA 1A 75k A
EE&AE AT DNAE g2 329 JAAZ F FF8de ¥4
t}. 10 ug® DNAZE 1.2% agarose geldl 2 A]# DNA band 94
ethidium bromide® 20%3F 9G4S 3 F 2A9Hd F

oA #AEsAT. dAGT 7429 ladder signale] #FHW A EAHALES

ojrjst= DNA 4] vt AA Ao

GEAY T AEE PBSE ZA2HA 3WH AFHT & 10% A =22
Holl 3087 nAsAY. A AIEES PBSE Al&¥3E % propidium iodide

(PI) €450 pg/ml of propidium iodide; 100 pg/ml of RNase A)2 & o

AL etk ZES vx4 deolA FAFAWR A (confocal laser scanning

microscope, Olympus, Tokyo, Japan)S ©]&3dle] A2 g FH2 o

= BEsk

AL BATE BA

TASHA £4 2 Student’s t tests o]&st o, FATA o F&

flo

p<0.05% 3} t}.



Ny
H

1. Jmele] Bad A3 = 2 ATAES T

A ge] AHE¥E KB AlZF= Bel-27F ofbF v AN, HAA
Bad7} =4 #d A h(Fig. 2). Y3 ®lo] KB MxF9 Bad S4tsE o
oA AEAEES A= Bost=Add de HrldAM= YA

gl F ARbe] Aol wel Badel s F SbHEE AS 4 5 AT

(Fig. 3). &3, Ua®le KB Alxe Ax 2AEAE AAlste] ozt A=

AZGAE FAE RAYFig. 4). 98, YIEH L2 A A Fo AMx
AEES =9 cisplatin®] Y etoposide A2 & A X AEo] UAE H A ZF
o vste] A A Frkete AS & 4 UMY (Fig. 5, 6)

Uzee] KB Al%£5 Bad 143} f+X=28-0] betulinic acidell ¢]stof <
FE& WEAE Yolr A, KB AEF YaE(200 nM/L)¥} betulinic
acid (0.5 ng/mhE sAlol A A ste] A|ZFA 3ol wE Badel SIistE =
Astdtt. T A3 betulinic acidve Y ®E g KB A X529 Bad {14t

Bholl d&F& vAA @A (Fig. 7).



3. Betulinic acid® A EXTAEA =83

KB Al E£59 betulinic acid (0.5 ng/mD<t Y Z € (200 nM/L)& Z+7 Fof

o

F PI 945 Adstadth. 2 A3 betulinic acids Foli& 3¢ A o]
Hdouw, Uad Fojatd g Ao] wEE A o gkrh(Fig. 8A). whek
A, KB Al 53 betulinic acidoll &3t} A|ZAEA 7 2 E A vk YaE
At ok, AlEAEANY E gE T
DNA &4 (fragmentation)= <Q1gt ¥} betulinic acid A x|+ 3 %<
DNA ladder &7e]l ##Z Aoy, Uad HAxY Afe o 9T

T 7F 1A tH(Fig. 8B).
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4. Betulinic acid @ U3 €lo] nx&= A E3eA3}

betulinic acid®} U3 ¥ S KB AlZFo] HA|atAS wo AXFeRisE
v #ZEA T 05 pg/mlel betulinic acidE Fo13 o+, 200 nM/L9 Y

FEIS FoJ% ) 05 ug/mle betulinic acidE 4A17F FeF AA = & 200
nM/Le UzdE Fog o2 vrol 20417 v 5 Fepwsts o
sko 0.01% DMSO A3 ®luwatdvt. 1 A3 betulinic acid T =5 2
ol b dAe AEAY dAEHe FHWstE BAyn, 1 HE
betulinic acid A Ao wgtth, Ya®l w5 Aot A9 AlEZe] 3
Wk dixate] sk oFz Ag Aoy AEAG A Ede] Wse A

H F7Hd <At (Fig. 9).
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of Rlo] e8]y Aol o3
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5. Betulinic acid®] AMEAF A &3

betulinic acid®] € %< dglste] KB A EZFo] Hgs A3 16 png/mlel
A AEZAAF AA o] oF 70%E K ATHFig. 10).

SN
L

grotA ¢ ¥ % petulinic acid HEA Y AXTAHAZT A

23

cisplatin ¥ etoposideo] ©d KB A EZF9 ICse T3, of&y 4=

W FAAlY] w25 Aot #6ke] ICypes TetAtH(Fig. 11). KB Al %5

—

of Z+ & 4A 9 ICs &%, cisplatin 23 ug/ml ¥ etoposide 85 ng/mlg 2
59 betulinic acide} B Fo] dtol 20 A/ T MEZAA AL H
w1 A3 etoposide/betulinic acid HEF oI+ ¢ 80% o] A9

AEZA AARA7E B2 v (Fig. 12).

,ﬂ
12

7. Uxnde AAA F 7 FIA F=9 betulinic acid

BEA AT A RS

KB AlZFE2 UzE(200nM/L)2.E 4A 7 %ot A 23 & cisplatin (23
ug/ml) B! etoposide (85 ng/mbe] ICyx %5 7 5 5%='2 betulinic acidh
WEFo] el 20 AP T AEAAY gAE

betulinic acidE W #atA &2 FUA DTt AEXAAF oA T
Hlsto] @A 33 ool #EHJA(Fig. 13). 22y, Uxad HA =7}t
tel KB AlZFo 7} &<hAl ICy ¥ %5 betulinic acidel ®W3Fo g 2

spoll mstel AMEAG AT tha F s ok

St



ﬂL ] fanres T
— = ﬁ T F g Mo >
,m o ° ) 2 % N poW > % wWI e x
e — B3 o o X .,
CES = o = ©® X ~ KN —
= T 7} o = X M X o wp B oW 7 H [ o T
- o T LS T _now TR = S F oM
~ UW 0 - ‘_ﬂﬁ 1 X S el JU ‘;LOﬂ OL i o ﬂ.ﬂ
I 2 moa & ) y o=
el T o Mo w1 % S ©
™ = e o) - ™ ~ < T I
. T o n o X m ol B | NE = R Ho No R
— = 7 g w T oo e o X = © B M
Mo =g O wooF oo en e o w2 = i
Mo gy o WL Ao ) ) — g ¥ X
o fos — 0 £ H X o oy ™ AN - — n
G = n O I & o T X g < g o o
- m 8 do a o] R M ~ £ oy Dnm =y i
w o — oo O ) Mom A ol X Nlo X = e N2 o
— o] _ [ —_ — p—, EE M ~ ~ ,ﬂl —_
1| S S , % © 5 K o AR o= = AR ey s M . = M
RN - o Ko n o Ok =
o = M = < o oW o Moy G s °
< — M= = oy Mo T B W Lo T NE
o "9 w8 d T oo Mo Wow E o R BN e
w N T W T »ote - S T ook ZoM o TN
R e T L o N~ 0 ﬂ T = 23 e X il
— — ) oy T e —
A iR ﬂ@oﬂby,yﬂﬂoﬁﬂ7quE
3 <= T T o B L S R
7w P om = o R T oo =
op = = - S ™ X K o - = N e
~n T X & | R “n = o = ny —~= - o)
G e = T o I = i T T [ s W o =
~o 0 —_— _,ﬁ — —_ X T ﬁ T o X
ST - o T ow T TN D e B om o~ B
- 5 oF & BN 9 4k R =y 5 o B = = O3 °
w o M w TR T~ 7 ] B ooy o wm R SR S
T T o T O o m =1 8 S R 1 8 o
D] it iy —_ 0
Ay o Wt oD RIS % T i ™ Lﬂm T mo DHuv V._ 2 I
J) HoN < N oo T T T g < i
2n BN o T Mur PR o © M iz} o Y A 0 o M_M T~ NF - 7
o == — o ro O w KON N e o 2 e B A0 °
2} = N o il S 2y W _ o o my T = = B o X S B
‘OI . ‘.:1_ 27 WD ﬂ _ZE Murﬂ ‘uAIL ﬂﬂ_ _ ‘WH % ) MH l OT_ ‘L\_ W ‘WAI
° oo B RK 5 ° 2 > Tox g Z O B
8 —~ o~ = = oA = o o n o o
o o oxR N oR — — 0 _— 0 o~ Ea - Y]
fojm ~ 5 5 0H gy 9 Mo B ol w jis wooN S
T O T < L = oy < ~ N K ~ 3 ™ =S A
T T TR ol w S\ N ~ B = = M 3
R » o B = T T = T <
& =3 o o M . T o5 E o
T A T RN G
B S W & _ 5 o0
UG W ‘UI

- 13 -



Aoz o Fuo], AEAEA FAE AAE] Wt FJFrI=R 33
o Jin 5o el oskwl gkl 9 Bel-2Eth Bad % dco] tf Esho]
Al A E AL Bel-2K.tF Bad® 9 &e] o & Zlo® o4stAt(Jin et al,
2004). wEFA, Bad7t #SlgAIES Uz o3 A 3E A (nicotine-induced
survival) 2 3} st ok U A (chemoresistance)d]l © &% 95 @I
Zolgt= F5Fo] 7be e, ol 53 WA Bel-27F 94AY e 4 Fol
0L 2=t & Ao AHE" 74
A4 Bcel-29 BadE &4 3 A3 Bel-27F W% oFstAl AEH 3, Bade
= dEHY HAde A9 Zol, Bel-2& " oFdt &Fo] EA s M EZA}
GALel Bade] Wb o 2

Bad7} Ser'™ Ser'™, Ser'™olA <14t#l7} @ sl w Badel AEALA

i3
o
i,
r\:l
ol
X
el
o2
r o
>
o)
)

[

N
rlr

R

5 7] %5 (proapoptotic function)¢] “¢4 = &= d (Bergmann, 2002; Datta et al.,
2002), KB AlxF° A¢ UazdS AAeH Badd QA7 285+ A
S A8 F YAt o)y Yymde o3 Bad Wstel| wE T3 KB
Aze] AEEEAAE), des4 Wsh PI 94 23 4 DNA #4414
AL Aol 4 gl = gl olgk 22 Ade YaRel 9% KB Al
XEF9 Bad 4tstrl Al AEE Tl AoxE AR 7o d o=
o] 74 1},

dH, Yzdoel o3 A% gAY AMEAY dAEES eyl st
o] 200 nM/L 5% UREL KB A¥ol 4 Azt 5o A4 & F 55

W 3lo] uwlE cisplatin ¥ etoposide?] AEAF A BHE 2047 vl



=
g

T 4S5 ool doudn. 2 A3 ddd weh o] AEZAH o
of dAF F=37h SAdHAT. AAA ] AFEE 200 nM/L F =9

[e]
=
AR A e A w27 ° o 2AY g 7 e 5 e

ol ¢t Zo] FUARE Wi J= A AWzl Fdol ot Frh=E

o AR B

oAy FTHY FTYdAA Role A=A gt 5 (primary) £ &

WA (acquired) WA Y9 FEAQ HF5o 1S & By oy,

S iziptus mauritiana® = FESANA AS W@ betulinic acide

A & A5 =9 (Pisha et

1

pentacyclic triterpenoid 24 ) x}#pFo] F
al, 1995), ¢+4 &A1& (Pisha et al, 1995; Liu et al, 2004) 2 214 a7
Q9 A FE(Fulda et al., 1999) AEALS A&z oz doz|
Atk betulinic acidell 9]¢ A EZAEAE CD95eF 22
(receptor/ligand) A< E37 1 pb3o] #olwo] dojup= Aol ofy



(Fulda et al, 1997), vwEZ=Zo}t FHA A vEZ=Zoly
cytochrome ¢9 AxzAW  F2, H®HEAH  AFA7I(ROS) Aoy
crm-A-insensitive caspase® 43 T& &3kl dojdttl. betulinic acid

A o

of ofgte] Yadel o3 KB A %59 Bad 94Fs7E d@&Fs

f
i

re

o

A

o}lX 7] ¢ 3}e] betulinic acid®} Y
315 yzE o5 AXTY vuAddS s, 2 23 betulinic acide
Yzeo] 93 KB A3¥xF2 Bad UAHste] G =2 &t} Fulda &

of Aol ostd betulinic acidoll o3 AE AEAL= M EZ =g ol

29 FA AN @ ¥ Bad
=

transmembrane potentialS A A 33, permeability transition pore
complexE FtAsle] 23 vEZ=golg o MX A AR Eo] A

EAWE F2 5l caspase I 4F AE AEA 7] 2Fo]l dojt 2

Al

HE Aoz gy HH(Fulda et al, 1998). E AdoxE o]9} 2o
vk §lo

PI 94, DNA 2434 % AX defd 55 F5+9] betulinic acid’} KB

betulinic acid®] ME AEAL F=7]do] td W&e A

olX
o

AEFo A AEALS doves AMES &9 & 5 AT o)k 22
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Figure 1. Chemical structure of betulinic acid.

Figure 2. KB cell line expresses a high endogenous Bad and a faint
Bel-2.
Figure 3. Nicotine induces Bad phosphorylation in KB cell line.

Figure 4. Nicotine induces suppression of apoptosis in KB cell line.

Figure 5. Cisplatin induces significant apoptosis in KB cell line (A).
Nicotine pretreatment induces suppression of apoptosis by cisplatin in
KB cell line (B).

Figure 6. Etoposide induces significant apoptosis in KB cell line (A).
Nicotine pretreatment induces suppression of apoptosis by etoposide in
KB cell line (B).

Figure 7. Co-treatment of nicotine and betulinic acid induces Bad

phosphorylation in KB cell line.

Figure 8. A:! Cells were treated with betulinic acid or nicotine, and the
cells were stained with PI and observed using confocal microscopy. PI
nuclear staining was demonstrated in the betulinic acid-treated KB cells,
but not in the nicotine-treated KB cells. B: DNA fragmentation test
showed DNA ladder pattern in the betulinic acid-treated KB cells, but

not in the nicotine—treated cells.
Figure 9. Effects of nicotine against betulinic acid-induced growth

inhibition and apoptosis in KB cells. Morphological appearance of the
cells exposed to 0.01% DMSO (a), 0.5 upglml of betulinic acid (b) and



200 nM nicotine (c), as well as pretreated with 0.5 ug/ml betulinic acid

for 4 h before incubation with nicotine for 20 h (d).

Figure 10. Betulinic acid induces significant apoptosis in KB cell line.

Figure 11. Cell growth inhibition curves treated with cisplatin (A) and
etoposide (B) for IC3 in the KB cell line.

Figure 12. Inhibition rate of the cells to etoposide, cisplatin, or nicotine
in the presence of various concentrations of betulinic acid in the KB

cells.
Figure 13. Inhibition rate of the cells to etoposide, cisplatin, or betulinic

acid in the nicotine-pretreated KB cells. KB cells were pretreated with
200nM/L nicotine for 4 h before incubation with betulinic acid for 20 h.
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Figure 1. Chemical structure of betulinic acid.
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Figure 2. KB cell line expresses a high endogenous Bad and a faint
Bel-2.
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Figure 3. Nicotine induces Bad phosphorylation in KB cell line.
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Figure 7. Co-treatment of nicotine and betulinic acid induces Bad

phosphorylation in KB cell line.
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Figure 8. A:! Cells were treated with betulinic acid or nicotine, and the
cells were stained with PI and observed using confocal microscopy. PI
nuclear staining was demonstrated in the betulinic acid-treated KB cells,
but not in the nicotine-treated KB cells. B: DNA fragmentation test
showed DNA ladder pattern in the betulinic acid-treated KB cells, but

not in the nicotine—treated cells. BTA: betulinic acid, NCT: nicotine
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Figure 9. Effects of nicotine against betulinic acid-induced growth

inhibition and apoptosis in KB cells. Morphological appearance of the
cells exposed to 0.01% DMSO (a), 0.5 pglml of betulinic acid (b) and
200 nM nicotine (c), as well as pretreated with 0.5 ug/ml betulinic acid

for 4 h before incubation with nicotine for 20 h (d).
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Figure 11. Cell growth inhibition curves treated with cisplatin (A) and
etoposide (B) for ICs in the KB cell line.
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cells.
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