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ABSTRACT

Background and Objectives : According to our previous study Ginkgo biloba extract (EGb 761) induces inhibition of cell pro-
liferation and apoptosis in SCC 1483 oral cavity cancer cells. On the other hand, in lipopolysaccharide-stimulated RAW 264.7
cells, activation of mitogen activated protein kinase (MAPK) is the key event in the inhibition of inflammation by EGb 761. There-
fore, we have investigated whether MAPK pathway is involved in the apoptotic process by EGb 761 in oral cavity cancer cell
lines or not. Subjects and Method : In SCC 1483 oral cavity cancer cell lines, Western blot analysis, Fluorescence-activated
cell sorter (FACS) analysis, and transient transfection using MAPK-dominant negative constructs were used. Results : When
SCC 1483 oral cavity cancer cell lines were treated with the concentration of 250 1 g/ml EGb 761, activation of extracellular si-
gnal-regulated kinase (ERK) and apoptosis were noted. This apoptosis was inhibited by the treatment with ERK inhibitor (PD
98059) . In the transiently transfected cells by MAPK/ERK kinase 1 (MEK 1) -dominant negative construct, phosphorylations of
ERK and p90 ribosomal S 6 protein kinase (RSK1) were inhibited which led to the inhibition of apoptosis by EGb 761. The
inhibition of apoptosis was also noted in the transfected cells by RSK1 dominant negative construct and cAMP response element
binding protein (CREB) -dominant negative construct. Conclusion : In conclusion, the apoptosis of SCC 1483 oral cavity can-
cer cell lines by EGb 761 is linked to the activation of ERK and it can happen via ERK MAPK/RSK1/CREB signal transduction

pathway. (Korean J Otolaryngol 2006549:1181-7)
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ot oAl = DNAS Aldt=eF 2713t 9 poly (ADP—
ribose) polymerase (PARP) 9] 3 59| A¥E A¥X1
Atel] Slgtrtar liek™® oleldt AvE EGb 7610] T4
O MEF tidl] AEIARE F=8P caspaseel dig
n15o] oAl z—VAD—fmkE EGb 7613} o] Foit
A3}t QLA A E ™ Western blot 744 PARP2]
2ao] dojufx] ool EGb 76100 2%t METALS] 319
714 (downstream mechanism) ¢l caspase cascade”’}
o] vaiZtY 1e} EGb 76101 o3t 1LE
M|EF2] AETA} caspase cascade 2lo] ojH 2154
9 AEE AR teire gl vt gl

EGb 7619] ZHg714el &3t A7z 7 AT
RAW 264.7 Aol EGb 7613 7 A%<l querceting
Folgt Addue] oJshd o= Aol £J3l lipopolysa-
ccharide®l] 28l S7Fe INOS ko] AashH o] 7|79
mitogen activated protein kinase (MAPK), redox—sen-
sitive transcription factor, nuclear factor—«B(NF—¢
B), activator protein 1(AP—1) So] A&A A9l 2
&tk o)l ATAINE EhE EGhb 761¢] 23t A}
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o]of £3h= extracellular signal—regulated kinase (ERK),
p38 MAPK, c—Jun N—terminal kinase JNK) A% &
©]:= kinase®] &gslel oal AEIAPE o=k
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Ay 7Y (retromolar trigone) & T4 719
3k SCC 1483 AFgF 773k& AM|E5(a generous gift from
Dr. J Shah, Memorial Sloan—Kettering Cancer Center,
New York, New York, USA) S minimum essential me-
dium MEM) # 10% fetal bovine serum, 2 mM L—glu-
tamine, penicillin (50 zg/ml), streptomycin(50 zg/ml)
o /3% vl A wjekstiTk
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EGb 761 {74131 (Seoul, Korea) ¢llA] 715 o} AR
3133t} Phospho p44/42 mitogen activated protein (MAP)
kinase (Thr—202/Tyr—204) &=, phospho p38 MAP
kinase (Thr—180/Tyr—182) 3, phospho—stress ac-
tivated protein kinase(SAPK)/c—Jun NH2—terminal
kinase MAP kinase (Thr—183/Tyr—185) &=, phos-
pho—RSK1 (Ser—380) 4|, phospho—cAMP response
element binding protein (CREB) (Ser—133) & &
Cell Signaling Beverly, MA, USA) o4 -3} 11, PD
980592} @ —tubulin &A= Calbiochem (San Diego, CA,
USA) oA 7-9) kit

Western blot &4

Z} 2138 0|3 radioimmunosorbent assay buffer (1%
NP-40, 0.5% sodium deoxycholate, 0.1% SDS)Z o]
&30 cell lysated AUk 2] =2 bicinchonic
acid protein assay—bovine serum albumin ¥-& ©]-&3}
S % 7t laned WA 30 pge 2ol W79 sIGITh

2A719% L 8% SDS—polyacrylamide gelS ©]-831)
11, A71%9%= 3 nitrocellulose membrane®]] AoJA]Z]1 t}
S o] 5 10% milk in Tris—buffered saline (TBST) &
4Coll A HEgAIT % 2% EAE-R7F 23 TBSTE
o]g3s}o] p—ERK(1 : 1,000), p—p38 MAPK (1 : 1,000),
p—JNK &A|(1 : 1,000), p—CREB &A|(1 : 1,000), p—
RSK1 (1 1 1,000) 6 27t Aol 443 5<F
WA AlFE Al3gE 5 vk TBSTe] 1 :5,0002%
3413t horse radish peroxidase @A (Amersham Phar-
macia Biotech, Piscataway, NJ, USA) & 3+ A7t <t
skl 4= 2H9] M2 $- enhanced chemiluminescence
(Amersham Pharmacia Biotech, Piscataway, NJ, USA)
9} autoradiography & ©]-83t] M=E &It A
5%t U2 deprobingdt tha, 2 HHS o831 a—
tubulin & 2} RES-A1F T,

Fluorescence—activated cell sorter(FACS) =4
6—well platec]l SCC 1483 AZE welld 4xX10° Al
EE EFE] 16A17F st wiekst v ZF Azl
o] wjekedith Al 9 FERAEE AHFH S v
TACS Annexin V-FITC kit(Trevigen, Inc., Gainth-
ersburg, MD, USA) & ©]&3o] &34 4l annexin V&
BaEtk WP F propidium iodide (P, 20 pg/ml) &

;MAML 511 annexin V-FITCE AZol A3 7] th&
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flow cytometry (Beckman Coulter Inc., Fullerton, CA,
USA)E o]&sto] 10,000712] MEE SHsdct. 54
¥ A¥Z Annexin V—positive/Pl—positive®! |32} An-
nexin V—positive/PI—negative?l H3E2] +Z 75l A
XA AEFE QT v olF Al AlEFE Yol
AEIARE SA5ISleh AL 33] o Alslelor &
Al AFE one—way ANOVAZS o]g3}o] 3} vl
sto] p<0.055 ]k 1 o% SISt

Dominant negative mutantl LAIE FIH (transient
transfection)

MEK1 dominant negative mutant (pcDNAS5-MEKIDN)
= 353t plasmid+ Dr. Jian—Dong Li(House Ear Ins-
titute, Los Angeles, CA, USA) oA 7|= ¥t} o] pla-
smidE lipofectamin (Gibco—BRL, Carlsbad, CA, USA)
< o] gsto] AxAA WRsHE W= SCC 1483
AIPETO AGAAIZ F o5 16AIF wjeFst ok A¥

of Aol
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EGb 7610 2|5t MAPK &-ds}

TUE AT SCC 1483 AlEFE wjoksle] EGb
761 250 pg/mlS Fo3 & ERK, p38 MAPK, INK &
©] MAPK family % ©}:= kinase”} 8435715 We-
stern blot &2 =2 ol It} EGh 761 Fof 5% &
p—ERK7} &= 102 Hol2 dde § Al

s o

Tof| whe} 7Askelth(Fig. 1). 28y p—INK2} p—p38
S R ookt o)l AvE MAPKZFEGb 7619
ola &A3lEm MAPK family & ERK7} &431E8 &
T AT

ERKA0f 2|5t EGb 7612 MZEIAF SE9| 2|
ERK®] s} AlxuAte] Axtgs ds3shr] S8l
SCC 1483 MAEFE Hjofste] ERKS] &JA1A (PD9I8059)
= 127 FoF AARF F EGb 761 250 pg/mlE 24
A7F Fol5kith. Western blot #4 Az} PD980599}¢
EGb 7615 AHX|s}4] o2 tlx77} vl Al EGb 7617k
AAXEE 79 p—ERKS] @437} Few ot PDIS05I
£ AAA|S ol M= ERKQ @43} 74819 tHFig. 2A).
Z} toll sl FACS w45 sto] AlZ1AF AE vwsh
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Fig. 1. Activation of MAPK by EGb 761. SCC 1483 were freated
with EGb 761 250 xg/ml for 0, 5, 10, 20, 30 and 60 minutes and
Western blot analysis for p-ERK was performed each time. EGb
761 induces the activation of p-ERK.

*

Control EGb  PD98059

+EGb

Fold increase

I\

Control

EGb PD98059+EGb

Fig. 2. Inhibition of EGb 761-induced apoptosis by ERK

inhibitor. SCC 1483 cells were treated with ethanol (co-

Fiatog

ntrol), 250 xg/ml EGb 761, pre-treated with 10 M PD
98059 and 250 1 g/ml EGb 761 for 24 hours. Western
blot analysis (A) and flow cytometry (B, C) were per-
formed as described in Subjects and Method. A : EGb
761 induces the activation of p-ERK, but this activation

is inhibited by ERK inhibitor such as PD98059 (PD98059

PD98059+EGb

+EGb). B : EGb 761 freatment induces apoptosis of
SCC 1483 cells, but the pre-treatment with PD98059 ab-
rogated the effect of EGb 761 to the control level. C :
Dot plots of apoptosis. #p<0.05.
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A3 EGb 7615+ Tt A oz H8)] 5251
AEIAPE Z7¥sR oM, PD98059E #A|3te] ERKE
A8k A EGb 761¢] 98t AZuAP} olA|E]e] ERK
| 237t AlEaabel Boleks e = 3k (Fig.
2B and O).
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MEK1 dominant negative—MZ0{A| EGb 76101 2|5t
MZEIA FEO| K|

EGb 761°l &gt A3 A MEKL Aol 2zl ojA1d
< 1s] 98 MEK1el thdt dominant negative (DN)
mutant F-8A2-= SCC 1483 A ¥l AE7G 7 oh
250 pg/ml EGb 761 24A13F 5<QF T8t & West-
ern blot analysis¥ flow cytometryE A3}tk EGb
761 93 p—ERKS} ERKS] &) Al HdE7d =22 p—

RSK1°] @43}¥ %l ot MEK] DN—AE7H Al ZojA
+= p—ERK$} p—RSK19] @437} =5 A9 vH(Fig.
3A). SCC 1483 MEF2] 7% EGb 7612 FoA= A3
IAPE Rl o MEK] DN—HE7Hd AlEZolA= EGb
7610l &gt AETAPL folEHAl tizt MR A=
tH(Fig. 3B and C). ¢]&gt A¥}=Z EGb 761 9J3t Al
AR MEK1 #43}e] 93 ERKS 243 Adge
g = 9llem RSK1¢| k9] Aladgdzef #ofdt

5
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RSK1 DN—AMZO|M EGb 76101 2gt MEDA FE9
|

ERK7} 84d3}5]o] 0]% RSK1-S &4J3FAA SCC 1483
AEFE NZIANE FEdk=7FE 271 918 RSK1 DN

5 [ *
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-tubuiin [
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Fig. 3. Inhibition of EGb 761-induced apoptosis on MEK1-

dominant negative cells. SCC 1483 cells were transien-
tly fransfected with MEK1-dominant negative (MEKI-
DN) construct. A : EGb 761 induces the activation of p-
ERK and p-RSK1, however, this activation is inhibited in

Control

MEK-1DN+EGb

MEK1-DN cells. B : EGb 761 treatment induces apopto-
sis of SCC 1483 cells, but this apoptosis by EGb 761 on
SCC1483 cells is abrogated in MEK1-DN cells (MEK1-DN
+EGb) to the control level. C : Dot plotfs of apoptosis.
#p<0.05.

6 - *
st |
Control EGb  RSKI-DN 9}
+EGb 2 3r
kel
P-RSK1 L —— s E 2+
p-CREB L I
@ -HUDUIIN | ————— W
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@),

EGb RSK1-DN+EGb

Fig. 4. Inhibition of EGb 761-induced apoptosis on RSK1-
DN cells. SCC 1483 cells were transiently transfected
with RSK1-DN construct. At EGb 761 induces the acti-

anwsin VFITC

Control

RSK1-DN+EGb

vation of p-RSK1 and p-CREB, which is inhibited in RSK1-
DN cells. B : EGb 761 treatment induces apoptosis of
SCC 1483 cells, which is abrogated in RSK1-DN cells
(RSK1-DN+EGb) to the control level. C : Dot plots of apo-
ptosis. #p<0.05.
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Fig. 5. Inhibition of EGb 761-induced apoptosis on CREB-
DN cells. SCC 1483 cells were transiently transfected

i vFTE

©

Control

CREB-DN+EGb

with CREB-DN construct. A @ EGb 761 induces the acti-
vation of CREB, which is inhibited in CREB-DN cells. B :
EGb 761 treatment induces apoptosis of SCC 1483 cells,
which is abrogated in CREB-DN cells (CREB-DN+EGb)
to the control level. C : Dot plots of apoptosis. #p<0.05.

mutant A4S SCC 1483 A|¥ol] A7 vt
250 pg/ml EGb 7618 24417k F9F 593k 3 Western
blot analysis®} flow cytometryS Al&&}3it}t EGbh 761
o 98] p—RSK13} p—CREBe| 24J3}¥ 3l o RSK1
DN-Ag7+4 AlEelM= A7) A= ATHFig. 4A).
g EGb 761 Folell o8l thxwat vlaL Al -5kl
AETA} FEE o RSK1 DN-HE7 Aol
= EGb 761 Fofel &gt MxEuAPL A= $loh(Fig. 4B
and C). o9 A¥zg ERK @43l o]& RSK1 &4
37} EGb 76190 93t Al 1AL AsHY A2es <
T AT

CREB DN—MEWA EGb 76101 2|8+ M{EIA} RE9
|

RSK12] @/ds}el] &Js) sl AARRIAQI CREBO| 24
shelo] AEIANE FEsRE7Fe ¢7] $18 CREB DN mu-
tant A4S SCC 1483 Aol Aedrzl v 250
rg/ml EGb 7615 2447t §<F Fo3t & Western blot
analysis®} flow cytometryE A3}t EGb 7619
olg] p—CREB¢| #43}¥ %oy CREB DN-HE44
AsEo M= B =7 A= Ak (Fig. 5A). B5F thxa ¥}
H|3L Al EGb 761 Folel &8l felabA At f=
H%lev CREB DN-A974 Mxzelx= EGb 761 F
ofof oJgt AZEuA} A= I th(Fig. 5B and C). ©)/d<]
A¥E RSK1 &Adste] oJgt iy AARRIARI CREBO]
FA3tE o] Al FALE AEFIH EGb 761 <)%
AZIAPE 28-S & 5 ATk

i &
EGb 7612 #A A3 2stelA o] AR glou
ole] kg, 71HAT, AT SOl ELshA Xy
o] drje]gtol A= Wo] ARE-E| L itk EGb 761 43
OgtoflA @ FHEt AR o] ThE kA9l Bl A /FE4]
o] REESE whakal Ak, digel, fdetel o] skl
Az AHgHo] 2§35 Bty Busu gkt
old AFAFe] oJstd 2 F=EQJ EGb 761
SCC 1483 AMZEFol| Fof Al A|3EZ2] A&} AlZEAE
Grgm o] B4 caspase cascade’} Tojsct? sl
A|ETIAR= caspase cascade 2% Bel—2 family, mi-
tochondrial apoptosis, p53 tumor suppressor gene, ¢
#] kinase®} phosphatase 5ol 2Jal dofip o]zidt o
Y 71HE AR f7180R dFH 9o} s MxoAT
o] 472 8 Axuapt dojuA Bk B ays
Az | F71= EGb 76190 23t Al s MR
o] AETAe] 719 caspase cascade ¥l thE A
2O AEEIAL 7]-0] 7hsE 4 Utk 7P stell A Sit
olggt 7Hd& Al | v olfr® EGb 7619 =&
71 MAPK7} #tofgtth= A-date] osfjrfoln). =,
EGb 761°] 3z 9|4 lipopolysaccharide®l] 23+ tumor
necrosis factor—a &} iINOS2] A4S A& o] 3o
MAPK, NF—¢ B, AP—1 ‘5] #ojgittal slof MAPK7}
EGb 7619 AZ1AF 28 7149] sl &= glvkar A3zt
alo] & A= A& ekt
A A¥E SCC 1483 MEFE vieFste] 250 1g/ml

o

HS
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EGb 761& %3t & p—ERK, p—JNK, p—p38 MAPK
Y MAPK 21389425 Western blot #40=2 3
Zst A3} p—ERK7} 2815 3 p—INK 2} p—p38 MAPK
= e =] ek} w8 ERK O AIA (PDIS059) S A
Aet & EGb 761 250 pg/ml& Foist A} p—ERKS
st HAskal FACS 344 N2aApt #ashs &
o8tk ol¥3 A2 EGb 761l 93k AZEnAL 2
7149 MAPK Asxd7d 27} #ojsh ERK MAPKE
AAE S 93-S & 5 AUk ©143 ERK MAPK
7} EGb 7618] @¢2-golA Asdddz =z Aofshs 5
g3l7] 18l ERKS AF¢) A5 g2 MEK1| o
DN constructE SCC 1483 A EFo| ALgAA A o=
ol gate] AsIglek. Ay MEK1 9#1= <lal] ERK
FA37} A= EGb 76100 &) fEEe AlEuAP)
7482 2 ERK MAPKZ} EGb 7619 93k AR 73t
Z AEFY] AEIAL AT BoIghs T 5= Q)
ATt o]x7 EGb 7612 AlFdg7 2o ERK MAPK7}
HoIsl= A& lipopolysaccharide©] €3k tumor necro-
sis factor—a 9} iINOS2] 234 Aol MAPK7} 3o sl
= 713 sk AtSY

ERK MAPKE 73kl Alazddo] dojuA =i 1
319 AT HGAHZE RSK19) ik} doju o] RSK1
o 93] CREB, c—FOS, CCAAT/enhancer binding pro-
tein, NF—¢ B 52| #AARIAZ} Qilsle|o] &4 slect !
ole] EGb 761¢] &<¢+4-8o] ERK MAPK/RSK1/CREB
o] 7Moo Alsdo] dojuh=rks dolR izt sigith
EGb 761 %] % RSK13¥} CREB] ¢3-S & A3} We-
stern blot ¥4 5 EGb 761 o8 s &
ATk MEK1e] tidt DN - RSK19] wado] oA
%1, RSK1e tigk DN 7+ skl AlsdgdrdzZel
CREB2] wlo] oj#j=]o] ERK MAPK—RSK1—-CREB2)
AGAZY SAH oz #shs & 4 9llem RSK1#
CREB2] A& <18 EGb 761°] 2l fE&+&= Al
APEF EGb 761 AHAoll= B8t ik Ave Kol
RSK1¥} CREB®] EGb 7619] AlFEIA} 750l #ojshs
ok = A3tk ol AEA EGb 7610 o] Al 7
5 AEFS] MEIA] ERK MAPK/RSK1/CREB 4!
SAGAZT}E HAgE & 5 ATk

AnkA 02 ERK MAPK7F @43k 79 Bad®] <1
Aete oAlslo] A AETAL oAlEka dk) g
2 A7 Aie| Ay CREBe| #A3ld 7, thiio
7S¢ AEIAE FAscka dck!? olelst AFE-S ERK
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AL} AdEvhs 2 AFETel= dnbE Aol
olA T e Ayt 7Fsdk ol = AlxEe] wE EGb
7619 BolAdS & & Atk SCC 1483 AEFQ] 7%
EGb 7619] 98] AEIA} S5 o] 7]de] shtw
caspase cascade? &3E & F Utk a8y 541
AA19] 7% EGb 7613 1 A 23 2318 cas-
pase cascade”} 9JA|E|o] AZLAP} SJAFE Y o)
29 EGb 7619] #-go] Ao ule} 22 A2 E o] g3l
= AE BoldoR MEIAE fFEsAY AT 5ot
3t ol#fdt e dl & MAPKE o]&sluzte 4%
HEFAME AEIAE FE8 3 71X Kupffer
AsEo M= BtskAlz Z-gato] dikeS e |
ok ofe] oA UER}: EGb 7619 #ES AE &
ojzglog wAlsln® ERK A=Z7} &4A3le i CREBO]
QlabslE]o] AnkA o7 AEA} JA|EA] Far AEal
A AR 7FsAE & 7 Utk olRE AshE o
& 4% ERK MAPK /33 A7} MIZIAE o7
T Utz Floltk ol gt o & F SuhA|AEQl RPM Al
9 AS A} spksse] Q8 AEIAE Do
o] #go]l ERK A&7} shecia 'Y 2
P ole} AXEh RPM MEFAH AEo] wehds
ERK AZ 8437} AXaAE 28 4 oz Az
gtk 2fuk ERK MAPKS} CREB 843} o]$ 31 o
W ske7]de] Agete] MEIAPE FieEErE o
MAPK #433}9} caspase cascade?] Ao oo sl
M F71AT7F Zesittar

EGb 761¢] SCC 1483 AXEFol tiall AEIAE =
sl o] M1kl caspase cascade”} ¥oIdH= o]%l
A7AAE EGb 7615 el thig 348k qFelAA|
T elAE AREE = Qlvhs o224 2AE Alwst
ok HErh 2 A7E = ol AT AYE Alst
u] EGb 761 93t Abeh 3ok AT AlZ AP}
shte] ARZE o] Fo|x|A] kil vekst AEE € & 3l
the 21g HojEth shzlvk EGb 7619] 2H-8713el cy-
clooxygenase—2%5 SAstth= B 17t QloE= o]d 9
b MEZIAL Tl digt dAgF desteet Bzbet
o] 17 B olrel ARSE AR PE AEFTE ¢ oA
$4749 p53E BG4S AEO|EE EGh 7610 o3
p53 FAAke] WMk ML 712 SRt 7hsAdol 9l
o olo] g 7} A7vt sk Aow gzsict Y
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EGb 761¢] 9J8F SCC 1483 AR T73ekE A2 Al
¥ AR MAPK A3 dg7 7] 431= ERKS @43}
7} #ojsh o]= ERK MAPK/RSK1/CREB Z & 3
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