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Abstract

Enhancement effects of EGF on the motility of human oral squamous cell carcinoma(SCC)
cells and the intracellular signal transduction pathway of EGF were investigated.

Five human oral SCC cells(SAS, Ca9-22, HSC-2, HSC-3, HSC-4,) were treated with
EGF(1-100ng,”ml) and motilities of these cells were measured with phagokinetic track assay.
The EGF significantly enhanced the motilities of SAS, Ca9-22, and HSC-3 cells in a dose
dependent fashion ; in this experiment(assay) the motility of SAS and HSC-2 cells was signifi-
cantly higher than that of the other cells without EGF stimulation. The culture supernatants of
each cell was hervested and the collected media were analyzed with immuno blotting using EGF
monoclonal antibodies(MoAb). There was a large amount of EGF(7.8-15.6ng,/ ml) in the SAS
cell medium, and the EGF-producing ability corresponded to the motility in the absence of
EGF-stimulation. To show the EGF autocrine loop in SAS cells, anti-EGF MoAb, exhibiting
neutralizing activity and anti-EGF receptor(EGFR) MoAb were added to the phagokinetic
track assay. This MoAb treatment significantly reduced the motility. Erbstatin analog, which
specifically inhibits the phosphorilation of EGFR, was added to the phagokinetic assay to
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confirm the EGF autocrine stimulation through the EGF receptor. Erbstatin analog significant-
ly reduced the motility at concentrations higher than 2uM. These results indicate that EGF
autocrine stimulation is due to switching through the EGFR. To show the intracellular signal
transduction pathway of EGF, s-1 clone cells, the most sensitive clone for EGF stimulation,
were established from Ca9-22 cells. When s-1 clone cells were treated with phorbol
12-myristate 13-acetate(PMA), the motility was enhanced like with EGEF stimulation. The
intracellular localization of PKC was examined with a confocal laserscan microscope. Chrono-
logical changes of localization in EGF-stimulated s-1 cells were observed following indirect
immunostaining with FITC conjugated antibodies. The expression of PKC was enhanced, and
translocation of PKC to the membrane area was observed at 30 minutes after EGF stimulation.
To show the signal transduction of EGF-induced motility, inhibition assays of motilities were
carried out using blocking agents. To inhibit tyrosine phosphorelation, the Erbstatin analog Psi
~tectorigenin was used to inhibit phosphatidylinositol(PI) turnover. Calphostin C was used to
inhibit protein kinase C(PKC), and Wortmannin was used to inhibit phosphatidylinositol
3-kinase(PI3K). These blocking agents were completely inhibited the motilities enhanced by
EGF. The results strongly suggest that, when EGF binds to EGFR, tyrosin phosphorelation first
occurs at the intracellular domain of the EGFR and that PKC is subsequently activated through
the activation of PLCy arising from erbB homodimer and,”or activation of PI3K, arising from

erbB3 heterodimer.
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1. EEiE

fHpEix, Mg x> 2 (JCRB) K vt a7
b b O R Y bR M AR SASY, Ca 9
-221010, HSC-2, HSC-3, HSC- 4 *2iffifd
PRV, £z, Ca9 — 228k & v, EGFizxt
Ui b EWEBRERZ M 2R T 7 o — s 1THl
fa# RAFFEC L OB L w7 (Table
1), OEERY EREMEOREER, 10% &% 5
& 2 iZfetal bovine serum (FBS, 56°C, 304
ANER) #2EinL 7zHam’s F12 medium & Dul-
becco’s modified Eagle’s medium(DMEM) &

DIREEH (D, F1285#) .2 T{Tv, 37°C, 5%
CO,, 95%airdefh T THEZEHER L /2o
2, {RAEIEDEE

1) HEHEdR
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NVETO 9B ICHIldE 2 5D, 1 %FBSEMN
D/ F1285#200mlHc £ &, 5%, CO,, 37°C
12T 6 BFREREEL 5 % VY — L7 VT E R50
ml,/ 7  VEI U305 MEREE LTz, Zha2KE
KRTHHF LTBRICHREE,0.1% 27 VA F N
A4 4 v b50mM CAPS(pH9.4)50ml, 7 =
VENIIL 307 g tat, B OVER, HESE,
10% Eef:50ml, 7 = VERINC & D kL, Z
DO FE % # £595nm D microplate reader T
FTEI UARHEHR AR 2 VERE U 72,

2) HETEhRR

EHERR 22 F I LT, HSC-3MdiE 5 X
103@, 7 = )V, D 4 R122.5X103@E, 7 = v
DAL % 1 %FBSEMD, F1285 #1200ml # 12
FE, ZhiZe b VavEFYFEGF (77—
2, FE) &0, 1, 10, 100ng,/miOWE & 7
5 L5 WHML, EGFEFE T THEZITVRE
RE il % ERC o A TR E L, micro-
plate readeric Tl LEHEMAR & D Mifg %
HHU 7z,
3. EBEEDRIE

EEIBE O #] E 1Z Albrecht-Buehler @ Phago-
kinetic track assayZ¥E U T1T-5721%,

Table 1 Human oral squamous cell carcinoma cell liens profile
Cell lines Primary site gﬁg:f;g dl lFreom Pathology
SAS Tongue Primary SCC(poor)®?
Ca9-22 Gingiva Primary SCC(well)
HSC-2 Oral floor SubmaxillaryLNb SCC (well)
HSC-3 Tongue JuglodigastricLN SCC(poor)
HSC-4 Tongue JuglodigastricLN SCC(well)

aSCC, squamous cell carcinoma.
LN, lymph node.
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1) #2944 Foa—t

14.5mM  AuCl,H/K##% (J.T.Baker Chem-
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2) Phagokinetic track assay

oA NEI— PSR HN=T T A ENR
=¥V >50mg, ml, ALV 7 h=A ¥ 50mg
ml, #A4 <A ¥ >100mg/ ml% &L PSNILAEY)
HIEEY (Gibuco, Grand Island, NY) %D,
F12BsHC 3 [EIPEE L, ZNEPSNE2&EL 1%
FBSYIND / F 125540 % A 4172 35mm3% 22 M A
WCHEE S ¥, 2O R EMIEE 2 X102, /dish
&, COA ¥ an—y—NT2URMEEL
7o ZODE XEHTOEGFEED 0, 1, 10,
100ng,/mlE 7% % X 5 WCEGF 2L 7z, Ei#E
BT, W=7 T AE10% KNV~ VERIC
T30 FEREIE U, 2B A T, S DA 83—
TITABATA R T FA 7 b UEREL
720 ROT, HALOMISE & UZ OFUE 2 H
TEA 203K L, H{RENT 2 E (Cosmozone
R500 Nikon, BIX) Tat#lL, Z O FHIfHE % #
BifE & L TR L 72,

4, HEIEEF, A, FHICL 3 HEBAOQNIE

1) EGFALHE | S0 EEEE IR 4 2 EGF
MEZ, EhVarE+ > bEGFE (7 —XA)
BEEHZ 1, 10, 100ng,/ mlOEE L2 &5
W, BHINLAT - 72,

2) PiikiLEE © 1 E G F#itE (Oncogene Sci-
ence, NY), #LEGFR#ifk (On-
cogene Science), %*%450ng/ml, 5ug ml
DIEFE & 7% 5k Phagokinetic track assay®
Bz ysinL, B AT 72,

Uniondale,

3) FEKIMLHE : Erbstatin  analog(Biomol,
Plymouth Meeting, PA)(0.4, 2, 10uM),
Psi-tectorigenin (MW 300, ®WFIx 7 v 7
A, W) (0.5, 1, 2 wug/ml), Phorbol
12-myristate 13-acetate(PMA)(MW 616.
8, Sigma, St Louis, MO)(1, 10, 100ng, ml),
Calphostin C (Oncogene Science)( 4, 20, 100,
500nM) 7z & M2 Wortmannin (FI10¢, BED) (0.
5 5, 50nM) %A, BEE LKL LD IZs—
1 fifle > Phagokinetic track assayDEFHIIC T
MLAT> 72,

5. EGFO#&%

6 VT T AFy 2 T V—DbFIZ 5 X108
&,/ 7 = VOBZKROEMIZ £ &, MEIETAE
T 4SS R DRF R By 2 BN L 72, B
EHEAE 4°CT20,000X g Tl L, ZD_E{F200
ml& 4 > 7 & Uiz D /F1285 e THR L 72
EheYa>rtEs) > bEGF (62.5~0.12ngml)
BAY Y —FELT, Bohl LiEHhcE
5 EGF& %, PLEGFHi#& (Oncogene Sci-
ence) WA L/ 7oy bEIZTHEIELL
BEE LT,

6. PKCOMMBARBENIRE

1272 VHT2—7 427 A7 4 Fig2.5%
103, 7 =V /50mlDs— 1 Mk % £ &, 24KF
Mg L7z, £ ORBMNEIFAE T CL2G R 2
L, EGF100ng /miz%spiL, 1, 5, 10, 30,
603 A Y /=), T A b T34/, —20°C
THEEL7zo ROTHPKCHUE (4 bt =®
) B L UFITCERRTL~ 7 X 1gGHUE (FDE)
A u g RE TR L, MldAPKC

-rad, Richmond, CA) & TH#HZE L7z,
1. %t

Bonic7T =21k, FHLEEEETRRL
720 FT-BEZEMIEL, Student’s t-test & H V>,
P<0.05%boTHEE LTz,
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Fig. 1 In vitro growth curves of human oral squamous cell carcinoma cells in the presence
or absence of EGF.
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M7 & M HSC 3 MM OEBNRE I ALIRIRE  ORE RMIEFHOEGFEZ A A/ 70y T
WEMICE R ICEES 1L, HSC-2 B X UHSC  #E Lz, SASHilaOREE EEHICiET7.8~15.
AT LY EEREERRO NG o bOD  6ng/ mOEGF R &4, HSC- 2 Ml Tidl
(EHEMEAZRD STz, %72, EGFRUHDE — 9~3.9ng mlOEGFA &L & ntz, —, D
BhRE 2 5 R OMIfERE THER T % £, SASHiRE 3R CTRBRHEBALUT CH-7z (Table2), LA
OEBEEDMMD 4 RICHANBCEWEZRL T EOFR X D SASHEIEMO 4 RO
L0 s (Fig2)o NELLEWEGFEELEL TWwahH Z EBRE
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Fig. 2 Enhancement of random motility on human oral squamous cell carcinoma cells
treated with EGF. In A, Ca9-22 cells were plated on colloidal gold-coted coverslips
in control medium (a) supplemented with EGF(b). After 24 hr the cells were
photographed under dark-filled 1llumination and the particle-free area of at least 20
individual cells was measured. B, migrations were determined by the phagokinetic
track assay as described in the text. *p<0.05, **p<0.01, or ***p<0.001 as compar-
ed with each cells treated without EGF. Each bar represents the mean®=S.E.
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Table 2 EGF production by human oral
squamous cell carcinoma cell lines
Cell lines EGF2(ng /ml),2.5X 10%ells
SAS 7.8-15.6
Ca9-22 ND®
HSC-2 1.9-3.9
HSC-3 ND
HSC4 ND

2EGF detection was performed by immunoblot assay
using anti-human EGF anitibody .
"ND, not detected.

L, SASHIFETIZEGFA — 27 ) V=72 &
D Z OHEEREDMELE X T 5 AJREME LRI &
nrz,
4, F—=1r2Y %R IC& 2EGFDEENRERE
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SASHifED A — b 27 ) V=T %FEBHT 3
Tz, FRNEMD H 2 IEGFHUA Z HEFED
EBRCZ, SASHEOEEREDOZE(L & &
L7z, SASHIlE D EHEE L, SO~ 7 A 1gGAL
b LPIEGFItR L i X W BERET
LTz, F72o EGFRAEMZ I L CEBIRIE
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= b <0001
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Non-treated mo IgG anti-EGF Ab  anti-EGFR Ab
Fig. 3 Inhibitory effect of antibody to EGF or EGF

receptor on phagokinesis of SAS cells.
Phagokinetic track assay was performed as
described in Materials and Methods. The
SAS cells were treated with mouse IgG (54
g/mlor anti-EGF antibody (50n g /ml) or
anti-EGFR antibody (54 g /ml) . After 24 hr,
the motility of 20 individual cells each group
was measured. *p<0.01, **p<0.001 as
compared with the SAS cells treated with
mouse IgG by Student’s t-test. Each bar
represents the mean+S.E.

DIERBTEEINTVWDE ZERERT LD
2, EGFRZERADO#EG ZHE T 2 HEGFRA
Witk s L VEGFZ I ¥ 2 EEE LA
F oy ¥ —YHEFEARITH 5Erbstatin ana-
log' CSASHIAE % AL U, EEhRE I JT 3 &
ERET LT & 25, MIEGFZEHYUERE LU 2
uMUEL L DErbstatin analogfL¥# iz L © SASH
B DEEIRE I3 B X 17z (Fig.3, Figd)o
& 52, EGFCHEEIREL T < R & 5 HSC
- 3 S 2 EBRE D KBRS, SASHINE
D AR ER DEEE LE % 12.5~50% B E &
kB XD WHEHMNCIRINL Tz & 25, ZOEHEE
TREAEE CERICRAE S 1Lz (Figb) . BAL
DR LY, EGFIZ X727V VAR DAK S
T, A — b2V URRAT S DR OEERE
ZEHE L T 2 ATREME SR S iz,
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*p<0.001
°E
=
™ - o *
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0 Z
EtOH 0.4 2 10
Concentration of
Erbstatin analog (1 M)
Fig. 4 Effect of tyrosin phosphorylation (EGFR)

inhibitor on the basal motility of SAS cells.
Phagokinetic track assay was performed as
described in Materials and Methods. The
SAS cells were treated with Erbstatin ana-
log (0.4-104M) . After 24 hr, the motility of
20 individual cells each group was mea-
sured. *p<0.001 as compared with the SAS
cells treated with 0.04% ethanol (EtOH) by
Student’s t-test. FEach bar represents the
meantS.E.
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Fig. 5 Effect of medium conditioned with SAS cells

on phagokinesis of HSC-3 cells. Phago-
kinetic track assay was performed as de-
scribed in Materials and Methods. The
HSC-3 cells were treated with 12.5-50%
SAS cells conditioned medium. After 24 hr,
the motility of 20 individual cells each group
was measured. *p<0 05, **p<0.001 as
compared with the HSC-3 cells treated
without medium conditioned with SAS cells
by Student’s t-test. Each bar represents the
mean*S.E.
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- 1 AR AT O ERis 2 B AL 2170,
EGFiZ k> THl & Z s 2 il Es 5
T 2 MRS E R O 21T > T2,

1) Erbstatin analogfl¥# iz £ 2%1t : EGF
AR HERERPA T oy - — LI
£EX|TH % Erbstatin analog% FWEGFZ &K
DFuy ) YBALOBS OB LR LT,
EGFIC L W FE s 5s 1 fifEOEBIFE DL
H#iZ, 0.4uM2> 510uMDErbstatin analogAll
HIC LD, BERER R S0, EGFlck 3
HHEBEDEE L, EGFZREE N3 5 1EHhnE
Wi, £ Twas ZEenmani: (Figh),

2 ) Psi-tectorigeninfll¥ iz X % %1t | EGF%

8
* p<0.05
** p<0.01
NE 6
£
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O
e
Fig. 8 [Effect of tyrosin phosphorylation(EGFR)in-

hibitor on the stimulated motility of s-1
cells. Phagokinetic track assay was perfor-
med as described in Materials and Methods.
The s-1 cells were simaltaneously treated
with Erbstatin analog(0.4-104M) and EGF
(10ng /ml)  After 24 hr, the motility of 20
individual cells each group was measured. *
p<0.05, **p<0.01 as compared with the s-1
cells treated without Erbstatin analog by
Student’s t-test. Each bar represents the
mean*S.E.
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REENL T T FNDMED 5 0E L ERRETT
iz, 4 /v b= v igE RS E R
(Phosphatidylinositol turnover - PI turnover)
% FH=E 4 5 Psi-tectorigenin'® Ts- 1 il fd % 4L
HLEHENOZE 2K L /2. Psi-
tectorigenin DI E IHKFF L TEGFIC X % &)
BEDMEEER X IE S, 2 pg/ mIALE TIX
EGFRALE AL O EBIHE & X IFFRIE TH > 72,
(Fig.7) o 2 DFER L D, EGFIZ & 2 #HEJFEDRE
#£121%, phospholipase Cy (PLCy) %219 %
FOEG L T 2 AR DR X L7z,

3) PMAMERIC & 22 T EGFIC & % # &)
REDEHICPKCHEE S L T 2 &\ h B HRES
T 5701, PKCEZERILS LR VA — T
AT NVTHHPMAIC & s— 1 MO EEFED
ZAL 2 EGFIEFE F THET L 720 PMA 1ng/”
ml» 5 13100ng,/ mDME Iz L D, s- 1D
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Fig. 7 Effect of signal transduction(PI-turnover) Sl n, BG fFH f% (Fig
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Phagokinetic track assay was performed as 4 Ry - . o3
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-tectorigenin(0.5-2y g /ml) and EGF (100n TR . s s
g/ml). After 24 hr. the motility of 20 | AV EYY¥—THIKAT 7 FINA /¥
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Fig.8  Effect of signal transduction(PKC) Fig. 8 Effect of signal transduction inhibitor (PKC)

activator on phagokinesis of s-1 cells.
Phagokinetic track assay was performed as
described in Materials and Methods. The s
-1 cells were treated with Phorbol 12-myris-
tate 13-acetate(PMA) (1-100ng/ml) or
EGF(100ng /ml) . After 24 hr, the motility
of 20 individual cells each group was mea-
sured. *p<0.01 as compared with the s-1
cells treated with 0.01% DMSO by Student’s
t-test. Each bar represents the mean=S.E.
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on stimulated motility of s-1 cells. Phago-
kinetic track assay was performed as de-
scribed in Materials and Methods. The s-1
cells were simultaneously treated with Cal-
phostin C(4-500nM) and EGF(100ng /ml) .
After 24 hr, the motility of 20 individual
cells each group was measured. *p<0.01 as
compared with the s-1 cells treated without
Calphostin C by Student’s t-test. Each bar
represents the mean+S . E.
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Fig.10 Effect of signal transduction(PI3K) in-
hibitor on stimulated motility of s-1 cells.
Phagokinetic track assay was performed as
described in Materials and Methods The s
-1 cells were simultaneously treated with
Wortmannin(0.5-50nM) and EGF (0ng /ml
or 100ng /ml) . After 24 hr, the motility of
20 individual cells each group was mea-
sured. *p<0.01, **p<0.001 as compared
with the s-1 cells treated with 0 00025%
DMSO by Student’s t-test. Each bar repre-
sents the mean+S.E.
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Translocation of intracellular Protein kinase C in EGF-treated s-1 cells. Confocal
laser scan microscopy produced optical sections through s-1 cells. When control cells
(0 min) were compared with EGF treated cells (1,5,10,30,60min after addition of 100
ng/ml EGF), translocation can be observed.
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