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Cell Growth Inhibition and Apoptosis in Cancer Cells

Kazuki Omoteyama, Shoichi Inoue

and Alaa—eldin Salah—eldin

Department of Environmental Medicine and Informatics, Graduate School of
Environmental Earth science, Hokkaido University, Sapporo, Japan

Although the pathways of cell growth and apoptosis have been extremely
investigated, it seems still unclear how cell growth inhibition and
apoptosis are controlled or switched over. Cancer cells enter the cell
cycle by being stimulated by a growth factor, such as epidermal growth
factor (EGF) and insulin-like growth factor (IGF). Recently, vascular
endothelial growth factor (VEGF) known as an inducer of angiogenesis is
focused on, because of its function of growth factor. In fact, all human
lung cancer cell lines we maintain secrete VEGF, and VEGF is similary
suspected to function as a growth factor.

On the other hand, anticancer chemotherapeutic agents induce cell growth
inhibition or apoptosis. DNA-damaging anticancer agents stimulate wild
type p53 production, and p53 has a key role in the control of G,/S check
point and then decides the outcome of cells to apotosis or cell growth
inhibition. Thus, pb53 is very important to assess the efficiency of
chemotherapeutic agents. DNA damage reaches apoptosis through two pathways,
mitochondrial pathway initiated by Bc1-2 family and death receptor pathway
stimulated by TNF-receptor superfamily activation. However, we found that
all human lung cancer cell lines we maintained expressed Fas, a member of
TNF-receptor superfamily. Fas was localized in the cytoplasm in
exponentially growing cells and in the membrane in confluent cells.
Interestingly, Fas levels in confluent cells were significantly correlated
with their doubling times (r = 0.757, p = 0.0088). Moreover, growth factor
stimulation such as EGF, IGF, and VEGF induced Fas internalization. From
these results we suppose that Fas may function as a cell growth inhibitor
as well as a death receptor just like pb3.
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1. [ZLHIZ

FMAREETH & AAIED A I = X LD 2 Eid. MNAALFRIEZIT 5 BICHA
TH D, ML R R ORITE % 32 0 7o R 236 112> 5 SHIR0G, B 28 T
oMo ®EHzrsrEsenN, 20 FEKZ2H - TWDBOI(Lceyelin &
cyclin-dependent kinase (cdk) T&H 5, HIEIIZHIAFFA DeyelinAIFAE
L. D1, E\ A\ BREDH BN TND A, ZhAcCdkEfEa L, CdkAy U UERfl S
AR E AT T 5, — 7. cyelinPCdkDE G IR DM & Zp21, pl7, pl X
S BIZ B D53 R ENMEIT D, T H DD AHHIES FEY & XN A
Bin T (myc, ras, fos, jun7g &) BEMITMAUEIHZRET S, ZD X DI,
ARRRE I OEATIL— R e 1 O 7208, FETEMEREREIC L - Tl ST
52 (Fig 1), T, MEEMOETICHT 2T = v 7 EENFEEL, E
LT LARAWEE R, filEMoEE, H250IE, Mut~ L tEde, KT
. 209 BERICHEERR T, M FEM SRS T R b — 2 A IR R T
> T, DIVOILDGHEZ OIS 2,

2. KT

R+ & L TlX, epidermal growth factor (EGF). insulin-like growth
factor (IGF). transforming growth factor—f8 (TGF-B)NBREHOLNTWD
N BT, RN 52 0 BESHER R BRI R RS EG
FEY L IREEY . RN BRI Y  ARREE AR 2 RS
Il Z 1% C @ fth o I ik SR B M IE S Y 28 If & PN R HE B B 5E (A - vascular
endothelial growth factor (VEGF)CEDZEBIKEZIEHL CTWNDH I ERHES
iz, VEGFZ Db OIFIEBINE OHAICEN D EZ X ONHN, TN TIEIN
2T D Z RO BETHAT D Z L IXTE 72V, Masood 5% |IVECFZ K %
FEHL L TN B 8 TIXVEGE AN autocrinell X W HEFEIR + & L CTHIWTWA Z &
EaRLTC, ZOZ L ITEBEERREY CLRETH o7, BERENZ L2,
ERRISIAR, EERLAR B NIES: (PIN) . FiNZAREE 2 b4 5 & IEW RN
R TIZVEGF & VEGFS2 25K & B A ME O FL IR B IZ R M L TA B D25, & LR
SRR BRI CIE 2 o RFEME IR R DIVA < EEME S Walc A b b L 9 I
20 TR D E A TOMMICVEGE HVECFZ RIR L b5, Z DXL 51T,
AR DB AL & LIZHE DA HILD Z & D LVECE A & - TR &+
ER & LT < & HiCautocrinell &V AR OHEFEIN - & L TV TUW D
ZEEFMEW WL S TH D, Db L T D 10 FEO b il
THRE L72RE R, 2 TOMBMNVECFZ 43 L TNz, —F, 12l 3 D Fasid k4
HAFE I O TR E NI, I8 —fa T % confluent|Z 7 - 72 K HE C I fa i
IZHBD, 2D b, ERF TR AVUEMAE 238 LTy HFas
HMIE NI BT 5 ATREME DS HEE S 4172 D T EGFPIGF TR L 72 & Z AFas
IS ENICBGA £ 472, VEGFRIBE C b RIERRBIG N A B, EDORER 7T



Fas DN BUGA BN FHE S35 ) TR L v B> Tz (Fig2), 2D
Z EIFSHRERRIC K o TRIST DR ER TR ER > TWVWD Z & 2R L, FasDif
FNBOA T Ze x5 Z & 1T HIMRKIC & > THRV R ER T2 H#E T 5 DIC&T
SEEbis, I, BMIK ORI R VEGER & VEGFHII % (OFas D FE Bl &
& DOFBMEE B b BRI IR~ &I VEGE & 43 W69~ A KL I ZVEGEAI I I X A Fas
DB EGAF L X2 < < WIZVEGF /e & D /b 72 WO A I X VEGE IR 12 L 0
Fas DM N BGA 2 23 BEZE T, MAN CTDOFas D73 fig & 2% 70> - 72 (r=0. 956,
p=0.002) (Fig 3), Z DX 9 ITEEEIK T ~DVEGF &IV 22 D17 DOl
ZlautocrineCparacrine CIHE L7~ TH D EEZ NS, 5%, VEGF&2 5
DIz E R T ORI OB Om N b O LWERNE NS SO L
EIND,

3. 7R PF—T 2R

ANRRIETH & 1T T AR b — 3 I AL FIEICAFNE S EEZEZADRHTH 5,
L2xL., Bel-2 familylcA A X912, ZDOfanilyllIix 7 A bh— Y R 2 #FE
T 25437 (Bax, Bel-XS, Bad, Bak7z &) &7 KR b— A&MiF 25 & 2%
7 (Bel-2, Bel-XL, Al, Mcl-1, BAG-1 72 &) 2H 0 X512, EHAHEK
T BHH T NEBHWIZheterodimer 2K LB AWVOIER = T35, 7
R B = ZAOMBIFEF ICEHELRFEEZEL TS, TR M= ZAOWRIC X
D, O Far FUTHREEREFNZR-THEE., OI Fa FUTHRD
IR L2 WS I KBS D 25, B OiaFe TldBel-2 familylZ K- T, #%4&
DIEFE TIXTNF-receptor superfamilylZ K-> TT7 AR F— AN T4 52Y,
Ny RUT %53 5%%, Kroemer 5138 A, EEIR #, ofE#ICo T 7=
W ZORFTT R N — Y ADSTEWERN R E OB A BT 5 RV
THhHN, 22 TITEABZHannun D 43 FEIZ DWW TR AR W 7 13 b TE
WX THEINDT AR F— 20wz, T (FEIEA) | TTH TR mE) |
T CF ke & MRSt D 5ERE) 12571F (Fig4) . S AH & OERfRICD
WTIR_XTVv%, Doxorubicin, bleomycine, mitomycin C72 & O iAME L
5-fluorouracil., methotrexate, ara—C7g & ORHHEHLAI. I L OCPT-11 X°
etoposide’g ¥ Dtopoisomerase 1 & IIFHZEHIIDNAZEIE L. pb3 DPEA % H
WML, M5 e LCHAEROpS3 &NINT 5, 5 /37 T 5Hpb3 IZDNAD —
TEDRANTRRAICHA L, BEHER T & LTERT %, 812, mdn2op21™
1353 MWEFEIE & T 58I - ThH Y | p21 (Ip53 DRI Z AT L Tl ia J& 3 oo
BITHZIHIT 2, E2, pb3 LT AR b — AFBENF TH D baxZupregulate
L. 7R M= 2ZMEIR A TH D bel-2 Zdownregulate L TWHY, & 51T,
N A JFGEAR T c-myeDFEBL &2+ 250, Z 0 X 5 12p5b3 OFENIEMETH 5 03,
By A= R p53 [ X BRI B 1% 72 & ClEG,/S check point Zilf#l L. G HIToOHfDLE
FEDE L & TR b= A EFHEET 5, GM check point Dfilf#liFcedc2 Rcyclin
Bl IZBIfR L. GMIA TOMIBHIEDEIE & TR b= A &FET 5 Z ORig



{8 Z (Xdecision pointiIfFE LRWD T, T AR b— ZAD[EGEEIL Z O S
THRXTWEEZ HLDH, decision pointZ#iEd 5 &, Bel-2 familyh ik
APt L., TR b= A ARAHR A EA~E MDD, Bel-2 familyD{EH O
FHEEFI b FUTEETHD O, 2 har NU 7 ONREE SEH B3

HEALITITARY 2o RXT W o T @L M 25 #a FL 48 & /K permeability
transition pore complex (PTPC) ZJER L T\ 5%, PTPCOH.LE 725> TN D
KX E D 1 D7)3adenine nucleotide translocator (ANT) C, X b= RV
T ORI G EBITAFET D, ANTOAKRDK iﬂﬂﬂm@%ﬁm@wnwff
5)75)75) FRIZFERF R Wpore oA L, = O)Hé? X ESER 72 B A 7= 300 AR

WX EBENALTEM 2 A 4 v F v > Fbvoltage—dependent anion channel (VDAC)

ﬂhb\ﬁkﬁm LCIXZ Zbittiainng, 7R M= RZm0 0 HEIL.
R b RUTOREMMET L, F F7 a—ACORH ., MENTEMERESE O E
F AR Y VHEE OB LA S E AR SN D P, A iR 2 AL
SN EMIEICER SV, invivoClXinvitroCHAOLND L H7xr a~
T DEEFRADIRIENESCDNA T & — 72 & OFT FLITRR D EE -,
D Bel-2 family

Bel-2 CBaxNZFNENDIER 23T 5 720121% . Bel-2 LBaxD X =N E
B1C. Bel-2 & Baxhheterodimer 25k L’CU\ZQ«H( ENND . Bel-2 DNEFENZ /2D
Bel-2 homodimer 23 #Z Al & AU AU XM JE 13 A X 4E OV, Bax 23 1 I 72 V) Bax
homodimer WNIERL SNAVET R h— R 21D Enbid®, o T, Eis+
N LV Bax &2 HUAS AAITPERIE I BRI S5 EMtERAmR S 5", L
2L, PEH S X, BaxzBEICKICRB L C0d e Ml AHIIIZT R h—
AFERWEZ L TCH TR b=V AZEMT 22 L2 RE LTS, 20X
RKKT RNV AFEH R ThHoTh, TORERETDHLIZLYT
AR =Y ARERES D Z EITEBREVER TS, £72, Bel-2 OEFEIFILIT
PIRAANZ X DFHEEIND TR b= A BHE 2 B S E . By AR
R A

— 5. Bel-2 CRAERBIX %2 b DX L7 |ZBel-Xuid b 5, Bel-2 OiBEIF B
HBel-XLDBREIFEEL & I F + 7 1 — ACOfHRCcaspase-3 HEMAL 2 FHIE T 5
M EH B NMBRIEE T D MR ORIEIC L > TR > TV D L5 TH
70
@FasL, Fas Z&KFR

TNF-receptor superfamilylZ g3 % TNFZ 5 {ACFas (APO-1, CD95) &K H
AWTAT A RZRIKEZTINFSCFas ligand (FasL; CD95L) X°dexamethasone T
FPE L2 TR h =V ARFEIND® OB Z0oHEF hZ e —LAC0
BT A 5P caspase-8 A L TICE protease®H A — K& FHiET 5 Z
EDRIB L THDLIND, €2 T, ARRDOFR EITHNIE 2 RITTR B 2wy,

FasL7a\W\ UlEHiFasPiik D3 FasZ KRIRITHE BT 5 & FasZ B {KIToligomer & &
L, 7HR b=y AfEAMRE XI5, —J5, Fx ORISR E IS
FasSe R ZFBL L, HOPUROEAZFE L, Elo. BN METHI D CNKHE D



DIEF L 720 | MIfsE~ Lo 00 20 Z LTI R I OFas% BIR D3
BOBEENT AR b— 20 LIEmEICBERT 5 2 Eamled 5, FH3E, M
F I FasZ IR 2 38 B L T 2 BIRKRSCTNFMHPERR I ZDXRIESZ 4 T db 5 23, DXRIf
PEMCET7 $L23 AR CII MR i DFasZ AR DB A LT | FasiBIn 4%
AL, FasZRBRERZBPRFIEDLZLICIDMMERTREND?Z &Ik - T
LEMITOND, L., ZDFasZABEROIEEILCADD45, p21"™! | Bax, cyclin
G. MDM2. Tﬁ?a\IGFbHMngnﬁeHﬁingﬁ%NB QU 1 R A G AT R

DT, pb3 L DEENEHETH Y | HHEIZ &L - Tidpd3 DELAE H TV D JHEME
bdH D,
LrL, —FHTC, EFRMETE < R8N AMBICFas AP EHT S

bkowfi ERNFE D FasRiT b &b & U v ERDIEF O/ NETH
LD T, pre-B ALLO T R h — 3 ZANFasLofRfEEMET U o N ERIC X W FE &
D ETIUTEHMLLT VY, Lo, EERIZIE, /ANE OB RALLAAIXIZ &
Ao EFasLBFEET DT R F—T AZMHETH D EWbiud®, Lirb., 2O
MEIZDXR, Ara—C, MTX., 6-MP72 FDOHINAANC L VSN 50, ik, Fas
SZREORBEAEML, TR 2O 7 FLOBEEZ T A0 E2 5

%o PEo T, IERHIE & EMEMIEIC I T DFas R O X (ZI35E WV & 5 ATHEME
W%, FaseBRIROIEBUL, Fpe, BR. B, &k, R, i
L R, A, OO LR e & o ERMEEIC L A B DY,
L2yt FasZBIR EFasLz [ARFICREL L T DB L 20 2 Lx
HLINOIFETPHRICK LTI R =R LAMETH S, Z0XHIc, M
AR F5 1T D FasDEENX F 72 RSN Z 0,

4. HREE SIS

p53 M T A b — 3 ZALHRAEEFEINH A~ D F [0 Z R E T D DI EHE Ik Hl 2 R
7L TCWAZ LR OEY Th D03, HEEFEIS] D 5 I [ 2o 7= Al iE
RN CDNAMEE M T, A2~ (Fig4), ZDdecision pointDFf
MAPET 5 2 Lix, fbFEERZTTO BICZEEEZ N, £EH5HG
72> TV, Fxidt. Yamaguchi 5°V [ ZDNAEZEDOFREE DR X2 L Y pb3 23
TR b AN B FE N E A~ D T AR ET DE M AR LT, & B ICEE
RN BB b S, — . EBITHRAORIIN TIX, FasiZdown-regulate
NTWzn® 250 Enon—functionTH 5P L Wb 5,

% [ 1 Hl#4 A3Fas & down-regulated 5 2%, 1k HAHIAE O ML Z /7 E L 7=
F%ﬁﬂﬁ%%%m%?ﬁﬁﬁgmﬁﬁfé(Mgm m% R Ficd o7
Fas/)Sfifa g o BB T2 Tt Tl ., — BER T, HETT AN AU DN Gn E [al ke
?éﬁﬁ@*@k%i%ﬂéobhbhi%FIW%&U@ KT TH D
VEGFZ VN, b MM DFasIic 52 2B Ah 7o —% 4 N A—X—%
W TRRE L722S W ofife & kR K7 RIITRIE % CTldFas DR BL &I L,
ZORTFIERM oS & & HICETE L-, Z DFasOI3E B & £ Miakk o2k



W& DOFBAZ Fx7- & Z AFas DFEHLE N Z WK IE &R 23 K < 72 B 1
RO LT (r = 0.757, p = 0.0088), HIH. FashSHIRRHESE O M| & 2582
7B D Z L RHEE SivTe, £ 2T, MRRBEETE N B D HiFas 1eM (clone:
CH-11) &R ENEME RO TRV HiFas 1g6, (clone: APO-1) Z V>, Fas
& AHRAEIEIN S R A RF Le & 2 A, #EDCHIFas 1g6, &V & HiFas TgMDJ7
25 K0 MR EE SN S R Xm0 To, Z ORI EESENHI R AvapoptosisiZ & B
L DR DONERETT A - DA E ] & caspaseDIEMEEMET L7, & 5ICHFas
IeMIs L OWiFas 1gG, CHALEE % L 7= Mifid 2 il K K7 CHIP L. FasdD R7E % HfE
L — P —BEEE CHIZ L= L 2 APiFas 1g6, TRLFLZ L 7= Ml DFasiT i
KR L 0 M 2B L7238, HiFas [gMCRLEEZ L 7= Mild DFasiI k&
R CHIE L CHHIIEEIZE EEomFEThoT-, Z & & i ESIH
K1 TdHHple DRIFEEZILE SR —F M CHZE L= Z A, HiFas IgMit
KRB K —IRF[E Tpl6 NFFE I 1 R ERZR ICIIBEA~BAT LT, bitbihvd
FEEIT. DS AMEN ClXFasiXdeath receptor & L TEIWTCWA E WD L0 X, &
L AFAREETEIEIE BN TN D Z E 2R L. TR b= ZADFED 1= DI121%,
TEREALCTH DA EICE S50 ERH DL D EE X L,

b, £& O

DS AKIRE O AR IEFERNE & 77 A b — 3 AT DU CTHER L 72, MBS E 4 ] 1
DS AN DAL ZRIETEICBIR T D - OFFICEE EZ 2 bLD, AR TlE. FF
W2, DA W3 DR R T BERNEES AMEOEE A RET 5 & &b
12, Fas Z/3f# L C Fas (2 L DHEMNG] 2B L, S DICHREND OREL
[ L CWD Z & &R Lz, DAMIIEO Fas O RFETHGEMHE, OV T T R
N RABRETDHEERFTTHY ., Fas OFaNBUAAZHIET 25 Z L%
T2 DAL EZRRR T A00 &0 Z LIRSS,
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Figure Legend

Figure 1. Cell cycle regulators implicated in cancer. Shown here is highly
schematic view of action of mammalian cyclin—CDK complexes in the cell cycle.
Stippled are those components implicated in cancer through mutation or
overexpression (e.g., pb3 and cyclin D) or through their absebce in tumers or
transformed cells (e. g., pl6 and p21). (Hunter T, Cell, 79, 1995)

Figure 2. Fas expression levels after 1 h growth factor stimulation. Cells
stimulated by 10 ng/ml EGF, 10 ng/ml IGF or 5 ng/ml VEGF were stained with
anti—human Fas mouse Ab and measured by flow cytometry. Vertical axis

indicates %control of Fas expression level.

Figure 3. The correlation of Fas expression Levels after VEGF stimulation with
VEGF levels in cultured medium. VEGF levels secreted into cultured medium for
48 h by human lung cancer cells were measured by ELISA. As Fas levels after VEGF
stimulation decreased as compared with those before VEGF stimulation, the

difference was calculated from the histograms by flow cytometry.

Figure 4.

Hypothesized phases in the induction of apoptosis in response to chemotherapeutic
agents. In phase I, cytotoxic agents impart damage to a critical component of
the cell such as DNA or microtubules. In phase II, the cell recognizes the damage
and its degree of severity through poorly characterized signaling mechanisms.
In phase 111, the cell assesses the extent of damage and decides on the appropriate
response. In many cancer cells, the preferred response is the induction of
apoptosis, whereas in most normal cells and in many cancer cells, the response
may involve growth arrest to allow for repair. It is also possible that certain
cells may react to damage by undergoing senescence or terminal cell
differentiation. Cancer cells may acquire resistance to apoptosis at several
points in this pathway. For example, mutant pb3 may impart resistance to
DNA-damaging agents; mutations may exist in the signaling phase (phase II) or
in the apoptotic phase 111 such as with mutant Bel-2, mutant ras, or hyperactive
protein kinase C (PKC). (Hannun YA, Blood 89, 1997)

Figure 5. Localization of Fas in NPC-2 squamous cell carcinoma cells. Cells in
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early (a) and late (b) stages of logarithmic growth, confluent cells (c) and
unstained cells (d) were stained with anti—human Fas mouse Ab and FITC-conjugated

anti-mouse Ig. The Fas was localized in the cytoplasm (a and b) and on cell

membrane (c).
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