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Qaktop pocra renavounTon (OPI) oxaswnaer MOHHOE

NOpM L HEe JHI!T(!J'IH:‘L-‘!HI'MC KIACTKH,

MITTOTe HHoe
B nacromiee BPCEMA Hanmy OIYYC L

RR3aeernme wa
AOKAzare cTna,

peme renavonpry PAITMYHBIE
WO poaseficTaie P g KOJHYecTne

110 uriva, NpMROAMT K IHAYHTLIL oAy HHTHEpOR MG POSTA KACTON Nap1itionm HEHCHW Mty HepG2, kaneros MENROMB

+ 8 TAKKE KAPUMHOMM CRBAMOIHBIN KiteTok K. D1y

HUHTONHTHYeCKOrD
KNETKH, No peelt BHAHMOCTH, ABAseTCR UHTOCTATHYECKHM,

HCNOALIOBANMA B xa HeCTHe

Daxtop pocra renarowmop (0PI} [poruroonyxonenuii penapat; HuruBuporanme

. BREAEHHE

Dakrop  pocrp remarounTon  (MPC) npencrapnser cofiof
HENABHO 0BMApy ke N b baxTop pocra, CocTO NN wa

a-cyGueanniub neconm 69 ko w ;?-cyﬁ;.cmmmm Becom 34 g [la
[1-3). Knomuposanue =0HK  @pr noxazans, wuro @pr
ofiparyercs nyrem ApoTEOMITHYSCKOrO  npoueccunra

HIOAHpoRaKKOrD Genxn—npeamecrucmnma, cocToauere ity 728

H3

AMHHOKHCNOT, npu aToM
cocrapnnet 38% [4,5] @Pr g KOMUEHTRALHN 58 nr/un (A0-20 nhf)

roMonorus ¢ PRGN I W

chocoficTavey POCTY apeawy TRPCHNHMATO I By rensronron n

NEPEUYIOR KyanType. A KTHRROCTL (DI y INCNpecrun
M-PHK opr IMANHTENRHO Ro3pacTany
nARIME KpBIC ¢ patanyRivy NORPEHRICHUE M e [6-9], xpasie

Buin ofnapywens p acirre

BOKNCTHAN newepn ®an
TOro, NOBBMUEHIKE ypopun BPI°
NAUKENTOR © nupposan femenn [10]. Buao TORRIAN0, YTO Ipenne
TCNarTounThi B nepauuwan g YALTYpe npossasor
K peuentopy ®PT, npy srou Guiam oTMeueRp IHANEN IS

BhicoRne Cpoactey

Kd=20-30 nM pK Maamuuy  $00-600 AOKYCOR CRotbisansn ja
fenarount (11 Peuentopm  @pr B 00akILOM  komwvecTre
APHCYTETRVIOT g MosEpXHOCTYH PEIANY MY IMNUTEIHANKIKIX

KIETOK, BkMOMAR Ipeasie FenaTounTL, Ho px, OHERNAHD, HeT na
Kax  ubpobancr n

cnocolerayer  Gonee

I'TOBEPXH(!CTII Ncaeuxnmm, TAKMY
TeMaronodTuucexme  kperry orr
GuicTpomy POCTY paianunmpiy HATCANAABHBIX KaeToK, TaAkHX Kax
KepaTHhoumntie [13] i
hdert  ero

Parrop  Crarrepa,

KneTok

Kanaaeies [12),
OTMeuey

KNeTEH  noveympis

[1a],
preT

mnearnm anepauie Sinker ¢ ComTopamm,

MESAMOHHT L DAHAKD ABHEIR

eo3feficraus  ja KACTOR  MEICHNX AL
psicTasaser cofing

IPORTUOAHLIN dubpobage T, KCTOpR

haxrop, ARSI C
cnncndc‘rayc‘r ¥BCNUUCHM IO NoANHMHOCTH XACTEN, ROTopmn,
oBnapyienn, HieHTnwuen  Qpr {1516] B

KOUUCHTPALIAY,

kax  Gupo

AeRCTRHTENRHOCTY, § Brinotornneckyy
pexoMBinanthumlt OPT venonexn HIAHTEARHO crocobicrayer Bonee
Grictpolt MHUTPALIR PRIMIIBY BHgoa INMHTEANATL MY KaoTOK,
BEmovan MDCK kaeryn NoueHHore snureans colagy, [17 ] Hawmn

NOAVYEHM foka mrenseTya,

[lereromant ampee: T Makasoan Depatinen of Biokogy, Factty of Scioswes, Ky
Uzivuuty'F\klljmSIE.A'NI;FH‘{'(SI)(%}GJZZN|

ERitintogmmae Elevive Sonmer Puabiidyere i1

QUIYXDACBLIC KACTRH MMEIOT peuenropy ¢
Ky 25-28 nM, ananoruano renatounTam. OPI p KOMueHTpanuy |-
pdexta ua ONYXONCBME KACTKH. Caenonarennyo,
8 HE UHTOAHTHYECK M,
Mockonbry ovesmmo, o DPT" o6naaaer PBHOHANPARAE I BIM BO3ACACTRISEN 1n POCT XneTok, 3acrywunact RIHMAHIG
POTHBOONTYXOACROrD npenapara.

BUCOKON CTene g Cpoacraa k
100 ur/ma ne OKRILBML Kakoro-1uGo anaYMTEALHOMD
HTHOpOAKGEepaTHR L1 ekt P pa onyxonense

BOIMOMHOCTL erp

poicTA; Peumrmp opp

w0 DI shnanger HHTOCTRTI e C KA ARCEIPORRDET IR 1 MpgpexTon
HA PAIIMUNBIE wRaw AnyXoaeanx knetroy, Cacaonarensnn, on
MOKET  HCNONK3ORATHER g KRYECTRE  perynsropa pocTa
ARVHANpPARNeHnoro neficrane, g, BOIMOWHO, on alnanauy
perunoonyxonenoh RXTHANOCTY
IMATEPHANL! 4 METO)IbI
21 Kymormpns snemon

Kaerry fenarauennonepuon KAPLIIOM b Mt Hepei2,
npeRocTanCH e fernanernnn kaMnamnelt Genentech Co,, 4 anuuy KB
MHACPMORAHON ‘eaurexs  ICRB op27)
MEIRTHRpOREAY 1 cpeae Hraa p soaubscanr fomGoia {epema DME

MY

HEAOReKs

{kaeTkn KAP b )
aananMennan 100, feransnon ChRopaTRol Teasuxa (DC ™ Kvanrvpa
HasE) MBHLM mpenocTanseinime Gesnoimernio
romunanuel Genentech Co) BRIDAIGHRANACK B epene, APLACTAR AR W
cofioll execk DME epeaw Ham 1241 1) ¢ AfARACIMey 0% T

12 Onpederenne HHIMEHCUSHOCTTN Chrme sa [IHK 1 RIEMounoca pocmn

Knerin mucenanu ¢ naoTioeThio INIO* kaerox? g RARCTHRORYIO WKy
¢ M nyuxawn {F‘ommg,'l_ WoKYaRTHMIpOnaan tpeae, conepsamen
COOTBETCTAYKINEE KomirrecTno GPI Mocne 4 ARER K¥ARTHBNPOBAIINA
RICTRH METHAH 03 uCimgn [‘”E] AANRCHY DA (2200 Cltmmonn, New
England  Nuclear) ABAKAN NPOMLINASY
pactTaoposs doctatuaro Gythepa, o QAHOKDATHO - (% TCA (Beciofiney),
NPEABAPUTENLHO ONBAK ACHHbIM HAE fikay w comelunmInponanumy | M
NaOH. Kopnvecran METKH, CBRIARWeNcR ¢ KACTEAMH, onpefersiocs
NP NOMOUIH ¥ -cueTys

Hna onpenenenia POCTA KneTok, kaeTxn pacesany A NBIEKE ¢ 6y nkamy
(8 X 10* knerox/nyuey nna kherox B6/FL w KB), & Takxe nuicenans na
MAHIKH € 6 ayhxasmy 4X |00 KAeToRayney ana HepGa (Corning), n
APHEYTCIBUN  PATINYHLIX Koutenrpa QP g
Kaetxn ovneanam e noMoui obpalorn TRHNCH 4O,
T8 Qnpeacasan NEY nosom LCMOINNTOMETDE

[xnerxn METAHOM b

TeueHue 4 HHCCH,  TaTem

R}.urusupona.-m L]
TCHENME 4 anel
N vero KetecTag rae
23 vema RRAILICCNGLC PRNOAMO iy (D]
Mg “Tofn Bt an
(IPORMAHINPOBIIG  LHTI BN e

COCTORNA A C«?CJ}'&‘IIWM_‘ I{}'}ihT‘_\'i}H’ [“H;‘tll ADBEAERY
PABHONO  cocTogmng CRRTRIBRUOUIM  Gvihopon {pacrpop Xomkea,
Corepasumtt 20 uM  HEPES. Mrma Gunsern CHBOPOTOY RO
Ay, P70 & reveine 20 MHIYT fipy 1000 Ipeanapuransno
OXRBKAC UM na ARIY CARIR AR Oydep, cofepwtnnf BIpACTIOUIHE
Kobuewtpaim (1) OPT, ¢ jobannenen HAN Ge3 goGansenng 100.
KpaThore wibuirovnorg XONHYECTBA nemevenory CPL, nobasnann &
KeTHAM u Ky Siuposaan 5 Teveine | taea npw 10°C. Mogre IToro
i}«'.’!l-T)‘DM RERLE 1T CRETLIBAIOU M 6}'¢QFCTM.
OXJIMIEHNM M Ha iy u

Toro OXRPAKTERNIGH AT, peuenitep @GP,
Il ¢ aerramp MpHtEM fipoueayps

AC UPHOREITE ik iy

Knetok NPoMurgy
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nasepann caxsumanite ['1OPI ¢ kaetkami npi rosow Tabauua i

¥ -CHETUHKA NOCAC PACTROPEHMA KNCTOK [IPH HOMO LM
3uatennn Ky n B, OPI peuentopa sopMansiol ¥ onyxonesoi

IM NaOH.
KNCTKIE
Knerxu Tun ke GPT peerrrop
2.4, Onpedenenne wiunosumuecson axmusnocmy 7
Untonnwriuseckas  aetinuocts HIMEPANACH  CACHY HMH MM ”\’;n {mi?;“,‘ £
. ik fxn,
ofipasom.  kaeti KYAbTHBMPUBAAN 1PN naoTHocry  SX10°
KACTOKMYHKY W3 naamike ¢ 2donyuxamu (Corming)  Ha Hopsauisiie Kaenay
cheayioul aewb cpeay amensan wa ceewmyio, a BHMMuIE Perstrow F‘m I;}BPCNXJLMM e 24 365
: sl KDBICKI
i
“"f}’:”‘""" ""';"‘“ ”"T";_;Lcm i ZN: ceh K(zjo‘mo Kaena novensono  smimemis (ko) 28 720
r, Amersham) npu B Tevenue 2.5 vacon, Kyny
MCi/ur, Amersham) np i A Ty Memnown® INuAepMuca (Menoseka) 22 120
KICTOK MPOMBIBANH TpH pasn chewell cpeol, 0 KynbTHBHPORAY
po Pep P 1 WRY, P Kepanunousr® AMUAPMHCA (Menosexa) 1745 700-1 100
B TCuenue 24 yucom B cpese, Conepwailesl cooTReTCTRYIONHE O
X0 ) 1
KOHUEHTPELIMN oPr PagioakTinnocTs cpeaw s e
i e ol
KyNaTHBHPOBAKUS K AHIATOB KACTUK, PACTROPCHMLIX B 2% SDS KB FMEPMAUIIAR FapLIHOME 2 750
HIMEPHAH (P DOMOIM  PCUCTUMKA, § NPOUCHT  LHTOANIL {4enopexa) )
BLIHIEARACH N0 ey amedt Bopmyie BoFl MEAHOMA (MbTLLH) 24 350
Heyli2 FELATOLUSN MO0 A pHaN 23 1510
Yo uMTONRIa= 100 % (A-AphiAd + B, KapuHHoMa
FAC A APEACTARNACT  PAAMOAKTMBHOCTE B cpeae  any P—
KthTI(BI(pOMHIﬂI, HiH B KACTRAN=M i LeHA X, noche
KyATHBMPODAHHS ¢ DPTT B Teuenie 24 vacon, B CODTRETCTRYCT Brnuenns Ky u Doy n OMYXOACHLIX KACTKAX GbifiN BAIMHCIC Y]
PAZMOAKTHBHOCTH,  OCTRIOWEHCH B KACTKAX-MMWEHAX  nocne HYTEM NpHmeneriy avanoa CkoTiapaa, Kak noxasano na Pue. 38
2 . ¢ ;
KYISTHBHPOBMMA, M A4 - 310 pasooxtiBHoCh, B fpene " Pegywmani Goum BETh 3 O (UMKOEIHHL R st pasiee molaT, OM cosumad
KYNBTHEEPOURH IS m:cnm«mu:mmﬁ Bes @PT, wro coornererayer {11 [ 4]0 [13) commmerenasan
ChoHInHoMy Boicsobomcme O,
3. PE3VALTATH
3 I Huaubupoaatue ctivmeza [THK noo aooeiicmenen PPE WM IHEHHTENRHO CTH MyMposan cuirres JIHK renatouwsmon,
Buna ormenena cnocobuocrs ®PF 4 HEHGHPOBATS CHHTEs Caexonatensno, ®PT obaanaer painonanpasienneiM 3hpdextom
JIHK onyxoncusix kaerox n 3aBRenmMocTi 0T 103w (Pue 1y . Mpu Ha cinred JIHK, v, no scedt suanmocty, CTHMYNHPYIOWHA unu

. ;. Sy &
MPORCACHN  HCCACAORANMI ¢ npusenensenm  Qasono- wurnGupyownh adgdiekt GPT maucut o1 runa kasTed, 10

CTh OF TOMO, ADJIACT i
KONTPACTHOID MUKPOCKONA ne Ohito IAPHKCHPORANO KUKItx-11160 GETR OTTOrO, ADAACTCA AW AANHAS XNETKE HOPMEALHOA Han

Tpanchopmuponinieh DPC cramyanpyer euuTes JTHK
IHBUHTEARHAIN. MODPOROrHICCKHK HIMenen] npu xaxol-anGo u3 P I ¢ Fpy A
TERATOUHTON # NEPBUMHON KyaLTVpE, HO HUPHOHPYET cHnTes

koHueHTpuuHil OPI (qanHse ne HPHBOARTCR) Makcumanbhoe

HTY JHK B knetkax fenatoucanonspuoli kapunroms HepGa2,
AHBNOTHY N bIM obpasom, OPI ETHMYIMDYET POCT MENGHOUNTOBR
@PF, w coorsercraonano S0-70% unruGiupouasus, [p# Gonee [14]. no unrnGupyer poct kaerok menanosy B&/F)

BRICOKMX  KOHUenTpauwax @PT (> 1|0 Hrfmal, He oTsevasocs

unruGuposanne Guino ormedeHo HPH KOHUCHTPAUKY 5-)0ur/ma

Awtielwera sisnGupowiig cuniesa J11K Has cpasnenns,
Guta0 nposeseno teenenonine adupexta OGP Ma cinmes JIHK
IPCABIN NAPCHXHMATOTHLIN KNeTOK FenaTounTen, npuuem HPr

EOHUEHTPaynax  5-K

Puc. | Bananie ®PI wa poer waerox Hep(i2, B6/F1 w KB.

Pic. T Bauskue ©OPT na cunres JIHK HepG2, B&/FI, KB &
TENATOUMTOB  KAETKN KYALTHBHpORAA® & naawkax ¢ 24 KASTKH KyALTHBMPODAIN B fraukeX G 6 Aymxamh npH
Ayskams npu naotioetn | X10' katew?, b cpeac, conepranien naommoctie 8X10' ka/aynxe ans B/F) u KB, w npn
CoOTBETCTBYIOWICE KOIECThO DPT KAeTxi Ky ALTHBHPORAAN naoTHoeTH  4X10° wn/nynke ama HepGa, XYy NuTYpy
B Teuenne 4 Anell, NOCHE YEro MeTHN BEIPAWITELIN 6 APHCYTCTBUN PAIAHUNLIX KOHUEHTPALKE DP[

B Tededde 4 auefl. Ortaencnuwe xaetox 0 winoannK
['"™1] ncsokcuypuamues » Tewenwe 4 wacon. Toxesane posang ¢

n H A Konm 1 T e i
COEANEE TNANCHME Tpex waepennd (e )BO/E]. (0)HepG2, UPHMENSHHOM TPHICHND, @ KOAHYCCTBO KISTOK O peaensan

. HENG/ILIVA FEMONMTOMET IIUI!.';‘I?HHG Cpcanee AHANCHE NABYX
(AYKB u (A) renarounTo, ¥ P F ! 3

wiMepeduil. (8 }BO/FI, (o)Hep(G2, (AIKD » (&) renavoumnTi,
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Tabnuua 1i
Otpdest OPI g LWTOTHTHYECKOR BBICBOGOXAEH e "'Cr w3 onyxonensix KneTok
Knenat &Pr BoicBobonnenne % untomuia
Cpeaanng Knenay ((A-Aa)ff,4+3).¥ 100)
BLIDRLMAINAR ke ok
Hep(32 (A) (B)
(Hragn 1WA ) (K Aaing ) {%)
—*--—*——-——-———————-__H-—\_»——- i
0 1 87% + 0 B2 o+ qos 0
0

s o5 =« 2 9196 & 347
10 120 = 9 X7 o+ s 0
B6/FI
100 147 & 46 A5 o+ gy 0
0 24340 3 Ml M8+ gan 0
3 Blie = 722 SBe3 0 o+ gy 0.2
10 1482« g B+ 79 0.4
100 29163 = 521 3288 & agg 48
0 21900 & 59 0297 &+ 5 0
3 22139 2 796 039 & b2
0 23638 500 5762+ g 25
100 2278 B+ 97 29

e T e R — e e

Kamnoe maepye MPEACTARAALT Cheasee of TREY HiMepenul A, - sin duenoamarnne Mer g EYTRTR R RACTOK wuie e (X2 famn § oy OTCYTeTane QP

12 kuﬁwwaamw DIOCME Riemiop npu B0E e cmayy apr Noxatany CYHILey BOBA e n!,5\:.”“1“1:;1||4];|u“||,;_\ callton cunmamm
Hurnﬁnpymuee Banghne  BPr 4y CHHTes  JTHK DRHOTQ THAA Ha a1y ONYXoaeppix KACTKAX.  nayenyg Ke u
onyxonenpx KACTOK  nposmnaocy NOAHOCTHIE  ppy Bmayx onyxoaennx kKnetok gy APYTHY  HOPMANLHpx KieTox
PoBeneHUN  wecnenonamyy fpouecca Tposndepzuny  a MpencTanneny  p Tabamue 1 fhyuny HPOTECTHPORA MMM
THHHAX  Onyxonepsx Kactox (Puc.2) dpr fioaasran  pocr ONYX0aenwx xnerox cogepxar nPHGAHINTER b1 300-1500 calitpe
ONYXCRCAMY kneTok, npuuesm neforame JasHceno or BpPHMEHIeMOf CBAINAAKKA Ha KaeTxy NpK IMasenny
: 1 1 1 =710%
LOMUSHTPRUNH, 2 MaKcHwanpioe Ak 6'{90”‘1" '€ M2 50-70% Ky =25.280M Caenonarennuo, ye 68100 mugsacHo IHBYHTC Mk My
Suna OTMEYe g npn 5 10 ur/ wma DR wro toraacveren ¢
vex Bt OTAHYNE o hpr PrucHTupay MEXAY HOPMANGHIIMY g

HHSIMK 0 B0 0uainn na cuy e :
AdRnm CNYXOaeBRMN ke TRaMK.
13 Penenmopn PPL wa onysone B KAem Ky = .

e Y P ; Pi’a X Knem 124 1T 14 Humacmamuwcxoe se1delicmane Py A OO RNe Knemin

40H3  peuentopop nokasan, yrg

HATHI  peuentop ) ) Unronns,  u3mpaemu PP, Bun  menee 2.5% npa
CRRIBIBACTCR © arumpy x ETKAMM Onyxonn laBHCHMOCTH pr

PRIbISACTCS a y KOMUCHTPRUHEX 5210 tir/pn, MPH KATOPLIX DPT Inauntenspo nonasager
KOHUCHTDAIMN, w yy CBAlnadNMe geamercy HRCHILAE M bin

QHUCHTPAIMY o 5 e KAK POCT KneTiy, TEK W CHiiTes AHK (Tadnmia ]
(Pue.3A).Kaxk fokazauo uy Pag 3p, rpatigy Cxrrvapna ne . )

Boace TOFQ, UHTORKD G Meitee 5% npy raxop Ak okolt KOMUEHT DAL MR

COA3LIBAH NI
! Kax 100 wefan TP

R =
LA !
|

| A -:Q
a ‘ > .
P a7 1
o S Lo
) o oo 5
5 i y 27 o
&0 Vv o '
; ,-x./f:'
‘g
ot
" g ke s
B % b x

Pue. 3 Apanug eonsumanug [ apr o PUCHTOPARK woray Ml B6/F) HepG2 KB, Kacrxp HIKYOuposany o TEHCHME | ugeq
npu 10° C ¢ OpearapnTeanso OXDEMALHHOIM g ABAY CHATIAAION 1M Bydepon, COUCOMALI M BOpacTAO I RKOMUSHTpAIY I”"l}@?l"
¢ aobanncupcy wau Gey AoBanaenuy !nﬂAxp.\nucﬂ wiflTounan KOMUEHTprgey Nestemenopp @pr, {A) Nokarany Kptiane
MACHIEMUR  ereqy, H4nary CORIMBANKR }"’F}d\f’r € KARTRAMY, nocne  obpafiorey ITHX  KpeTox BOIpacTamomumy
KOHLENTRA thaap g {! ‘!]mm‘: (#)B&F), (o) HepG2, (AiKkn () Moxazang ¥pubme Crstwapna o cominmanme [ ydpr- ITHMY
HJICTP“M!I. HC(IOH!»T!!‘HAHM Te %o GJIMH{L‘PM. YT om Ha f’llc, A
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Cncnoaa'rcm.rw, aMTHAporwdepaTU apibext DPI ug KJleTKy

onyxoan  umeer uHTOCTﬂ‘!M‘lCCN}"K}, a e HEMOCpEACTRN NG

HHTOANTHUECKYIO NpRPOTY npi hH3onOrHYee KNy KOHUCHTDANMAY,

4 OBCYHJIEHME

Brun  ormeuen UHTOCTATH eCK N vbhbent  dpr Ha o pocrt
QRYXOAEBLIX  KicTOK fToexoahky  uabmonacaoe pW - noaosune
MEKCHMANBHOR o HHruGuposawye POCTa eooTrercraver

IMBNEHHAM K, Retuentopa P (25.28 nM) npu mIAHMonelcTen ¢
ORYXOACBBIMM  KneTkawmy, HUrHOKpORAHKE  pocTa KACTOK,
HHAYUHpOBAHHOE (DPT, mowcer HMETh MECTO npy PrInonornueexpy
koHuenTpaunsax OGP B Henamuux paGorax Bottaro et af
coolwanocs, uto peuenrtop DPI wpentiven Apoavery
npoto-onkorewa [1§) Mockonuky c-mer fipuToenkarena koaupver
TPAHGMEMODa MMl PelenTop THPORH-KiHAIM, neprog cobniine,
KOTOPAE, Mo occh BUANMOCTH, MPONEXONNT NOCaE Contumanms DR

Cames

€ peuentopom, - ata znmq::\mpnpunstpon;m He penentopa Onnako
OCKOALKY 3TH AHHNN OnyX0neRLy Knrerox obannaoT PeuenTopasy
BPT, xotopue HEQTIAMYHMI NO cTeneny CROACTAI Wan KOAMYeCTRY
O PRUBNTOPOR HOPMANNIbIX KAETOK, pasoHANpasAeHHOe aaummue

DPI'. no  ncen BHAMMOCTI,  Me 3aswent or pazamunl  wemny
peuentopamuy P HOPMANbLUMY ¢ OUYXOMCBBIN  KNETOK,
Bepostvo, wro nsuxenne N0 BRYTPUKAETOYHpIM MPORGAL M

MIYTAM QT MECTA Tupoaunonorp hocopuanponanig peuentopa
PPI" wMeer pannuug ¥ OHODMANLHBIN W Onyxoacany KASTOK
Mosanee r paGorax Shiota et a) coolwanocs, yro POCT KaeTox
renaTouenftoNapHod Fa0,
eraliunsuoll tpancdiexuun DEKTOPOM, Conepmauiny
¥-1HK @pr, CRRIAMNYI ¢ npoOMOTODOM
InaunTeNBO  samennanch  no cpRBHENHIO ©

KABTKAMI, Npy aToM kax KAHULPOIEHNOCT, Tak | paiMep enyxonef
NP¥ UMAARHTHPORAHAK FOAhiv MBliLasM, ImausTeaso YMEHBWRANCY
[19]).  TITpu PACCMOTPEMMN,  arw
ROKAIBBAOT, 4To OGP mower tHrGuposath pocy DY XOC Y

KApUHHOML HORBEPWEH NN
annbyvsuna,
POARTEALCRMM Y

CORMECTHOM PC']_\'.'N-T-'\T?JI
KRETOK KAK in vitro, TaK # in viva

B patorax Higashio et a| YTREPKARETCH, 470 UNTOTORCHY ek
daxrop  onvxonn (HD0),
(omOpuonnnbmme thndpolinacry aerwix HeAonexa) wacuTHuen @pr,

BRIMETEHH b Hi

it ofinnfaer ameorof CTCNEHBIO POACTHE ¢ Hum [20), n Sone et a1
ofmapysuan, uro PaxTop onyxoan (D)
MPOUIBORHTCA BALACONAPH b s MAKDODATAMY It MOHOUHTAMH Kponm
denoscka (21, 22] Oua HECACAOBAN IIHTOTOXCHYeER U] Apihext
DPIVLDO npy 4perssiualine amgoky FOMUCHTPAuNAN DPT y4e
AKTHRHOET N, oanako

IHToINTIecknl

NPOABARET INAUHTEALHON UHTOAHTHYCC RO

CI0 UMTOCTATHUECKOE AnMAHHe npasnaneTcs npuy BHItonorueeKiy

KOMUEHTDALHAN

s ormenen
HOPMANLHEY

HamMu
pocT

B npeamnyuen MCCACNORRN I
HHTPHOHPY IO L Ui spderr  DPIT ya
KEPATHHOUKHTOR HEMOBCKD, RMPAUIEHHLIX B YCAOBMAX HHIKMY

kowuentpauntt Ca®* (0.1 wM) [13]
Ca’ (0.1 MM), kepatunoyry PACTYT BMCTPO, TOrRA KAk Kotewnas
nnipdepenunanig
Anddepenumatun eue e HIMaAACH,
KYABTHBUPYERBIX fpy pusmanorueckmy yeaomiex Ca™ (1.8 suM)

Mpi weanon KORUCHTpA 0

KNETOX  nonasaseten B CTAINRN, K414

HTO OraRuacICa a1 xaerek,

Mocxoanky weparumonnry PR Hirkem conepwanin Cal*, ng
neell Ruansocty, HMEWT CRONCTRA, exoawnme o CROfCTRAMN
PNYXOACBLIN NnETOK, HUTHOHDYIOMee aansune PP na poct
Mn.me'r TRKINE UPOABARTHCA ApH Bosneletanu ua HOPMOALHBE
K/ACTKH, xorpa POCT 3HaANITENEHO YCKOPACTCR, Ho HOPMABIALHAR
AnhepeHIIaINA npi yrom OTCYTETHYCT.

DPI npencrananer cofol MOULHDIL MuTaren i nepswinon
ne weeh ANAUMOCTH, oy

KYALTYPB 3pensix FenaTounton, w,

HTPACT BAMHYIO poat

MATEPHA L] e

IMR9O
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b Kauectue renatetpodioro $axropa npy pouecce perenepaun;
fetenn nocae nncyasta nevesn [6-10]. Kpame CTHMYMHDYIOuter:
BOINCMCTAHE Ha poct kpetox W moccTanoBfenna  kaeroumsy
nosperacuun, GpPr OXRTLIBACT BHTHAPOAKDEPaTHBH WY pext u
feKaTePLE onyxonenste knetky, g TREXE & Nopmanuimie KAETKH,
oM yenoruey, DTANMI MY o7 HOPME RN Y E‘nenoaarcnwo_ opr
MUMET ALACTOOBATE kar oGpar e Perynatop, uensw KOTOporo
ARALETCR nOARBACHHE POCTS OnyXonerwy wiy HOPMAAKLNLIX KneTor
®DET yrpacy Poas B nogacpaanm
FOMEOCTAIA CTPYKTYPW TrANM 30 cuer ABYCTOPOMMEro snuamms up
ANTHAPOAKGepATHR MY spdext OPF gy
ONYX0ACRLIE KACTKH No3pojzeT npeanofowuTs, Yro T haxTop
MOXET ﬂtﬂﬂﬂﬂ!RTb KaK AONOARKUTEN L LI HP«T‘IGBWI’T}‘XDHCBMH AreuT

OpH FURepnazum, ROMHY IO

KNeToOMHMA  pocr,

baacodapuocny, Mbr sapawacy fraronspuocts M. Oxapa 1a
NOne tHue ROMMEHTADH®M Thra paGora npoeRoanaaCcs npH
ftowiepwre ['payra, MREROCTRRACHHArD aan NPOBEACHHA Hay s nix
necaeanaannf B ofiancrs Kanueporeia Munncreperrom
Ofpasonai, Mayxn w Eyanmypsi Sinonm
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Hepatocyte growth factor has potent anti-proliferative activity in various

tumor cell lines
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Hepatocyte growth factor(HGF)has potent mitogenic activity for mature  hepatocytes and various normal epithelial cells.We now have evidence

that HGF at 1-10 ng/mlstrongly inhibits the growth of HepG2 hepatocellular carcinoma cells. B6/F] melanoma cells and KB SQUAMOUS carcinoma

cells. These tumor cells express high affinity receptors for HGF with a K, of 2528 pM.similar to findings wilh hepatocytes. HGF at 100 ng/ml

had no significant cytolytic eflect on tumor cells, Therefore.the antiproliferative effect of HGF on tumor cells seems to be cytostaticnot cytoltic.
As HGF apparently has bidirectional efiects on cell growth.the possibility that it can serve as an antitumor agent merits attention.

Hepatocyte growth factor(HGF }  Antitumor agent ; Grovdth inhibition ; HGI® receptor

1. INTRODUCTION

Hepatocyte growth factor(HGF) is a novel growth
factor composed of a 69 kDa « -subunit and a 34 kDa
[} -subunit[1-3]. HGF ¢DNA cloning revealed that
HGF derives by proteolytic processing from a single
precursor protein consisting of 728 amino acids, and the
homology with plasminogen is 38%[4.5].HGF at 58
ng/ml(60-90 pM) promotes the growth of mature pa-
renchymal hepatocytes in primary culture HGF activ -
ity and expression of HGF mRNA were markedly in-
creased in livers or plasma of rats with various liver
injuries [6-9] and elevatec levels of HGF were noted in
ascites from patients with cirrhosis[10].Mature hepato-
cytes in primary culture express a high affinity receptor
for 1IGF, exhibiting K=20-30 pM and 300-600 sites/
hepatocyte[ | I].HGF receptor is widely distributed in
various epithelial cells, including mature hepatocyvtes.
but apparently not in mesenchymal cells such as fibro-
blasts and hematopoietic cells.HGF enhances the
growth of various epithelial cells such as renal tubular
cells [ 127, kr;ratinncytcs[IJ}and melanocytes [14], but
it has no evident effect on growth of mesenchymal cells.
Scatter factor first deseribed by Stoker and his col-
leagues is a [ibroblast-derived factor which enhances
cell motility and was tound to be identical to HGF
[15.16].Indeed.recombinant human HGF markedly en-
hances the migration of various species of epithelial
cells, including MDCK canine renal epithelial cells, at
physiological concentrations[17]). We have now

Correspondence address: T.Nakamura.Depantment of Biology. Fa
culty of’ Science Kyushu Universiny Fukuoka 812 Japan. Fas: (81)
(92632 2741,

Prblistied by Elseveer Seaciwe Publistiers 8.1

obtained evidence that HGF has cytostatic anti-prolifz -

rative effects on various species of tumor cells.hence
may be a bidirectional growth regulator.and possibly
a putative anti-tumor agent.

2Z.MATERIALS AND METHODS
2. Cell culures

HepG2(human hepatocellular carcinoma. a gift flom Genentech.
Co.Jand KBthuman epidermoid carcinoma CRB 9027) cells were
cultured in Dulbecco's modified Eagle's (DME)medium supplemen-
ted with 10%0 fetal calf serum(FCS) . B6/F I{mouse melanoma, a aift
from Genentech Co. )cells were cultured in a mixture of DME and
Ham's F12 medium(1: D supplemented with 1074 FCS,

2.2, Measurement of DNA svatehsis and call grovth

Cells were seeded at a density of 1x10" cells”? on a 24-well plastic
plate (Comingland cultured in nedium containing an appropriate
amount of HGF. After 4 days of culture.the cells were pulse labeled
with 0.3 Cifml["™ 1 Jdeoxyuridine (2200 Cifmmol New England Nu-
clear) for dh.then were washed twice with phosphate-buffered saling
and once with 10%(w/v) ice-cold TCA and solubilized with 1 M
NaOI. The radioactivily incorporaled o the cells was counted in a
 ~coumter.

To measure the cell growthuthe cells were seeded (8« 107cellsAvell
for BO/FI cells and KB eellsand 4- 107 cellswell for HepCi2 cells)
on Gwell plaes (Coming) and culured in the presence of various
concentrations of HGE for 4 daysThe cells were dissociated by
trypsitdtreatment and the number of cells was detenmined using a
hemocytometer.

2.3. Binding assay for HGF receprors

To charucterize HGF receptors.binding of[ ™ T JHGE to cells was
analyzed s follows: cultures were equilibrated in binding bufter
(Hank's solution containing 20 mM HEPES, 2mg/ml bovine serum
albuminpH7.0Mor 30 min at 10°C.lce-cold binding buffer contain-
ing increasing concentrations of [ 1 JHGF.with or without a 100-fold
excessive concentration ol unlabeled HGF.was added and the
preparation incubated for I h at 10C Subsequently cultures were
rinsed three times with fec-cold binding butferand]'™ T JHGE bound
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to cells was measured in a v -counter afler solubilization of the cells

with 1 M NaOt1.

24 Measurement of extolviic activin

Cyvtolytic activiny was measured as follows :cells were plated al a
density of 53¢ 10% cells/well on a 24avell plate{ Coming) The next day.
the medium was replaced wilh fresh medium and viable cells were
labeled with 70 ¢ Ciiml Na" CrO4250-500 mC¥mg CrAmersham)
at 37°C for 2.5h. Cultures were washed three times with fresh medium
and cultured for 24h in medium containing appropriate concentra-
tions of HGF. The radioactivities in the culture media and cell Ivsates
dissolved in 2% SDS were counted in a v -counter. and the percent of
evtolysis was caleulated as follows :

Yeof cytolysis =100 % (A4, (A= 5),

wherein 4 represents radioactivity in culture medium or target cells
cultuecd with HGFY for 24 h B represents radioactivity remaining in
target cells afier cultivation, and A, represents radioactivity in culture
medium of target cells cultured without HGF, which means the

spontaneous release of “'Cr.

3. RESULTS
3.1 Inhibition of DNA synthesis by HGF

HGF dose-dependently inhibited DNA svnthesis of
tumor cells (Fig.1) . There were no significant morpho-
logical changes seen with any concentration of HGF. as
examined under. a phase— contrast microscope (not
shown). The maximal inhibition seen with 5-10ng/ml
HGF corresponds to 50-70% of inhibition. At higher
concentrations ( > 10 ng/ml) , there was no further inhibi-
tion of DNA synthesis by HGF. For purpose or com-
parison, the effect of HGF on DNA synthesis of mature
parenchymal hepatocytes was examined, HGF at 58
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Table 1

K, and By, values of an HGF receplor on nomal and tumor cells

DHA Synrasie ¥ neparscyis, w10 rpe

w r-im 7 amd e i sedien conlan gUT E R I af"
CHLE (el J:"’t (ELETH rdlrrdixﬂan"" s fabeed with
g BT FCATLIERIANTY o
:.'s.u, Koo tvansgs gt

Cells Celltvpe HGF receptor
K, Bi
(pM) _ (sites/cell)
Normal cells
Hepatocytd® parenchymal fiver cell (rat) 24 565
Renal twbular cell  epithelial(rabbit) 28 720
Melanocyte® epidermal(human) 22 120
Kerationocyte® epidermal(human) 17-45  700-1100
Tumor cells
KB epidermoid carcinoma 25 750
{human)
B6FI melanoma(mouse ) 24 350
HepG2 hepatocellular carcinoma 25 1510
(human)
K, and B ... values in tumor cells were calculated from Scatchard

analysis as shown in Fig. 3B.

““The results were taken from our reported results.See references

(11). [14] and [13]. respectively.

ng/ml markedly stimulated DNA synthesis of hepatocy -
tes. Therefore, HGF has bidirectional effects on DNA
synthesis and the stimulatory or inhibitory effect of
HGF seems to depend on the cell type, that is nomal
or transformed: HGF stimulates DNA svnthesis of he-
patacytes in primary culture, but inhibits that of HepG2
HGF stimu-
lates the growth of melanocytes [14], but inhibits that

hepatocellular carcinoma cells. Similarly,

of B6/F1 melanoma cells .
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F.g I Elfres of HUF ¢n growthof Hepdad, BAT, and KB cells. ells
were plated o sowell patey 4t adonsity o 3 4 10 Collymef I
celis and B8 el s, and 42 40" celis/aedl for Heptid celisand ¢
i the svesence of carious copcenteationy of HGF far 4 dags
were Cissoc.atsd by svpsintrearmrent and dhe number of oells way
daterinined uuinyg o Nemdcohtumeler The dverage of Jupizate meate.
rerenly s rbown je BAT ] oot Do Hepvid sslis and oo g B wel
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Table II

Effect of HGF on cytolytic release of *'Cr from tumor cells

Celk HGF Crorelease in % of eytolvsis
Cultured medium Cells ((A=-4,)(4+B)~ 100)
(A} (B)
ng/ml) (cpm) {cpm) (%)
Hep(G2 0 11876 =+ 0 35722+ 1050 0
3 11905 =+ 29 391019 + 367 0
10 12026 + 91 36785 + 1163 0
100 11471 + 46 3725 o+ 23 0
B&F1 0 24340 + 1411 54108 + 642 0
5 25116 =+ 722 55603 + 824 02
10 25482 =+ 220 54806 = 729 04
100 29163 =+ 521 53288 + 298 48
KB 0 20900 + 59 60297 + 15 0
5 22139 =+ 796 60391 =+ 1199 02
10 3638 + 509 57672 + 1866 25
100 2218 =+ 444 55161 + 997 29

Each value is the mean SE of triplicate measurements. 4, is''Cr release {cpm) in cultured of target cells in the absence of HGF .

3.2 [nhibition of cell growth bv HGF

Inhibitory effects of HGF on INA synthesis of
tumor cells were evident when proliferation of the
tumor cell lines was examined (Fig.2).HGF dose-de-
pendently suppressed the growth of tumor cells. and the
maximal inhibition by 50-70% was seen with 510 ng/
ml HGF.findings consistent with the effects on DNA
synthesis.

3.3 HGEF receptors on twmor cells

Analysis of HGF receptors showed that [*IJHGF
binds to these tumor cells in a concentration-dependent
manner and that the binding is saturable(Fig.3A).As
shown in Fig.3B.Scatchard plots of the binding indi-

Specliz pindirg , emaci
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¢ birding wnoosils zapessd 10 inereasing voncenleat uay of COTHCE a0 shown ray i) ! cilin, sy Har G et
WEIPPHGE tardieg an thase coils ace SRewT Eenras dre the tamne 4t on oo

cated a single class of high affinity binding sites ex-
pressed on these tumor cells. &, and Buay values of
tumor cells and other normal cells are summarized in
table 1. The tumor cell lines tested express appro-
ximately 300-1500 binding sites/cell with &, of 25-28
pM.Therefore.there were no significant differences in
HGF receptors between normal and tumor cell lines.

3.4 Cwostatic effect of HGF on tumor cells

The cytolysis caused by HGF was less than 2.5% at
3-10 ng/ml.concentrations at which HGF strongly sup-
pressed both cell growth and DNA synthesis (Table 1),
Moreoverthe cytolysis was still less than 5% at concen-
tration as high as 100 ng/ml HGF.Therefore.the anti-

b

Beond MGF, amal
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proliferative effect of HGF on wmor cell is a cytostatic
but not direct cytolytic effect at physiological concen-
trations.,

4. DISCUSSION

HGF was seen to have a cytostatic effect on the
growth of tumor cells. Because the half~maximal dose
exhibiting growth inhibition is consistent with the K
values (25-28 pM) of HGF receptor on tumor cells, cell
growth inhibition induced by HGF may be functioning
at physiological concentrations of HGF.Recently, Bot-
taro et al. reported that HGF receptor is identical to
c-mel proto-oncogene product[18]. As the c-met proto-
oncogene encodes transmembrane-associated receptor
tvrosine kinase, the primary event following HGF bind-

ing to its receptor seems to be autophosphorylation of

the receptor. However, because these tumor cell lines
express HGF receptor which is indistinguishable in af
finity or the number from that of the normal cells.the
bidirectional effects of HGF do not seem to be due to
differences in HGF receptors between normal and
tumor cells. It is likely that intracellular signaling path-

ways downstream from tyrosine phosphorylation of

HGF receptor differ between nomal and tumor cells.

More recently, Shiota et al. reported that the growth
of FaO hepatocellular carcinoma cells stably trans-
fected with an expression vector containing HGF
cDNA linked to albumin promotor was markedly
retarded compared to that of parental cells, and both
tumorigenicity and size of tumors when implanted into
nude mice were markedly decreased[19]. Taken to-
gether, these results indicate that HGF can inhibit
growth of tumor cells both in vitro and in vivo.

Higashio et al. stated that tumor cytotoxic factor
(TCF) purified from conditioned medium of IMR90
(human embryonic lung fibroblast) is identical or highly
related to HGF[20], and Sone et al. found tumor cytol-
vtic factor(TCF) is produced by human alveolar mac-
rophages and blood monocytes[21, 22]. They examined
the cytotoxic effector HGF/TCF at extremely higher
concentrations. HGF has no significant cytolytic active-
ity, rather it has cytostatic effects at physiological con-
centrations.

In our previous study, we noted that HGF inhibited
the growth of nomal human keratinocytes cultured
under conditions of low Ca”*(0.1mM)[13]. In the
presence of low Caz'_((},lmM}, keratinocytes proliftbr
ate rapidly, while the terminal differentiation of cells is
suppressed in undifferentiated states, in contrast to cells
cultured under physiological Ca"(1.8mM). Since kera-
tinocytes in low Ca®" seems to have propertics similar

to thase of tumor cells, growth inhibitory effects of

HGF may be also present in normal cells when the
growth is extraordinarily promoted without undergoing
a normal differentiation.

HGF is a potent mitogen for mature hepatoeytes in
primary culture and seems to have an important role as

FEBS LETTERS
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hepatotropic factor in liver regeneration afler hepatic
insult[6-10]. In addition to stimulating of cell growth
and tissue repair. HGF has an antiproliferative effect on
several tumor cells, and normal cells, under extraordi-
nary conditions. Therefore. HGF may function as a
negative regulator o suppress growth of tumor cells or
normal cells during hyperplasia. HGF has an important
role to sustain homeostasis of tissue organization by its
bidirectional effects on cell growth. The antiprolifera-
tive effect of HGF on tumor cells suggests that this
factor may be a putative anti-tumor agent.

Acknowledgements: We thank M. Ohara for helpful comments. This
work was supported by Research Gramts for Science and Cancer from
the Ministry of Education. Science and Culture of Japan

REFERENCES

[1] MNakamura. T., Nawa. K. and Ichihara. A. (1984) Biochem Bio-
phys. Res. Commun 122 14501439,

[2] Nakamura. T.. Teramoto. H and Ichihara, A. (1986} Proc Natl
Acad Sci. USA 83, 6489-6493.

[3] Nakamura, T.. Nawa.K., Ichihara. A, Kaise. N and Nishino.
T. (1987) FEBS Laet. 224, 311-316.

[4] Nakamura. T.. Nishzawa T. Hagiva, M., Seki. T., Shimonishi.
M.. Sugivama, A.. Tashiro. K and Shimizu, S. (1989) Nature 342,
440443,

[5] Tashiro, K., Hagiya, M.. Nishizawa, T., Seki. T.. Shimonishy M.,

Shimizu, 5. and Nakamura T. (1990) Proc. Natl. Acad. Sci. USA

87, 3200-3204.

Kinoshita, T.. Tashiro. K and Nakamura, T (1989) Biochem.

Biophys Res. Commun. 174, 831-838

Noji. S.. Tashiro, K.. Kavama, E. Nohno, T.. Ovama, K., Tani

guchi, 8. and Nakamura, T. (1990) Biochem. Biophyvs. Res. Com-

mun. 173, 4247,

[8] Asami, O.. Ihara. I.. Shimizu, N.. Shimizu. S., Tomita, Y., Ichi-

hara, A. and Nakamura. T. (1991)]. Biochem. 109, 8-13.

Kaonishita, T., Hirao, S.. Matsumoto. K. and Nakamura. T

(1991) Biochem. Bioplns Res. Commun 177, 330335

[10] Shimizu, 1. Ichihara. A and Nakamura. T (1991) J Biochem.
109, 14-18.

[11] Higuchi, ©. and Nakamura. T
Commun. 176, 599607,

[12] lgawaT. Kanda.S.. Kanetake. H.. Saitoh. Y., Ichihara. A..
Tomita, Y. and Nakamura. T. (1991) Biochem. Biophys. Res.
Commun. 174, 831-838.

[13]  Matsumoto. K. Hashimoto. K. Yoshikawa, K. and Nakamura.
T. {1991} Exp. Cell Res 196 (in press).

[14] Matsumoto, K. Tajima. H and Nakamura, T. (1991) Biochem.
Biophya R, Commun. 176, 4551

[13] Gherardi, E. and Stoker. M. {1990) Nature 346, 228§.

[16] Stoker. M. and Gherardi. E (1991} Biochem. Biophys. Acta.
1072, 81-102.

[17] Furlong, R.A.. Takehara. T. Taylor. W.G., Nakamura. T and
Rubin, 1S, (1991) ). Cell. Sci (in press)

[18] Bottaro. D.P., Rubin, 1.5. Falewo. DL, Chan. AM.I.. Kmie-
cik. T.E. VandeWoude. G.F. and Auronson. S.A. (1991) Science
251, 802804,

{19] Shiota. G.. Rhouads. D.B.. Nakamura. T. and Schmidi. EV.
(1991) Proc. Natl Acad.Sci USA(in press),

[20] Higashio. K.. Shima. N. Goto. M. Itagaki. Y., Nagao. M,
Yasuda. H und Morinaga. T, (1990) Biochem. Biophys Res.
Commun; 170, 397-104.

[21] Sene. S.. Tachibana. K. Ishii, K. Ogawara, Mand Tsubura, E.
(1984) Cancer Res. 44616651,

22] Sone, S.. Lopez-Berestein, G, and Fidler, 1.1, (1986) Cancer Im-
munol, immunother. 21,93-99

6

[7

[9

(1991} Biochem Biophys. Res.



