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AKTHBATOPHI IITASMMHOI'EHA YPOKHHA3HOI'O

1 TKAHEBOT'O THUIIOB -1 UX MHTABUTOP PAI-1
TIPA PAKE TOJICTOl KWIIKW: B3ZANMOCBA3b

C OCHOBHBIMY KINHUKO-MOPOOJTOTMIECKIIMHA
PAKTOPAMHA

HHH rnunuyecroii onxonozul

B mocnemnue romer yactoTa 3a0oiieBaHMS PaKOM TOJICTOH
xuxy (PTK) HeyKIOHHO BO3pACTaeT, ¥ IO TeMIIaM POCTa 3Ta
OIYXOJIb 3aHUMAET IIEPBOE MECTO CPEITH 3JI0KAYeCTBEHHEIX HO-
BOOOpa30BaHUN PAsNIMIHEIX Jokamuzauuit [3]. Ilpu stoM, He-
CMOTPSI Ha YCITeXH, ZOCTUTHYTHIE B KIIMHUYECKON TUArHOCTIKE
W COBEPINEHCTBOBAHUM XUPYPTHUCCKHX METOHOB JICUCHUS,
CMEPTHOCTH OT 3TOTrO 3a00JeBaHys OCTACTCA MOBOJILHO BHICO-
xoii [3]. Muorre uccleOBATENIH CBA3LIBAIOT MAaNpHEHITIH
mnporpece B noBHEIIeHuy 3bdextusHocTr jgedeHua PTK we
TONIBKO ¢ PALMOHAILHBIM MCITONB30BAHUEM KOMOHHUPOBAH-
HBIX ¥ KOMILIEKCHEIX METOMIOB JICUCHMS, HO M ¢ pa3paboTKoM
TIPUHINUIIHANBHO HOBHIX TATOTCHETUYECKIX METOLOB TEPAIINH,
OCHOBAHHEIX HA COBPEMEHHEBIX JOCTIDKSHWSIX B U3ydeHUH 610~
XUMUY ¥ MOJIEKYJSIPHOI OHOIOrUY OITyXOJIeli.

K 4ucny GyHIaMeHTANBHBRIX CBOMCTB 3J0KaYEeCTBEHHBIX
OIMyXOJIeii, Ge3yCIOBHO, OTHOCHTCS CIIOCOOHOCTE K MHBA3HU M
METACTA3UpPOBAHMIO. B TIOCHemHTEe TOOBl YeTKO YCTAHOBJIEHO,
YTO MPOTEONUTUYECK U Kackall aKTHBAlIVM TUTA3MUHOTeHA, 3a-
pepnaloniuiicss obpaszoBaHueM IUIA3MUHA, M KIIIOYEBOE 3BEHO
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UROKINASE AND TISSUE PLASMONOGEN
ACTIVATORS AND THEIR INHIBITOR PAI-1

IN COLORECTAL CANCER: RELATIONSHIP
WITH BASIC CLINICAL AND MORPHOLOGICAL
FACTORS

Institute of Clinical Oncology

There was a continuous rise in colorectal cancer (CRC)
incidence over the last years, the rate being the highest among
other malignancies [3]. The mortality remains rather high in
spite of the progress in the clinical diagnosis and improve-
ment in surgical treatment for this disease [3]. Many investi-
gators suggest that further advance in CRC treatment effica-
cy may be achieved by rational employment of multimodality
and complex methods of treatment as well as development of
novel pathogenetic therapies based on latest discoveries in
cancer biochemistry and molecular biology.

Invasive and metastatic potentials are fundamental features
of cancer. It was clearly demonstrated recently that proteolytic
cascade of plasminogen activation resulting in plasmin pro-
duction and the key agent in this process, urokinase plasmino-
gen activator (WPA), play an important role in metastasis and
invasion of many cancer types [12]. The uPA activity is regu-
lated by several mechanisms, in particular through inhibition
by two serpin proteins, PAI-1 and PAI-2 [4]. Besides the uPA,
a tissue plasminogen activator (tPA) may be involved in tumor
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3TOr0 KacKalla — aKTHBaTOp IUIA3MUHOIeHa
ypokuHa3Horo tuna (UPA) — mrparor Bax-
HYIO POJIb B IIpOIecCax METACTA3HPOBAHUS U
VHBA3WY PA3IHMYHEIX 3]I0KAYECTBEHHBIX OITy-
xoneti [12]. Axrusrocrs uPA perympyercsa
HECKOJIBKMMM cIiocob6aMy, B YACTHOCTU II0-
IaBisgeTcs AByMsi OeIKOBBIMM MHIMOUTOpa-
MH Kimacca cepnumos — PAI-1 u PAI-2 [4].
IToMumo uPA B akTHBaWX IUIa3MUHOIEHA
MOXKET YYACTBOBATH TAKXKE aKTHUBATOD TKaHe-
Boro Tama (tPA), omHaKoO €ro poib B pasBU-
THH OITYyXOJIeH, ITO-BHIHMMOMY, IPOTUBOIO-
JIOKHa pomi UPA ¥ CBOIWTCS X PaspylieHIIO
OIYXOJIEBBIX KJICTOK M 3aIATe OKPYXAIOMINX
TKaHeH OT paclpoCcTpadeHus OIyXomH [5].
VpoBeHr M COOTHOIICHME DKCIPECCHU
PAasTUIHBIX KOMIIOHEHTOB CHCTEMEI aKTHBA-

Tabnvua 1

Table 1

CogepxaHue aKTUBATOPOB NAAa3MMHONeHa YPOKNHA3HOro 1 TKaAHEeBOro TUNoB
u uHruduropa PAI-1 B uMTO30A5X ONYyX0neii, TMCTONIOFMYECKN He U3MEeHEeHHOMR
C/IN3MCTOIA 1 B NOAUNAX TOACTON KMLLIKU

Levels of urokinase and tissue plasminogen activators and PAI-1 in CRC cytosol,
histologically intact mucosa and polyps

KoHuenrtpauus, Hr/mr 6enka

Uccneposannan M = m (Meauana), AManasoH
TKaHb
uPA tPA PAI-1
Pak TONCTOM KNLLIKN 2,07 +0,18 (1,58) | 2,95+ 0,49 (1,40) 2,62 + 0,25 (2,00)
Colorectal cancer 0,17—8,00 0,14—20,22 0,05—12,54

Cnusuctas obonodxa
Ha paccTosHUY 3 CM
DMCTanNBLHO OT KPast
onyxonu

Mucosa at 3 cm
distally from the tumor

0,80 £0,13 (0,26)
0,00—4,00

4,74+ 0,85 (2,15)
0,40—37,89

1,05 +0,10(0,76)
0,00—3,43

Cnuancras obosouka

Ha paccTosiHum 10 cm
NpPOKCUMabLHO OT Kpast
onyxonm

Mucosa at 10 cm

1AV IDTa3MAHOTEHA, B OILYXOJIEBOH TKAHU MO-
3KeT CIYYKUATH IIOKa3aTEeeM METACTATUIECKON
¥ YHBA3WBHOUI aKTWBHOCTH OILyXOMM, ABJII-
SICh BCIICACTBHE 3TOTO OMOJIOTHYESCKY 3HAYL -

proximally from the tumor

0,64+ 0,13 (0,23)
0,00—4,00

4,62 0,77 (2,11)
0,25—31,54

1,10 0,13 (0,63)
0,00—4,00

0,60 £ 0,05 (0,60)
0,56—0,65

15,12+ 4,99 (15,12)
10,13—20,12

0,65 * 0,14 (0,65)
0,51—0,78

MEIM (aKTOpOM IIPOTrHO3a IPH PasTUIHBX | Momumn
HoBooOpazoBanwsax [1, 7]. KpoMe Toro, mo- | Polyp
JaBlleHHe aKTHBAIlAN IUIA3MIHOTEHa TI0 YPO-

KWHA3HOMY THIIY MOXET CTaTb ONHHUM U3 Tissue type

OIXONOB K paspa60TKe HOBBIX CXCM aHTH-~

Concentration (ng/mg protein)
Mean+S.D. (median), range

MeTacTaTHIecKoif Tepamyu [15].

Ponp cucreMpl akTMBAIMH IUIA3MMIHOTEHA IIPYU OITYXOJISIX
TOJCTOM KHIUKH H3yYeHa Malo. B eIHMHUYHBIX KIWHHKO-
J1a0OpPaTOPHBIX MCCICTOBAHUSIX, BHIIOTHEHHEIX PEeXMYIIeCT-
BEHHO UMMYHOTHCTOXUMHUYECKIM METOIOM, IIPOJEMOHCTPY-
posansl skcipeccus uPA u PAI-1 B xierkax PTK [8, 10, 13,
17], a Taxxe mpHMCyTCTBUE pacTBOpuMOro pelierrropa uPA B
cuiBoporke Kposu 6onpuex PTK [6]. Ilokasaso, uro uPA yya-
crByeT B (OPMHPOBAHHUU CETYl HOBHIX COCYHOB B OIYXOJIX
Toncroi kumky [14]. MMerorcsa Takke yKasaHUS HA TO, 4TO
HaNgue IOJOXKUTENIFHOTO OKpammBaHug Ha UPA wunm ero
BBEICOKAS KOHIIEHTPALMS IIPH KOMHIECTBCHHOM OIpeAeIeHII
ABNAIOTCI (axTOopaMu HebnaronpuarHoro IporHosza [8, 13,
16]. B omsoit u3 paboT nmokasaro [17], aro Hambomnee 3HaUH-
MBIM nporgocrmdeckum dakropom mpu PTK sensgerca otHO-
mieHue KoHIeHTpayii uPA B onmyxonu K KoHUeHTpanu tPA B
OKpYXafolei CIM3UCTON TOICTOM KIMKA. DKCIIepUMEHTaIb-
HO IIOKA433aH0 Taxxke, 4To BHenpenwe B kKierku PTK nomommm-
TeJIbHEBIX KOIIMii rela tPA IpemroTBpaniaeT 00pa3oBaHue MeTa-
cra3oB B egerw [11].

B CBA3Y ¢ 3TRM HENKIO HACTOSOIETO UCCIEROBAHMS IBUIOCH
cpaBHUTeNbHOe M3ydenue comepxanmsi uPA, tPA u PAI-1 B
TkaHH PTK @ HensMeHEHHOM CIU3HCTOM TOJNCTOM KUINKA Ha
pasIugHOM PAcCTOSHHM OT Kpas OIyXOJNW, 4 TAKXe OLEHKA
B3aUMOCBSI3H MX COIEpPXaHUSA B OIMYXONSIX ¥ OKPYXKaloIInX
TKAHAX ¢ KIMHUKO- MOP(OIOTMIECKIMY 0COOEHHOCTAMY 32~
GoNeBaHMsA.

Marepuan 1 MeTolbl. B riccnenoBaHue sriiodenst 6onpsHEe PTK, ne-
yusumecs 3 POHIT ym. H.H.Broxmaa PAMH B 2000 & Beero ofcnenosa~
uel 82 G6oabHBIX (47 Myx4ud ¥ 35 XeHIMH) B Bo3pacTe oT 25 mo 78 xnet.
Cpefuuiii Bo3pact GoMbHBX cocrasn 60,7 = 1,1 roma; Menuana — 62 ropa.

Pax IpsMOY KMk GBUI AUATHOCTHPOBAK ¥ 36 GONBHBIX, paK 060I0YHOM
KVIOKK — Y 23 GONbHbBIX, CHHXPOHHBLHA B MeTaxpoBHb PTK — y 5 60m5HBX.

32

development, though its role is just the opposite to that of uPA,
i.e. destruction of tumor cells and defense of adjacent tissues
from tumor advance [5].

Expression levels and relationship of different elements of
plasminogen activation system in tumor tissue may be used to
measure invasive and metastatic potentials of the tumor and
may therefore e considered biologically significant factors of
prognosis in a variety of cancer types [1,7]. Besides, inhibi-
tion of urokinase plasminogen activation may be a useful
approach to new antimetastatic therapy regimens [15].

The role of plasminogen activation in CRC is unclear.
There were few clinical and laboratory studies mainly using
immunohistochemical analysis that demonstrated uPA and
PAI-1 expression in CRC cells [8,10,13,17] as well as the
presence of soluble uPA in serum of CRC patients [6]. The
uPA was shown to contribute to neovasculariztion in CRC
[14].There is also evidence of uPA positive staining and high
concentration being poor prognosis factors [8,13,16]. It was
demonstrated [17] that ratio of tumor uPA to adjacent
mucosa tPA concentrations in cases with CRC is the most
significant prognostic factor of disease course. As demon-
strated experimentally, insertion of additional tPA gene
copies to CRC celis prevents development of liver metastases
[11].

The purpose of this study was to compare uPA, tPA and
PAI-1 levels in CRC tissue and intact colorectal mucosa at
different distances from the tumor, as well as to assess rela-
tionship of their tumor and adjacent tissue concentrations
with basic clinical and morphological features of the disease.

Materials and Methods. The study was performed in 82 patients with
colorectal cancer (47 males and 35 femalés) aged 25 to 78 years managed
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Ta6nuua 2

Table 2

CopepkaHue aKTMBaTOPOE NJIA3MMHOreHa YPOKUHA3HOIro M TKaHeBOro TUMOR y nHrudutopa PAI-1 B yuto3onax onyxoneii u He-
W3MEeHEHHOW CN13NCTON TOJNICTOM KMILKK E 3aBMCUMOCTH OT JIOKanU3auyvM onyxonu

Levels of urokinase and tissue plasminogen activators and PAl-1 in CRC cytosol and intact mucosa with respect to tumor site

KoHueHnTpauus, Hr/mr 6enka
I/lccm_le_#:::HHaﬂ Jlokanusauvs M = m (meawnana), puanasoH
uPA tPA PAI-1
Mpamaa k1wka 1,74+ 0,22 3,03 0,77 (1,21) 2,63 + 0,38 (2,00)
Rectum (1,06) (1,21) (2,00)
0,31—5,71 0,34—20,22 0,19—9,96
Onyxons / Cancer
OBoaouHas KULLIKa 2,16 £0,31 2,61x0,84 2,75+0,60
Colon (1,89) (1,39) (2,00)
0,28—5,00 0,14—14,91 0,35—12,54
Mpsimas k1wka 0,99%£0,19 4,24+ 1,30 1,50 £ 0,16*
Srcras Rectum (035 (160 (120
Ha PACCTOSHIM 3 CM 0,04—3,00 0,40—37,88 0,15—3,43
Mucosa at 3 cm
06004Has KULLIKA 0,71%£0,27 5,57+1,84 0,57 £0,08*
from the tumor Colon (0,24) (2,57) (0,46)
0,00—4,00 0,64—32,35 0,00—1,67
MpamMas kuwka 0,60£0,16 4,27 = 1,00 1,18+ 0,23
CnuaucTas o6onovKa Rectum (0,24) (2,05) (0,80)
Ha paccTosHum 10 cm 0,00—4,00 0,28—22,29 0,00—4,00
Mucosa at 10 cm OBoaoHHas KiLKa 0,60 £0,25 5,40 + 1,90 1,07%0,25
Colon (0,20) (1,96) (0,64)
0,05—4,00 0,26—31,54 0,00—4,00
) . Concentration (ng/mg protein)
Tissue type Cancer site Mean+5.D. (median), range
*p < 0,0001.

V2 60msupx 6612 1,y 5 — 11, y 40 — l n y 17 Gonpaery — IV cragus 3a-
GoneBaHuA. BeceM GONMBHEIM GBLTU BEHITIONHEHE! Pa3sIMYHBIE BHABI OIiepa-
THBHOTO BMEMIATENBCTBA, 29 M3 HUX B PEXUMe KPYITHOTO (hpakiuOHAPOBa-
wud (COJT — 25 Ip) monyumiu NperonepauoHHoe obnydeHye.

Marepuan i McCienoBanms Gpaiy Bo BpeMs onepanuy. Kycouku Tka-
Heit (200—500 Mr) u3 orepaliOHHON NOCTABISUIH Ha JIbRY B 1a00paTOPHIO
¥ xpauwiu 1ipy —70 °C o Havana uccienopauys. Y BceX GOMBHBIX OTHO-
BpPEMEHHO MCCIETOBAHBI OMMyXOJIH K THCTONIOIHISCKH He U3MEeHeHHEIe yJa-
CTKH CIIM3KMCTOM TOJCTON KIIKY, YIAJICHHEIE OT Kpas OIyXONH Ha 3 CM B
JIUCTAIPHOM ¥ Ha 10 CM B IPOKCUMANBHOM HaNpaBICHHH.

Kounuenrpanuio uPA, PAI-1 u tPA onpeneisuii B NUTO30JIAX, TIONYYEH-
HBIX 110 CTAHIAPTHON Tpolenype, NCTIONb3yeMO TP HCCIeIOBaHUY pe-
1IENITOPOB CTEPOMIHEBIX FOpMOHOB [2] u pa3penenHbX B 10 pas K,Na-~doc-
darreM Gydepom (14 MM NaCl, 2,7 MM KCl, 1,5 MM KH)POy, 8,1 MM
NayPO,, pH 7,4), comepxarum 0,1% TBUE-20 1 1% GBMMi CEIBOPOTOY-
HBI anp0yMUH. Onpegenenye IPOBOTWIOCH ¢ IOMOLIBIO CTAHLAPTHRIX Ha-
GOpOB PEaKTHBOB IAI UMMYHOGMEepMEHTHOrO aHanusa, pa3paboTaHHEIX B
Karomiueckom yuuBepcurere r. Haimeres (Hunepnapner) [9], kak onuca-
Ho panee [2]. H3mepeHus mpoBOUIH Ha ABTOMaTHYECKOM YHUBEPCATBHOM
punepe mia Mukporasmer ELX800 dupmer «Bio Tek Instruments, Inc».
(CIIIA) nipu 490/630 xm. 06pa60'r1<y PE3YIETATOB U3MEPESHUN IPOBOTIAN
o popmyne Y =a + bX + X2 , tae X — XKOHUEHTpauus aHanu3UPYEeMOro
Benka (HT/MI), a Y — onruyeckas IIOTHOCTB IpH 492 1M, KoHueHTpanmmu
aHANV3NPYEMBIX GEIKOB BEIpaXalX B HE/MP LXTO30JBHOTO Genka. Benok
onpeNeNsIy o MeTony Jloypu.

Ipyu cpaBHeHHM YIOKasarelleil MCTIONb30BaH t-Kpurepuit CTBIONEHTA,
MenuaHHbI TecT Kpyckena — Yoivca, KoppensudoHHEH Tect [TupcoHa
(r) ¥ TecT xoppemsauuy pauros CrpMeHa (R). CraTuctvdeckas o6padorka
JAHHBIX OCYILECTBAANACE ¢ TTOMONUIBIO IIPOrPaAMMHOTO ItakeTa Statistica s
Windows (sepcus 5.0).

Pesymsrarsi u o0cymuenne. Bo Bcex mccienoBaHHrX 00pas-
max PTK ofHapyXensl TpH KOMIIOHEHTa CHUCTEMBI akTHBAIN

at the N.N.Blokhin Cancer Research Center in 2000. Mean patients’
age was 60.7 1 1.1 years; median 62 years. Rectal cancer was diagnosed
in 36, colonic cancer in 23, synchronous and metachronous colorectal
cancer in 5 patients. 2 cases had stage I, 5 had stage I1, 40 had stage 111
and 17 had sage TV disease. All the patients underwent various surgical
interventions and 29 patients received preoperative irradiation by large
fractions (total tumor dose 25 Gy).

The study was performed on surgical specimens. Tissue fragments
(200-500 mg) were delivered on ice from the operating room to the lab-
oratory and stored at -70° till study start. Tumors and histologically
intact portions of colorectal mucosa at 3 cm distally and at 10 cm prox-
imally from the tumor were taken from every patient.

Concentrations of uPA, PAI-1 and tPA were measured in cytosols
obtained by routine procedure used to study steroid hormone receptors
[2] and diluted 10-fold with K,Na-phosphate buffer (14 mM NaCl, 2.7
mM KCi, 1.5 mM KH,POy, 8.1 mM NayPOy, pH 7.4) containing
0.1% twin-20 and 1% bovine serum albumin. Concentration measure-
ments were performed using standard reagent sets for immunohisto-
chemical assay developed at the Catholic University of Naimegen
(Netherlands) [9] as described elsewhere [2]. The measurements were
carried out using an automated universal reader for microplates Elx800
supplied by BioTek Instruments Inc (USA) at 490/630 nm. Calculations
were performed by formula Y = a + bX = X2, where X was concentra-
tion of the protein in question (ng/ml), Y was optlcal density at 492 nm.
Concentrations of proteins in question were expressed in ng/mg cytosol
protein. Protein content was meastred by Lowry technique.

Statistical analysis of differences was made using Student’s t-test,
Cruskel-Wallis median test, Pearson (#) correlation test and Spear-
man (R) rank correlation test with Statistica for Windows program
package (v.5.0).

Results and Discussion. The three components of plas-
minogen activation system were found in all specimens, the
concentrations varying in a rather broad range; tPA was also
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Tabnnua 3

Table 3

CogepxaHne aKkTUBaTOpPOB NAa3MUHONeHa YPOKMHA3HOro ¥ TKaHeBOoro TMNOB U uHrMouTopa PAI-1 B unto3onax onyxoneii 1 Heusme-
HEeHHOI CAN3NCTOI TONCTO KULLKM B 3aBUCMMOCTU OT CTaguy 3aboneranna

Levels of urokinase and tissue plasminogen activators and PAI-1 in CRC cytosol and intact mucosa with respect to disease stage

n KoHueHnTpauusa, Hr/mr 6enka
ccm_?g::baHHaﬂ Cranus M = m (MeauaHa), guanas3oH
uPA tPA PAI-1
[—Il 2,30+ 0,63 1,10+0,24 1,43+0,27
(1,61) (0,90) (1,13)
0,93—5,71 0,42—2,34 0,66—2,55
il 2,19 0,24 1,83 £0,38* 0,14—12,33
Onyxons / Cancer (1,75) (1,21) (2,00)
0,34—5,11 0,14—12,33 2,03+ 0,41
v 1,68%0,45 6,18+ 1,62 2,64+ 0,56
(1,17) (2,11) (2,08)
0,28—8,00 0,34—20,22 1,32—3,13
—1 0,68+ 0,39 1,30 0,31 0,90 0,38
(0,36) (1,10) (0,57)
o 0,04—3,00 0,40—2,61 0,00—3,00
JINBNCTAA
e pasaa 3 oM i 1,030,21 3,14+ 0,75™ 1,19+0,14
ap (0,31) (2,01) (0,04)
Mucosa at 3 cm 0,04—4,00 0,52—24,97 0,18—3,00
from the tumor
v 0,80 = 0,29 10,15 £+ 2,99 1,15+ 0,25
{0,25) (2,46) (0,88)
0,00—4,00 1,80—21,08 0,13—3,43
— 0,28 £0,13 1,94+ 0,46 0,51 £ 0,21
: (0,10) (1,92) (0,41)
CruancTas 660M0HKa 0,06—1,00 0,62—4,28 0,00—1,24
Ha paccTosHum 10 om mn 0,69£0,17 3,22 £ 0,78** 1,35+ 0,22
Mucosa at 10 cm (0,27) (2,05) (0,83)
from the tumor 0,00—4,0 0,28—22,30 0,00—4,00
Iv 0,90 0,38 9,17 2,54 ) 0,98 £ 0,27
(0,21) (2,10 (0,56)
0,05—4,00 0,26—31,54 0,01—3,00
Tissue Stage Congcentration (ng/mg protein)
type Mean+8.D. (median), range

*p (Ill—IV) < 0,001;
**p (Il—IV) < 0,01.

IUIA3MUHOTEHA, KOHIECHTPAIIMH KOTOPHIX BAPhUPOBAIHA B JOCTA~
TOYHO IMYPOKMX Npedenax, tPA oGHapyXeH Takxe BO BCeX 00-
pasuax HeH3MeHeHHOW clm3HcToi ToncTroil Kvnuku (tabm. 1).
Wismepumele KommgecTsa UPA u PAI-1 BEISBIGHEI COOTBETCT-
BEHHO B 99 11 95% oOpasiios HeM3MeHeHHOM cmsucTolil. Kom~
nerrpamyy uPA 1 PAI-1 B ormryxoseBo¥i TKaHy OBLTH JOCTOBEPHO
BBIIIE, YeM B CIM3UCTOM TOJICTOM KUK, a I tPA Habmoma-
JIACh IPOTHBOTIONIOXHAS 3aKOHOMepHOCTh (cM. Tabi. 1). Tlpu
s1oM yposuZ PAI-1 m tPA B causucToil OBUTH MPAKTHISCKU
OIMHAKOBEIMIL, HE3aBUCUMO OT PACCTOSHMS OT KPAast OXTYXOJIH,
ypoBeHb UPA HEeCKOIBKO CHITKAJICA II0 Mepe YAAJICHHUA OT OITy-
xon¥ (Tenpenius npu p = 0,063). Hamu McClIenoBaHo Taxoke
IIBa JOOPOKAIECTBEHHBIX ITOJIMIIA TOICTOM KMIIKH. B1H 06pa3zo-
BAHHUI XapakTepH30BaANUCh HI3KUMHI YPoBHAMI UPA u PAI-1 i
BEICOKKM ypoBHEM tPA (cM. 1abm. 1).

OTMedeHa BHICOKOIOCTOBEPHAA INPSAMast KOPPEJSITHOHHAS
3aBYICHMOCTh MeXIy KOHNenTpanusmMu tPA B olryxoresoii Tka-
HH ¥ HeusMeHeHRou ciusucroi (r = 0,77 mus paccTogHng 3 ¢cM
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found in all specimens of intact colorectal mucosa (table 1).
Measurable uPA and PAI-1 levels were detected in 99% and
95% of specimens from intact colorectal mucosa, respectively.
Tumor uPA and PAI-1 levels were higher than their contents
in intact mucosa, while opposite relationship was observed for
tPA (see table 1). The mucosa PAI-1 and tPA levels were prac-
tically the same irrespective of distance from the tumor, while
uPA concentration was decreasing as the distance from the
tumor was growing (a trend at p =0.063). We also studied two
benign colonic polyps. These lesions had low uPA and PAI-1
and a high tPA levels (see table 1).

There was a strongly significant relationship between tPA
levels in the tumor and in intact mucosa (#=0.77 fora 3 cm
distance and »=0.86 for a 10 cm distance). Tumor uPA and
PAI-1 concentrations demonstrated no relationship with the
respective levels in intact mucosa (r <0.1 in all cases). There
was a weak though significant positive relationship between
tumor uPA and PAI-1 levels (R=0.39, Spearman test) and
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ur= 0,86 nng paccrosuust 10 cm). Kornrentpauua uPA u PAI-
1 B onyx0NeBOH TKAHU He KOPPEIUPOBAJIY C YPOBHEM COOTBET-
CTBYIOIMX OEJIKOB B OKPYKAIOIEeH CIIM3UCTON TOICTON KIMITIKK
(B0 Beex cnyuasx r < 0,1). Berasiiena, ompaxo, ciabast, HO JTOC-
TOBEpHAs TMOJIOXHUTENBHAS B3aUMOCBSI3b MEXLY YPOBHIMH UPA
u PAI-1 B omyxonesoit Tgarm (R= 0,39 mo tecry CnupmeHa) u
MEXEY KOHIIEHTPAIUAMY 5TUX [TOKa3aTeNicl B Hem3MEHEHHOM
cnusucTol (R=0,39 Ha paccTogHUM 3 CM OT OIMyXONH, U R =
0,64 ma paccrosanuu 10 cm). DTU 3aKOHOMEPHOCTU CBUNETEIh-
CTBYIOT O TOM, YTO ycmieHMe aKcrpeccrd UPA u PAI-1 B omy-
XOJIEBOM TKAHK HE 3aBUCHUT OT UX MCXONHOTO YPOBHA B CIIM3H-
CTOM TOJICTOM KWIMKM, B TO BpeMi KaK BSKCIpeccud tPA B
OIYXOJM, XOTS ¥ TIOHUXKEHa, HO HalpaMylo CBi3aHa ¢ 6asais-
HBEIM COMEPXAHWEM 3TOr0 (hepMeHTAa B CIU3MCTIOM TOJICTOM
KMIUKH JAHHOTO OOBHOTO.

Taxum 06pazoM, B TKAHM pakKa TOICTOYA KMIIKY HabIIofaeTcs
CYIeCTBEHHOE yBenmdeHue KoHpenrpauyu uPA u PAI-1 mo
CPaBHEHIIO ¢ HOPMAIbHOU CIIU3UCTOMN TOJNCTOM KUILKH, a TAKKe
10 CPABHEHUIO ¢ HOOPOKAYECTBEHHBEIMU IIONTHIIAME, YPOBEHb
tPA B 37T0KaYeCTBEHHBIX OIIYXOJISIX 3aMETHO CHIDKEH TI0 CpaBHe-
HHUIO ¢ HOPMOI, a B XIONANAX — 3HAYHTEIBHO BEIIIE HOPMEL.

B Tali1. 2 ripecTasNCHbL NaHHBE 0 CONEPXAHNM KOMIIOHEH -
TOB CHCTEMBbI aKTHBAITUX TLIa3MUHOT¢HA B OIYXOJIAX M CIIA3M-
CTOY 0BOJIOYKE TOJCTOM KHINKY B 3aBYCUMOCTH OT JIOKAIH3A-
vy PTK Uit IBYX OCHOBHBLX IPYIIT: OOJBHEIX PAKOM IPIMOIA
¥ 000MOoYHON KUIKU. JIOCTOBEPHBIX PasiMuMil COmepKaHMUI
aKTHUBATOPOB IDIa3zMuHoreHa U PAI-1 B TKaHsIX OXyxoneit mps-
MO 1 060XOYHOM KUIIKY OGHAPYKEeHO He ObU10. OIHAKO Ypo-
BeHb PAT-1 B cnimsucToit TONCTOM KHINKK HA PACCTOSHMM 3 CM
B JUCTAJILHOM HaIpPaBJCHHH OT OIIYyXOAM IPH pake 000X0YHOIH
KHIIKY OBUL ITOYTH B TPH pasa HIDKe, YeM IIPH pake IpsaMoit
kuwky (p<0,0001). B cBsI3K ¢ OTCYTCTBUEM JOCTOBEPHBIX Pa3-
YU 110 OONBIIMHCTBY MCCACAOBAHHBIX APAMETPOB MEXKIY
OIIYXOJISIMU Pa3IMIHOM JTOKAIU3aMH MBIl AHIM3UPOBANIY MX B
JajbHEHUIEM COBMECTHO.

Haub6onee spaunMeiM GakTOpOM IIPOTHO3A SABIIACTCS CTAIMS
3ab6oneBatys1. BoNBIIMHCTBO 00CHeHOBAHHABIX HaMU OOJBHBIX
PTK mocTynunu Ha IeuyeHue ¢ paclpOCTPaHEHHBIM IIPOLIECCOM
(ITI—IV cTamgms), mo3TOMY OONbHBIE PAHHUMY cTammsvu (I—
II) 6ruTH 06 BeUHEHBl B OAHY 001IyIo rpyniy (Ta6i. 3). Jocro-
BEpHBIX PasIUYuil BHYTPUOIYXONEBHIX KOHLEHTpanuil uPA u
PAI-1 B 3aBHCUMOCTH OT cTaauy 3a0O0NEBAHUS BHIABICHO HE
6ruro. HabmromaeTcst, onHaKo, CYNIECTBEHHOE YBEIHYEHUE
xoHneHTpanuy tPA mpu IV cramuu PTK (pasmrape Mexny 111
u IV crapmsamu mocropepso npu p<0,001), aro Moxer ORITH
CBA3aHO C aKTHBU3AIMeH HEKPOTHISCKIX TIPOIIECCOB HA 3TOM
no3mHel cramay 3abonesadust. ClenyeT OTMETHTh, uTo rpu IV
crapuu PTK conepxapue tPA 65010 IIOBBIIIEHO TAKKE W B CIA-
3ucroii Toncroit kumxu (p<0,01 mmo cpasHenuIo ¢ 111 cranueii).
MOXHO OTMETUTP TAKKE TCHACHIINIO K YBEIMYSCHHIO KOHIICHT-
pamu UPA B ciusmcroi mipu Gomee mo3mHUX crammax PTK.
D10 yRenmuerye ocobenno 3ameTHo npx IV cramau Ba paccro-
guun 10 cM 0T Kpast OTIyX0JIv 1 MOXET CBAAETENhCTBOBAT O Ha-
JHAYHH OTAEIHHEIX ONYXONEBEIX KIIETOK B MAKPOCKOIAYECKH He
N3MEHEHHOM! CIU3HCTOM.

JpyruM BaXHBIM HIPOTHOCTHIECKUM (aKTOPOM ABIFCTCA
crenieHb TuddepeHIMPOBKH OIYXONY, OTHAKO IIOCKONBKY ¥
MOJABISIOMWEre OOJBIIMHCTBA OOCICNOBAHHEIX OOJNBHEIX

concentrations of these factors in intact mucosa (R = (.39 for
a 3 cm distance and R=10.64 for a 10 cm distance from the
tumor). These relationships suggest that increase in tumor
uPA and PAI-1 levels did not depend upon their baseline lev-
els in colorectal mucosa, while tumor tPA expression, though
decreased, was directly related to baseline content in the col-
orectal mucosa of the given patient.

Thus, there is a considerable rise in tumor uPA and PAI-1
as compared with both normal colorectal mucosa and benign
polyps. Cancer tPA level was considerably lower than in nor-
mal mucosa while tPA concentration in tissue from colonic
polyps was much higher than normal.

Table 2 summarizes data about plasminogen activation
components in colorectal mucosa with respect to cancer site
in the rectum vs colon. There were no differences in plas-
minogen activators and PAI-1 levels between the colon and
the rectum. However, PAI-1 level in colonic mucosa at 3 cm
distally from the colonic tumor was about three-fold lower
than in rectal cancer (p < 0.0001). Since there were no signif-
icant differences in concentrations of the enzymes in ques-
tion with respect to tumor site the further analysis was made
for both sites together.

Disease stage is the most important factor of prognosis. At
presentation most CRC patients had advanced (stage III-IV)
disease, and the patients with earlier stages (I-IT) were there-
fore united into a common group (table 3). There were no
significant differences in tumor uPA and PAI-1 concentra-
tions with respect to disease stage. However, there was a con-
siderable rise in tPA level in stage IV CRC (the difference
between stages IIT and IV being significant, p < 0.001) which
might be due to necrosis activation at the later stage. It should
be mentioned that tPA level in colorectal mucosa was also
increased in stage IV CRC (p <0.01 as compared to stage
III). There was also a rising trend in uPA concentrations in
colorectal mucosa in later disease stages. This rise was most
marked in specimens taken at 10 cm from the tumor in cases
with stage IV and might be evidence of the presence of soli-
tary tumor cells in macroscopically intact mucosa.

Tomor differentiation is another most important factor of
disease prognosis. However, since most (80%) of our patients
had moderately differentiated tumors it was impossible to
make a valid statistical analysis of relationship of the plas-
minogen activation enzymes and degree of tumor differenti-
ation. Besides, there were no statistically significant differ-
ences in the levels of enzymes in question with respect to
gender and age of CRC patients examined.

In summary, we confirmed for CRC the previously estab-
lished [1] rise in uPA and PAI-1 levels in cancers with differ-
ent histological origin against homological normal tissues and
benign tumors. This observation may have both theoretical
and practical value. On the one hand, urokinase plasminogen
activation in parallel with increasing defense of tumor cells
from self-destruction (due to increase in PAI-1) is a rather
universal sign of malignization. On the other hand, increased
tumor uPA expression as compared to adjacent normal tissue
suggests that this enzyme may be used as a selective target for
antimetastatic therapy in CRC that is known to respond
poorly to standard chemotherapy. The absence of relation-
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(80%) onyxoiu ORUIH pacHeHEeHB KaK ymepeHHOmubdepeH-
IIPOBAHHEIE, 3HAYNMOT0 CTATHCTIICCKOTO aHAIN3a B3aUMO~
CBA3Y YPOBHEN M3y4JaeMbIX KOMIIOHEHTOB CHCTEMBI AaKTHBA-
Uuy  IDTa3MUHOreHa co cTelleHblo quddepeHnupoBKT
IIpOBECTH He yranock. KpoMme Toro, MBI He OOHApYXIIH JOC-
TOBEPHOM 3aBMCHUMOCTH M3y4aeMBIX IIOKa3aTelleil oT mojia U
Bo3pacrta GonsHbx PTK.

TaxuM 00pa3soM, Ha IIpUMEPE pakKa TOJICTON KUITKK HaM YIa-
JIOCh IOATBEPIMTH BEIABIEHHYIO paHee [1] 3aKOHOMEPHOCTS, 3a-
KJOYAIONIYIOCS B TOM, 9TO B OONBIIMHCTBE 3JI0KAYECTBEHHEBIX
onyxoJell PasIMIHOro TUCTOTEHE3a TPOUCXOIUT 3HAYUTEIIEHOE
yBemuyeHne KoauenTpauaa uPA u PAI-1 11o cpaBHeHMIO € TOMO-
JOTUYHBIMUA HOPMATBHEIME TKAHIMH ¥ KOOPOKa9eCTBEHHBIMHA
ONYXOJIIME. DTO HAGIIOAECHME MOXKET HMETh KaK TEOPETIIECKOE,
TaK M TpakTIgeckoe 3Hadenre. C OMHOM CTOPOHEI, OHO CBUIE-
TEJIBCTBYET O TOM, YTO YCHJIEHUE aKTUBAINM MIa3MUHOIEHA 110
VPOKMHA3HOMY THILY, COIIPOBOXAAIONUICECH YCIICHUEM 3allTH
ONYXOJIEBHIX KIIETOK OT CaMOpa3pyIHeHUA (3a CYeT YBeAMICHM
ypoBug PAI-1), sBiseTcsa JOCTaTOIHO YHUBEPCAIBLHEIM IIPU3HA-
xoM Mamaransanuy. C npyroit — IMoBRIIIeHHAA SKCIIpeccus UPA
B OIIYXOJIH 10 CPaBHEHMIO C OKPYXAIOMEel TKaHBIO AeaeT STOT
depMeHT TTepCIeKTHRHOM H301paTeTbHON MUILEHBIO I AaHTH-
METACTATHIECKOM IPOTHBOOITYX0neBoi Teparmv ipu PTK, xa-
PAKTEPU3YIOMIEMCS JOCTATOYHO HM3KOM YYBCTBUTENBHOCTHIO K
CTABNAPTHRIM BUAaM XuMuoreparnii. OTCYTCTBHE B3aMMOCBI3H
TKaHeBHIX KouuenTpanyii uPA 1 PAI-1 co cranueii 3a6oneBaHus
He MCKITIOUACT er0 HOTEHIHATPHOM PO B KaUECTBE HEe3aBUCH -
Moro axkTopa IIporuo3a 6e3peIuIUBHON 1 00IIeH BECKIBAaeMO-
cri GombHBX PTK, uTo MOKeT ObITh JOKa3aHo Ipu Soiee M-
TeJIFHOM HabIIIoIeHNH 3a OOJIBHBIMH.
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