Programma
,,Jaunu profilakses, arstniecibas, diagnostikas lidzeklu un metozu, biomedicinas tehnologiju
2 b >
1zstrade sabiedribas veselibas uzlaboSanai”

Projekts Nr. 6 ,,Pretvéza terapijas un véZa metastazeSanos
inhib€josSu medikamentu izpete”

Projekta vaditaji: Ainars Leonciks (LBMC)
Irina Sestakova (LOSI)

Projekta uzdevumi

1. MMP inhibgjosas aktivitates noteikSana jaunsintezétam vielam, izmantojot
fluorimetrisku atlases sisteému

2. Jaunsintezéto MMP inhibitoru kompleksa testétesSana, parbaudot to toksiskumu
uz normalam Stinam, citotoksicitati, izmantojot v€Zza monoslanu Siinas un ietekmi
uz angiogenézi In VItro un in vivo

3. Perspektivako pretvézu savienojumu atlase talakai izpetei In vVivo nemot véra
iepriekSejo parbauzu rezultatus

6. Projekta seminars 11/10/2011




Small tumor Sprouting capillary Growing tumor

A, Audzgjs 1-2 mm? sanem skabekli un baribas vielas difiizijas cela

B, Lielam audzéjam nepiecieSama asinsvadu sistéma. Audzejs sekreté angiogénus faktorus, kas stimulé endotelija
Siinu migraciju, proliferaciju un jaunu asinsvadu veidoSanos no esos$ajiem asinsvadiem

C, Jauns vaskularizéts audzejs iegiist speju augt un metastazet
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Angiogenéze

Komplekss biologisks process, kura veidojas jauni asinsvadi no
esoSajiem
Iesaistiti dazadi Stunu tip1, arpusSiinas matrikss u.c. faktori

Sinonimi: vaskulogenéze, arteriogenéze

Fiziologisks: embrionala attistiba, ievainojumu dziSanas procesi u.c.
Patologisks: vezis, retinopatija, artrits u.c.

Atskiribas: ilgums, e s
organisma kontrole, :
anatomiskas un

fiziologiskas asinsvadu

atSkiribas —
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Ty
<-> | Soluble

Extracellular matrix

Audzgéja izdzivoSana un izplatiSanas

» Audzéjam nepiecieSama papildus asinsapgade, pretéja gadijuma iestajas badoSanas, tapec Suinas aktivi sekrete
proangiogeniskus faktorus (VEGF, PDGF), kas stimulé asinsvadu veidoSanos

Anti-angiogenézes savienojumi:

+ Inhibé augSanas faktorus (VEGF), proteazu aktivitati un atjauno balansu starp augSanu stimul&joSiem un augSanu
inhibgéjoSiem faktoriem , aptur asinsvadu veidoSanos un palénina audzéja Stinu augSanu
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1. Endotglija Stinas (veido asinsvadu iek§€jas virsmas slani)

2. ES stimulacija: angiokinini, matriksa metaloproteinazes (MMP), heparinazes,
VEFG (vascular endothelial growth factor)

3. ArpusSunas matriksa (ECM) proteolitiska degradacija

4. ES starps$tinu sai$u sair$ana

5. Asinsvada kanala atversanas

6. Augsanas faktori stimulé ES vairo$anos un parvieto$anos degradétaja ECM
7. Jaunas ES veido tubularu struktiiru
jauna asinsvada attistibai

THE BALANCE HYPOTHESIS FOR THE ANGIOGENIC SWITCH

The switch:

- On
> Normalos audos, anti-angiogenézes
faktori doming par angiogenézi

stimulé&joSiem faktoriem

B Activators @ inhibitors

a1 &N 1 T 3 1 Tat7 1 aFGF Thrombospondin-1
Audzgja Stunu 1zdzivosSanali, attistibai o Pnombospond
VEGF interteron a/f

un metastazesanai kritisks faktors ; Platelot factor-4

Angiostatin
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Nozimigakie angiogenézes dabiskie regulatori

Angiogenézes stimulatori Angiogenézes inhibitori
VEGF (vascular endothelial growth factor) Angiostatins

bFGF (FGF-2)/aFGF (FGF-1) Endostatins

HGF (hepatocyte growth factor) Vazostatins

PDGF (platelet-derived growth factor) Tumstatins

TGFoa (transforming growth factor) Trombospondins

TGFp Angiopoetins — 1

IGF-1 (insulin-like growth factor) Aktivins A

Trombins I[FNa

TNFo (mazas devas) TNFa (lielas devas)

Interleikini (IL-1, IL-6, IL-8) Interleikins (IL-12)
Angiopoetins-2 bFGF receptora sekretora forma
Eritropoetins VEGFR receptora sekretejosa forma
MMP-1, -2, -9 TIMP-1, -2, -3

PGF (placental growth facor) Platelet factor 4

Prostaglandins E1 & E2 Prolaktia 16kD fragments
Angiogenins Angiotenzins

Scatter factor
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Normal mouse

Inject cancer cells

Cancer
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Remove
primary tumors

Little or no cancer

Angiostatin l

Few metastases

Many metastases




Anti-angiogenézes faktori: 5 kategorijas Adhesion-molacule
inhibitors

Stnas adhézijas molekulu inhibitori Y s [T Endogenus inhibitors

Inhibition of angiogenic
—_ ° 3 = . oq o Ql-ljwll"l faﬂtﬂfﬂ
Endogéno angiogenézes inhibitoru: ™ unde
(piem. endostatin) analogi =
E Protease inhibitors

Angiogenézes augSanas faktoru (VEGEF,
bFGF (FGF-2), PDGF) inhibitor1

Antiangiogenézes zalu méerkis:

: . - A » ledarbiba uz véza Sinam
Savienojumi ar nezinamu mehanismu

« Jaunu asinsvadu veidoSanas
blokésana, audzéja asinsapgades
Proteazu inhibitori: novers arpussinas e e ana
matriksa SkelSanu, nepiecieSamu jaunu

: e Audzéja augSanas un izplatibas
asinsvadu veidoSanai

aptureSana (esosas asinsapgades
blokésana)
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Neatkarigs no rezistences mehanismiem
Pielietojams dazadiem vezu tipiem
Viegla medikamentu piekluve (asinsvadi)
Minimali blakusefekti

Cetuximab (ERBITUX)
Transtuzumab (HERCEPTIN)

mADs pret EGFR and ErbB2

Bevacizumab (AVASTIN) mADs pret VEGF

Gefitinib (IRESSA)
Erlotinib (TARCEVA)

Tyrosine kinase inhibitori (ATP)

Batimastat (BB-94)

MMP inhibitori
Marimastat (BB-2516)
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suna o
sekreté aktiveta
MMPs kas endotélija

L — VEGF (or

receptors l

2 9

. . . D
suna migre A
un dalas — endoteélija : angiogenezes
sSina inhibitori

Artwork by Jeanns Kelly. © 2002
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MMP inhibitor1 ka zales

Marimastat (M)

Saistas ar cinka jonu

Sameéra toksisks, nepiecieSams
pielietot citotoksiskas
kombinacijas

Batimastat (B)

Loti stipri saistas ar cinka jonu
katalitiski aktivaja centra

Intraperitoneala ievadiSana

Artwaric by Jaanna Kally. € 2002,
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Matriksa metaloproteinazes

* MMP - cinka saturoSas metalo-endo-peptidazes (proteazu saime)

® Sunu proliferacija, diferenciacija, migracija/adhézija, apoptoze, (in)aktivacija,
angiogenéze, imunatbildes
Stina sintez€tas latenta forma (neaktivs zimogens)
secretetas proenzima forma, nepiecieSama ekstracululara aktivacija
kalcija joni nepiecieSami struktiiras stabilizacijai un katalitiskai funkcijai
regulé endogéni audu MMP inhibitori (TIMP, tissue inhibitors of metalloproteinases)
trts doméni: pro-peptids, katalitiskais doméns, (haemopexin-like) C-gala doméns
konservativs regions: PRCGxPD ar Cys atlikumu
proteolizes meérkobjekts: bazala membrana, ECM
komponenti (+ Ser, Cys, Asp proteazes)

» ~30 enzimu: >4 grupas atkariba no strukturalam
atSkiritbam un substrata specifiskuma

> Skistosa un sekretéjama grupa: collagenase,
gelatinase, stromelysins

» Membranas tipa grupa: plazmas membrana iy A
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Kolagenazes

MMP-1 =
(intersticiala Zelatinazes

kolagenaze) Matrilizins

Stromelizini

MMP-2

R sl (Zelatinaze A)

(kolagenaze-3)

(zelatinaze B)

MMP-9 (matrilizins,

Membranas tipa

(stromelizins-1) MPP Citas MPP
MMP-10

(stromelizins-2)
MMP-11
(stromelizins-3)

MMP-14 MMP-12

(MT1-MMP) \MME-makrofagu

(I\I/\I/ITI\gPI\-/I1I\?P) metaloelastaze)

Enzyme

Substrate

Fibroblast-type collagenase

Collagen |, II, lll VII, VIII, X, gelatine

Polymorphonuclear-type collagenase

Same as MMP-1

Stromelysin-1

Collagen IV, V, IX, X; laminin fibronectin,
elastin

Stromelysin-2

Same as MMP-3

72 kDa gelatinase

Gelatin; collagen IV, V, VII, X, Xl;elastin,
fibronectin

92 kDa gelatinase

Gelatin; collagen IV, V; elastin
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Eksperimentala pieeja

fluorescentu atlases sistemu (HTS)

Vielu citotoksicitates noteikSana izmantojot monoslanu
kulturas un spektrofotometriski nosakot 1zdzivojoSo Stinu
skaitu (CV, MTT)

Kapilaru tikla struktiiras veidoSanas noteikSana in vitro dazadu
vielu klatbiitn€ endotélija Stnu linijjat HUVEC-2 1zmantojot
polimerizeétu matrigélu

Asinsvadu veidosanas analize In VIvOo izmantojot dzivnieku
modeli un nosakot asinsvadu blivumu matrigéla un audzeja
Metastaz€sanas petiSana 1zmantojot invazivas pelu Sunu Iinijas
matrigéla kamera in vitro
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MMP 1nhibitoru atlase 1zmantojot fluorogénu

Pretvéza savienojumu Potenciali
kandidati, 320-340nm (UV) inhibitori, 393-420nm

FRET

DPA grupa dzes MCA fluorescenci lidz
MMP saskel substratu starp Gly & Leu

MMP
/

Pg-<PLoL- @)-AR-NH,

Spektru parklasanas MCA un DPA grupam. . G A
DPA absorbcijas spektrs (—), MCA fluorescences MCA (emlters) DPA (dzesejs)
ierosmes (*-*) un emisijas (---) spektri.

MCA-Lys-Pro-Leu-Gly~Leu-DPA-Ala-Arg-NH,
DPA: N-3-(2, 4-Dinitrophenyl)-L-2,3-diaminopropionyl
MCA: (7-Methoxycoumarin-4-yl)acetyl,
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MMP aktivitati inhib&joSie savienojumi

Vielas, Metaloproteinazes, izoformas
20uM MMP 1 MMP 2 MMP 3 MMP 7 MMP 8 MMP 9 MMP 10 MMP 12 MMP 13 MMP 14
9526 11,68% 0% 19,63% 19,08% 18,27% 22% 22,38% 30,88% 17,53%

9571 32,07% 29,93% 11,43% 17,96% 37,84% 29,46% 35,34% 35,71% 32,68% 37,44%

9580 27,57% () 8,91% 11,78% 18,31% 22,60% 29,14% 15,58% 13,61% 23,87%

9581 36,25% 35,65% 16,97% 18,63% 32,68% 27,94% 37,31% 32,73% 28,12% 33,22%

9582 14,03% 0% 19,12% 17,55% 36,04% 17,63% 22,83% 24,33% 36,67%

9609 18,94% 21,28% 21,26% 2243%  16,82%  24,52%
9624 19,20%  17,54% 19,52% PYRC  34.73%
9627 23,13% 0% 17,22%  22,40% 2410%  1581%  2312% I
9628 19,35%  17,03% 21,93% 33,91% 24,17%
9646 2032%  21,30% 18,08% 2055% [RIYSUNM 32,69%
9648 24,99% 14,87%  2446%  20,41% 32,30%

9649 40,96% 24,35% 17,33% 18,80% 35,93% 20,28% 32,20% 30,41% 19,08% 35,76%

9663 42,42% 40,38% 17,70% 23,23% 44,28% 36,05% 28,12% 43,50% 32,85% 42,89%

9664 14,66% 57,98% 27,41% 19,83% 21,34% 9,95% 5,21% 21,27% 23,38%

9665 41,00% | 4483% [MEIWVOMM 3746% | 4440% | 37.42% | 4668% | 4871% | 27.15% | 51,73%
9704 2332%  731%  1347% I 2:95% O 672% B

J-8-120 20,39% 12,55% 43,70% 13,51% 30,25% 13,12% 16,06% 43,96% 12,08% 11,77%

10149MOK 45,01% 47,76% 37,05% 50,67% 42,77% 39,88% 50,20% 39,54% 40,57% 55,53%
Std. inh. NNGH = 100% Inh. >25% Inh. >40% Inh. >60%
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Vielas

ug/ml
CcV, MTT
MG-22A
HT-1080
Graph Pad
Prism

LD,

Hg/g
NeutrRed

373

Angiogenézes
inhibicija (%)

MMP klase

Vid.inhib.,%

20pM

in vitro
20uM

ImagePro
Plus4.1

in vivo

10mM
ImagePro

Plus5. 1

2.5

MMP 1, 8, 10, 12-14

35

60

43

1.3

MMP 8, 13, 14

35

26

25

MMP 1, 2, 7-10, 12-14

47

65

3

MMP 2, 3, 7, 8, 10, 13, 14

48

46

2.0

MMP 1, 10, 12, 13

34

37

1.0

MMP 1, 2, 8,9, 12-14

40

51

2.0

MMP 2, 3, 13

46

28
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Inhibitoru ietekme uz endotélija Sunu kapilaru

A I |

tikla struktiru veidoSanas uz matrigéla

9626 9526
IF: Endotéelija Sinu HUVEC-2 monoslanis, 24 st., Calcein AM (Cayman), vielu konc. 20uM, 80x
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Inhibitora #9626 ietekme uz asinsvadu
veidoSanos matrigela In vivo

BALB/c, matrigéla (BD) griezums, Hematoxylin & eosin staining, 10 d., 80x
A - kontrole
B - 9626
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Inhlbltor #9626 1etekm z asinsvadu
v

A
IF: BALB/c, Fluorescences intensitate matrigela griezumos: anti-CD31(PECAM-1)/I1gG-FITC, 80x

A - kontrole
B -9626
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—=— 9626 (5ug/g)
—a— 9587 (5ug/9)
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Audzéja augSanas
inhibicija, %

Audzeja asinsvadu
augsanas inhibicija, %
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Rezultati

» Parbauditi >50 jauni kimiski savienojumi pec to
spéjas inhibét MMP proteazes

» 21 jaunsintez€tajam savienojumam noteikts MMP
inhibitorais efekts. Talakiem citotoksicitates,

angiogenézes un metastazesSanas p&tijumiem atlasiti 7
perspektivakie inhibitori

» Savienojumu #9587 un #9626 efektivitate parbaudita
uz ICR pelem ar parpotetu sarkomu S-180. Noverota
audzeju augsSanas inhibicija 50 un 72% apmera
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