Programma
,,Jaunu profilakses, arstniecibas, diagnostikas Iidzek]u un metozu, biomedicinas tehnologiju izstrade
sabiedribas veselibas uzlaboSanai”

Projekts Nr. 6 ,,Pretveza terapijas un véza metastazeSanos inhibéjoSu medikamentu izpéte”

Projekta vaditaji: Ainars Leonciks (BMC)
Irina Sestakova (0OS))

Seminars Metodologiski petijumi pretveza terapijas efektivitates paaugstinasanai”

Projekta uzdevumi:

1. Jaunu pretvéza savienojumu parbaudes un darbibas mehanismu skaidroSana

2. Véza Stinu un neoangiogenezes attistibas p&tfjumi Stinu kultiiru un dzivnieku
modelos in vitro un in vivo
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VEéza Sunas attistiba

Vezis: slimibu kopums, kuru raksturo Stinu
nedabiska un nekontrol€jama augSana
(genétiska slimiba)

Vezis rodas no normalas augSanas kontroles
zuduma (normala géna mutacijas - onkogeni)

- : e (@2
Dabiski normaliem audiem jaunu S$tinu !

veidoSanas un vecu Stinu atmirSanas

proporcija ir sabalanséta Cancer Cell Division

0,

Vezim §is lidzsvars ir izjaukts

¢ N
Lidzsvars zudums ir saistits ar / Qi JO\
B @&

1) nekontrol€tu Stinu augSanu un
2) stinu nejutigumu pret apoptozi
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Pedéjo desmitgazu vE€za petijumu rezultati
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un 1espejamie risinajumi

- (Frizies)

¥
¥
Cells = (E-Gaoharing —————————— [t-Cabenin

% COC42 - F1:-I‘i.———fl- Foe — ——ig8

ECH —= [ Inbegrins i

> FAK
—* A3 Cr— o

i ,L'—"'ll. 4 __Fu: S -.:

1514 gr:wth factors
(=g, 156-5)

p-Catenin:=TCF -
pifi

1
Gyl D:EDKY |— pis—=

1
Eb— HPY ET —
L 1

i J_,-—:-— Cyel E: nmnz—pai -q—_—_—::

Orowry Fackots

G
. TGFar} ATK = FHan —sFAaf—e MEK - dAPK —*S1AFK

i ﬁhl
Hormeares

{=.g-Bombesin) - STI-571 = G-Prof=e= Ad Cyc| == PHA

{w.q. Ealregen] —

K

ey i - {FTK ) —» P13 —= .a.hx+mm = ns

HERCEPTIN g ¥ ¥ EZFa
— jos WKa — MKz -+ Jun —
F g LT ¥ ¥

EI:\EI" P
F I\‘—l- I!IEHII{—II}H:.-::Iﬁ

] 43 — = Fac == Fho — — — — —

1"I:IH.¢|. d:l'nzqe %
A=* | phonges |;."-II s L
ai—— | i Gana lelqralll:-n —

o ! F_'nprunlnn l:E'ﬂll

_______a-

1' -EFIEE .AH‘F—".IDI.IE

1r-r (g, EFp

r/-‘)' PG ————= NF'HE- —* NF-=E

5'*]- -— i:::puua -— F.D.I:IIJ

Dﬂpﬂnﬂ

C“rluthmr‘ﬁbﬁ

Hanahan & Weinberg, 2000

Cytokines _,-"
q-IL- "

6. Projekta semindrs 29/10/2012

_————

#Ahmﬂw -l_,___,,. Elm,m

"'\- . EEMI’.‘IT

8.5, Faall




Veza attistibas biologija: audz€ja augsSana un

metastazu veidosana
Rrdage ol Ini?:ﬁ?ra

(g s B Ll H [ H
Mechankms "
al OMA varzpe \“") iy iz gele SuslErirg st
. A=abiz g'}":ﬂ':.'E'B prafileiglrae [ etb ] I'mmurs E.G'ﬂ'.l'a.tl"'g
."—< irhibiliors signalig LM ARaETR Anli-GTLAL ek

ko

[H N T carear bLrdan Coeraglatig g g
(R = S calula # immiaa
_\_}"\- _,.-'"-r_\_\d/ aneigalics 2l o
y el | EB
Ulazskcalion . L | ducrosis
T . ;!
o cangGa e - Resistng Enaklig
- // \\ cell b sl
Ewdutia 3l

REHEETEN 4 \
any reEperee He carcar cons
12 INEraCey )

Cigria e Tumor-

T eE A | Ureerserdrg Vehaliling & pramziing
rrjr:m_s’} maradion rHAMrT on
Cancer genome analysis PARP Incicing Axiuating Beleuadive anli-

inhibviors AN PR Fvesian & irflamrmatzry drugs
FetanTsln

N - . S~ Inhibitors of Inhisitons of Hanahan and Weinberg,
VeZa Sunas iegiitas specifiskas 1pasibas: VEGF sgnalirg HIGi2-Met 2000, 2011

Paspietickamas augSanas stimulacija B it

Nejiitigas pret augSanas faktoru inhibitoro iedarbibu
Nejiitigas pret apoptozes signaliem

Neierobezots vairoSanas potencials (nemirstigas)

Angiogenézes procesu veicinasana

Invazija dazados audos un metastazésana

Genoma nestabilitate
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Veéza sunu klonala evolucyja:
heterogenitate un dominance

Kvalitativa 1zmaina

Transformacija metastazejoss
celms




Metastazes kaskade

VEGF
Angiogenin

e
l

Angiogenéze

Integrins

Cadherins %

Selectins
CAM Angiogeneze

4

Lokala invazija (epitcliali-
mezenhimala tranzicijfa EMT) MMP/TIMP
Cathepsin Adheéezii
ja
Adhezija / Plasminogen \Proteolize
Proteohze Stinu migracija
Siinu migracija
U AMF/gp78

Autotaxin
HGF/c-MET

y Intravasation Cirkulacija @vasatzoo.
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Angiogenéze: nepiecieSama
laundabiga audz€ja augSanai un progreséSanai

Labdabigs Laundabigs Audzéeja Limfovaskulara Mikro- Metastazu
audzejs audzejs attistiba invazija metastazes augsana

Angiogenic
factors =%

A . B C &

& P S5
' 7 W\ >~ B

L=

Pt

Slimibas progresijas posmi, kuros angiogenézei ir nozimiga loma audzé&ja attistiba
Adapted from Poon, et al. JCO 2001

A, Audzgjs 1-2 mm? sanem skabekli un baribas vielas difazijas ce]a

B, Lielam audzéjam nepiecieSama asinsvadu sistéma. Audzéjs sekreté angiogénus faktorus, kas stimulé endotélija Stunu migraciju,
proliferaciju un jaunu asinsvadu veidoSanos no esoSajiem asinsvadiem

C - D, Jauns vaskularizéts audzejs ieguist spéju augt un metastazet
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Angiogen€ze un metastazes

Prirmary tumor

Agrina audzeja attistibas stadija, noris process

angiogenéze, kad jauni asinsvadi tiek rekrutéti

no blakusesosas asinsrites sistémas

L1dz ar asins un baribas vielu piekluvi, tiek xtraccllular
nodroSinata audz€ja masas augSana, Sinu matrix -~
vairosanas paatrinas un var sasniegt vairakus

miljonus Stinu

Audzgja Siinas turpina mutgt, iegiist 1pasibas, e B
kas lauj tam parvarét epitelijaudu bazalo @ Cancer cells invade
= _ - . p surrounding tissues and
membranu, kura normalos apstaklos veido vessels,
neparvaramu barjeru. Sadas jaunas invazivas
Stinas ?agafi It Spejigas pamest audzejvu._Veza P © Cancer cells are
Stinas ieklist blakusesoSos audos un sk&rso = ransported by the
limfatisko un asinsvadu sienas, tadejadi ; ' ik e
iekliistot organisma asins cirkulacijas sistéma.

VeZza Stinas pamet asins sist€ému un 1ek]ust
noteiktos organos, kur vairojas un veido jaunus
metastazejosus audzejus. Speja veidot
metastazes arT padara v€zi par 1pasi smagu
slimibu ar augstu letalu iznakumu. Rezultata

=
rodas arvien jauni audz&ju pereli (sekundari € Cancercells
audzgji) citos kermena organos. reinvade and grow

at new localion.  Kjejnsmith LJ. Principles of cancer biology. 2006
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Angioterapija: angiogenézes inhib&Sana

Anti-angiogenézes faktori: 5 kategorijas Adhesion-molecus

inhibitors

Stinas adhézijas molekulu inhibitori ' [T Endogenous inhibitors

N B Inhibition of angiogenic
. . - L s growth factors
Endogéno angiogenézes inhibitoru: ., |
' ' : " || Undefined
(piem. endostatin) analogi Y | |

™ Protease inhibitors

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

Antiangiogenézes zalu meérkis:

: : . P i « ledarbiba uz véza Sinam
Savienojumi ar nezinamu mehanismu . e
* Jaunu asinsvadu veidoSanas

- e i blokésSana, audzéja asinsapgades
Proteazu inhibitori: novers arpussinas samazina$ana

matriksa ECM SkelSanu, nepiecieSamu

jaunu asinsvadu veidoSanai Audzgja augsanas un izplatibas

apturesana (esoSas asinsapgades
blokésana)
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Matriksa metaloproteinazes (MMP)

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

sunu proliferacija, diferenciacija, migracija/adhezija, apoptoze, (in)aktivacija,
angiogenéze, imiinatbildes

Stina sintezetas latenta forma (neaktivs zimogens)

sekretétas proenzima forma, nepiecieSama ekstracululara aktivacija

kalcija joni nepiecieSami struktiiras stabilizacijai un katalitiskai funkcijai

regule endogéni audu MMP inhibitori (TIMP, tissue inhibitors of metalloproteinases)

tris domeéni: pro-peptids, katalitiskais domens, (haemopexin-like) C-gala domeéns
konservativs regions: PRCGxPD ar Cys atlikumu

proteolizes mérkobjekts: bazala membrana, ECM komponenti (+ Ser, Cys, Asp proteazes)

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

> Skistosa un sekretdjama grupa: collagenase, J
gelatinase, stromelysins

» Membranas tipa grupa: plazmas membrana
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Eksperimentala pieeja I

fluorescentu atlases sistemu (HTS)

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

Kapilaru tikla struktiras veidosanas noteikSana in vitro dazadu
vielu klatbutné endotelija Stinu linijat HUVEC-2 1zmantojot
polimeriz€tu matrigélu

Asinsvadu veidoSanas analize in vivo 1zmantojot dzivnieku
modell un nosakot asinsvadu blivumu matrigéla un audzeja
Metastaze€sanas petiSana 1zmantojot invazivas pelu Sunu Iinijas
matrigéla kamera in vitro
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Eksperimentala pieeja Il

Mazmolekulari savienojumi

- HT-1080 — cilveka fibrosarkoma
Citotoksiskuma noteiksana (IC,,)
e T~ MG-22A — pelu hepatoma
Toksiskuma noteikSana (LD;,) — 3T3NIH — pelu embrionalie

MMP inhibicija

|
v

Angiogenézes inhibicija in vitro

l

Angiogenézes inhibicija in vivo

l

Audzeéju augsSanas inhibicija

l

Audzeju metastazu inhibicija

6. Projekta semindrs 29/10/2012

fibroblasti

Augstas caurlaidspéjas skrinings

HUVEC2 — cilveka endotélijs;
Matrigels BD BiosciencesTM

Matrigels BD BiosciencesTM;
Balb/c peles

Pelu sarkoma S-180;
ICR peles

Pelu melanoma B16;
C57/BL peles
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MMP inhibitoru atlase 1zmantojot fluorogénu
peptida substratu (FRET)

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

FRET

DPA grupa dzes MCA fluorescenci lidz
MMP saske] substratu starp Gly un Leu

MMP
{

$EKPLG
3 -KPLGL- @)-AR-NH, -~ +
NG T L@ara,

Spektru parklasanas MCA un DPA grupam. {:? MCA (emiters) e DPA (dzéséjs)

DPA absorbcijas spektrs (—), MCA fluorescences
ierosmes (--*) un emisijas (---) spektri.

OOB 000N 0L —T

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 inhibg&josie savienojumi (I)

Metaloproteinazes, izoformas
Vielas, 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% 0% 8,91% 11,78% 18,31% 22,60% 29,14% 15,58% 13,61% 23,87%

9582 14,03% 0% 19,12% 17,55% 17,63% 22,83% 24,33%
9609 18,94% 21,28% 21,26% 22,43% 16,82% 24,52%
9627 23,13% 0% 17,22% 22,40% 24,10% 15,81% 23,12% 36,06%

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% 27,41% 19,83% 21,34% 9,05% 5,21% 21,27% 51,22% 23,38%

9665 41,09% 44,83% 19,44% 37,46% 44,40% 37,42% 46,68% 48,71% 27,15% 51,73%
9704 27,57% 23,32% 7,31% 13,47% 26,52% 24,96% 32,79% 29,40% 16,72% 26,95%

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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MMP aktivitati inhib€josSie savienojumai (II)

: Metalloproteazes , izoformas (inhibicija, %)
Vielas,

20uM MMP 2 MMP 3 MMP 7 MMP 8 MMP 9 MMP 10 MMP 12 MMP 13 MMP 14
PESF 1805 14.66 10.00 6.35 0.00 11.20 13.98 13.30 PPN 3350 |
PESF 1809 13.37 10.70 16.92 12.69 12.81 12.22 10.57

PESF 1810 14.09 14.24 15.42 15.30 16.31 13.79 23.74

PESF 1811 15.83 12.29 12.42 16.97 12.63 14.88 1uss [JEEE
PESF 1812 14.34 13.67 17.36 19.00 15.32 19.70 13.36 25.27
PESF 1813 20.81 16.52 18.41 16.53 19.18 18.62 19.39 27.55
E-110-B | 2561 | ) 21.03 18.68 27.19 24.40 17.58 20.78 21.25 20.77
E-110 14.32 : 13.20 7.61 9.34 19.31 13.58 16.65 11.57 11.76
E-132 10.00 . 7.47 5.25 2.78 14.50 9.75 9.48 14.36 6.74
J-10-14 0.00 : 0.00 1.12 0.00 6.89 0.00 0.00 0.00 3.96
V-3-2 6.89 : 2.76 5.25 0.84 11.90 8.50 9.96 7.48 9.84
E-130-1 8.79 : 5.17 4.65 0.00 11.70 6.91 8.99 9.23 10.84
EE-126 1.55 . 8.56 0.00 0.37 0.00 0.00 0.00 0.00 0.00
PESF-1106-01 20.72 16.35 13.90 20.74 21.52 23.58 18.60 13.76 27.17
PESF-1106-02 7.58 75.16 22.08 13.51 18.25 14.69 20.56 w05 [ICEIIERD
PESF-1106-03 15.56 44.68 8.89 10.63 12.60 17.78 14.71 18.60 7.28 20.35
PESF-1106-08 4.69 60.89 5.12 3.66 24.19 5.87 6.84 8.86 13.66 21.00

Std. inh. NNGH = 100% Inh. >25% Inh. >40% Inh. >60%
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MMP 1nhibitoru citotoksicitates, vielu
toksiskuma un angiogenézes inhibicijas parbaude

Vielas

IC;,
Hg/mi
Ccy MTT

MG-22A
HT-1080
Graph Pad

Prism

LD,

Hg/g
NeutrRed

3713

Angiogenézes
inhibicija (%)

MMP klase

Vid.inhib.,%

20uM

in vitro
20pM

ImagePro
Plus4. 1

in vivo

i10mM
ImagePro

Plus5. 1

2.5

MMP 1, 8, 10, 12-14

35

60

43

I

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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Kapilaru tikla struktiiru veidoSanas inhibicija

Angiogeneézes inhibicija, %

in vitro

in vivo

9571 9582 9587 9626 9627 9628 9663 9664 10149

kontrole 9626, 20 uM 9587, 10mM

b i i AR
Kapilaru tikla struktiiras veidoSanas, endotelija Soinas Matrigela griezumi, krasoti ar hemotoksilinu, in vivo,
HUVEG, in vitro, 24h 10 dienas
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Asinsvadu un audz€ju veidosanas analize

Pelu sarkomas (CCL8) augSanas un angiogenézes inhibicija

100
Audzéja tilpums (mm3)

Asinsvadu daudzums
griezumos

9571 9587 9623 9626 9627 9649 9663 10149
mock

in vivo, pelu sarkomas S-180 (CCLS8)

griezumi , krasoti ar Dextran-FITC
kontrole 9626, 5mg/ml

6. Projekta semindrs 29/10/2012 19(22)




Metastazu veidoSanas inhibicijas analize

Audzéja B-16 metastazu inhibicija plausas

Pelu melanomas B-16 metastazes C57/BL plausas, 24
dienas, kontroles grupa
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Svarigakie rezultati

» Parbauditi >100 jauni kimiski savienojumi pec to
spejas inhibet MMP proteazes

» 30 jaunsintez€tiem savienojumam noveérots MMP
inhibitorais efekts. Talakiem angiogengzes un

metastazésanas petiiumiem atlasiti 10 perspektivakie
inhibitori

» Savienojumu #9587 un #9626 audz&ju augSanas
inhibitoras efektivitates: 50% un 72%.

» Savienojuma #9587 metastazu veidoSanas inhibitora
efektivitate: 57%.
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Pétijuma rezultatu prezentacija

Starptautiska farmakologijas konferencé ,, Targeting cellular regulatory systems”,
Riga, 2012. gada 20.-21. aprilis

Multidisciplinara simpozija ,,Molecular Oncology: from Laboratory Bench to Medicine”,
Kijeva, 2012. gada 17. — 22. septembris

New derivates of furan and thiophene as inhibitors of MMPs and angiogenesis

A.Gulbe!, E.Jaschenko!, I. Shestakova!, S.Lubina!, A.Leonchiks?, Z.Rudevica?, L.Ignatovich!

I Latvian Institute of Organic Synthesis, “Latvian Biomedical Research and Study Centre
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