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Pa3pabotaH  BbICOKOMOTEHTHbIM 1 CrieUmemyHbI  uHMbuTop  NF-kanna-B - rof
Ha3BaHveM  AervapoKCuMeTUnanokKeuxmHoMuumH (DHMEQ), OCHOBaHHbIMI Ha  CTPYKType
SMOKCUXVHOMULIMHOB, KOTOPbIE SIBAISIOTCS aHTUOMOTUKaMIM CO C1abovi MPOTUBOBOCTIANINTENILHOM
aKTUBHOCTBIO, MOMyHeHHbIMU 13 Amicolatopsis. MoxHo nonaratb, 410 MHMOUPOBaHME aKTUBHOCTY
NF-Kkarna-B MoxeT vrpatb CyLLeCTBEHHYIO pOsIb B KOHTPOSIE MPpoLecca METacTasmpoBaHuA.

[Mo3ToMy Hamu 6binv CUHTE3MPOBaHbI 0Kos10 20 NPOM3BOAHbIX, CPEAN KOTOPbIX - DTCM-
rnytapmumug (DTCM-G). Hamum 6bina npowsseneHa oOLeHKa MpoTUBOMETACTaTUHECKOM
aKTMBHOCTW 3TOro rpernapara C MCrOofb30BaHWEM KIIETOK MbILLIMHOM MesnaHoMbl B16-F10.
bblrio 0bHapyxeHo, 410 DTCM-G MHrMbUpYeT KNETOYHYIO MHBA3MIO U MHAYLMPYET aHOMKO3 B
knetkax B16-F10. [laHHbIVi npenapaTt HETOKCMYEH U MPOCT B M3roTOBMEHWU. TakiM 06pasom,
OH MOXKET CYUTaTbCA HOBbIM KaHAWAATOM Ha POJib MPOTUBOMETaCTaTUHeCcKoro npenapara.

KntodeBble cnoBa: NF-kanna-B, DHMEQ, MeTacTa3upoBaHue, npoTMBoMeTacTaTudeckas
aKTMBHOCTb, aHowko3, DTCM-rnytapummg.
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We designed a potent and specific NF-kappa-B inhibitor called dehydroxymethylepoxyqui-
nomicin (DHMEQ), based on the structure of epoxyquinomicins, which are weak antibiotics
isolated from Amicolatopsis. It is believed that inhibition of NF- kappa -B may play a significant
role in controlling the process of metastasis. We have therefore synthesized derivatives of about
20, of which DTCM- glutarimide (DTCM-G). We have evaluated the antimetastatic activity of
the preparation using murine melanoma B16-F10. It was found that DTCM-G inhibits cell inva-
sion and induces anoikoz in cells B16-F10. This preparation is non-toxic and easy to manufacture.
Thus , it can be considered as a new candidate for the antimetastatic drug.

Keywords: NF-kappa-B, DHMEQ, metastasis, antimetastatic activity, anoikoz, DTCM-
glutarimide.
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BeBegenne

MpoLuecc MeTacTasnpoBaHUA pPerympyetcs MHo-
KECTBOM TEeHOB, CBfA3aHHbIX C OTbeAMHEHWEM, MW-
rpaumen, NPOHMKHOBEHMEM, afresven n pocToM pa-
KOBbIX KneTok. OH TakxXe perynupyerca akropamu
MUKPOCpenbl, TaKMMU KakK aHTMOreHes, aHoKCns U
BOCMNanuTesibHble LNTOKMHbLI. B LIaHHOM 1ccnenoBaHmnm
Mbl COCPENOTOYUIN CBOE BHMMAHWE Ha KJIETOYHOM
anepHoM aktope kanna-B (NF-kanna-B). NF-kan-
na-B — 370 TPaHCKPUNUMOHHbBIV haKTOp, COCTOSLLMN
13 benkoB ceMencTa Rel, Bknioyas p65, cRel, RelB, p50
n p52. NF-kanna-B cnocobcTByeT akcnpeccm Bocna-
NNTENbHBIX LMTOKMHOB, NPOTUBOANONTO3HbIX OENKoB,
CBA3aHHbIX C MeTacTa3npoBaHWEM, B TOM 4YuUcie Ma-
TPUKCHbIX MeTannonpoTtenHas (MMP), XeMOKMHOB ©
PeLenTopoB XeMOKWHOB, KaXAbl 13 KOTOPbIX YCUNN-
BaeT 3/10Ka4eCTBEHHOCTL onyxonun. MoXHo nonarats,
4TO MHTMOUpOBaHWe akTMBHOCTM NF-kanna-B moxet
Mrpathb CyLLEeCTBEHHYIO POSb B KOHTPOIE npoLecca Me-
TaCTa3npOBaHWA.

Murn6urops! NF-kanna-B

Hamn (K. Yme3zaBa 1 coaBT.) pa3paboTaH BbICO-
KOMOTEHTHbIN 1 creumduYHbIn nHrnbutop NF-kanna-B
NOA Ha3BaHWeM AernapoKCUMETUISNOKCUXUHOMULMH
(DHMEQ), 0CHOBaHHbI Ha CTPYKTYPE 3MOKCUXMHOMM -
LIMHOB, KOTOpPbIE ABASIOTCH aHTMOMOTUKaMM CO criabom
MPOTMBOBOCNANMUTENIbHOM aKTUBHOCTbIO, MOMYYeHHbI-
M1 13 Amicolatopsis (5). DHMEQ cuHTe3uMpyeTcs B
BUIE pauemMmyeckon hopmbl U3 2,5-ANMETOKCUAHU-
nuHa B 5 3Tanos [11]. 3atem, nocne xMpanbHoOro pasae-
NeHUs C UCMoSb30BaHMeM nnnassl [4], nonydaetcs (-)
-DHMEQ, koTopbi npuMepHO B 10 pa3 cuibHee NHM-
bupyet NF-kanna-B no cpasHeHuto ¢ (+)-DHMEQ. B
HacTosee Bpems (-)-DHMEQ 1cnonb3yeTcs B OCHOB-
HOM B NlabOpaTOpPHbIX NMPOBMPOYHBIX SKCNEPUMEHTAX,
B TO BpeMms Kak pauemudeckmn DHMEQ - B akcnepu-
MeHTax Ha >XMBoTHbIX. DHMEQ nokasan cnocobHocTb
NHIMOVpPOBaTh AdepHylo TpaHdlokaumio NF-kanna-B
[2]. Mocne 3Toro Obino 0bHapyxeHo, YTto (-) ~DHMEQ
NMHrMbunposan npucoeanHerne NF-kanna-B k JHK
[16]. Tak kak DHMEQ kOBaneHTHO CBA3bIBAETCA CO CreLl-
NOUYECKNM LMCTEMHOBBLIM OCTaTKoM  p65, p50, cRel
n RelB, To ero nHrnbuposaHue NF-kanna-B asnsetcs
HeobpatTMbIM [9]. ABnssicb cneumdUyHbIM UHIMOK-
TopoM, DHMEQ He BnnseT Ha OeATenbHOCTb OpYrux
TPaHCKPUNUMOHHBIX hakTopoBs, Bkodas AP-1, NFAT
n STATL. (-)-DHMEQ uHrmMbupoBan cekpeumio BOC-
nannTenbHbIX UWTOKMHOB B KyNbTypax Makpodaros
n pakosblx kneTok. Kpome Toro, DHMEQ npopemon-
CTPMPOBAN BbICOKYIO MPOTUBOBOCMANUTENBHYIO U MPO-
TVBOOMYXONEBYIO aKTVMBHOCTb, HE MOKa3aB Mpu 3TOM
TOKCMYHOCTW B Pa3fNnyHbIX MoZensx 3abonesaxHum [14].

B xome CKpuHWHra uHrmbutopo NF-kamna-B
HaMW U30/IMPOBAH M3BECTHbLIN aHTUOUOTUK - 9-MeTun-
CTPENTUMUAOH - K3 PUNbTPaTa KyJbTypbl MUKPOOP-
raHmsamoB [15]. 9-MeTUNCTPenTUMMAOH MHrMbUpoBan
aktmBHocTb NF-kanna-B B aHanvse no reny-penoprepy
B TeyeHWe 24 4acoB, M OH MOKa3all CeNeKTUBHYIO Ln-
TOTOKCWYHOCTb Ha KneTkn ATL, B koTopbix NF-kanna-B
KOHCTUTYTUBHO aKTVBMPOBAH. 3aTeM HaMWm OCyLLeCTBIIe-
Ha MomnbITKa NOTy4nTb DOJbLLEe KONMYECTBO 3TOro Npu-

Introduction

Cancer metastasis is regulated by a lot of genes
related with detachment, migration, invasion, adhe-
sion, and growth. It is also regulated by micro-envi-
ronmental factors such as angiogenesis, anoxia, and
inflammatory cytokines. Among them, we focused on
cellular nuclear factor-kappa-B (NF-kappa-B), which is
a transcription factor consisting of Rel family proteins
including p65, cRel, RelB, p50, and p52. NF-kappa B
promotes the expression of inflammatory cytokines,
anti-apoptosis proteins, metastasis-related proteins in-
cluding matrix metallo-proteases (MMP), chemokines,
and chemokine receptors, all of which enhance cancer
malignancy. Thus, inhibition of NF-kappa-B activity
may be useful for the control of metastasis.

NF-kappa-B inhibitors

We designed a potent and specific NF-kappa-B in-
hibitor called dehydroxymethylepoxyquinomicin (DH-
MEQ), based on the structure of epoxyquinomicins
(Fig. 1), which are weak antibiotics isolated from Am-
icolatopsis (5). DHMEQ is synthesized as a racemic
form from 2,5-dimethoxy aniline in 5 steps (11). Then,
after the chiral separation using lipase (4), (-)-DHMEQ
is about 10 times stronger to inhibit NF-kappa-B than
(+)-DHMEQ. Currently (-)-DHMEQ is mainly used for
the cellular experiments, while racemic DHMEQ for the
animal experiments. DHMEQ was shown to inhibit nu-
clear translocation of NF-kappa-B (2), thereafter, we
showed that (-)-DHMEQ inhibited NF-kappa-B bind-
ing to DNA (16). Since it covalently binds to the specific
cysteine residue of p65, p50, cRel, and RelB, its inhibi-
tion of NF-kappa-B is irreversible (9). Being a specific
inhibitor, it does not affect activities of other transcrip-
tion factors including AP-1, NFAT, and STAT1. (-)-DH-
MEQ inhibited secretion of inflammatory cytokines
in cultured macrophages and cancer cells. Moreover,
DHMEQ showed potent anti-inflammatory activity and
anticancer activity in various disease models without

any toxicity in mice (14).
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Puc. 1. MonekynsapHbivi gu3anH: (-)-DHMEQ,
rosny4aeMbiii U3 3MOKCUXUHOMULMHA C
Fig. 1. Molecular design of (-)-DHMEQ from
epoxyquinomicin C

In the course of our screening of NF-kappa-B in-
hibitors, we isolated a known antibiotic, 9-methylstrp-
timidone, from the culture filtrate of microorganism
(15). 9-methylstreptimidone inhibited the NF-kappa-B
activity in the promoter reporter assay in 24 h, and it
showed selective cytotoxicity on adult T-cell leukemia
cells in which NF-kappa-B is constitutively activated.
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POLHOMO COeAMHEHMS, HO ero NPOM3BOACTBO MUKPOOP-
raHM3Mamm ObINO CKYAHbIM, @ XMMUYECKUIA CUHTE3 Oblin
HeahheKTUBHBbIM. [M03TOMY, HaMu ObIN CUHTE3NPOBA-
Hbl okono 20 Npon3BoAHbIX, cpean koTopbix DTCM-rny-
Tapumng (DTCM-G), KoTopbIn, Kak Oblno YCTaHOBMEHO,
nHrbupyet JMNC-nHOyumpoBaHHoe nponssoactso NO
B Makpodarax nuHumn RAW264.7 [3]. DTCM-rnytapu-
MUI He nHrMbuppyeT JNC-nHOYLUMPOBAHHYIO aKTMBa-
uwio NF-kanna-B B TedeHue 30 MUHYT, OHAKO HeaBHO
HaMu ObiNo 0bHapY>KeHOo, 4YTO OH MHrMbKpyeT NF-kan-
na-B B TeweHue 24 vacos [12]. Ero npotrsoBocnanu-
TenbHoe AencTBMe ObINo NPOAEMOHCTPMPOBAHO in Vivo
NP UHTMOUPOBAHUM OTTOPXXEHWS TPAHCMNAHTATA Y Mbl-
Ler Nocne onepauumn No TpaHcnnaHTaumm cepaua [13].
HenaBHO cTano M3BeCTHO, YTO OH MHIMOMPYET HACXOS -
LM CUrHanbHbIA NyTe MTOR, NpoSBASOLWMNA UIMMYHO-
CynpeccnBHYIO akTUBHOCTb [8].

Yuacrue ayroxkpunnov cucrembl CXCL12/CXCR4
B perynaynu MHBa3uHN KJ1eToOK NpHu KapynHome
ANYHHAKOB

Pak ANYHMKOB 3aHWMMaeT  MepBble MecCTa cpeam
OHKOTMHeKoorn4yecknx 3aboneBaHu Mo  YactoTe
BCTPEYaeMOoCTN U CMepTHOCTU. KaK mpaBuio, OCHOB-
HOM NPUHNHOM HEI(DDEKTUBHOCTU NEYEHNA U CMePTH
DOMbHbIX ABMAIOTCA pPaHHME MeTacTasbl. Pak fUYHU-
KOB CrnocobeH akTMBHO MeTacTa3npoBaTb, BKJOYas
OTAaNleHHble MeTacTasbl, B neyveHb W Nerkue. Kpome
TOro, OLHOW 13 XapaKTepUCTUK paka ANYHUKOB ABAS-
eTCs TO, 4TO OH ObICTPO MeTacTasmpyeT no GpiollnHe
M opraHam OploLWHOM Nonoctu. Takmm obpazom, npu
nevyeHUn paka SIMYHMKOB BHYTPUOPIOLLIMHHOE BBeAde-
HMEe MPOTMBOPAKOBbLIX MpenapaToB cyuTaeTcs bGonee
3(PPEKTUBHBLIM, HYEM BHYTPMBEHHOE, MO3TOMY TakKoMW
cnocob BBeAeHUs NekapcTBa UCNoNb3yeTcs HacTo. Mpu
npoBefeHUN SKCNEPUMEHTOB Ha XMBOTHbIXx DHMEQ B
OCHOBHOM BBOAMNCSH BHYTPUOPIOLLIMHHO, W XOTeNoch
Obl OTMETUTb, YTO AaHHbIA CNOCOD Aan ycnelHble pe-
3ynbTatel [14].

Hamw Obina n3ydeHa ponb NF-kanna-B B nHBa3mB-
HoCTW kneTok RMGT npu pake ANYHMKOB C MOMOLLbIO
(-)-DHMEQ. (-)-DHMEQ uWHr1bupoBsan nHBa3Mio in
vitro nakcnpeccnio CXCL12 n CXCR4. Cnuctema CXCL12/
CXCR4 cumTaeTcs BaxKHbIM (hakTopoM (Kak cucTema
XeMOKMH /peLienTop) Afs BTOPUYHOrO hopMMpPOBaHNS
onyxonu. O4HaKO B HACTOALLEM NCCNIELOBaHUM HaMU
ObINo 0BHapYXeHO, YTO HenTpanu3aums aHTUTeNaMu
CXCR4 nnu cHmxkeHne CXCR4 noaasnsioT KNETOYHYIO
MHBa3WIO. [TPOTEOMHBIN aHaNM3 NoKasarn, 4To fleyeHme
CXCR4-siRNA CHM3MMO CekpeLmio HeCKOMbKIMX 6eikoB,
CBA3aHHbIX C MHBa3weu, Takmx kak MMP-9 n uPA. 3
3TUX OaHHbIX CremyeT, 4To npu nomowm (-)-DHMEQ
Obina nogasneHa NHBa3Us KNeToK paka SUYHUKOB My-
TEM WNHIMOMPOBaHMS ayTOKPUHHOW cucTeMbl CXCL12/
CXCR4, kotopag perynupyetca NF-kanna-B [6].

Murn6upoBanue (-)-DHIVIEQ KneTo4YHOMN agre3mm
PpaKa MOsIOYHON JXene3bl NPy MeaAnay i ranex-
TMH-3-CBA3bIBalOLjero 6enka
FanekTnH-3-cassbiBaowmin Genok (G3BP) npea-
cTaBnseT cobon cekpeTopHbIn rmukonpoTenH 90K, ko-
TOpbIX MepBOHaYanbHO ObiN MAEHTUDULMPOBAH Kak

Then, we tried to obtain larger amount of this natu-
ral compound, but its production by the microorgan-
ism was poor, and its chemical synthesis was not effi-
cient. Therefore, we synthesized about 20 derivatives,
among which DTCM-glutarimide (DTCM-G, Fig. 2)
was found to inhibit the LPS-induced NO production
in a macrophage cell line RAW264.7 (3). DTCM-gluta-
rimide did not inhibit lipopolysaccharide (LPS)-induced
NF-kappa-B activation in 30 min, but recently, we have
found it inhibits NF-kappa-B in 24 h (12). It showed
anti-inflammatory activity in vivo inhibiting the graft
rejection in mouse heart transplantation (13). It was re-
cently reported to inhibit the mTOR downstream signa-
ling pathway to show immunosuppressive activity (8).

S-methylstreptimidone

(o]
Melecular design
o HNH

CyyHyS [+]
DTCM-glutarimide (DTCM-G)

Puc. 2. MonekynspHbii gusaviH: DTCM-G, nony4eHHbIvi
U3 9-MeTUIICTPeNnTUMUAOHA, U MHrnbupytowmin NF-
kanna-B
Fig. 2. Molecular design of NF-kappa-B inhibitor
DTCM-G from 9-methylstreptimidone

Involvement of autocrine CXCL12/CXCR4 sys-
tem in the regulation of ovarian carcinoma cell
invasion

Ovarian cancer is the second most common gyne-
cological cancer. Generally, the main cause of treat-
ment failure and death is metastasis. Ovarian cancer
can metastasize to neighboring tissues including the
liver and lungs. Moreover, one of the characteristics
of ovarian cancer is that it easily metastasizes into the
peritoneal cavity, as shown in Fig. 3. Therefore, in the
case of ovarian cancer, the intraperitoneal (IP) admin-
istration of anticancer drugs is considered to be more
effective than intravenous (V) administration; and,
therefore, this administration route is often employed
clinically in this field. DHMEQ has been mainly adminis-
tered by IP route in animal experiments with many suc-
cessful results (14).

We studied the role of NF-kappa-B in the invasive-
ness of ovarian carcinoma RMG1 cells by using (-)-DH-
MEQ. (-)-DHMEQ inhibited invasion in vitro and the ex-
pression of CXCL12 and CXCR4. CXCL12/CXCR4 system
is usually considered important as chemokine /receptor
system for the secondary tumor formation. But in the
present research, we found that neutralizing antibody
against CXCR4 or knockdown of CXCR4 suppressed
the cellular invasion. Proteomic analysis revealed that
CXCR4-siRNA treatment lowered the secretion of sev-
eral invasion-related proteins, such as MMP-9 and uPA.
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Peritoneal
cavity

Ovarian
carcinoma

Puc. 3. KapunHomMma sndHuKa «arpeccuBHa»,
MPOUCXOANT BTOP)KEHUE B OPIOLLIHYIO MOIOCTh
Fig. 3. Ovarian carcinoma is aggressive and invades into
the peritoneal cavity

aHTUreH, acCOLMMPOBAHHbIV C OMyXONbio B KMeTKax
paka Mofo4HoW xenesbl. G3BP npucyTcTByeT BO BHe-
KNIETOYHOM MaTpUKCe HECKONbKMX TKaHeW, B KIeToYy-
HOW cpefie OMyxonu, B MOJIOKE U CbIBOPOTKe.  bbino
MOKa3aHo, YTO 3TO ONUIroMep C MOJEeKYNAPHON Mac-
con > 1000 kda G3BP. Kak paHee yka3blBanocb, ero
3KCNPeCccunst MPOUCXOAUT NPU Pake MoOXKeNnyoo4HON U
MOJOYHOW Xene3bl, a Takxe Npu pake nerkux. MNosbl-
LUeHHbIN ypoBeHb G3BP cBfizaH C NIOXOW BbIXMBae-
MOCTbIO 1 MeTacTa3rpoBaHMEM B MneyeHb. Kpome Toro,
npu | CTagmMm HEMENKOKNETOYHOrO paka NEerkmx 3Kc-
npeccua G3BP coctasnseT nprmepHo 30%, 1 OHa 03-
Ha4aeT 3HaYMTeNIbHO Xy NPorHo3. MNoatomy G3BP
CYMTAETCH OMYXOJSIEBbIM MapPKePOM OJ19 JaHHbIX BUOOB
paka, OAHaKo ero PyHKLMM eLle A0 KOHLLA He U3YYeHbl.
G3BP BbICOKO MMUKO3MAMPOBAH U B3aUMOLENCTBYET C
KOMMOHEHTaMW BHEKNETOYHOrO MaTpuKca, TakKMMm Kak
(DMOPOHEKTUH 1 BeTa-1-UHTErpUH, HO He C KONNareHoM
|. CoOTBETCTBEHHO, Mbl NMPeanonoxunu, 4to G3BP aB-
NAETCA NOCPEAHNKOM KNeTOHHON (PUOPOHEKTUH-aare-
31K, B3aMMOAENCTBYA C beTa-1-NHTErprHoM 1 hmnbpo-
HEKTUHOM.

(-)-DHMEQ nHrmnbupyet kak TNF-anbda-nHayLm-
poBaHHyto 3kcnpeccuio G3BP, Tak 1 KNeToYHylo agre-
3110 B NHUK T47D YenoBe4eckmx KNeTok paka Mono-
HoW >ene3bl. HaMu 66110 06HapPY>KEHO, YTO CHUXEHNE
G3BP nopaensno agresunio, a ero M30bITOYHAs 3KC-
npeccust agresuio yBenvumBana. Takum obpasom,
NF-kanna-B ysenu4msaeT skcnpeccnio G3BP, a G3BP
YBENIMYMBAET afAre3mio KNeToK KapuyHOMbl MONOYHOM
xenesbl T47D ¢ hrnbpoHeKTUHOM [7]. MoBbIlLeHHas af-
resms C pUOPOHEKTVMHOM YCUIMBAET aKTUBHOCTb MeTa-
CTaTUHECKMX PAKOBbIX KNETOK.

MHrn6upoBanne MeTacTaTru4ecKnx o4aroB npy
nmomowyu DHMEQ in vivo

HepnasHo wccneposatensckad rpynna 0. Cysy-
K1 coobuwmna, 4yto DHMEQ uHrMbupyeT metactasbl y
KMBOTHbIX, MPW 3TOM WCNonb3yetcd Tonbko DHMEQ
mnn DHMEQ B KOMBUHaUMK C M3BECTHbIM MPOTUBO-
pakoBbiM cpefctBom [10]. M3BeCTHO, 4TO aKTMBaLMS

These data imply that (-)-DHMEQ suppressed ovarian
cell invasion via inhibition of the NF-kappa B-regulated
autocrine system of CXCL12/CXCR4 (6, Fig. 4).
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tocrine activatio

Miyaruihi ol al, BEAC A03; 151-15%, 2010

Puc. 4. UuBa3uns kneTok KapunHomMmbl snyHuka RMG1
(CXCL12/CXCR4 BbicTynaeT B Ka4ecTBe Meauaropa) u
MHrnbuposaHue npu nomoiuu (-)-DHMEQ
Fig. 4. CXCL12/CXCR4-mediated ovarian carcinoma
RMGT1 cell invasion and inhibition by (-)-DHMEQ

Inhibition of breast cancer cell adhesion by
(-)-DHMEQ mediated by galectin-3-binding
protein

Galectin-3-binding protein (G3BP) is a secretory
glycoprotein of 90K, which was originally identified as
a tumor-associated antigen in breast cancer cells. G3BP
is present in the extracellular matrix of several tissues,
tumor cell medium, milk, and serum; and it was shown
to be an oligomer with a molecular mass of >1000 kDa.
G3BP was reported to be expressed in pancreatic, breast,
and lung cancers. Elevated levels of G3BP are associated
with a poor survival and metastatic spread to the liver.
Also, G3BP is expressed in about 30% of stage 1 non-
small cell lung cancers; and its expression is associated
with a significantly worse outcome. Therefore, G3BP is
considered to be a tumor marker for these cancers; but
its functions are not yet well understood. G3BP is exten-
sively glycosylated and interacts with extracellular matrix
components such as fibronectin and beta 1-integrin, but
not with collagen I. Accordingly, we hypothesized that
G3BP mediates cell-fibronectin adhesion by interacting
with beta 1-integrin and fibronectin.

(-)-DHMEQ inhibited both TNF-alpha-induced
G3BP expression and cell adhesion in T47D human
breast cancer cell line. We also found that knockdown
of G3BP suppressed the adhesion and that overex-
pression of it increased the adhesion. In conclusion,
NF-kappa-B increases the expression of G3BP and
G3BP increases the adhesion of breast carcinoma T47D
cells to fibronectin (7, Fig. 5). Increased adhesion to
fibronectin should enhance the metastatic activity of
cancer cells.

Inhibition of metastasis in vivo by DHVMIEQ
Recently, Suzuki and co-workers has reported that
DHMEQ inhibits a metastasis model in animals, by DH-
MEQ alone or combination with a known anticancer
agent (10, Fig. 6). Activation of NF-kappa-B is known
to be implicated in metastasis of pancreatic cancer.
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NF-kanna-B BoBfieyeHa B npoLecc MeTacTa3npoBa-
HWS paka MNOMXenyAo4YHOW Xene3bl. Y4eHble rpynmbi
tO0.Cy3ykn mnccneposanu snugHne DHMEQ Ha wHrm-
OMpoBaHME MEeTacTa3oB B MeyeHb MpU pake nogxe-
NYAOYHOW >ene3bl B MbILUNHOW MOAENN KIIMHNYECKMX
MEeTacTa3oB neyveHn. Ha «rofbix» MbIllax npmv NOMOLLN
MWHMMNANapoTOMNI ObiNa Mpou3BedeHa KCEHOTPAHC-
nnaHTauus nytemM BBeLEHWS B BOPOTHYIO BEHY WHb-
eKUMN KNeTodHoM NnHUmM AsPC-1 ageHOKapUMHOMBI
NOAXENYAOYHOW Xenesbl YyenoBeka. JledyeHne Mbilen
npoeoamnoce DHMEQ u reMumtabuHoM, no otaens-
HOCTM M B KOMOUHaUMnM. KoMBrHaums remumtabumHa
n DHMEQ nokaszana 6onee cunbHoe MPOTMBOOMYXO-
neBOe AeNCTBME, YeM MCMNONb30BaHKE NpenapaToB MNo
OTOENbHOCTU. VIHOYKLMS anonTo3a B MeTacTaTU4eCcKmX
ovarax 6bina 6onbule B rpynne DHMEQ + remumTabuH.
3Ha4YUTENbHOE COKPALLEHME YNCIEHHOCTN HOBbIX COCY-
[lOB OblIno Takxe oTMe4veHo B rpynne DHMEQ wn/unn
reMumTabuH. AHanmsbl MHIMOUPOBAHWUA KNETOYHOTO
POCTa He BbISBUN CUHEPreTUYeckuii addekT Komou-
HWPOBAHHOW Tepanuu, XOTA Kaxhas MOHOoTepanus
hana WHOMBUAOYANbHbIA LMUTOTOKCUYECKMIA SPdeKT.
Kak nokaszan aHanuMs3, KOMOWHWpOBaHHas Tepanus
npov3Bena Hanbosbliee MHMMOMPOBaHWE MHBA3MBHO-
CTW PaKoBbIX KNeTok. Kpome Toro, KOMOMHMPOBaHHAs
Tepannsl 3HaYNTEIbHO MOHM3WMAA U OTPerynmpoBana
YPOBEHb 3KCMPECCHM MATPUKCHBIX MeTannonpoTenHas
(MMP) -9 mRNA B AsPC-1knetkax. DHMEQ Takxe 3a-
MeTHO nogasun IL-8 u MMI-9, B TO Bpems Kak rem-
LUMTabMH BbI3BaNl YMEPEHHOEe CHUXKEeHWe 3KCIpeccum
dakTopa pocTa 3HO0TENNS COCYAOB B METacTaTUYeCKMX
o4arax, 0 YeM CBWOETENbCTBYET NPOBEAEHHbIN KO-
qecTBeHHbIN MLP c 0bpaTHOM TpaHCcKpUnumen. 11 pe-
3ynbTaThl NokasblBaloT, 4To DHMEQ moxeT okasbiBaTth
NPOTUBOOMYXOEeBOE AENCTBME KakK NHIMOMpPYs aHro-
reHe3 1 MHBA3WIo KIeTOK ONyX0Sun, Tak U NyTeM UHAYK-
unm anonTosa. KombuHmnposaHHas Tepanus DHMEQ +
reMuMTabunH TakxKe nokasana noTteHuUManbHyio scdhdek-
TUBHOCTb. TakmuM obpa3zom, DHMEQ MoxeT sBnsTbCs
nepcrnekTVBHbIM NpenapaTtoM Ans Ne4YeHns paka nofg-
KENyAo4HOM Xenesbl.

Unrn6upoBaHne KNeToYHOW UHBa3Ny U HHAYK-
A aHOMKO3a B MbILUMHDbIX KJNIeTKaxX menaHoMbl
npu nomown npenapara DTCMI-G
MeTacTatiyeckass akTMBHOCTb PAKOBbIX KIETOK
4aCTO KOPPEeNMpPYeT C aKTUBHOCTbIO KIIETOYHOW MHBA-
3Un. MenaHoMa KOXW ABNAeTCa 04HOWN U3 Hambonee
3/10Ka4eCTBEHHbIX OMyXonen YenoBeka n obnapaet
BbICOKOM MeTacTaTU4yeckom CnocobHOCTbIO. MbIwm-
Hble KNeTKK MefaHoMbl B16 4acTto ncnonb3yloTca ans
aHanM3a MeTacTa3uMpoBaHUsa 1 MHBA3MK, Tak Kak 00-
NafaloT BbICOKOW WMHBA3MBHOM aKTWMBHOCTBIO iN VIVO
W in vitro. MyTemM psga nocnemoBaTenbHbIX 3KCNepU-
MEHTOB Ha >XXMBOTHbIX HaMK Oblfla BbIOpaHa KneTou-
Has NuHKMA B16-F10 B kayecTBe BbICOKO MeTacTaTnye-
CKOW KNeTo4YHoM NnHUM. C 0HOW CTOPOHbI, aHOWKO3
SBNSETCH 0HOM 13 (hOpM anonTo3a, BbI3BaHHOIO He-
JOCTAaTOMHOWM UNW HeHaaeXxallen CBs3blo KNeTO4YHO-
ro MaTpurkca. AHOMKO3 UMEET BaXKHOe 3HaYeHue Ons
perynmpoBaHms TKaHEBOIO roMeoCTasa B peMoenm-
pOBaHUM TKaHW, Pa3BUTUA, a Takxke AN npouecca
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Fig. 5. Galectin-3 binding protein (G3BP) combines
tumor cells and vascular cells to enhance tumor
metastasis. (-)-DHMEQ lowers G3BP expression
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Fig. 6. Inhibition of liver metastasis of pancreatic
carcinoma AsPC-1 cells by DHMEQ decreasing MIMP-9
and IL-6 expressions in rats

They investigated the effects of DHMEQ on the inhibi-
tion of liver metastasis of pancreatic cancer in a mouse
model of clinical liver metastasis. Nude mice were xen-
ografted by intra-portal vein injection with the human
pancreatic adenocarcinomas cell line AsPC-1 via small
laparotomy. Mice were treated with DHMEQ and gem-
citabine, alone or in combination. The combination of
gemcitabine and DHMEQ showed a stronger antitumor
effect than either monotherapy. Apoptosis induction
in the metastatic foci was greatest in the DHMEQ +
gemcitabine group. Significant reductions in the num-
bers of neovessels were also seen in the DHMEQ and/
or gemcitabine groups. Cell growth inhibition assays
revealed no synergistic effect of combination therapy,
although each monotherapy had an individual cytotox-
ic effect. Combination therapy produced the greatest
inhibition of tumor cell invasiveness in chemoinvasion
assay. In addition, combination therapy significantly
down-regulated the expression level of matrix metal-
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MeTacTa3mpoBaHua. [103TOMy NPUHATO CYUTaTb, HTO
npuobpeTeHmne Pe3NCTEHTHOCTU K aHOMKO3Y ABNAETCA
Ba>XKHbIM (PAaKTOPOM AN «YCMeLwHOoro» MeTactasnpo-
BaHWA PaKoBbIX KNeTok. [o3ToMy npenapatbl, MHOY-
LMpyloLMe aHOMKO3, MOTYT CTaTb HOBbIM MPOTUBO-
MeTacTaTu4ecknM cpenctBoM. Kak v npu oBbl4HOM
anonTtose, aHOMKO3 ycumBaeTca Bax, a TopMo3unTcs
Bcl-X L v gpyrumm 6enkamu, MHMMOMpYoLMMKA anon -
T03. P53 0COBEHHO BaxeH AN MHAYKLMM aHOMKO3a.
HesatenbHocTb P53 perynupyercs MHIMOMpYIoWmM
ero 6enkoM MDM2. Hamu Obina n3y4eHa aHTMMeTa-
cTatndeckas aktmBHoctb DTCM-G, npu 3ToM 0OHa-
PY>XEHO, 4TO OH MHIMBUpPYET MHBa3WIo kKneTok B16-F10
M MHOYLWMpPYeT aHOMKO3 B KJieTkax B16-F10 [16].

Hamn Obina nponsBefeHa oLeHKa NPOTUBOMETA-
CTaTM4eCKOW aKTMBHOCTM 3TOro mpenapaTta C MCMofb-
30BaHMEM KJIETOK MbILLMHOW MeflaHoMbl B16-F10. Mpw
aHanmse B kamepe Matrigel DTCM-G umHr1buposan
KIIETOYHYIO WMHBA3MIO MyTeM CHUXEHWSA 3KCNpeccum
MaTpW4HOM MeTannonpoTerHasbl 9 (MMP9). OH Tak-
Xe MHOYUMPOBaJ aHOMKO3, a He aronTo3 B NiacTuHax
¢ nokpbITneM polyHEMA. OH yBenmymn Bax 1 cCHU3UN
akcnpeccnto Bcl-X L. DTCM-G Takke aKTMBMpOBan
p53, cHM3MB akcnpeccuto MDMZ2. Takum obpasom,
HamK Obino obHapyxeHo, 4To DTCM-G mnHrMbupyet
KIIETOYHYIO MHBA3MIO U MHAYLMPYET aHOMKO3 B KJ1ETKax
B16-F10 [1]. OaHHbI NpenapaT HETOKCKMYEH 1 MPOCT B
M3roTOBNEHUN. TakuM 0DPa3oM, OH MOXET CHUTATLCA
HOBbIM KaHOMOATOM Ha pofib MPOTMBOMETAaCTaTUYe-
CKOro npenapara.

bnarogapHocTn

Pabota, onmcaHHaa Bbile, Oblna YaCTUYHO MO/ -
Oep>XXaHa rpaHTaMu, MOMyYeHHbIMW MO Mporpamme
«Grants-in-Aids in Scientific Research (B)» MuHu-
cTepcTBa 0bOpa3oBaHUs, KynbTypbl, CropTa, Hayku M
TexHonormn AnoHum (MEXT), a Takxe cpenctBamu
13 ®oHpa CrpaTtermyeckmx MccneqoBaHMn B HaCcTHbIX
yHMBepcuTETax Npu nogaepxke MEXT, koTopble Obi
BbloeneHsl MeouuMHCKMM  YHUBEPCUTETOM FOpPOAa
Andm Ha 2011-2015 rogbi (S1101027).

Cnucok nureparypbi

1. Kanwema A., TaHueB LW.X.,, YmeszaBa K.
NHrmburpoBaHe KNETOYHON MHBA3WW U HAYLMPOBaHVe
aHoM303a B KJIETKAX MeNaHOMbl Y MbILLIEn NMpu MOMOLLM
NPOTVNBOBOCMANINTENIbHOIO npenapara DTCM-
rnytapamuaa // KpeatuBHas XMpyprs i OHKOSIOTUSA. —
2012. - Ne3. - C. 4-9.

2. Ariga A., Namekawa J., Matsumoto N. et al. Inhi-
bition of TNF-induced nuclear translocation and activa-
tion of NF-KB bydehydroxymethyl-epoxyquinomicin //
J. Biol. Chem. - 2002. = Vol. 277. = P. 27625-27630.

3. Ishikawa Y., Tachibana M., Matsui C., et al. Syn-
thesis and biological evaluation on novel analogs of
9-methyl-streptimidone, an inhibitor of NF-KB. Bioorg
// Med. Chem. Lett. - 2009. — Vol. 19. = P. 1726-1728.

4. Hamada M., Niitsu Y., Hiraoka C., et al. Chemo-
enzymatic synthesis of (25,3S,4S)-form, the physiolog-
ically active stereoisomer of dehydroxymethylepoxyqui-
nomicin (DHMEQ), a potent inhibitor on NF-kappa-B //
Tetrahedron. - 2010. — Vol. 66. — P. 7083-7087.

loproteinase (MMP)-9 mRNA in AsPC-1 cells. DHM-
EQ also markedly down-regulated IL-8 and MMP-9,
while gemcitabine caused moderate down-regulation
of vascular endothelial growth factor in metastatic
foci, demonstrated by quantitative reverse tran- scrip-
tion-polymerase chain reaction. These results demon-
strate that DHMEQ can exert anti-tumor effects by
inhibiting angiogenesis and tumor cell invasion, and by
inducing apoptosis. Combination therapy with DHMEQ
and gemcitabine also showed potential efficacy. Thus,
DHMEQ may be a promising drug for the treatment of
advanced pancreatic cancer.

Inhibition of cellular invasion and induction of
anoikis in mouse melanoma cells by DTCM-G

Metastatic activity of cancer cells often correlates
with the activity of cellular invasion. Melanoma, a com-
mon skin cancer, is one of the most malignant cancers
with the high metastatic ability. Mouse melanoma B16
cells are often used for the metastasis and invasion
analysis because of potent invasion activity in vitro and
in vivo. The B16-F10 cell line has been selected as the
highly metastatic cell line by successive animal experi-
ments. In one hand, anoikis is the subset of apoptosis
triggered by inadequate or inappropriate cell-matrix
contacts. Anoikis is essential for the regulation of tis-
sue homeostasis in tissue remodeling, development,
and also tumor metastasis, so that the acquisition of
anoikis resistance is considered to be important for
achieving the successful metastasis for cancer cells.
Therefore, anoikis inducing agents may become new
anti-metastasis agents. Similar to common apoptosis,
anoikis is enhanced by Bax and inhibited by Bcl-XL and
other apoptosis inhibitory proteins. Especially, p53 was
shown to be an important factor to induce anoikis. The
p53 activity is requlated by its inhibitory protein MDM2.
We studied the anti-metastatic activity of DTCM-G,
and found that it inhibited B16-F10 cell invasion and in-
duced anoikis in B16-F10 cells (1, Fig. 7).
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Fig. 7. Signaling pathway for inhibition of cellular
invasion and induction of anoikis by DTCM-G in mouse
melanoma B16-F10 cells
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We evaluated the anti-metastatic activity of this
agent using mouse melanoma B16-F10 cells. DTCM-G
inhibited the cellular invasion in the Matrigel cham-
ber assay, lowering the matrix metalloproteinase 9
(MMP9) expression. It also induced anoikis rather than
apoptosis in polyHEMA-coated plates. It increased Bax
and decreased Bcl-XL expressions, and activated p53
lowering the MDM2 expression. Thus, DTCM-G was
found to inhibit cellular invasion and to induce anoikis
in B16-F10 cells (1). It is non-toxic, and easily prepared,
therefore, is considered to be a new candidate of an-
ti-metastasis agent.
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