1 STEM CELL FUSI ON MODEL OF CARCI NOGENESI S BACKGROUND OF THE I NVENTION 5
Cross Reference to Related Applications [0001] This application clains the
benefit of priority to U S. Provisional Application No. 60/711, 249
entitled "Stem Cell Fusion Mdel of Carginogensis" filed on August 25,
2005, the entire contents of which are incorporated by reference. 10 Field
of the Invention [0002] The invention relates to a cell system and net hod
for nodeling, screening drugs against, and inhibiting mgration of cancer
cells. Description of the Related Art 15:é0003] Cancer has been difficult
to treat because of SHIEM (e fEISIGNMOREL QF GARCINQGENESIFty. As a hunan
di sease, cancer was described as early as 1600 B.C. in ancient Egyptian
writings. Hi ppocrates, the ancient G eek physician, recognized the

di f ference between beni gn BACKGROGNBNOTF (THHINVENTIONed nmal i gnant tunors
"carcinos." Cancer is currently the second-|eading cause of death in

devel oped 20 countries. [0004] Trenendous know edge of cancer has been
accunul at edogkieSdnid ®8hePliad 8Spidalgss dent Richard N xon declared a "war on
cancer"” in The I9/0s. Many hyp eses of cancer devel opnent have been
proposed i N00®d | a¥hisepplicem aeingsthe Beneliy ofypotthesUsS. Phovisimialided t he

irritation ot hesj|. s, ryanal. ., hypot hesj s, and sitic. hypothesi,s.
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car ci nogensopWRiigdst 1502003, hshtirORAenss FfwiROr a8 SNSspRdied by FaEreSdsPPr essor
genes were discovered through nolecular analysis of human and experi nental

ani mal tunors. These studies resulted in establishnment of the gene
mut at i 98 h)ﬁ%qth i%ve\ﬁﬁﬁio(:h has been dom nant over the 30 last three
decades. 2%@%—%6 its intrinsic el egance, the current gene
mut ati on hypgg2pesi Fhdiasention relates to a cell system and method for modeling, screening

drugs against, and inhibiting migration of cancer cells.

Description of the Related Art

15 [0003] Cancer has been difficult to treat because of tissue heterogeneity and gene
instability. As a human disease, cancer was described as early as 1600 B.C. in ancient
Egyptian writings. Hippocrates, the ancient Greek physician, recognized the
difference between benign and ma_lignant tumors and named malignant tumors
“carcinos.” Cancer is currently the second-leading cause of death in developed

20  countries.

[0004] Tremendous knowledge of cancer has been accumulated since United States
President Richard Nixon declared a “war on cancer” in the 1970s. Many hypotheses of
cancer development have been proposed in the last two centuries. Early hypothesis

25 included the irritation hypothesis, embryonal hypothesis and parasitic hypothesis.
Later, with the establishment of experimental oncology, chemical carcinogens were
identified. Dozens of oncogenes and tumor suppressor genes were discovered through
molecular analysis of human and experimental animal tumors. These studies resulted
in establishment of the gene mutation hypothesis, which has been dominant over the

30 last three decades.




failed to explain many inportant features of cancer. |ndeed, the

limtations of the gene nutation hypothesis have been thoroughly addressed .
by many researchers. 5 [0006] Recently, the "stemcell theory of

car ci nogenesi s" has gai ned nonentum w t2h i nsights gained fromstem cell

research and the discovery of "cancer stemcells.™ The stemcell theory of
carci nogenesi s suggests that stemcells accunul ate genetic nutations and
beconme nmalignant cells. However, since it is still totally dependent on

the gene nmutation hypothesis, the stemcell theory cannot fully address
what causes[00A8] 10 Despitd itsciniripsicielsgrugeethe ohirrentizers mutitioh hygpotiesisdes on and
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i nvent or s ithe péeatutation sypotieapdbesemhall tlcancemndiefudl agdresstwhan valsesethe gene
mut at i 01@5 \?ﬁﬁd' cel Iff usi ons. 25 S(ﬁ):qci_fi cally, cancer can result froma

f usi on et VESRCUYF seqiurss oL ganchh SUGRASIRYASIoN R PIEsEly a bone narrow deri ved
stemcell (BMDSC). "Aneuploidy," which is a hallmrk .of malignancy, is a
direct consequence of this cell fusion. The "stemcell fusion" nodel

expl ai ns t H8047 mar Mabitions angirdra ei¢nts sMbthemetienl maidclysaggescibati asmared BVDSC.

Pon: mut ageriR 90 e BeEtea et W R R BRI B oSBTV Y et | ammat i on,
can pronot @réfkédnant endbliaf hR5d18stiedf the hallmarks of cancer. As the phenotype of
15 genomic ins'tability, aneuploidy has been observed in nearly all solid human cancers
and is difficult to explain with gene mutation hypothesis. It has been proposed that
aneuploidy accounts for cancer as an autonomous mutator, but the mechanism

underlying aneuploidy remains unclear.

20 [0008] Hence, despite the substantial progress that has been made, the origin of
cancer remains enigmatic. Because current models of carcinogenesis based on the gene
mutation hypothesis have limitations in explaining many aspects of cancer, a new
model of multistage carcinogenesis has been put forward by the inventors in which it is
proposed that cancer development involves gene mutations and cell fusions.

25  Specifically, cancer can result from a fusion between an “altered” pre-malignant cell
and a bone marrow-derived stem cell (BMDSC). “Aneuploidy,” whiéh 1s a hallmark
of malignancy, is a direct consequence of this cell fusion. The “stem cell fusion”
model explains the remarkable similarities between malignant cells and BMDSC. This
model also explains why non-mutagens can be carcinogens, and why non-mutagenic |

30 processes, such as wound healing and chronic inflammation, can promote malignant

transformation.




SUMVARY OF THE | NVENTI ON [ 0009] In one enbodi nent of the invention, a

nmet hod for nodeling cancer cell mgration is disclosed. The nethod
preferably includes providing a bone marrow 5 derived stemcell, .providing
a genetically altered cell, fusing the Rone marrow derived stemcell wth
the genetically altered cell, thereby creating a fused cell; and neasuring
an indicator of mgration for the fused cell. Alternatively, instead of
fusing the two types of cells directly, one may obtain or culture the
fused cell froma previous fusion of the bone marrow derived stem cel

with the genetically altere§UMMARY®F BHFINYENZIBNher enbodi nent of the

invention, a nethod for screening an effect of a biological or chem cal
agent on tunor cell mgration is described. The nmethod includes providing
a fused cel [0088) i védulofie anbaliheagiodthedfivantibmrensthod fonvmebdelingechnedrentl cel |l with

a genetically altered cel], contactiin e fused cell with a biological or
15 chen cal Hé@é‘@w s diselon M%ﬁtﬁ@f%ﬁ%@&mﬂ& Preafing fibgRa gAY e
pr onot eds 'ﬂéﬁdéuﬁﬁﬂr (%enplsmumﬁ{gamgﬁgﬁcaﬁlfagﬂséﬂa% gélél},xﬁﬁggtﬁeb&%mm%mt of the

invention, a nmethod for |nhi biting tubhor mgration is descri_ bed and
i ncl udes costpmicell mathdlongencti¢ably alteted woll, thesty antatingarfused celffandtraasuringount  of

an anti body_agai nst ubiquitin.  Preferabl this, ant]body.is L-14, J[e.g.,
VEL 14 P ab) SicGhel Biefon s me aed AP Sterhatas! Helerd gt B et i hods-of
the inventigQPed EREBSERICHIR dhR\AWhtdiBF QIEREE 168 fitked CIPRES aSrevIBEehusibRr 10
vitro studies of tunor cell mgration and in vivo studies using animals

with 25 trefriBpbensmeatran derivied sicar cellenidh the getetiselsbaieeedmstlr ow, for exanpl e,
eGP trl%nsgenei cs. Additional features and advantages of the invention wll
be forthcomng fromthe follow ng detail ed description of certain specific
enbodi ment s[004EN 1 Badhother c@bayitheat dfahe WvEdtiohhematheo fpaniengg dh ae1@s. 4

BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] FIG I is a schematic illustration
of mali gnarﬁblf’]t(’&‘ﬁg]f%rchﬁmcé]nag’?ﬁmlhwr p§il migration is described. The method

includes providing a fused cell derived from a fusion of a bone marrow derived stem
cell with a genetically altered cell, contacting the fused cell with a biological or
15  chemical agent, and determining whether tumor cell migration is promoted, inhibited,

or unchanged.

[0011] In yet another embodiment of the invention, a method for inhibiting tumor
cell migration is described and includes comprising contacting a tumor cell with an

20  effective amount of an antibody against ubiquitin. Preferably, this antibody is MEL-14,
[e.g., MEL-14-F(ab"),], antibody 14372 or antibody 10C2-2.

[0012] The methods of the invention represent a new and improved carcinogenesis
" model for in vitro studies of tumor cell migration and in vive studies using animals with
25  transplanted with marker-gene modified bone marrow, for example, eGFP transgeneics.
Additional features and advantages of the invention will be forthcoming from the
following detailed description of certain specific embodiments when read in

conjunction with the accompanying drawings. -




fusi-on between bone marrow derived stemcells and "altered” tissue cells. 5
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS [0014] As used herein, a
"metastasi s" means the spread of cancer fromone part of 10 the body to
anot her. A tunor formed by cells that h%ve spread is called a "netastatic
tunmor” or a "netastasis."” [0015] The term "malignant” neans cancerous,

i.e., abnormal cells that divide wthout control and that can invade

near by tissues and spread through the bl oodstream 15 and |ynphatic system
to other parts of the body. [0016] The terns "altered cell™ or "genetically
altered cell" are defi nBRIEETRESERIFTIONEOF THE DRAJEFMEGSc or epi genetic
changes sufficient to skew the nornmal differentiation pathway of a bone
marrow derived stemcell after fusion with a BVDSC. "Altered" 20 cells

include so-palidled Fi@itisatetbm Jtﬂeﬁﬂum{m@mﬂmgnﬁﬁlﬁamoﬂnatml rﬁ@dlatbdpb;@ step

carcinogenesis nodel. [0017] The term"fusion cell" neans a cell fornmed by
the fusion Bsioahetycebent matew dameedstaneadlsiand f dwmb’msmeﬂs emcell. 25
[ 0018] Ege origin of nmalignancy is still controversial, especially for
carcino whi ch conprise nore than 90% of human mal i gnancy. The nodel of

carcinogenesis put forward by the inventors focuses on the devel oprment al
origin of highly malignant carcinonmas. The key event in this nodel is a
fusion step bot weerDBSRRIFRIONMHIT, BREFERREQHFMBORIMENSSS)  and
"altered" tissue cells (Figure 1). Purified BVDSC popul ati ons are obtai ned
by renoving all bone marrow derived cells that expressed a differentiated

cel | surfade0nr keAs useslilaeein amamstata]s! yeansatht slrbRl efdatiter Sroml fig: gaktifage 5
hat passes through the colums can be further enriched for

negative ce

stem céfl s t{ag'/go J8 .awtb@} %w%é@w@ bysellethauhays sprepd is cablesh 8 3mgfasatiG ve and
SCA'l-POS'Hbﬁﬁfﬁflhﬁﬁmﬂﬁﬁﬁ" works for both nouse and human BMDSC. The

i nvention ates in part to the

[0015] The term "malignant" means cancerous, i.e., abnormal cells that divide
without control and that can invade nearby tissues and spread through the bloodstream

15  and lymphatic system to other parts of the body.

[0016] The terms "altered cell” or "genetically altered cell" are defined here as any

cells with genetic or epigenetic changes sufficient to skew the normal differentiation

pathway of a bone marrow derived stem cell after fusion with a BMDSC. “Altered”
20 cells include so-called “initiated” (pre-malignant) cells in the multiple-step

carcinogenesis model.

[0017] The term "fusion cell” means a cell formed by the fusion of an altered cell
and a bone marrow derived stem cell.
25
[0018] The origin of malignancy is still controversial, especially for carcinomas,
which comprise more than 90% of human malignancy. The model of carcinogenesis
put forward by the inventors focuses on the developmental origin of highly malignant
carcinomas. The key event in this model is a fusion step between bone marrow-derived
30 stem cells (BMDSC) and “altered” tissue cells (Figure 1). Purified BMDSC
populations are obtained by removing all bone marrow derived cells that expressed a

differentiated cell surface markers using commercially available columns. The lineage




recognition that the fusion between "altered" tissue cells with BMDSC may
result in 5 malignant transformation of the hybrid cells. Thus, so-called
"initiated" cells.in multiple step carcinogenesis nodel and beni gn tunor
cells can be given the ability to mgrate. [00191 Upon fusion, the norna
differentiation pathway of BMDSC coul d be 10 di srupted due to the existing
genetic or epigenetic disorder of the "altered" tissue cells. Cenetic

di sorders could be gene nmutations, translocations, deletions, or
anplifications_ as _proposed by the gene nutation hypothesis. Epigenetic

di sorders cegpiveellafipt passesihouge herraluns canbe Sethacensished f@asteme@ﬁ:s byin

dysreqgul ati on.: . p&ﬁq > i such A ylLati-Qn
chromatin |1t ie-legstg i|E(L5trll,%{g)r a 31% gbﬂglg(/éégﬁ? L%%g’r"s‘ilgg%‘i’@i%%‘gﬁ gst @gri ﬁlésul d give
rise to daughdeforbeth mowdetahd hbeap BADS Y pThofnvbaioh rblaes impdretoabe cel | s and

BMDSC. In other words, the daughter cells could acquire the capability of
sel f-r enevvarle‘,’oglit‘é)é‘uglaf W@gﬁwe&ﬁ@%ab?@@i wsus sdinvatbogd DS spulf iy ni ng
into malsig V, . f LS roc g -.mtosis and
ose of > e RetoNRAGR R b it CTufl REGRE BHRRAEI T o).

Aneupl oi dy mualtiplt s2p comtmgendsivendial widigeni ortomootellgemobe givemeicability toy and
cancer progression. According to the inventor's nodel, a single fusion
event coul % the sane transfornming (from benign to nalignant) effect
as that of multiple events involved in the process of classical nultistage
carcinogenesis. 25 [00201 Based on the inventor's nodel, nost of the

mal i gnant dA&dt yppaf fusmncibe noxual diffwgeritiatias pghwanof Bt esilébavoul d cone
fromt .even uring

BMDSC. sion_is.a. natural and relatiyvely. frequent d
the deugl ofnemiehiiR s SRR arap erndi omer of g aARL. SIS Hipar  ng
the rel ati \Rnpliofiadiths tyul@be geMemitatiand, Bandetdtibite da bR CA! dmplifdatidd, one
can view the devel opnent of a normal cell to fulf nali gnancy as an 30

evol ut i onadyPiPeddy thagsnepantalieyhbetiesise Brigersticisordes eouldbeasvent s with a
reauent okl ool o L ROU B RERHEL LY o o o1 o0
t hat bone (fimfctiony sachi as DNA methylation, chromatin modification, or altered cellular
15  signaling. Fusion could give rise to daughter cells with the phenotype of both the
altered cells and BMDSC. In other words, the daughter cells could acquire the
capability of self-renewal, tissue invasion and migration from BMDSC, thereby turning
into malignant cells. Moreover, the fusion process, subsequent mitosis and loss of
individual copies of chromosomes, will result in aneuploidy. Aneuploidy could
20 become the driving force of genomic instability and cancer progression. According to
the inventor's model, a single fusion event could have the same transforming (from
benign to malignant) effect as that of multiple events involved in the process of

classical multistage carcinogenesis.

25 [06020] Based on the inventor's model, most of the malignant phenotype of cancer
such as invasion and metastasis would come from the BMDSC. Fusion is a natural and
relatively frequent event during the development and maintenance of multicellular

- organisms. In comparing the relative probability of gene mutation and the stemn cell
fusion, one can view the development of a normal cell to full malignancy as an
30 evolutionary proéess. Any pathway that replaces multiple rare events with a frequent

event would result in such pathway to be overwhelmingly preferred in evolution.




only contains hematopoietic stemcells (HSC), but al so contains nmesenchynal
stem cells (MSC), endothelial cell progenitors, and stemcells of
epithelial tissues that can differentiate into epithelial cells of liver,
| ung, skin, and gastrointestinal tract.éThese 5 BMDSC migrate to
nonhemat opoi etic tissues and may play a role in maintenance and repair of
damaged tissue. There are, as summarized in Table 1, striking simlarities
bet ween BVMDSC and netastatic cancer cells in ternms of their biol ogical
activities, as well as the nolecular basis of these activities. 10 Table
1. SiniIariﬁmzbbtméﬁﬂDBGm&ﬂﬁde@MmderhﬁmﬂsmﬂbmﬂmnmﬁBMmmmubnmanmanmotancer
cells. Bone ,marrow derived éﬁnlcﬁr tast tlc cancer cell Self-renemal
K]
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M gration Invasion, netastasis EXtravasation Extravasation Surface

mar kers, c- qhifﬁerentmsmtanmﬂsbmlmeﬂaﬂﬂever,deng,§klexmmtr@nwsmnal em34 Taers CD133

CD133 CR4 t t
CDIS3 - Chemgirng hEG5RY0k S AR s T e R e A a2 | e
to radi ot hefagyof Eiipes fssie] ThaE asead ainaiaied ﬁfﬁrmw@m@n%vﬁ]aﬁtahaés i mune

privilege | mune escape Wit and de ehggﬂ3|gnal activit t and Hedgehog
si gnal act i Ratween RMESSt ad apgjastriisrvenses c naqr@saﬁgietrdweglp@ ardoties, aBVDSC and

metastatic I el f-renewal, mgration, 15 and
. ; \%’}f]&seﬁl%igm%ﬁécﬁla%a%ls o%{%ﬂae% t?wtu?

tissue invasion A cancer cerrs express purported stemcell markers.
For exanple, c-kit is strongly expressed in serous ovarian carcinom,

testicular carcinomn, 7
10 Table 1.

Similarity between bone marrow-derived stem cells and metastatic cancer cells.

Bone marrow-derived Stem cells Metastatic cancer cells

Self-renewal “Immortality”

Growth in suspension Anchorage-independent growth
Multilineage differentiation Give rise to heterogenic cancer cells
Migration Invasion, metastasis

Extravasation Extravasation

Surface markers, c-kit, CD34 and Some cancer cells express c-kit, CD34 and
CD133 CD133

Chemokine receptors, such as CXCR4 CXCR4 expressed in metastatic tumor
Sensitive to radiation Poorly differentiated cancer more sensitive to

radiotherapy

Express telomerase Telomere maintenance
Partial immune privilege - Fmmune escape

Wnt and Hedgehog signal activity Wnt and Hedgehog signal activity

" Mediate angiogenesis Mediate angiogenesis

[0022] BMDSC and metastatic cancer cells are capable of self-renewal, migration,
15 and tissuc invasion. Certain cancer cells express purported stem cell markers. For

example, c-kit is strongly expressed in serous ovarian carcinoma, testicular carcinoma,




mal i gnant nel anoma, and small cell lung carcinoma. CD34 is expressed in
der mat of i brosarcoma, epitheloid sarcoma, and solitary fibrous tunors. In
addition, all types of cancer cells acquire tel omere naintenance .,
capability, simlar to stemcells, whigh are telonerase positive. BMDSC
express particul ar chenokine receptors and 5 reach their destination by-
chenoki ne-1igand interactions. [0023] Interestingly, the sane

chenoki ne-ligand pairs are involved in hom ng of BMDSC and nalignant cel
met astasis. A well-known phenonenon is that poorly differentiated cancer
i s usual Iy Fplgnapt meleasresend sipell cefbluag supispmp.y €DB8 iy exgressdddnapy. 10 This
phenonmenon I ressed i.n the lLiterature, but. .bears
remar kabl e @@3@%103%%@%% P Eﬁ%@% Pﬁgpaaarng ® lltl%“m %/brg%sntgﬁnf)fsvén?g&lflg&i tion.
| ndeed, t hitypesofiideytdlls abquirdtaldindtd BhRinteRarich@afdd ity s@hilaltd Blefdells,
nyel oabl ati on. Taken together, cancer cells may acquire these

char act er i Vgl aretepmpropssposityve. BMPSCrexprept Pastiduiar khamelfipsueceniens apdne

marrow deriyed fsl e%tiﬁ@dbngdyv ﬁﬁlgg@ﬁh%%%?ﬁkea%rﬁoﬁ_ncer in mce with chronic

Hel i cobacter 15 |n?ect|ons. e I's a report that human skin
carci nomas derived from donor cells were observed in a kidney transpl ant
reci pi ent. 4] The inventors have proposed in the past .that a fusion
event bet me!bﬁ%swo@éf%ﬁ%g Vahespag chemaphine- ligapd prirsare ipyobugd da poring of

mi gration. mm&maﬁ%ﬁmm%%sﬁsr%@al-kﬁmﬁl éﬁéﬂgﬂmt@hlap GRRTENON i N

the life of many organi'sns. Intracellular vesicle fusion is essential for

basi ¢ cel | Wliffgreftintast daneer iEmuellpbighlyunetasas: e novesensitivato radiaferaps. i nt o t he

t osol, .t h nb f usj on. t tq.h . life b i th
Trst on10cor TR neeh ol Sk el rbEr Bt bopreeRedalRaurt ng
the devel gpyBBlantd toBIBISE thRONEhBAH, Rh@ERYbRadiAfone qﬁde)éd,atﬁisls%%skavibito has

been proposed that 25 nal iﬁ%nancy coul d be a consequence of hybridization
bet ween | edrdigiipnds thghasis efielinieal mysloablatigy. (Bikes tagether, shimwe celtsimay oncogeni ¢

t f t : ' t |l's t ook -cul tured
sporm _ana ‘paledFEY RERUIER, FRATRIARR. RO felenf s Pk PimdPuBBaf vt o7 on
in situ. An@ng dbesdtdl day phichBs ke gt dafedr iy witizelrb @b HetoBdewpr cell's

W th I?(nphoc tes results in nmetastatic cells. However, prior to the 30
i nvent fon, HectRe Tnaddition: thereda e eengeidbatiymgn skinsaiginostes detivest froml i gnant

transfor mayhof cells were observed in a kidney transplant recipient.

[0024]  The inventors have proposed in the past that a fusion event between
BMDSC and “altered” cells give rise to cancer cell migration. As mentioned above,

20 fusion is a fundamental phenomenon in the life of many organisms. Intracellular
vesicle fusion is essential for basic cellular function. Enveloped viruses deliver viral
capsids into the cytosol through membrane fusion. From yeast to humans, life begins
with fusion. Cell-cell fusion is a part of normal biological processes during the
development of muscle, bone and placenta. As early as 1911, it has been proposed that

25 malignancy could be a consequence of hybridization between leukocytes and somatic
cells. Studies also showed that oncogenic transformation occurred when mammalian
somatic cells took up co-cultured sperm, and /or via the experimentally-induced
penetration of spermatozoa in site. A long standing hypothesis was that hybridization
of tumor cells with lymphocytes results in metastatic cells. However, prior to the

30  invention, no one is know to have described or suggested that malignant transformation

is a result of fusion between a BMDSC and “altered” pre-malignant tissue cells.




is aresult of fusion between a BVMDSC and "altered” pre-malignant tissue
cells. 8 [0025] Stemcells are capable of adopting the phenotype of other
cells by spontaneous cell fusion. Several studies have shown that BMDSC
fuse with a variety of target cells. U?ng a nmet hod based on Cre/l ox
reconmbi nation to detect cell fusion events, Al varez-Dolado et al. (Nature
425, 968-973 [2003]) denonstrated that bone 5 marrowderived cells fuse in
vivo with |iver hepatocytes, Purkinje neurons in the brain and cardi ac
nmuscle in the heart, resulting in the formation of multinucleated cells.
Thr ough ser {25} r artquh egltsatrd capaldf o advting theqhendyposeiththe gellsdnyt es, Wang et

al . Nature 422 897-901 03 d nstrate th fusipn is the
pri nci( pal stRIPERYE Ce%%‘fféqrﬂ['r@%%ﬂi %‘ﬁ? © ﬁ@ﬁ’%ﬂ %%@%@P%&gﬁéﬂ%eﬁnal ysis
of hepat ocybfardet @S PUBREQGnkRod BR8] H:20R)18x AQRDBILIHRIEE td Mttt B8 RisfoBCi Pi ent's

denonstrated diploid to diploid fusion égo, XXX%% and diploid to
tetrapl oi d eusBisoflvetezadolxgootal Y NVrare 43Sy pes973 [ROORR demonstratesithat boasr occur

mul tiple:ti e e or.nmal. re- ml i gnan nd l.ignant cells; .however,
The. 1 hent | DRTQRSHFRNeIPhIE o Bt S e Rl P SRR Mo B brai
pre- mal i gnagid catdigsmigscleih lthadtBAMRSEn 25 the CrdGiiah oBhBRinbélefiad &llBOJENESI S.

There may be multiple 15 fusions with the BVMDSC, thereby |eading to at
| east a t et FEpRg wrirkirapsplpplation efhonpurarsmv-dersied hepitersees, J\ogaet alAf t er f usi on

ith alt ' ldnSs f- 21a . di iati f
Stem ool | & TR RS DT 005 SRRy S e ST Wbl TREN 2 20°

fromthe albomcethrosl-iaivel hepandytasCylogertibanal gdicof lephlocyedeispahted
carci no%ene i S’eﬁ%i gh praopose that stemcells accumul ate mutations and _
become 1 arZ9B e denps misk Wiy mals reapicpls demenssited gipipid ta dipleid dpsien ¢ hat show

that stem q@h!ex®R§ shPaRIdi@lLk : gﬁﬁmp‘p i r ' d cells.
Stem cel | sc(gh’oul d be m)?e sengﬁﬁlglgq?wa’ anage |f11ﬁg?&c’}&ée% '?Igmr?a%t ain the
mul t i pot entfuslph tar et rabltipke tpo¢sdwtwedn. nofthay preialignantomd tmdlizgasntBYMBSC 25 ar e
nore sensitive to_.radiation t mature cells. This f CthLS t he basi s of

clinical mp&EsabibseshtionRspiicply wvelyes fisioghebysraen onligrehpreadigaantt om

cel I's are RRER ®ARRI BMWBSCE as ahleld] BEp BY MR SABBLT TEr@BR)HS muipsBt 0Si S
| evel s of intestinal crypt stemcells are
15  fusions with the BMDSC, thereby leading to at least a tetraploid karyotype after fusion

takes place.

[0026] After fusion with altered tissue cells, the normal self-renewal and
differentiation of stem cells is thought to be disrupted by the abnormal signal derived

20 from the altered cells. In contrast to other stem cell models of carcinogenesis, which
propose that stem cells accumulate mutations and become transformed, the invention is
consistent with the studies that show that stem cells are less tolerant to DNA damage
than differentiated cells. Stem cells should be more sensitive to DNA damage in order
to maintain the multipotent differentiation potential. There is no doubt that BMDSC

25  aremore sensitive to radiation than mature cells. This fact is the basis of clinical
myeloablation. There is also the observation that tissue stem cells are more sensitive to
killing by DNA-damaging agents. Apoptosis levels of intestinal crypt stem cells are
markedly elevated by exposure to radiation or cytotoxic agents. Therefore, it is more
likely that tissue cells, rather than stem cells, accumulate genetic and epigenetic

30  disorders. After fusion with BMDSC, the daughter cells are transformed and give rise

to malignant tumors.




mar kedl y el evated by exposure to radiation or cytotoxic agents. Therefore,
it is nmore likely that tissue cells, rather than stemcells, accunul ate
genetic and epigenetic 30 disorders. After fusion with BVDSC, the daughter
cells are transforned and give rise togmalignant tunors. 9 [0027]
Chronosonal abnormalities have been identified as one of the distinctive
pat hol ogi cal features of cancer for nore than 100 years. Aneupl oidy has
been observed in nearly all solid human cancers. In addition, clinical
data suggest that the degree of aneugloidy is correlated with the severity

of the di sd#82H. Afhemeaspmel abpotmalisics bavedeet idgniifiades one ahiha distiaetivehe
i nportance i i LGl No esi but the mechani,sm der.l yi ng
aneupl oi dy Isr)d féhr?g‘lgﬁ%mg%%ﬁ ésaéﬂaﬁ%r? e sg érh i clz)Plye?rﬁ‘s%gﬁup rlr%lg% asot?f.:en obSEEd
car ci nogendsinsartfesitsdliddninian cencerN ¢ plditioly, clificaliiata vy idsetdhethe degregoence of
cell fusion resulting in |oss of individual chronosone copies. In an

earlier di reeplaigyns eoatelabed Bith thesevesity pbbie dissaseim 4 preuplosdsohypetiess obf

car ci nogenesj j: : t . ia i ancer
ol o oBe Fahcer citpHfifeR SETRONAG A MDA GREIRALR, bt B PSR 20007
wi t h nor malundedghgbnanplepdt feslaina incledrl dn tHdateoval fusiog hioglenof hunman

precancerous | esions hav own increased frequency of tetraploid cells,
such as B&PF&%&B%C@&%%@??WW@@% Nig 2k Bieyifable conprauppsy- o Gell fosa ot ypi cal

cervical sQuaMHsSH 168 F frdivial ¥SbsoSm iR 9 Y cHEIORRES g?aéfolﬂ_iﬁtﬁl the

majority of aneuploid human 15 prostate cancers are tetra S
evi dence suthggeepssed htem ¢elidunoempolidi dfyaminogenesisy studies dpmasteated r om a

tetraplgi dat i t.(i.e., fusion). 28] Th i ation.b
hr o 401 + DYb@R e if bioFite s S kS e R e BRBIY SR ved.
There are @Riyeddd@PenhatsiodHidsnodgl Frovth @8N MELAl Q@lléﬁ%_@:‘é%&! cétfath 20

cel lular nechani sns underlying this association. The inventors
i nt er pr et ahP@An precanyerqus lestans hats showetingseased fregueacy effairapleiddcldasedhrsgenesi s

is as foll ic 1issu I niur inf | anmation, .and.subsequent tissue

repai r exnaap SeHhafun RGeS i PR P SEGASL RERNE < The

| ocal i nfl agisatAfayysis IDIEA YloidNaERdnstrhes tHadihe hfajdafon BneupfoiBMRPAn and t hei r

i nvol vepment in tissue repair. BMDSC occasionally fuse with :
prostate cancers are tetraploid. This evidence suggests that the aneuploidy of cancer

originates from a tetraploidation event (i.e., fusion).

[0028] The association between chronic tissue injury, inflammation and cancer has
long been observed. There are many elegant studies and reviews of the molecular and

20 cellular mechanisms underlying this association. The inventors' interpretation of the
relationship between tissue repair and carcinogenesis is as follows. Chronic tissue
injury, inflammation, and subsequent tissue repair exhaust the regenerative capacity of
local tissue stem cells. The tocal inflammatory microenvironment then favors homing
of BMDSC and their involvement in tissue repair. BMDSC occasionally fuse with

25 “altered” tissue cells and give rise to malignant transformation.

[0029] - Tissues that normally undergo rapid renewal are expected to experience an
increased cancer incidence, as a high turnover rate should result in local tissue stem cell
exhaustion and infiltration of BMDSC. Indeed, epithelium in the skin, the lungs, and
30  the gastrointestinal tract, which are continuously exposed to environmental insult and
constantly in a state of renewal, are the tissues with a high proportion of cancers. The

increased engraftment of bone marrow derived keratinocytes during wound healing has




25 "altered" tissue cells and give rise to malignant transformation. [0029]
Ti ssues that normally undergo rapid renewal are expected to experience an

i ncreased cancer incidence, as a high turnover rate should result in |ocal
tissue stemcell exhaustion and infilti tion of BMDSC. |ndeed, epithelium
in the skin, the lungs, and 30 the gastrointestinal tract, which are
continuously exposed to environnental insult and constantly in a state of
renewal, are the tissues with a high proportion of cancers. The i ncreased
engraftment of bone marrow derived keratinocytes during wound heal i ng has
10 been dehmsiemnﬁmtddrin sexmiknsneicd beok banew transpbautdd mivs pheaunghatle m ce,

t hough the sane ed out t presence of fusion, bet bone
mar r ow- der i Y&RF “IEE? ﬁH” S RIS iqureliesn beng Wa‘é"em‘@“i"#\g’ﬁ(} and

Hel i cobact egh BhigfelihlQRII # ARuldBhjRfy. %él{cbp&&é?%ﬁctf(ﬁqggka driikiBtafR R @PENt
of gastric cancer. Chronic tissué danmage and ongoi ng tﬂssue repair 5 cause
an i nbal ance tb@dwbmmepﬁ dflgedtiialkcarset. | C}monicmfsmealamge amdor@mgttmsmfsrepmr t he

stonach Indeed ent reported.that r.rowderived cells
o O o Sor | GRS Bt imphtan Btk iRl T RAL pRB e ahd Ao e The damittos0)
Aging is ongdedd, itheccall $Rhes mrté@thaatf&%%%mw d&ﬁf@&@élls A Yosish &fgfasth@ age 10
distribution of cancer resulted in the early nultistage theory o

car ci nogenexinger it febeobactehmfeptetemingt at i on hypot hesi s assurmed that the age
distribution of cancer reflected the time required to accumul ate
sufficient nultiple nutations for cancer devel opnent. However, an

al ter nati vgoexql anaginghs @wdfdh@gehtﬁﬁtnsmﬁdﬁﬁr@bﬁé@céremrs%istdf%ef ahe agi ng
al so inpact_stemcell function. Oxidative damage and cell senescence could

enhancé015 distbwticaqistiopr wpulfadyin dierarlyanyltigegel thqons poerreineganaes ebaer t he
I nci dence %eg&l e AR grlpot%g&s %ﬂﬁﬁl@{fﬁlﬁt th%%ngﬁﬁﬁ{%u&?ﬂféatngéi'@ﬁ&%dstﬁet' ssue

renewal or secr

m croenvir (lmml’ﬂtt]mr&ﬂrtd atuniulate sefficledt multple minatiaatfovédnyerafevelopmentel ['s.  I'n
addltlon stenlcells t hensel ves are also a direct. target for aging-rel ated
danmage. |t HovEyehaateaupssxpapapn goatd lr?athat IRGCAHIFYS resPsideEpr Bgingef ect i ve

7m0 L gy o Lty e
Senescéfice t]mﬂe@eﬁmynﬁumpr@bpfd]—d:ahlrﬁasmﬁ ahiBlisreasnhe ?Iﬁsldence of mahgnancy
For instance, senescent cells compromise tissue renewal or repair, secrete factors that
can alter the tissue microenvironment, and in turn could alter the activity of stem cells.
In addition, stem cells themselves are also a direct target for agingefelated damage. It
has been demonstrated that hair graying is caused by defective self-maintenance of
20 melanocyte stem cells. Gut epithelial stem cells have been shown to suffer important
functional impairment with aging. Senescence and a functional failure of HSCs can
create conditions that are permissive to leukemia development. Therefore, the
chronological kinetics of carcinogenesis may reflect the celi-cell interactions during the
course of aging.
25
[0031] Other conditions may promote cell-cell fusion and consequently increase the
incidence of cancer, including tissue remodeling and virus infection. The high
incidence of breast and ovarian cancer in women, and hepatocellular carcinoma
following chronic hepatitis may be examples where tissue remodeling promotes
30 malignant transformation. Epstein-Barr virus (EBV) has been shown to be associated
with a wide range of cancers including Burkitt’s lymphoma, non-Hodgkin’s lymphoma,

Hodgkin’s disease, Nasopharyngeal carcinoma, gastric adenocarcinoma and breast




create conditions that are perm ssive to | eukem a devel opnent. Therefore,
the chronol ogi cal kinetics of carcinogenesis may reflect the cell-cel
interactions during the course of aging. 25 [0031] O her conditions nmay
pronote cell-cell fusion and consequent{y increase the incidence of
cancer, including tissue renodeling and virus infection. The high

i nci dence of breast and ovarian cancer in wonen, and hepatocel | ul ar
carcinoma following chronic hepatitis may be exanpl es where tissue

renodel i ng pronotes 30 malignant transformation. Epstein-Barr virus (EBV)
has been shé&#er dapier saise hateshowithah EB Mandeces selljeclbfusioarsspeciallyist udi ng
Burkitt's | ynphoiBeq %&'mg%'lﬂcgnéeﬁ'mﬁl%ﬁdaﬁb&lg ﬂs%n%r‘ghtgﬁac%ﬁ fusion
Nasophar yngeal carci nonma, gastric adenocarci nofra an reas cancer
Earlier st udiodd ofiaaeinsamssischultl elgidMniwlgUERS infedtionaedociatad siithiso meaeci al |y by
virus isolated fromtunors. In concert with these data, the inventor's stem
cel | fusion®fgdel of carcinogenesis could explain why EBV infection

associ atgs wWth so many cancers. 5 [0032] The stemcell fusion nodel of
carci nogenesis presented here is readily testable. Thus, several

experi nment s[00BFt hadbe stomarellfesiéromodd o yartinegdnasie ptesemed Hensisaeadilpet ween

beni gn t unor | I s, and BVMDSC has been perforned in vitro, After _fusion, the
mor phol ogy %ﬂ@ﬁs-aﬁalﬂﬁ F‘?VF%\;‘P FherEn LR B Bk PRTQRRSIINY thY VERIDr FERER |
vitro and igeidlbnHetiZn tlatib@NE En®BMDSOhds bR Perfittled /P FieD QMRr BikidnD@louUgh
exam nation of the “spontaneous solid tunors devel oped in mce receiving
sex- m smat cheghbloge anrbeapebility for metastgsje aidinkasien aradetouningbiveviee andiscause t he

redundant sex .OQNDSO is ofte | ost | he daught er..cel when fusion
e onond ¢ i, THARIRE 8L Bl iape Shbwn B ofigh FRuhBhug ot e o

hybri di zat i spBnthidobBolfdrmded REElopE ihhEics Rxeiv HpQBRHANRatcliBdHdhe ARtroWrbe
appropriate. Indeed, a considerable nunber of nmalignant tunors that devel op

in normal tfaBpgENtebOBE SRRSO VS O weHED hacauae Hegedundent seuguempsamee isp8en oss of
the redu nda}@stt m the daughter cells when fusion happens, the widely used technology such as

fluorescence in situ hybridization (FISH) for detecting the sex chromosome, might not

15  beappropriate. Indeed, a considerable number of malignant tumors that develop in
normal females become sex-chromatin negative, suggesting the loss of the redundant
second X chromosome. Methods to detect the presence of transduced DNA species, or
donor-derived mitochondria DNA might be suitable. Finally, a retrospective study
could be done by examination of samples collected from previous bone marrow

20 recipients who later developed carcinomas. Techniques, such as detection of the
presence of the donor-derived mitochondrial DNA rather than FISH detecting sex

chromosome, may be more informative.

[0033] The stem cell fusion model of cancer, especially carcinoma, has significant

25  implications for cancer research and drug development, as well as for the therapeutic
application of stem cells. Malignant cells might be susceptible to therapies that induce
differentiation. Differentiation could switch off self-renewal activity and decrease the
capability of malignant cells to metastasize and invade tissues. In fact, several |
differentiation-inducing agents, such as retinoic acid or peroxisome proliferators-

30  activated receptor-gamma (PPARY) agonists, have been used for the successtul
treatment of acute myeloid leukemia or liposarconia, respectively. Introduction of a

differentiation signal into malignant cells through gene transfer might be a novel viable




second X chronosone. Methods to detect the presence of transduced DNA
species, or donor-derived mtochondria DNA m ght be suitable. Finally, a
retrospective study could be done by exami nation of sanples collected from
previ ous bone marrow 20 recipients who hgter devel oped carci nonas.

Techni ques, such as detection of the sence of the donor-derived
~mtochondrial DNA rather than FI SH detecting sex chronosone, may be nore
informative. [0033] The stemcell fusion nodel of cancer, especially
carcinoma, has significant 25 inplications for cancer research and drug
devel oprment apmreachdbt cmserfthmap)h dntatiditiomeuttastaticapié indgtt have ofionsing paiteh| s.

i 11 or ont i acrir CLPRSRE B RbmrotEhe el Y DRCing BARY vsedio i 1y and

decrease thﬁmhﬂﬁﬁ&ﬁ@ér'rﬁété’sté%fs rmhg@aﬁaﬁ Wil thi, éfbc&ﬁtsﬁt%%&é a&n@@ﬁlatwmde
tissues. In fact, several differentiation-inducing agents, such as

retinoic ac s@ngmg;@ét}@mhgmﬁbnpraﬁmtﬁe@XCaﬂsh@OglaBNAlmee rm@bb‘@kﬁrbrg@’mra
(PPARy) agoni stsIht ve been u d for,. helt ucc s]sful {5 %Ent of acute
myel oi d 1 eukBf'd %F‘S ?%’8&5‘19%0 Ot ’8&@8‘% STREO] REPES BpreAe
differenti abha@ﬂc sHewaver] the BMIBSC aBRd B8] ghentldAhRAUE S8 BE tHelcanst esllsm ght  be
a novel viable 12 approach for cancer therapy. In addition, netastatic

cel I's mi ght covwkd/aresenka spmsgrvsd taraetdor dgsigniofpew sheBNBSC, t heref ore, approaches
to bl ock BVMDSC hom ng could be used to inhibit cancer netastasis. In
agreenent with this, a recent study has denonstrated that silencing of the

chenoki ne r @os#t or ThX kdndehimetagiasiRMbuldnise teangReendtradisolbsubast 5 cancer
nmetastasis in_mce. Cancer is difficult to caontrol because its genetics are

so chalhti cnegignistrs s thedMBRBgnd desiy Rregenvdhatgnelnde nawiippliselmphpedessf  he
cancer cel | g I iBERSE TheRROMARYEHoS BdELhlhodIPRUAR aRfindiel hher api es.

[ 0034] Thus, cancer tastasi s Wou use the sane conserve cul ar
mechani sns ui:sqttitim: \BMDSﬁndﬂobktﬂwtrOpm}splgmphmmm andotherdeukvewtes' apdtility and

| ynphocytes, . and .ot her yi es efore, e inventors hav exam ned
whet her ant?XHa&#Sétéowwm Z"El?‘t%idﬁcmm %qﬁrsc%ﬂw% HeyeRaph At snocyt es,

and ot her |lﬁb’é‘1&ﬁ¥tfa§§s1s nﬁirth'ehﬁ&ead!:@enn%ﬁé ﬁl\é%?@steh&ibf'tﬁb N DS diterl] QK
cancer cell's notility and extravasation and therefore

15  fusions in tumors could alert the attention of researchers to a possible unintended
consequence of stem cell-based therapy (i.e., improper administration of stem cells

might actually increase the incidence of malignancy).

[0035] Chronic tissue damage and subsequent repair exhaust tissue stem cells and

20 recruit BMDSC, therefore increasing the chance for the fusion of BMDSC with tissue
cells. Other factors, such as aging, viral infection and tissue remodeling, also enhance
the incidence of cell fusion. Importantly, one fusion step could render multiple

“malignant” characteristics to transform an “altered” cell without requiring multiple

mutations.

25
[0036] While hundreds of studies involving fusion of tumor cells and non-tumor
cells and the effect on tumorigenicity have been performed, no studies on the fusion of
bone marrow-derived stem cells and tumor cells were found in the scientific literature
prior to the invention.

30
[0037] Hence, in a first embodiment of the invention, a method for modeling cancer

cell migration includes the steps of: (a) providing a bone marrow derived stem cell; (b)




bl ock nmetastasis. Furthernore, determ ning the presence of the of
BMDSC/ al tered cell 15 fusions in tunors could alert the attention of
researchers to a possible unintended consequence of stem cell-based
therapy (i.e., inproper adm nistration % stemcells mght actually

i ncrease the incidence of malignancy). ﬁ 035] Chronic tissue damage and
subsequent repair exhaust tissue stemcells and 20 recruit BMDSC,
therefore increasing the chance for the fusion of BMDSC with tissue cells.
O her factors, such as agin viral infection and tissue renodelin al so
enhance t h@fqvifkil&iéﬁ“é@%ﬁ eredfogh; (@hfusmﬁﬁhﬁb@ﬁmm%d@%s@meﬂwe% coul d

w thout 1 eqlkrarngieny pRgLtal, BRABSTagh a0 el andb B o S
i nvol vi ng fuﬁincgmatm‘n fonﬂﬁmfuﬁélcél:h Botl BMDSCumd genddiehllSaltensll delle arfitgtily on

tunorigenicit ave been erfor med, no studies on _the fusion_of @ bone
nar r ow der i 9\‘-,%1 &F(g%“b?ﬂ“ll@ retiand prgferpis tissue suttererapd iy sqvredse Lakswass ealk ¢

literatuse fR[QE rcfuﬂnél?ﬁ agag‘%%wg% &%&9%@ bRR%S)s ak/Qna%l{ {sfaétfmenb()d' ment

of the invention, |ng cance on 1 ncludes the
steps of: (ayanpﬂ@\thahybgdambprmommpmtd@monbmh argem Mehdu,nngla)l idBcat@rodvi di ng

a geneticall ltere f.usin he bone rrqw derived st mceII
with the g@fyﬁiﬁf"é'aﬁro{@‘ 3\1 8#’8‘51? MPYOS 5 i ECE c?é‘rﬁ\tc and (d)
measuring agsiyqb.gatara @fazw@&%hﬂﬂﬁs&?m\/f heq ld,%ger s'zooﬁ%tzt‘sﬁy@ C?a“d

genetically alter ed cells are readil y avail able om conrrer ci a
academ c t i &gheuglyin vearamdl stidies G@urigestionldfkempse]ls melddm‘g dnesir amre s

“routinel ed such. that there ar otocols able (see, for
exanpl gmy feus%y%‘ ?%‘f@lo 1?‘31“@68?@5%%335 ap?r‘%?‘g%’(?ﬁ rg{l?le eﬁ@“@?b asuring an
i ndi cator of mgr ati on for the fused cell (and it pr ogeny) can be done
through an in vitro "scratch assay" (e.g., Lal A dazer CA, Martinson HM

et al. Cancl@f38kes Eb@mve@zmd’ggkeram‘yes Imtthwfoosrg‘tﬁmrrg ari sfechof avpiblogicali es
(e.g., inj ecﬁ h&ﬂlcglfag%hltrg}f tu&% cdll ﬁnné'lltloql' eq Pz%%zt?o orrfz%rv?vo The method

includes providing a fused cell derived from a fusion of a bone marrow derived stem
15 cell with a genetically altered cell; contacting the fused cell with a biological or

chemical agent, and determining whether tumor cell migration is promoted, inhibited,

or unchanged. Conserved pro’;eins would be an especially good target for screening the

effects of agents on migration.

20 [0039] Ubiquitin(ub) is the most conserved protein found in nature. Among its
sequence of 76 amino acids, there is complete homology between species as
evolutionarily divergent as insects, trout, and human. Ubiquitin makes up part of the
outer surface domains of several other membrane receptors. In the case of Lymphocyte
homing receptors(LHR), the presence of ub is closely correlated to LHR's function in

25 facilitating the binding and migration of Lymphocytes through lymph nodes. All of the
receptors that have been shown to be linked to ub have also been known to mediate
cellular mobility. A possible explanation of these observations is that ub is involved in

~ mediating cellular mobility through the extracellular matrix. This potential function of
ub has important implications in the studies of many eukaryotic processes such as cell

30  differentiation, parasite infection, tumor invasion and tumor cell metastasis.




10 fused cells and nonitoring nmetastasis as described in the exanpl es

bel ow). [0038] The invention further involves nethod for screening an
effect of a biological or chem cal agent on tunor cell mgration either in
vitro or in vivo. The nethod i ncludes %ovi ding a fused cell derived from
a fusion of a bone marrow derived stem cell with a genetically altered
cell; contacting the fused cell with a biological or chem cal agent, and
determ ni ng whether tunor cell mgration is pronoted, inhibited, or
unchanged. Conserved proteins would be an especially good target for
screeni ng t[ﬂ@40]efféi$nee, dr eag;apksﬂlorbiqhgjcraém dremi@0 af G0 3o dobibordyi agaimsub) i s

the npbst co ser nat ur e, Anpn uepnce of 76 am no
acids, ther® lﬂ"g @Eﬂo @g@@& Wg%}l. %‘E@é@’cﬁgl I%VZ}%H? onarily
di ver gent aEaHOPeﬁ@‘?ésset al.¥ Qi'étabc@ﬁ‘gorﬁ%@'l ditfBrefUintibHdiBRaHidRkiD A The edlist he

outer surface domai ns of several other nembrane receptors. In the case of
Lynphocyt e canénsteddyrthie eptitndy @EY@eent fubjepied $emswatgh agspy psused g éllllylabor rel ated

to LHR s functi.on .i fa CI the dln and m ratl
Lyrrphoc;s/st esPRPGTR p‘i & IH“‘FF "' o Dp s ﬁ" Y g E‘b’t"%%a“og gfg'\’/% been shown
to be |inkegkidw. ub have al so been knovvn to nediate cell uI ar mobi lity. A
possi bl e expl anation of these observations is that ub is involved in
medi ating cellular nmobility through the extracellular matrix. This
potential f i on. 0O Ny [ of many
eukaryotic [lgrﬂ%ges sesgnghheéﬁelggg%}e[ﬁgﬁp%@dlﬁly %I{eﬁr%éhatc?%th?)g#ﬂ lﬂléltogg}gtsﬂtéﬂ ?xln ection,
tunor i nvasmigrutiands ddsofitiedae lincludetoantaatiigsa tuldbr c¢lDR 4R ln bﬁhﬁs/ﬁ ahmunesfanpl e,
t he bi gl ogi ca r chem cal, _agent an anti ody agai ns ubi quitin, such as
MEL- 14 1 PCD@?EL? APty Bigge abip dbisEmbEC lmezweﬁldei BStERLbr i es et al.;.
see abcam
cont act ed @@@hggﬁtﬁtgeg%ﬁ% edgﬁ%giu ?ect e‘gl%%gétgtﬂg?%g%gﬁﬁacgs y or used
in ani mal Sumrpesls methttbe sraibddy er thaheich vhikfibe can tof tatgerddo tuthwd ywithn cel |

m gration as described bel oI [ 0041] In anot her enbodi nent of the
i nventi on, SEAEMAIEFEPOIAHRD; ¢ i ng tunor cell mgration is described to
i nclude contacting a tunor cell with an effective anmount of an

15 [0042} One may determine if the tumor cell sample contains a cell with at least
tetraploid DNA and at least one cell-surface marker specific to a bone marrow derived
stem cell. Such surface cell markers include ¢-kit, CD34 and CD133 and chemokine
receptors, such as CXCR4. One also may include utilizing Cre/lox recombination to
detect a fusion of a bone marrow derived stem cell and a non-stem cell.

20

Non-Limiting Examples
[0043] The experimental techniques to be used in these investigations are well-

established and widely accepted.

25  [0044] The goal of this first study is to test a previously proposed hypothesis for
carcinogenesis, in which the interaction of bone marrow derived stem cells and
transformed cells can alter tumor progression. Two types of experiments can be
performed. In the first set of experiments, cells derived from mouse bone marrow are
isolated from mice which transgenically express eGFP and combined with transiently

30 transfected transformed human or mouse cells labeled with Clontech’s red fluorescent
protein under conditions which facilitate the formation of hybrid cells. These hybrid

cells will then be injected into a strain of mice appropriate for the cell Jine being tested.




}

10 anti body against ubiquitin. Preferably, this enbodi nent includes the
step of confirmng the presence of a fused cell anong the tunor cells prior
to contacting the tunor cells with the antibody so that such inhibition
can be targeted to tunors with greaterlyalignant potential. 15 [0042] One
may determne if the tunor cell sanple cContains a cell with at |east
tetraploid DNA and at | east one cell-surface marker specific to a bone
marrow derived stemcell. Such surface cell markers include c-kit, CD34
and CD133 and chenoki ne receptors, such as CXCR4. One al so nmay incl ude
utilizing Cre/lox reconbination to detect -a fusion of a bone marrow

derived ste | | ' - | . - Lt _ 43] The
experi ment apb g@c hn?‘g%’é%"ﬁ §P%‘§ﬁ’§ @gﬂeﬁas{%%ggg &r‘ﬁ%@i%&%@r@@% %ﬁlvl\%ﬁ -
est abl i shedofaiitk. W Tled Yasicqepiond add@bsskdbddis Sindy goathethbr tutnos plogrestiost udy i s
to test a previously proposed hypothesis, for carcinqgﬁnesis, i.n which the
| nter act | onSgrod IR hikhe BT bysmaetdcEyodstam gellsoy iy @ror Bl el |'s can

al ter tumor a%ﬁgétsge%io‘fﬂani EiX&%ﬁd%hegéfﬁédﬁEﬁto%hﬁ@&l Bxemo&%rxfe%gﬁﬁk In the
first seét of expertnents, cell's derive rom nouse bone marrow are
i sol at ed f rwith antthedishiictectptan sdiéaitadhd merxpriepsnet@ped il xamopiafied wi t h

transiently 30 transfected transf orﬁr,e human or use cel l ﬁ I aﬁel ed with
O ontech' s PBATS FUBPESERATYE feertel Whigh aevesasddnedebidesifhcn yRaesfi St e t he

formation ofxORArWRick & dxpresddd®ySndiysiiichumbetdg. Wi I 1 then be injected into a
strain of mce appropriate for “the cell Iine being tested. 15 [0045]

Alteration of primary or netastatic tunor growh is nonitored as a function

or oor 68 orf00Fd o WA SREFFIE ROt Mt Bt off BoSu0T cm cer 1 <

Wi th tunor @gis nhde, Baltd biSIDNhRGeSusObe hidca RS HRE MbGNmnand rpeides
treatnent of human or nouse xenografts wth antibodies to receptors w |l

al ter the rteeadppiaistretighefiongioaseomoried 3083681 86YS, or dibl and amasdPbdéat at i ve
receptor W%Ir %’E‘—? ﬁ/f)\{:%ﬁ li%ess, %eﬂ‘%csjt%{)ﬁsth%d Eneo%ltel é[ygt%xsil% fgr)h?ge}s{} %El%,s arldsprostate
cancet, will be minimal. Subcutaneous inoculation or tail vein injection is used to
15  administer mouse cell lines into athymic nude mice. The human cell lines are
administered to SCID mice. An aliquot containing cell lines, singly or in combination,
are injected on dayO and tumor growth is followed for a maximum of 40 days. Mice
are then be sacrificed, tissues removed, and tumor volume and relative levels of lung
metastases quantitated.
20

Experiment 1.
[0047] Group A: 8 transgenic mice

[0048] Heterozygous transgenic eGFP mice [C57BL/6-TgN (ACTbEGFP)10sb]
25 . (Jackson Laboratory) are used as a source of GFP labeled bone marrow cells. GFP
" mice are identified by expression of green fluorescence under UV light. 2- to 4-month
old female heterozygotes ére used as the donors for the BMT. Donor’s gender is

different from that of the recipient host.

30 [0049] Bone marrow derived cells are obtained from heterozygous GFP mice by
flushing the femur and tibia with Hanks’ balanced solution. To generate somatic cell

~ hybrids, 10° bone marrow-derived cells and 106 tumor cells are plated on 60 mm dishes




CXCR4, which is expressed by netastatic tunor cells. 10 [0046]

Wel | - establi shed xenograft nodels of tunmor growh and progression in
athym c nude, Balb/c or SCID mce nust be used so that the host immune
response to the admnistration of tranfg ormed nouse (308, 308 10Gy5, or
4T1) and human (DU145 or PC-3 M cell Tines, well-established nodel

systens for breast, skin, and prostate cancer, will be mninmal.
Subcut aneous inocul ation or tail vein injection is used to 15 admi nister
nouse cell lines into athym c nude m ce. The human cell lines are

admi ni st er edthogrsdefae Ffﬁ@@eﬂtAWIthlpﬂb’attheogE}yaplrﬁpﬁéﬁ)célgtaln& Qfé’ﬁG withgly or in

conbi nati on ct for a

i mum of 01 FG AR 0P AR BATREIRE o et S a8 e
tunmor vol ung. a.“ﬁéialﬁtsd:la\tdd\ﬁiﬂ R\Rdnsco@ibiedngith ﬂﬁﬂaﬁnﬁﬁeﬁleqmﬂifr&@ﬁl@aﬁmQO
Experiment 1. [00471{‘) G oup A: 8 transgenic mce 0042&7Het er ozygous
transgeni c. BEPETREE 3[%%?‘3#@?@@‘(&@%5@@:@113@5%@&3 oPFarsadwitpnor at or y)
are useg as(gg;h RUGR40] 51 th %eéo—cgl]ltgpeﬁ%eﬁ?raﬁgﬂe ghi A %ﬁl?at ('[ﬁocf ar e
identified by expression green uorescence under W K

4-mont h ohﬂmﬁ@mﬂ&?dh@b@r ozygot es are used as the donors for t he Blvrl'
Donor's gender is different fromthat of the recipient host. 30 [0049]
Bone marrow derived cells are obtained from heterozygous GFP mi ce by
fushing t heod@mur oangh bi e dedtint fed RS DAlARE t TonififRgr at e
somatic cer[I (ﬁ brlg@ 106 b%ne AT T oW (alrp?-l\?eg g%l’?lgdl Edt%%% ?Itljrmr cells

are plated fo:narﬁz&idmnndi kingsitdl 6T w@#ih ofithe nivelion & thereadded indindubatiad yet hyl ene
t _of, 3000- 37 i

gl ycol (PEG). .5 ra of  PE nol ecul h i S

ot par dB” by A TS FE bR o4 Ty B o RO T Aved PEG
s Lhen combinaed MelifineoRlaifhe Sfuli€lich Gaaerty %aé}{;ﬁae T itBoatid o var med o
37 Cto prepare a 50% sol utlon of the 50% PEG sol ution per 5 dish

i s then addedtiniedryASthoutsias 3¢ 6~ o‘Lﬁfﬁrmwe days Ieiuxh diginid padsegedevithstrgpsen amic ubat ed

for 1 replated onto four 100 mm plates for selection. Cells expressing markers characteristic

of both types of co-cultured cells are selected and grown to 90% confluence and used in

15  subsequent experiments.

Experiment 2: Altered tumorigenicity and progression of mouse and human beni

tumor cells,
[0051] Mice are inoculated with GFP-labeled bone marrow cells, singly or in

20 combination with transformed benign human or mouse cells.

[0052] Group A: 72 mice. Strains: Athymic nude mice for 308 cells; SCID for
DU145 or PC-3 M tumors (Pain category D). Total mice needed: (4 mice/treatment)
(6 treatments) (3 experiments) = 72 mice.

25

' [0053]) Mice are inoculated with GFP-labeled bone marrow (BM)-derived cells

and/or with transformed benign human or mouse cells. Tumor inoculations are
performed on mice anesthetized with isofluorane in a bell jar. The mice are placed in
the jar which contains isofluorane treated cotton balls inside a ponproperne'centrifuge

30  tube. During the procedure the mice are monitored by observing respiratory rate,
movement, muscle relaxation, and lack of directed movement. After inoculation, mice

are returned to their cages and monitored until they regain normal consciousness.




m nute at 37degrees. [0050] One m of the serumfree nediumis then added,
and incubation continued for an additional 1 mnute. Two nl of the nedium
is then added, and incubation 10 continued for 2 m nutes. Four m of
serumfree medi um and incubation continged for 4 mnutes. Medium
containing serumis then added to each plate, and incubation continued for
48 hours at 37 C. After two days, each dish is passaged with trypsin and
replated onto four 100 mm pl ates for selection. Cells expressing markers
characteristic of both types of co-cultured cells are selected and grown
to 90% confl uence and used in 15 subsequent experinments. Experinent 2:

Altered tu ]i)kﬂleni 06 W1 FPBP o%ﬁé@ﬁ%%?ﬂl(ggsﬁfgégﬁng{g&%&’m&%% tumor

cells. [005 ce are 1 nocul at one nmarrow cells,
singly or iAthyRGc gwithnicatdcame 308 bellsy BNsdetls,ned Mihirgaedmivare@f Bibudls cel | s.

0052] G ou o (2. M Strains: m e mce r. 308 cells; SCID for
[D_U145] or P 38 el Eipnaick ek gty C%@Eﬁsa%é\%?lﬂrp%%{’ﬁsétafé&d fpigtite of
m ce/ tr eat Bt dells &R DUSAHS BRRL SthobiRatOrR &fel AWRIMiSthred séibculineSusiy?er dyAdR3] M ce

are inoculated with G-P-1abel ed bone marrow (BM-derived c€lls” and/or with
t r ansf or medvelrerjagtioh uharthese nioeisecivisigltail véin mdections ¢he mideansceafieed per f or ned

on mice anesthetized wth isofluorane in a bell jar. The mce.are placed in
Che'jar anEircos: Al opfahpt RE AR Fuliufo Bl o biderade Rapistss o
pol ypr opy! asgical@ntdiidiied ®o3Rore W 2004 b1 PR o EAE nidis6, R
nonitored by observing respiratory rate, novenent, nuscle relaxation, and

lack of di raebr¥leanse apdin.  If Aretiniectionscanssricensisrthe wils arceprayedipiib¢thyd t hei r
cages 3d TR AT bliaife Yok FARLLANDIBLEANSELONNBS D thd fecbOSH 100

ul of S cont al ni ellI's’'is™a nrs At hym ¢

nude m ce reweiThe taDiies Bl dadteriBdd with biSver Bitrat: tBfoptbl@dingd m xture of BMcel |'s
and 308 cells. SCID mce receive DU145 cells, BMcells, or a PEGtreated
m xture of 5 BMcells and DU145 cells. Inocul ations are adm ni stered

subcut aneoyggsk) or BYindAkbwth is monitored by caliper measurement o tumor dimensions
twice weekly, and calculation of volume using the formula: Volume -+
15 (Iength)(}engtthz) Animals 1s sacrificed at 2, 3, and 4 weeks to monitor for the extent of

metastasis and the volume of tumor achieved.

[0056]  Animals are sacrificed by carbon dioxide asphyxiation in an airtight
chamber in order to harvest tumors and organs. This is a routinely used procedure for
20 euthanasia of mice that minimizes their suffering and is recommended by the AVMA

Panel on Futhanasia.

Summary Outline of Procedure
[0057] 1. Administer mixture of benign transformed cells and stem cells to

25  establish 308 and DU145 xenografts by subcutaneous or tail vein injection.

[0058] 2. Treatment groups for each method of injection - (6): 308 cells; BM cells;
PEG-treated mixture of BM celis + 308 cells; DU145; BM cells, PEG treated DU145
and BM cell mixture.

30
[0059] 3. Primary tumors and organs with metastases which develop will be

removed after termination of the mice by CO2 asphyxiation.




vein injection. For those mce receiving tail vein infections, the mce are
confined in a restraint box. After disinfection of the tail with al cohol,
2% xyl acaine is applied as a topical anesthetic. No nore than 200 ul of
solution is injected into each nouse, uging a 25-30 gauge needle. If the

i njections cause necrosis, the tails are sprayed with ethyl 10 chlori de,

di pped in betadine, and renoved with sterile scissors just above the
necrotic area. The tail then is cauterized with silver nitrate to stop

bl eedi ng. [0055] Tunmor growth is nonitored by caliper measurement o tunor
di mensions tw ce weekly, and cal cul ation of volume using the formnul a:

Vol unre _+% | engt l.engtth2 npmal s | acrificed at, 2 nd 4 weeks
Lo noni Tor 160% he % S0temiF Rgor pbere oABistorahe Pl ohsfihe® dréorallsrin eved
[0056] Ani nalgog@egichagihd i6Rd tbMetataionadbaxed &t arhys alen®Mien an airtight
chanmber in order to harvest tunors and organs. This is a routinely used
procedur e fistopaibolegicHanalypia shyfuldringlade pemparisan of et ghovth waliftesi ng and i s

recommended, hy: 2anels. o hanasi a } Procedure
[0057] - syt by SRR Rt AR CHERRG R S B8 o C ol S
25 establish 308 and DU145 xenografts by subcutaneous or tail vein
injection. [0058] 2. Treatnent groups _for each nethod of injection - (6):
308 cel | s; Beggiept3: Inbrhition of dumeri ganiGity,08 DEICTERIORe| | s + 308 cel |'s; DU145;

1517} QI JUIB AT 5
tunor s and 0oHne st eet e RS A iicd iy or ol ey
ter n‘: nat :c o] r(3$:$ 1 ?(ﬁps cf[mhzlﬁlé ) loylls()lﬁﬂi aiﬂlz) hm;kliim}[ré Mghi: EB}C){Q?Gép]tc;rgl ToGllritd t unor
sanpl es for ) a 0gi C anal ysi Q detect alterations, In
prggre§|(NP%#“#%@méﬁtﬁ?gvm®63ﬁﬁﬁ§éwgif%EH@E§B§F§?%HHWF7HWQ(?usion event .
The hi st opabhahaaicalosappbysi s shoul d include conparison of tunor growth
with time, 5 relati've nunbers and sizes of netastases, histological -

characterization of the tunor. :

[0062] Tumor inoculations are performed on mice anesthetized with isofluorane in

a bell jar. The mice are placed in the jar which contains isofluorane treated cotton balls
15 inside a polypropylene centrifuge tube. During the procedure the mice are monitored

by observing respiratory rate, -fnovement, muscle relaxation, and lack of directed

movement. After inoculation, mice are returned to their cages and monitored until they

regain normal consciousness.

20 [0063] 100 ul of PBS containing 10* 4T1 cells is administered injected into a
mammary fat pad of 4 Balb/c mice. The athymic nude mice receive 100 ul of PBS
containing 1 X 10% 308 10GyS cells. The SCID mice receive 100 ul of PBS containing
1 X 10° PC-3M cells. The experiment is performed with administration of the antibody
to the CRCX4 receptor before, concurrently, and after inoculation of tumor cells. 4T1

25  cells are injected into Balb/c mammary fat pads. 308 10Gy5 are injected into tail veins
of nude mice, and PC-3 M cells are injected into the tail veins of SCID mice. The mice
receiving tail vein injections are confined in a restraint box during the injection. After
disinfection of the tail with alcohol and application of 2% xylacaine as a topical
anesthetic, no more than 200 ul of solution is injeéted into each mouse, using a 25-30

30  gauge needle. If the injections cause necrosis, the tails is sprayed with ethyl chloride,
dipped in betadine, and removed with sterile scissors just above the necrotic area. The

tail then 1s cauterized with silver nitrate to stop bleeding.




Experiment 3: Inhibition of tunorigenicity or progression. [0061]] Mce are
i noculated with netastatic transfornmed human (PC3-M or nouse (308 10Gy5
or 4T1) cells, and with inhibitors of the CRCX4 receptor. Total mce 10
needed: (4 mce/treatnment) (3 treatnentg (3 tinepoints of adm nistration)
(3 experinents) = 108 mce. [0062] Tunor inocul ations are performed on

m ce anesthetized with isofluorane in a bell jar. The mce are placed in
the jar which contains isofluorane treated cotton balls 15 inside a

pol ypropyl ene centrifuge tube. During the procedure the mce are nonitored
by observing respiratory rate, anenent ~nuscle relaxation, and |ack of
directed nt r scages and
noni t or ed mﬁt?ﬂEthghﬁﬁﬁghgwggﬁgbﬁgkﬁ nsc %ﬁ@%gggﬁgggmﬁg%%ET&%%%guI of PBS
cont ai ni ng tﬂs@tzhwérekl)cehdl salcl;s}atwdmf nosiensihgithf feohekd: Mulone=mammary fat pad

of 4 Balb/c e a Cc nude_.m ce recei 0 of . P containing 1
X 106 308 1%5@?@%‘@% ’EHI. r‘f)garﬁ’l@ée‘f@c‘& ﬁfaﬁga&gﬁ%&? MOBKOTISR YR nlg ! 1 ox
106 PC- 3M Ggithstased Bl @xRevslopRet is performed with adm nistration of the

anti body to the CRCX4 receptor before, concurrently, and after inocul ation
of tunor cells. 4T1 25 cells are injected into Bal b/c mammary fat pads 308

10Gy5 are ted |nt t ai nude, .m ¢
i ot od i AORThe Rl iBiontedTnt; BtSibSieE T oafoliTibin e &
i njections oﬁhﬁatz@wafslaﬂ&dss'aj?edafof SsdrdtRInB in Kdor delf hpdgptdshedifleiapghtian. After
disinfection of the tail with al cohol and application of 2% xyl acaine as a
topi cal andybifeniofmetstapidr e t han 200 ul of solution is injected into each
nouse, ({4sing a 25-30 30 gauge needle. If the injections cause necrosis, the
tails i's sprayed with ethyl chloride, dipped in betadine, and renpbved with
sterile sci[i®s]s |Rishaghnversthhémrentasés whiok éaveloptig thettist midsare femosadit eri zed
with silver nitrate.to s%op bleedlng 19 [0064] Tunor growh is nonitored
by cal i per 2fedstRBAMGH ofdhe BBy EAEON-t wi ce weekly, and cal cul ation
of volume using the fornul a: Vblune ='/z (length)(length2). Animals are
sacrificed at 10, 15, and 20 days to nmonitor for |ung

[0067] Tissue samples are submitted for histopathological analysis to detect

15  alterations in progression or metastasis associated with the treatment. The
histopathological analysis should include comparison of tumor growth with time,
relative numbers and sizes of metastases, histological characterization of the tumor

tissue.

20 Invitro cancer cell/fused cell migration inhibition assay:

[0068] Cells: Two metastatic cancer cell lines were used to test the ability of
ubiquitin antibodies to inhibit cell motility. PC-3M is a human prostate carcinoma cell
hine. 4T1 is a mouse mamimary carcinoma cell line. Both were maintained and in
DMEM medium supplemented with 10% FBS and Glutamax | (DMEM medium).

25
[0069] Antibodies: Three ubiquitin antibodies were used. 14372 is a polyclonal
~ antibody to ubiquitin. 10C2-2 and Mel-14 are both monoclonal antibodies to ubiquitin.

[0070] Procedure (1): A 6-well plate containing a sterile coverslip in each well was
30 seeded with 1x10° cells/well in DMEM medium, and incubated overmght at 37°C and

5% COg, in a humidified incubator (standard conditions).




5 netastases and tunor volune. [0065] Animals are nonitored for pre- or
post-inoculated with a potential inhibitor of netastasis and assayed for
alterations in tunor cell apoptosis, differentiation, inhibition of
netastasis. 10 [0066] Primary tunors a nmet ast ases whi ch develop in the
host mce are renoved after termnation of the mce by CO2 asphyxiation.
[ 0067] Tissue sanples are submtted for histopathol ogical analysis to
detect 15 alterations in progression or netastasis associated with the
treatment. The hi stopathol ogi cal anal ysis should include conparison of
turmor growt ORIt h fThesext dapltl ¢ondluenimipeotayaneh i zeerdip wastsastdisé snce

hi st ol ogi cal hara t| on of the t e 20. 1 n, Vi apcer

Cel | 11 used with A BHEgS Bbi SRS bt visGRpidEBine hodRHwedmnt Wb 3R ot ¢
cancer cel | DMBEMmIBRHE B&AGel Oné 688 trbdi&d with kﬂrée/dlﬁ%renuéunqenﬁduan@@ﬁdablodl es to
inhibit cell nmotility. PC—3M|s ahuman prostate carcinpoma cell line. 4Tl

is a m)use mbnébrySmbﬂﬁoqedlsc%ﬂug/mLﬁ@ celoahd WR0ve/mbi16t eslisedThaplitésn  DVEM

Ant i bodiea, VROt G PR TUBAFE. WGPIraLeah et 49904 ST IR ¢/ onal

antibody to ubiquitin. 10C2-2 and Mel-14 are both nmonocl onal antibodies to
ubiquitin. [0070] Procedure (1): A 6-well plate containi ngha sterile
coverslip ill0&ch Wh¢¢0\/\mbp8we®@§@ﬂ©@ted\ﬁﬁ¢r insubgBore B closwielolf terscrehes medi um

and i ncubat ed ov t .at,.37 cubat or

ot andard- B RaRis el i ghict tOvesitee s RelaR SanbEBib oo Ser on
the cover S'ﬂ]&h%ﬁa&%ﬁtt&hﬁﬁuﬁﬁé&% %@an”ﬁ tﬁb@ﬁﬁéeﬁ v&xthFDPﬂi‘JeCB%}lsliﬁy

aspl rated and the wells were rinsed wt nmL. of DIMVEM nedi um "Each cell

line wdd t meaméad ani glissishdese hdaga%eweemcammn«bwnﬂlri\écta@nssmifwa@fanmng ant i body:
59/ /106 Cvs(ralri(sstatlo /mrgﬁée o(%a%‘:f\}d(on ?B?oo%ooi%{o%ép%% 4&%'1a|1gsmﬁcage plates

In vivo cancer cell/fused cell metastasis inhibition assay:

[0073] Ceils: A metastatic mouse mammary carcinoma cell line, 4T1, was used to
15  test the ability of a ubiquitin antibody to inhibit metastasis. The cells were maintained

in DMEM medium under the culture conditions described in the previous protocol.
[0074] Antibodies: The monoclonal ubiquitin antibody, Mel-14, was used.

20 [06075] Procedure: 4T1 cells were transiently transfected with an expression vector
for the enhanced green florescence protein (EGFP). Cells were harvested 48 hours
after transfection and incubated with either ubiquitin antibody, Mel-14, or a control
antibody, Rat TgG2A, at the concentrations of 180ug per 10° cells in DPBS for one
hour. After incubation, 250,000 cells were injected into the tail vein of SCID mice in a

25  total volume of 50pL. One week later, the mice were sacrificed and their lungs were
removed and fixed in 4% formalin. Examination for the presence of metastatic
colonies was performed on whole flattened lungs with a Nikon Eclipse 600 microscope
at 10X magnification. The presence of EGFP positive cells in the lung indicated that
metastasis has occurred. | ' |

30




5 were incubated for 11 hours with the cells. Control cells were treated
with DPBS. [0072] The coverslips were evaluated after incubation for
closure of the scratches as a result of cell mgration. The coverslips
were then fixed and stained with 1:1 ngfhanol:acetone for 5 mnutes at -
20C and then rinsed with DPBS. Coverslips were 10 nounted on gl ass slides.
| mrages were captured with Metacam software using a workstation conposed of
an Ni kon TE2000 m croscope at 4X magnification. 1In vivo cancer cell/fused
cell netast si? inhibition assay: [0073] Cells: A netastatic nouse nmammary
carci noma cBEUES ne, 4T1, was used to 15 test the ability of a ubiquitin
antibody to inhibit netastasis. The cells were maintained in DVEM nedi um
under the culture conditions described in the previous protocol. [0074]
Ant i bodi es: The nonocl onal ubi quitin dableBody, Mel-14, was used. 20 [0075]
Procedure: 4T1 cell re transientl ransfected with an expressi on vector
for the enhantdd™ fg%}\l‘,\?g]ﬂo{}roé%@ﬁg@“ ?#Pcég’é\& ﬁgl SEEso DY ‘é‘t_lﬁlé?t_g_’%%ﬁs\%st ed 48
hours after traHEPERtGWREHRHON At SFomplar Bhibiion: o Fingdniibonht i body,

Mel -14, or a control antibody, Rat 1gQ&A, at the concentrations of 180g
per 106 cells in ORBS. for SpgémyHur. Aft XSupmeli®dti on, 2EQEAAPICel | s were
injected into,the tail vein of SCID mce in a 25 total volunme of 50L. One
week | ater Y4RE4ES ce were sacrificed and their | ungs were renoved and
fixed in 4%4h0s mal i n. Exam_pati on for the prgsence of netastatic colonies
was peror ngghhon whol e flatfegned [ungs wth a,Nikon Eclipse,600 m croscope
at | C& ma gfhpation. The presence of EG-H pgsitive cells in the lung

i ndi cated t tastasis has occurréd. 30 21 Results: Table 2 Degree of
inhibition™® %?ﬂ?ation of PCB3Mcells in vitfo by ubiquitin antibodi es at

5 different concentrations. (++++ = conplete inhibition; - = no inhibition)
Cone. 5 iig/m/ 25g/m /106 100g/ m /106 :

15 Table 3

Degree of inhibition of migration of 4T1 cells in vitro by ubiquitin antibodies at
different concentrations. (++++ = complete inhibition; - = no inhibition)

Conc. Spg/ml/million 25ug/ml/million 100pg/ml/million
20 gntibodies
14372 -+ ++++ ot
10C2-2 +H++ ++++ -+
Mel-14 4+ . -+ s
DPBS only - - -
25
Table 4
Degree of inhibition of in vivo metastasis of 4T1 cells by ubiquitin antibody, Mel-14.
(++++ = complete inhibition; - = no inhibition)
30
Conc.  180ug/10°
antibodies
Mel-14 -+
control antibody -

35
~ Reference:
1. Auerbach R, Lewis R, Shinners B, Kubal L, Akhtar N. "Angiogenesis Assays: A
Critical Overview" Clinical Chemistry 49 (1), 1 Jan. 2003:32-40.




anti bodi es
++++ DPBS

14372 ++++ ++++ ++++ 10 10C2-2 +++ ++++ ++++ Mel -14 ++++
only - - - 15 Table 3 Degree of inhibition of mgration of

cells in vitro by ubiquitin anti bodies at different concentrations.

"= conplete

inhibition; - = no inhibitio Conc. 5g/m/mllion

25g/mM/mllion 1004g/ M /mllion 20 antfbodi es 14372 ++++ ++++ ++++
++++ +++ ++++ Mel - 14 ++++ ++++ ++++ DPBS only - - - 25 Table 4 Degr

i nhi bition

of in vivo nmetastasis of 4Tl cells by ubiquitin antibody,

Mel -14. (++++ = conplete inhibition; - = no inhibition) 30 Conc. 180

anti bodi es
Lews R S
Overvi ew'

10

15

20

25

- 30

Mel - 14 ++++ control antibody - 35 Reference: 1. Auerbach
hi rs B, Kubal, L tar N.. "Angi ogenesi s. .Assays:, A | t
ABRFES) Aaserh Gutpstahlss e, AhiparhePagiir Soaign i9gHR migraion

of tumor cells.

Therapeutic Methods
[0077] The methods of this invention may be used to inhibit tumor migration in a

subject. A vertebrate subject, preferably a m-amrnal, more preferably a human, is
administered an amount of the compound effective to inhibit tumor cell migration. The
compound or pharmaceutically acceptable salt thereof is preferably administered in the

form of a pharmaceutical composition.

10078] Doses of the compounds preferably include pharmaceutical dosage units
comprising an effective amount of the antibody or other agent. By an effective amount
is meant an amount sufficient to achieve a steady state concentration in vivo which

results in a measurable reduction in any relevant parameter of disease.

[0079] Monoclonal antibodies are now routinely used for therapy by infusion

directly into the patient. The antibody can be lyophilized and stored until reconstitution

with either water or saline. A dose of 4mg/kg body weight is a typical and safe human

dosage for antibody-based therapies. For example, this is an effective dose of the

breast cancer antibody therapy Herceptin. Thus, in one embodiment of the invention, a
- human patient is dosed at 4mg of a anti-ubiquitin antibody per kg body weight that is

given intravenously.

[0080] The amount of active compound to be administered depends on the precise
biological or chemical agent, the disease or condition, the route of administration, the
health and weight of the recipient, the existence of other concurrent treatment, if any,

the frequency of treatment, the nature of the effect desired, for example, inhibition of

tumor metastasis, and the judgment of the skilled practitioner.

++++
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[0076] As seen in the tables above, antibodi es against ubiquitin inhibited
mgration of tunor cells. 5 Therapeutic Methods [0077] The nethods of this
invention may be used to inhibit tunmor migration in a subject. A
vertebrate subject, preferably a manmal ,,nore preferably a human, is

adm ni stered an anmount of the conpound %?fective to inhibit tunor cel

m gration. The conpound or pharmaceutically acceptable salt thereof is
preferably adm nistered in the 10 form of a pharnaceutical conposition
[0078] Doses of the conpounds preferably include pharnaceutical dosage
units conprising an effective anount of the antibody or other agent. By an

ff [ hi
Concent rat 1 DRk s ToRRenE TarPadRie 34 il in o P RribRBHecny ©

rel evant patanmg@ﬁumﬁegl%ﬁ@ﬁ@nof@@%&hm&hﬂ@%ﬂﬂ&ﬁ%aﬁﬂghﬁ?dﬁ@ﬁe@f&nﬂﬁmm
routinely used for therapy by infusion directly into the patient. The

ant i body caﬁﬁ%émﬁ@ﬁﬁﬁﬁmﬁﬁﬁﬁdﬁﬁhﬂgﬁ%mbﬂﬂﬂﬁﬁﬁnm%éﬁ%ﬁ§$${ut|on with either
wat er orz saline. A dose of 4ng/kg body weight is a typical and safe hunan
20 dosage for anti body-based therapies. For exanple, this is an effective
dose of the[00BZleastVaciancmbdifiitidnedye fossiblepyithiiethe epdahing anddwgebfi one

enbodi nent of the inyention, a_ human patient is dosed at 4ng of a

ant i - ubi qui $4UivaiERes pbily H@? deqclg@dy wei ght that is given intravenously. 25
[ 0080] The anpunt of active conpound to be adm ni stered depends on the
preci se biological or chem cal agent, the disease or condition, the route
of adm nistration, the health and weight of the recipient, the existence
of other concurrent treatnent, if any, the frequency of treatnent, the
nature of the effect desired, for exanple, inhibition of tunor netastasis,
and the judgnent of the skilled practitioner. 30 23 [0081] The foregoing
conpositions and treatnent nethods are useful for inhibiting cel

mgration (e.g., invasion or netastasis) in a subject having any di sease or
condi tion




associated with undesired cell invasion, proliferation, nmetastasis. 5

[ 0082] Various nodifications are possible within the neani ng and range of
equi val ence of the appended clains. 24 CLAIMS: 1. Use of an effective
anount of an antibody agai nst ubiquitin, wherein a non- |ynphocyte tunor
cell is contacted with said antibody, fxar the manufacture of a nedicanent
for inhibiting non-Ilynphocyte tunor cell mgration. 2. Use of claiml,
further including the step of confirmng the presence of a fused cel
anong sai d non-|ynphocyte tunor prior to said contacting. 3. Use of claim
1, wherein s@j Mingnti body conprises MEL-14. 4. Use of claim1l, wherein said
anti body is selected fromthe group consisting of antibodies 14372 and
10C2-2. 5. Use of claim1l, wherein said contacting occurs in vitro. 6. Use

of claim1, Wner alda cﬁ@hcbff@stwaﬁmhpsﬂ/éreaﬁtm@; aGeRhst ub@uﬁt.ﬁqm@euﬁ@rﬁdmorm or
carci noma c i ne carcli nona ce

|
o, S Gymphocestutisr SR i Roriacte it SHeC B ipogt of Hisamandaie Skdi | 1 i ne
i's sel ect ed rhedivanidnefor ghibiting @ongingihbtige Qimdpcelhdigratiphost ate, and skin cells.

2. Use of claim 1, further including the step of confirming the presence of a

fused cell among said non-lymphocyte tumor prior to said contacting.
3. Use of claim 1, wherein said antibody comprises MEL-14.

4. Use of claim 1, wherein said antibody is selected from the group cansisting of
antibodies 14372 and 10C2-2. ‘

5 Use of claim 1, wherein said contacting occurs in vitro.

6. Use of claim 1, wherein said non-lymphocyte tumor cell is from a carcinoma

or carcinoma cell line.
7. Use of claim 6, wherein said carcinoma cell is human derived.

8. Use of claim 6, wherein said carcinoma cell or cel! line is selected from the

group consisting of breast, prostate, and skin cells.




