STEM CELL FUSI ON MODEL OF CARCI NOGENESI S BACKGROUND OF THE | NVENTI ON 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 Carcinogensis” filed on August 25,
2005, the entire contents of which are incorporated by reference. 10 Field
of the Invention [00021 The invention relates to a cell system and net hod
for nodeling, screening drugs against, and inhibiting mgration of cancer
celIs. Description ofsrighechel #Rfohione DAROHCINAGATEAES. been
difficult-to-treat because o tlssue(%eterogenelty andlgene instability.
As a human di sease, cancer was described as early as 1600 B.C. in ancient
Egyptian witings. Hi ppocrgieRGROINIOE TSI INNElORhYSi Ci an, recogni zed t he
di fference between benign and malignant tunors and named nalignant tunors
"carcinos." Cancer is currently the second-|eading cause of death in

devel oped 20 @oumefereds: to ROBOd hpdicatidndous know edge of cancer has been
accunul at ed s United.States. Presi Ri.ch i xan decl ared a "war on
cancer” in tﬁg&ﬁg7ogﬁm A@ﬁﬁﬁg%Tﬁggg’m%fga%%ﬂ%gfﬁge &Y'9¥KENt have been
proposed i n tAmplidatien No.\G0/7t Et9wentittes “StEaiCel Finjopdidielksif €amogensik’Uiled] t he
irritation hy ! i s .and rasi ti c hypot hesis.

Later i th the as E B HE KRR e B IR e ARoRBI AT el Ca
carcinogens were identified. Dozens of oncogenes and tunor suppressor
genes werg diggoyshadvddgough nol ecul ar anal ysis of human and experi nent al
ani mal tunors. Theseé studies resulted in establishment of the gene

nut ati on hypd?48ki sThejpyeatioryalstenioaseltioyaticn and meftas for hedelign sqrepningt hr ee
decades. 2 [RQ9dainkesRlikibifidenibRliéd JTehdeer@bRgance, the current gene
nutati on hypothesis has failed to explain many inportant features of
cancer. Indeed, the limtations of the gene

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 malignant 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.




mut at i on hypot hesi s have been thoroughly addressed by many researchers. 5
[ 0006] Recently, the "stemcell theory of carcinogenesis" has gai ned
nmonentum w th insights gained fromstemcell research and the discovery of

"cancer stemcells.” The stemcell theory of carcinogenesis suggests that
stemcells accunul ate genetic mnutatigns and becone malignant cells.
However, since it is still totally dependent on the gene nutation

hypot hesi s, the stemcell theory cannot fully address what causes the 10

Lt at | ons S LBy eDelhe RAAGRGC SOHAD, A2 oliHABAARAN IFNASLAY' o [0007]

Mitations are rare ev ica S su nor e
frequent everfpilgddo ?’*@l?fmmaéﬂ 1WR9FTafﬁ§anU§qmﬁQanW alnéﬁfeéﬂhﬁdtm@mm@éfbe geng

instability waﬁano%ﬁmaﬁyhaa@béehamﬁoﬂgh}adages&lﬂs;rﬂsx{ﬁééeé&ﬂe& of the hallmarks
of cancer. As the phenotype of 15 genom c instability, aneupl oidy-has

been- observed-in-nearly all- solid human cancers and is difficult to
expl ai n wis h [gepep nné@hﬂlwfhe Ryt tdlaBdosy oflcircxh@g‘énég@’eﬁhs@Exﬁmﬁcﬁﬁklﬁmt
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eni gmat i c. s a%ﬁ[;gcgrg% 111%)%% t%elps o%gv%{ glga? 1S ﬁtglstﬁéﬁ)g, eggrﬁig%tt he gene

mut at i on hypo esl's irons T n ex 8 of cancer,
a new nodel thﬁgemmmtﬁtmnag@ﬂmas,d:hermgme&meetyIqammlfelmdmess Wiat wagedthey t he

i nvent or syl n ﬁc@lbe #e!ituxe?ofc%cglpg%ﬁgs&\ @ err}ﬁ;e(l:' staggvel opment invol ves gene

mut ati ons an usi ons peci cancer can result froma
fusi on betvveen an "altered" pre-nali gnant ceII and a bone marrow derived

stem cel | (B0 - MAARURAAIAY oveplthalheh o ftabil URLK e B | gRANCY, 15 @

direct consequence of this ce usi on fusion" nodel
expl ai ns  t he liegea e isaeayired formplisnens transfoppation nEierioguirainstabdldy ves and BVDSC.

This nodel @fog&e@wh@énaﬁmwarmﬁstmaﬁﬁaﬁna%rafbﬁc& AREInE BRABSpe GNd Why
non- nmut ageni ¢ 30_processes, such as wound heal i ng and chroni € I nflammti on,

can pronote . KEROMifiAFALIlLY, angyaloidy Hagheghobseveds T sofid fFPEHICFWENITI ON

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,” which is a hallmark
of malignancy, is a direct consequence of this cell fusion. The “stem cell fusion”
mode] explains the remarkable similarities between malignant cells and BMDSC. This
mode] 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.




[ 0009] In one enbodi nent of the invention, a nethod for nodeling cancer
cell magration is disclosed. The nethod preferably includes providing a
bone marrow 5 derived stemcell, providing a genetically altered cell,
fusing the bone marrow derived stemcell with the genetically altered
cell, thereby creating a fused cell; gnd 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 bon ”ﬂﬁﬁgﬂ j ﬁﬁvﬁ ell with the genetically
altered cell. 10 [0010] In gno erwgﬁﬁggﬁnen Ngpblﬁhe i nvention, a nethod
for screening an effect of a biological or chem cal agent on tunor cel

T gration i'S WABP | hehe cHGAEL bk nkdid 55 QY AR Anlaisgp cel | derived

froma fusion of a bone marrow derived stem cell a genetically
altered cel |, ™gwHtnis fisgesed: nhe msthed petsraplyindudesprpiidipgrfiosamasew 15 cheni cal
agent, - ands dedefivedistinitgll, Wheidi@la ocbrsioily GRrdd J211Shsddel B bohS mRk S ddri9bed,
inhibited, or unghggggd. hg@ll& N %et %nother ?WQ£dinent of the

i nvention, a SHEtod B SPITHAEY airery el dtsreby arspting aiftspdeilnd ea 8% r i bed and
i ncl udes conpiisiicagr cfofigratidn faghafubedzell. Alekdativelyl, sedl 2 Qiskk firawbve anmount of
an anti body Lnst.upiguitin., Preferabl t hi i body.is MEL-14, [e.qg.
MEL- 14- F(ab') %%‘ 9%8’%%‘%% }? FEE° ‘?‘“QE%W?‘B%&‘V ‘_‘Lsﬁ%f?]%oﬁ%%‘ﬁ?us‘f‘ﬁémnet hods of
t he i nvent i omf the peresmmbw senredvstam dell witr the galetivallicilteedgesiiesi s  nodel for in
vitro stugjes of tunor cell mgration and in vivo studies using aninmals
with 25 transplanted with marker-gene nodified bone marrow, for exanple,
eGFP transged®iBk. Inadetheriemhediméns afthe ipgentiond a adthahfoaspesning at ¢féeci afvent i on
will be fort l : | ' It J of certain
specific enbg%?ﬁgg?g%%§%%&¢§§@g%hﬂm%g%}ﬂlé@b%ﬁgﬁ#@%ﬁtt%”%%ggnpanying

drawi ngs. 4 IBldeproRbeRy el ol deFvepHpnDRMWENGS boooegiowRledyedistems a schemat i ¢
il lustration gfwied éegaalmy ag,tglgglggllogdﬁgg%@q\hey@gg @élﬁ/%h]t%}s’biolgéﬁ! gn between bone

marrow derived stemcells and "altered” tissue ce L
‘ chemical agent, and determining whether tumor-cell migration is promotéd, inhibitéd,

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 vivo 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.




5 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0014] As used herein, a

"met astasi s" neans the spread of cancer fromone part of 10 the body to
anot her. A tunor formed by cells that have spread is called a "netastatic
tumor” or a "netastasis.” [0015] The term "nmalignant” 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 celj §@ﬁ¥ﬂﬁﬂ Il's with genetic or
epi geneti c changes suffi CI ent Fo ske {V@ﬁ}o{ﬁ%@ H\P:?Sgr entiation pathway
of a bone marrow derived stemcell after fusion with a BVDSC. "Altered" 20

cel I's incl udepggmcalgied lssguh&h@w smfu ﬁ@fﬂmi%hagp@el%f)mﬁﬁbﬂ lﬁech:ﬂecf

mul tiple- step carci nogenesi s nodel Tusion ce means a
cel | formed bipsipheetyess pens mprrowderiyed gpme gelisand “altered tissupesdls: nar r ow deri ved
stemcell.525 [0018] The origin of malignancy is still controversial,
especially for carcinomas, which conprise nore than 90% of human

mal i gnancy. The nodel of carcinogenesis put forward by the inventors
focuses on the devel DESERIEFION OB THEFREFERRBD RRIBOPIMENTSCAr ci nomas. The
key event in this nodel is a fusion step between bone narrow derived 30
stemcells (BMDSC) and "altered" tissue cells (Figure 1). Purified BMDSC
popul ati ons al0@ldpbt atismeml hrging e’hmdsﬂags"aizdanshm’@reamwoarwedmm vechagef | s t hat
expressed t kers ially

avai | abl el(gol tgé !Egdﬁo.lzﬁ&%% %dcm%gr férmeal f)%g(hgthna‘l ﬁpreaéjxna%]%d gs ?eggstaglﬁr ough t he
col umms can UQHWUptm@mmﬁmms%hed for stein cells by p05|tively sel ecting
for CD34 positive, CD133 positive and SCA-1 positive cells. This works for
bot h mouse and human BMDSC. The invention relates in part to the

recogni tion t[AS] t hdh¢ Gep Greliseanifeteans cahdeus de., sbhgmaleebsthitdividet h BVMDSC may

result in without control and that can invade nearby tissues and spread through the bloodstream

15 and lymphatic system to other parts of the-bedy.- -

[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




5 malignant transformation of the hybrid cells. Thus, so-called "initiated"
cells in mnultiple step carcinogenesis nodel and benign tunor cells can be
given the ability to mgrate. [0019] Upon fusion, the nornal
differentiation pathway of BMDSC could be 10 di srupted due to the existing
genetic or epigenetic disorder of the "altered" tissue cells. Genetic

di sorders could be gene nutations, translocations, deletions, or
anplifications as proposed by the gene mutation hypothesis. Epigenetic

dl sor der S COU eg?tlve %ﬁn}/hat %V&C?‘]lgl%ualet}{? (Q)%H%HS %an%rﬁ %%?E%ﬁﬁ)r%@ﬁ el? %?L” L in

dysregul ation unctiron, suc
chromat i n nodpdsitively salmtmgdm ¥ gosuiivec@P] 3 pasitiveBng PGira Ippsitdye Gﬁbs iThis coul d

(g ve rise {0 SRUAL AL n68L La iiblybbe. PRt uARt: Rgke i tered

cells and B fer wor hter cells could acquire the
capabi | i ty ofreeghitio gnethfusion beéwe“alwé” iisse cabravith RJYRES say TBF P BVDSC,

thereby tug ni QeligniddtethsfORhABNE e r@&h& Sells. MHuE QY-84lled tahﬁat%ammn process,
subsequent mtosis and | oss of individual copies of ch rorgﬁ OES, Wil l

result in anctpfF & capinogsyrss Befebasd PW@’G“‘B%”@S‘F%*“? PreEtYERiRAi ARG Br ce of
genom c i nst ahiglakd y and cancer progression. According to the inventor's
nodel , a single fusion event could have the sane transformng (from benign
to malignant) effect as that of nultiple events involved in the process of
cl assi cal nulpbﬂmag&kﬁﬁﬁ@bmdgemﬁmﬁ&ﬂhﬁﬁmb&ﬂ&ﬂhmBaﬁmdDGﬁcmhehinventor S

ot e B it P AR Y el SRBRE o R U BRI aRL O B
frequent evermendmxrdlsogﬂetshwkﬂm/@h@lpmemmS dragklevatians, dplativme, ooamphﬁlcatwpel | ul ar
organi SIs. (If)%rég edbn%e grﬁgmu{% g}w\é&g&fs gxgérleh éﬁs Jersg:%ﬂgb tion and the

stem cel | fus n vi ew normal “cell to ful
mal i gnancy a&hameBamewmbGNH@nawympm@UeﬂhHu#ﬁygﬁﬁmhmﬁyUEmwﬁhm@places

multiple rar ﬁ%%g such pathway to
be overwhel meﬁrjlﬁﬁ\{lgmﬁ?cg}%efr)&é}ewg g%mgﬁqg%%dl 0021 ]ﬁéy& égghlgre hi gﬁl Y. /

pl astic. Manyigelidi Bssicendfsive iedo davghterselirevithethe Rhgnqie 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  [0020] 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 stem cell
fusion, one can view the development of a normal cell to full malignancy as an

30  evolutionary process. 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. These 5 BMDSC migrate to
nonhenat opoi etic tissues and may playga role in nmaintenance and repair of
damaged tissue. There are, as summarized in Table 1, striking simlarities
bet ween BVMDSC and netastatic cancer ceIIs in terms of their biol ogical
activities, | he. Ie basis of t e t|v 10 Tabl e
1. SiniIarit?ﬁgQXﬁeéﬂﬁg%%geHEEVB ﬁe iW%ﬂ“%F@W?%EF%%m ﬁﬁmﬂﬁ?ﬁ§?bflc cancer
cells. Bone oy dootaing Bematopdiet®t stam @ (FESOvibutgtoabntaincaeseehymea ke Sel f - r enewal
“Imortality” h

M1 neage ST POl AR RERSLARG A6 LAGT LLARRARARTE b 1,

M gration | nwi§reniateinse epithelial eollgodiliven/lung skinandgasireintestingl irael. Tioge f ace

markers, s KigvpSERlerAR S mefiBhat g&&ﬁ:rtlsﬁﬁg dnd nﬁé:gfa§§ Sol&inlatntensddddnand  CD133
CD133 Chenoki ne receptors, suc expressed in nmetastatic

tunor  Sensi tfﬁworéamageﬂtasrreoﬁh%amayswrwrdelﬁffﬁ%r% é&tr@alﬁé@r MiEe sensitive
tor _afll ot hfr aRYvecFBMIBEInd &E@ﬁﬁfc@&ﬁeﬂ:ﬁlﬂﬂﬁﬂrﬂs Jf'lﬁﬂd}mivéﬂacwﬁ‘ﬁd’sl asgl H; (rjmuRe
privilege t a ehog signal activity Wit an gehog
si gnal act|V|W€““ﬁE EF@ggﬁ@f@gBﬁ%§”§uﬁbdlate angi ogenesi s [0022] BMDSC and
nmetastati c cancer cells are capable of self-renewal, mgration, 15 and
tissue in sion. Certain cancer cellz gxgress purported stemcell markers.

For exanp c kit is strongly expr i n serous ovarian carcinons,
testicular c ar C Binolaxity 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 =~~~ Giverise to heterogemc 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 Immune escape

Wt and Hedgehog signal activity Wnit and Hedgehog signal activity

Mediate angiogenesis _ Mediate angiogenesis

[0022] BMDSC and metastatic cancer cells are capable of self-renewal, migration,
15  and tissue 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
dermat of i br osarcoma, epitheloid sarcoma, and solitary fibrous tunors. In
addition, all types of cancer cells acquire tel onmere naintenance
capability, simlar to stemcells, which are telonerase positive. BMDSC
express particul ar chenoki ne receptors and 5 reach their destination by
chenoki ne-ligand interactions. [00231 Interestingly, the sane

chenoki ne-ligand pairs are involved in honing of BMDSC and nal i gnant cel

nmet ast asi s. s.that p differentiated cancer
i s usual Iy hi %gynémmteas?%%) SB’[JTIF °em‘%“§ FEReTt |@2§4t%e’ﬁpéﬁﬁ *Ofher apy. 10 This
phenonenon h a@ﬂm}@f Yoesanqorhay Iemghelaxddme«smedldl spliterly dibfous ematsueaddibont, albear s

remar kabl e rteﬁe@gpéag&geelggcqﬁ%gmg@%l n%c@h%@lgﬁtgss‘ﬁﬂlﬁﬂo & s 1 adi ation.

| ndeed, this senS|t|V|ty radiation I's |n i cal
myel oabl at i onVhigeislomstse nositive. BAMIRYG oxpeesy artionlpr charmelnerrecepthis gud

charact eri st i eghiepuedividReby bitmbRRs-ligsh& p@Rctigat @ has shown that bone
marrow derived cells can give rise to gastric cancer in mce with chronic

Hel i cobacter 15 infections. In addition, there is a report.that human skin
carci nomas dgpi2spd futastingloRey saﬁ&bﬂe&oﬂ&é—ﬂga@@§eﬁfs‘d@dmﬁoﬂze@m|hioﬂiﬂ1%)bf transpl ant
reci pi ent |nvent rs have sed n t he past th t a fusion
event bet V\ee%%&g@e Iﬁﬂﬁnaﬂéf é‘?‘eeaam'% glp IRV ERY ?’r‘é’@e‘foé' ‘%tgﬂé’@?r Ycel |

m gration. Adliffieatirtehetcaizose]ly highly ewbtetdt Husmare kensideant® rddidthepipgnonmenon i n
the life y r-acel ar. vesicle fu onlsesentlal for
basi ¢ cel ﬁjl gi?l%fpl}j%{: %Hénsﬂlgﬂno\g éﬁr:% 6&1& ad(!lrgssec{ m}ﬁ ﬁx}tczlra%’ﬁtge bu e%rF remagca ds into the
cytosol t hr ougsamblanrs taBEDSdliabare hlEhlmmnylewstb radatibn riadtsd, this s‘mslﬂoetgnms with

fusion. Cell-geldon ¥slﬂ§é 025 bischglozﬁ %fyglo%flat B mgn Bkezlléeg’ %Lu% ceHJ 19%? SSes, during

the devel opnent o musch é 911, it has
been pr opose@cqqfrathe%:hmﬁﬂgﬁ%ﬂfw B Iyefa@ reoentsiefqm&‘ﬁb@’vroﬂlatﬂvyl!ﬁrl di zation

bet ween | eukQGyb& e SIRTRE it rise ﬁ)l dastric 4! 'inerﬁlc@lwﬁlpffﬁ& éjzc&m;er oncogeni ¢

transformati on occurred when nmanmalian sonatic cel up co-cul tured

sperm and f dHeqipas. dhidditiopdharais Araapitihat Iage ddn Waﬁéﬁtm@?ﬁm spermat 0zoa

in situ. A | aogrsdiBR@IIHbsdeR B 18&e$ triRBladii@ipiday bri di zation of tumor cells
with |lynphocytes results in netastatic cells. However, prior to the 30

invention, no one is know to have described or suggested t hat mal i gnant
transformati @o024]  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 i situ. 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. Using a nethod based on Cre/l ox
reconbination to detect cell fusion gvents, Al varez-Dolado et al. (Nature
425, 968-973 [2003]) denonstrated that bone 5 marrowderived cells fuse in
vivo with |iver hepat ocyt es, Purkinje neurons in the brain and cardi ac

muscle in they rt, o) ucl eated cell s.
Thr ough seri a b}2%"|jlansSt ant %’f{lrlk gb%am?c’ftagﬁt&gr{é‘g?%evr@tg%rgf\(/)glgr ‘ﬁgsrp:ba?'t ocytes, Wang et
al. (Nature wztzanegwelgﬁwprzmqgl stidisphrye slawe tehBMDSE|fusefwith 2 oarielys t he .
princi pal SOLUfQﬁgészells bgﬂﬁ'g m&n&%&t@ h&%oﬁﬁ%ﬁ%&% det@%&%ﬁ?ﬁe ic analysis

of hepatocytes transplanted 10 fromfenmal e donor mce I nt recipients
denonst r at ed APHE GBI EPARCD P §Va48 oh 968815, (2085 dymensiaptes that bond- t o

t et rapl oi d5 f usar@-dedindd, ceﬂ@%&%wd@iﬁlﬂ%ﬁ/ﬂ%&ocy{e@ Fuh@@é Yeuronf h¥heddaigan occur
multiple tine nt an ells; however,

the inventi ona“(si Baéé’la? ?&sﬁr I’@{ﬁ?h%1 r\?’%’&"’\g ﬂf‘sﬁ%&?“ﬁ%‘f’%@ﬂ E?P%{‘;%tf"% @ﬁ%d"
pre- mal i gnantThréugh saiiel icaabilanarich W&&nﬁ&m@de@%&epdm@feapwng eCaAll Ci nogenesi s.

Th b th S b | di t t
et e 1y be Uk o Spl AR b5 R ISR BB 19, 12 2 oy o
with altered hon%slaleovcéftrivsd hetpttecytmrﬁmigexsasb finatysin eflabataaytes tralisplirgedent i ati on of
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fromthe altered ce n contrast
car ci nogenesi(8% X 0rnpiiplpidsetetrininid Eien(12@ PSR nlogpes. dathetry,ons and

becone transfmyid®Reds o&bﬁnﬁlﬂﬁi@ﬂhés@:@tﬁe& ndnfl ?ré Bﬁfgnal‘ﬁ‘aﬁchmgikﬁ?rﬁ t4jdi es that show

that stemcells are less tolerant to ’ erentiated cells.
Stem cel I s showpGEnHe 1%?@“%@?@']0%11?\}7@"0!"65 @NPPEF&W:?Q@H ‘e gre-matignantai nt ai n t he

hul ti pot ent disJufe@élﬁd%H!BMDSU‘as@QFu@ﬁHt@lm ca-xrct?ﬁfg@neb@ ’ﬂ%req{?é&me nfuliple BVDSC 25 are

nor e senSftlveto rac;‘&atlo han mature cells. This fact |sthe basi s_ of
clini cal TPmydisiapIvER fig BMB e fherepyleaginggo ﬁﬂ%aswgf&pm kepiotsopafer iisie8ue st em
cells are rmltﬁaﬂﬂﬂﬁj tive to killing by DNA-danmagi ng agents. Apoptosis

| evel s of intestinal crypt stemcells are

[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 are more 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 to nmalignant 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 fﬂ @t] t r@nr&ﬁﬂ? éﬂiohmd%ﬂéqmlaodegy fié@ﬁ&ﬂfs o% gtttﬁe c}}é@n&tmet he severity

of the diseases. An aneu esis o zed the
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is an inevitable consequence of

car ci nogenesi s scribed here, aneu

cell fusion ?ﬁgﬁTf‘ﬁ&“?ﬁ“ﬂ&?@ﬂﬁﬁ“?ﬁ@@@@ﬁﬂﬁﬁmﬁhﬁ6ﬁ8§ﬁﬁﬂyéﬁﬁﬁ€§s°In an
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car ci nogenesi s ., studi es denonstrate J#%f Ygl ﬁ2r0n33|q i.n prostate cancer
cell's coul d bé a°consequ éHé%“%W”% FEUIHE R hL4si9R mO8¢! of nj ect ed sper mat 0zoa
Wi th normal pregbgness depiribbiickehneo@bitisis anwine\etablebons@meﬁcabfbeu fusizan

pr ecancerous ijﬁ‘/ﬁﬁ 9ﬂlslog%zﬁdﬁ/IﬁRMPtjoH&roﬁgécgges Fn a;%%ar%(e:rydlxact tqtcgtlagl id cell S,

such as Barrett' § esophagus cera T84 ti ve atypi cal
cervi cal squdhdﬂgmﬁwékhsmﬂﬂﬁ@hysﬂ@Oﬁﬁmmmm@phawd?wdémmnsmwétes that the
majority qf alﬂﬁéimr@ﬂﬂlabry J-g’anw} Qélts@(g GG fuellcor bRl RV ?gon Thi's

evi dence- suggests that the aneupl o d cancer originates froma

tetrapl oi dat | BHI{PE merrpgtozea with WWOSfaflﬂm%laws Adereeventirdin bet ween

chroni ¢ ti ssuRmbiprédadeerdud fekignsmld ﬁ&@fﬂge&mﬁﬁeﬂﬁ’@f tetjréimﬂi Ree E'ucﬁ Q§ € r ved.
There are naﬁgﬁelegant studi es and reviews of the nolecul ar and

cel | ul ar PEREOBERY Plgaraiye eolitis 2adSR¥PateriyPiFHecvisolomtagioss

i nterpretati @slisOfAnkipgs sfNA p10RS BénidnRAkAERNLE nGOHE of BRBHISId AftFanCar Ci nogenesi s
ronic tissue on, and subsequent tissue

is as fol il

repair ex au§f°si(a:g?§a‘?°8‘dé‘ﬁé‘?t@f’li°@elrg}éﬁ‘ﬁg‘?”f"gﬁugges mIg e aqepRIQRofoARERE cel |'s. The
| ocal i nfl amueitiastys franca LRapididationssiit (L @isidnavor s hom ng of BMDSC and their
i nvol venent in tissue repair. BVMDSC occasionally fuse with

[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 local 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. [00291
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 infiltration of BVDSC. |ndeed, epithelium
in the skin, the lungs, and 30 the gagfrointestinal 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 increased
engr af t ment b eratinog ng d healing has
it 10 been g?rrbr?s %?%{egi%l Sﬁx'gusga{%ged% mat ch lha"f?wc%ag ar‘rl%?rm oW ’iho‘la%ﬁ%pl anted ni ce,
t hough the samestadyudlpd pullthegrasence Qﬂqunrbemm@n@malfrmd@wedmeﬂlmn bone
mar r ow- der i veginCeiefial A in 5leiniGp) HEY%&&% er fn m% ik ngﬁ%bﬁt%yfaét

vel opnent

Hel i cobacter infection is a majof attri
of gastric cdﬁ@’éldeve@ﬁméﬁlo’égqs‘if@§‘H’éerdQh‘ﬁ’g‘é“ﬁhﬂdwgﬁ“ﬁgnw%ﬁ@eF@p’él r 5 cause

an i nmbal ance o@@é%ﬁﬁbaﬁ@éetbgﬁjeb@pltﬁeﬁhllcelpfixﬁin‘klfaﬁ&?énﬂ Qpbpad 1@9@@&1@&%h3 in the
stomach. In ‘fcent y Was reporte one maryrowderjved cells

are the origi'fl ‘%8‘? ‘td%f§? Y, Veas repariedd PatLWCP@FP%&B%V@E{&QISFWF@COE’&P HEBEC [ 0030]

Agi ng i s one cardcet iAlelifodadr@ghfedtédsiicd. act ors of cancer. Analysis of the age 10
distribution of cancer resulted in the early nultistage theory of
carcinogenesis. Later, the gene nutation hypothesis assuned that the age
di stribution [MBObaneg'mg issht ethegledidvierisk factoes af eqpaérr adalyws eletelagel at e

suffi ci enfO M sEr' %M&ﬁéﬁr@splzed i {h{: ﬁaal'{}%ltlsggvﬁeor%g cha}cmo%e'Hg\AevL%ger an

al ternative exXplanation cou ni's dr aging
al so i npact d$heepencmithtiohipiectiesin ass@xdddizet thvegedmmeoraqfda@@i ilswdéscence coul d

enhance 15 t Qiﬁ’le réq‘ﬁﬂéﬁg Qé/cufﬁtllafe %&'88& 'fnuﬁ"f)le mtlcfa%lc)ﬁs ff)tuc%hc%ﬁi ljné}l? rease the

i nci dence of - gnancy. For instance, senescent ce rrpr oni se tissue
renewal or r é%?afiever, agé&mt@e explenasios cquirbhe thag machanisray feftPI%Sﬂt1¢ for aging

m croenvi r oNGRH impast3thnd da1t ihERbnC @htlakiva libiRge bhlFceB Gorkdbick cQlfly Shemecel s, In
addition, stemcells thenselves are also a direct_ target for aging-related

damage. 1% ﬂ&sﬂeﬂ‘é‘@w ‘bfé‘ﬁﬁfﬁgftfﬁﬁl’@él fysipppndyierpaseythg jrcidgner ST wall@EwT by def ecti ve
sel f - mai nt enapGastke %&eg@ﬂnwm}éﬁq@mﬁts@msﬁeeﬂeﬁesval SpbpaRkdrbig dchls thd:em cel | s

have been shown to suffer_ inportant

can alter the tlssue microenvironment, and in turn could alter the activity of stem cells.
In addition, stem cells themselves are also a direct target for aging-related 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 cell-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




functional inpairnment with aging. Senescence and a functional failure of
HSCs can create conditions that are perm ssive to | eukem a devel opnent.
Therefore, the chronological kinetics of carcinogenesis may reflect the
cell-cell interactions during the course of aging. 25 [0031] O her
conditions may pronote cell-cell fusion and consequently increase the

i nci dence of cancer, including tissue renodeling and virus infection. The
hi gh incidence of breast and ovarian cancer in wonen, and hepatocel |l ul ar

carcinoma follow chronic h es where.tissue
renodel i ng prodifst «fgg@bsuﬁjéqs hﬁ;‘f?a*ﬁ‘? t&‘ﬁ:@?f”ﬁ %ﬁ‘is cﬁlﬁ EE%%FSR‘%WYV. rus (EBV)
has been showirut eolited fss teoat Edconvdrtwithahast dhen, rhamgmtmfs seave fisionncl udi ng

Burkitt's Iy n?o%glm% baroxg%kégg ggx{l&' ex%lagnﬁvqﬁ theotmq%%& %?{ s t%@d?g’ cancer.

Nasophar yngeal " car ¢ ocar ci nona an
Earlier studicesetsave shown that EBV induces cell-cell fusion, especially by
virus isolated fromtunors. In concert with these data, the inventor's stem

cell fusion nodel of carcinogenesis could explain why EBV |nfection
associ at es wilf#92ko Fhmsjem el fesagngnods] qf oyagngeenssis P"sefeé'f?fi é@F fs rqulgy on rodel of

car ci nogenesisBlee TR @deril%iﬁémh@ntg Badiabebeed REHAR By thElientos EF@Ioal
experinments that have t he ventors si.on tﬁ)etween

een or e
beni gn t uror BERYepsd e&’ﬁﬂ“@?@b‘é‘% H%B%Bgﬂgééﬁnoqs efl X AT AFRR9S Usion, t he
nor phol ogy aﬁﬂx&ﬁ&@?h@d@mﬁmyﬁma&a&kasmSmaﬂﬂnamwaﬁnmndaremdamannlned in

vitro and in 10 nce of . al so on coul d wn by thorough
exam natidh &f°t ﬁ%‘genﬁﬁg.rﬁsgﬁ B)f]go‘%% %"%ﬁbtb%”%@\%%‘%ﬁaz‘a“' ngm ce receiving
sex- m snat chaponbmeds miﬂmmmdevelbpfed neigeateceitionex-msmamhed biowenaeoy obecause t he

redundant se Chrl}%@ msrr'v%lﬁ beﬁ%&ﬁered{l&g?tqu%tx&rorﬁg oﬁc When fusion

happens, the W ge used uorescence 1 n si
hybri di zat i oros{ ﬁltlﬁl-dgaugm c@bmm fumgn happens,ahe witielpmed tsatmology gpieh an ot 15 be

Pt - devel op-TaREEs o A e e o B o et et ng
the | oss f tbhepprendiatedindeed, a considerable number of malignant tumors thatdevelopin =~

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 successful
treatment of acute myeloid leukemia or liposarcoma, 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 exam nation of sanples collected from
previ ous bone marrow 20 recipients who | ater devel oped carci nonas.

Techni ques, such as detection of thg2 presence of the donor-derived

m tochondrial DNA rather than FI SH detecting sex chronbsone, may be nore
informative. [0033] The stemcell fusion nodel of cancer, especially
carcinoma, has_s 25 | ncer [ and drug
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decrease the capa i gnant cells to mefastasize and invade
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agoni sts, have been used fo e succe treat e nyel oi d

nme
| eukeni a or P3R5 HVEE, the gw&qev‘éﬂdﬁlaﬁﬁ%f“r%ﬂﬁ%‘?r%‘ﬁ og%w éanc%ilc?l? Serenti ation
signal into rakldpRanta edehed tadeolpiesige Btnelvitiisfpleer m ght be a novel viable
12 approach for cancer therapy. In addition, netastatic cells m ght have a
hom ng pattern simlar to BVMDSC, therefore, approaches to bl ock BVDSC
hom ng coul d [#084)us eThusoeandeninetitdsiscanidene thedaas casersed holecalr eenment with this,

a recent stu S ' e receptor
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coul d present conserved tar new t herapies.” [00341 Thus,
cancer met astestsivesatignin give séll blh@(o;@mvbceﬂéﬁ@éhtvw %@‘@&%}Pla?ndﬂ@ffrf@éham sns as

the BMDSC an@lot:lbﬁbtﬁstﬁfsogﬁmérrﬁcn@tdetbﬂﬁhﬁ?cﬁ ﬂ@ééﬁcre(?)@me bepMDEORRQ6YEAS, and
ot her | eukocytes. Therefore he inventors have exam ned whet her anti bodies
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notility and extravasation and there {
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-possi bl e- unintended consequence of stem cell-based
therapy (i.e., inproper adm nistration of stemcells mght actually
increase the incidence of malignancy). [0035] 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.

Ot her factors roﬁéﬂ et%?l'l Frex #;erllatcz) sm9 ﬁx%lb r{%n?ag' tdi‘,r?\?ehl gtFlaech \g?h ing, also

enhance the |nC| sion step could
render nulti p‘h@genﬁﬁfplibg@fﬂfaﬁ@ celbﬁaﬁm@nn& fusQ@l celb and @hmasmngatn indichtoer ed” cel |
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i nvol ving fusion_ of tunor cells and non-tunor e erfect on
t unor i geni ci t3y2iRlFdopsanmgisal Hidigagemis sisyie a&ﬁuwnéhvetswcwéﬂ@ﬁlsweﬂ bone
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literature prl or i nventi.on. Eﬁg i rst errbodl ment

of the i nventT8AP® éher%{?rﬁdé’ﬂlaf’ﬁ’foc%atéﬂr‘?t?@ I)—Iegg?qsurmgé}] ndicgir 9fncl udes t he
steps of . (a)migratia i ﬁ]gﬁ;@edh:@lﬂl@mdﬁhpfog&ﬁyﬂ@hlbv&dleﬁir@.@hﬁlefnhzma( fgratdid provi di ng

t |1 ; t |1
it the gersh ey T2 e A BRI o e Pri e Pl B4D) T and (o)
measuring an ar ﬂmfpllehtnovvo apifnahstghieat(d. @nméctmbftembmmmmuhg onBot horBMDSC and
genet | cally_aléfEARafEhdodlind 8L hues¥al ALl GOMTEr il &l and

academ c tissue culture an ve sources fu3| onis
routinely practiced such that there are many protocols aval | abl e (see, for

exanpl e, the 6ospy i d?ﬁ@n@h%rﬁﬁ%& lrﬁg)lv&rn%l‘ﬁ)ﬁ% SQE%Jni ??m O o ab%?@g?éé ing an

indicator of migration for the fused progeny) can be done
through an i f* ¢heficgl agent op fuaier cellqrigiation eithey in V’E%lPl ZAWV@ Hearthed, Martinson HM

et al. CanC elindR@ss piBng HRsed3dPdedivdOiom qusﬁ)lli‘ EOUBRe bkt dPva kiRl st udi es

(e.0., fectl n.of tupor cells including one or nore
5 cel 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 proteins 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 netastasis as described in the exanpl es

bel ow). [00381 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 nmethod includes providing a fused cell derived from
a fusion of a bone nmarrow derived stigm 15 cell with a genetically . altered
cell; contacting . the fused cell wth- a biological or, chem cal agent,
and determ ni ng whether tunor cell mgration is pronoted, inhibited, or
unchanged. ve roteins l.d .b n especiall.y go arget for
screeni ng tﬁgﬂtﬁ@i f egltesceb r%%né?}\fl\gﬁleobﬁd?ﬁ%ga?%t I %nﬁ?aq n{%f)rg@%gﬁtgiaé%ﬁi n(ub) is
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di vergent as i1nsects, trout, and human. Ubiquitin nma &s up part of the

out er sur f aceopanied byshingntisedy dpve begnt Fibjeci ipfrsaiieh reryep s &t a0fpalt he case of
Lynphocyt &  hepdrignts @CRRERRSTHhE- EIRs oftlRQniW AP 6NGE nfdfratitd b 8eséritegel y correl ated
to LHR s funchDon in 25 facilitating the binding and mgration of

Lynphocyt es tHir8ugh | ynph nodes. Al of the receptors that have been shown
to be linked to ub have al so been known to nediate cellular mobility. A
possi bl e expl iopn of . these.obseryations is th ub.is involved in

e at i ng. colllithr *ROBPRCTORIRET ghve g p Relef oy e e odf s
potential fumggriatdom iodescribbd fods:idapautdctiog a tuq celt avith angfectiveineurs bl es of many
eukaryotig pr. . ell] . 30, di . | af | rasite infection,
tunor i nvlg)si é %ﬁbg)rﬁi%g%%ﬁ%?ﬂg@ﬁl ﬁ%{aggttggieé‘ggdfﬁ% ,["818%&8?% {%ﬁgg, for exanpl e,

t he bi ol ogi cabnfgmingliterpreserce afgpefinted cell ampna the inlyod yella gadrie tontagiirieded t i n, such as
MEL- 14 ( CD62 i) : P C. ies, et al.;
see abcam coIrtnan{‘u{cr)(rwgfJ : ?461% géﬁégf%gg%t?gcgm@@garﬁ@q %’C}t%). f eﬁ){:el S

cont act ed by steniesmaligngthpeisntillave been subjected to a scratch assay or used
in animal 5 experinents to determne the effect of the antibody on cell

m gration as described below [0041] In another enbodinent of the

i nvention? a [9MdEhodOromay deisrming. i temersell ssaple congigragell gith pdeescri bed to

i ncl ude cont agap1oE DNA AHARF leksBbde c¥i-Sidfadd m&kdr gsebiny & A0S Rbrré ddVed

stem cell. Such surface cell markers include c-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 line being tested.




10 anti body agai nst 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 greater nmalignant potential. 15 [0042] One
may determne if the tunor-cell sanplgscontains- 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 stem H845] anttertipoefreimemor metastatR Quoo grotviinis tiomitprdexa mbineion] 0043] The

experimental ggghni W@ﬁasfc%u&ﬁoﬂé %@cﬁles!séa b%%ﬁfs@u_?k ANACEAS h%?&x%ﬁ?osg?é{s&ny\e -

establ i shed and w dely accepted e goa Irst study is
to test a prelfirodepd ‘ﬁ’r%"p’?‘.’)@@ﬂ“@%ﬂ%@@fr@lf’@rstemccaﬂwlﬂﬁg@?résﬂ%m in which the

i nteraction Warlbm&g&wffrméfoﬁﬂéﬁoi«( Qfad %&m §8lhdht 8 Hlmadk Bﬁﬁﬁéﬁeﬁgggaﬁm ljs fant ]
or ne n e

alter tunor reﬁ 0 wo types of experinments can

first set of ‘8 “?‘?Iéeﬁttqsre“eB@fsl‘% altey Phg agtoptptibaRstiees %%ée??ﬁfaﬁow are

i sol ated fronumbeeAwprabntitivansgsod viadhl syrv@@paﬁ@ael e tRRtysARdEsned W th
transiently @Xgifr‘;v%}‘cg%teedet rfbnsf ?r{rﬁd huma B nouse cells | abeled with
Clontech's re B8P EL ESAR S B B tin e € %dl tions which facilitate the
formati on of hybrid cells. These hybri d cells will then be injected into a

strain of dﬂ Oﬁrpr Weﬁlle%ﬁlsﬁéarﬁeﬁ%?aﬁc odels o{‘ tﬂr%orbe(lﬁﬂg algcﬁpé?ﬁr%s%l 1 [0045]

Alteration of PRY as a function
of time. Two dﬂa/ml%nvqm@stb(ccm&@ldmem&dbe be;ed sdnﬁha tigthostym@ane redpedsher t unor

Progress: on  dheadtbAbest il haL 805 3bs RROS. JaF, W Ak, BELA em cel | s

with tunor cells In 5 various sta t'ra I’ITB.IOI’]
treat ment of %Bﬁérﬂl\’f)cﬂdl#wg‘éﬂﬂxﬁﬂ Wm@el swbterhs fahltrﬁasbdwesndmosi%@ept ors will

al ter the melaskabiicoehERAl KBS Alod D RBROY A fein b4JSRASs uofy ooPT esent at ive
receptor which serves as a nodel to test these heses 1s
15 \ admmlster ‘mouse cell lines into athymic nude mice. The human cell linesare =~ ~

administered to SCID mice. An aliquot containing cell lines, singly or in combination,
are injected on day 0 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 are 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 [00461

Wel | -established xenograft nodels of tunmor grow h and progression in

at hym ¢ nude, Balb/c or SCID mce nust be used so that the host inmune
response to the adm nistration of transfornmed nouse (308, 308 10Gy5, or
4T1) and human (DU145 or PC-3 M celjs |ines, well-established nodel
systens for breast, skin, and prostate cancer, wll be mnimal.

Subcut aneous i noculation or tail vein injection i s used to 15 adm ni ster
nouse cel | h | i.,nes are

adm ni stered ?ﬁ&gﬂ%g Qtr&EméﬁgW ‘H &haf@nggla/%%l_m g[%}nlgg i neVsY‘tham ngly or in
conbi nat i on, meleclay Wplehipé@()@ﬁ7Qﬁayp@8andd>y1aumﬁwn@rfg‘vﬁtlhlnutss 4t d21 dpgreds f or a
maxi mum of 40c Aol PEQiEnGRERLRG @mm b8 il LHES, fedyed. and

tunmor volune and relative levels t ast ases anntltat ed. 20
Experi ment 1.Prapeurd ta7duie P)B?PaTBats?%aﬁ@@@ﬁl c,o%n‘ééft%ﬁﬁ@i Gealdios Pegous
transgeni cs e @R isih6LadidésIRly £ 1kddlclitMedd el Bd the Bdre indibated BEKSON

Laboratory) are used as a source of GFP | abel ed bone marrow cells. GFP

mce are i derPPHP AL 58 Rpr essi on of green fluorescence under WV light. 2-
to 4-month ol d femal e heterozygotes are used as the donors for the BM.
Donor's gend i t fro t he, r 0 [00491
Bone marrow §é?§|0f/ed %fnfgfe[ esgru%glglnhgﬁm\‘?glrﬁ?ﬁdgf F5Z2Y d‘gﬂlonfﬁgmrlﬁ%ce by

fl ushi ng t he hreamadditend! t minibta. Wwe ol bﬁm«sédltmalsme@ﬂed,@hdlmc@amoﬂo generate
somatic cgi | | r cells
are pl at e§’ on O;gélla%dmﬂfizl ??Qés b%ﬂﬁag%%r?s t%‘é?d gér{lglqtafr}aglg%@a 9 qOriltq)l%c{M‘Ir%/)et hyl ene

gl ycol (PEG .migutgsy MrdiugfcopEi@ngisdarem & thempidadid %whmetpglh@ ingfbaB@00- 3700 i s
prepar ed by auheleat Aok o7 & @l 124 adle Qs@?gedgxthﬁkﬁmaaﬂ&oc' aved PEG

is then conbined wt ox steril eserum re-warned to
37 C to prepdeniated %@i@l@dp%mmﬁwsc@r@elﬁmm C%Ih@xgwm@k%maﬁcwﬁstﬁer 5 di sh

i s then addedssdiRWhdks dfGo-bultBred Belfs HelstERL: 48 blofn t8% dohfuch& dnd u@lign | NCubat ed

for 1
15 subsequent experiments.

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

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

20  combination with transformed benign human or mouse cells.

[6052] 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 polypropylene 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 returped to their cages and monitored until they regain normal consciousness.




mnute a t 37degrees. [0050] One ml of the serumfree nmediumis then added,
and incubation continued for an additional 1 mnute. Two m of the nedium
is then added, and incubation 10 continued for 2 m nutes. Four m of

serum free medi um and i ncubation continued for 4 mnutes. Medium
containing serumis then added to eacfy 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.. Experinment 2:

Al tered tunorif0¥g nﬂ@ﬂtﬂwfﬁﬁﬁicqyta@grgeis&il@weldﬁflsmuméeramuemhmsebem gn tunor

celI's. [0051] xﬁr% naaeqmwr@@ewe%@&uwmce@?%rh d@g%&e&fmmr@ﬁswgu&el I's,

singly or in 2 onmbi nation wth transformed beni human or mouse cells.
[ 0052] Group #&d 9820%‘? o“élIst?eatF%é'eDMlﬂMﬁﬂéﬁ%ﬁé‘Sﬁr% G-yeatgiopixpeafs: ScI D for

DU145 or PC- 3aWictiysng Ul £adells. CROQGA akd admi®iddd sibdafnddaaf ey it
mce/treatnent 6. tr atnentsreggﬂggxt%irlnets = 72 mce. % 053] Mce

0
are inocul at ed“ pHioBREr hofaPis ''d 36?3{76* ﬂ&FéP’F?/@ﬁIC‘E‘gPTds‘L dand/or with

t r ansf or ned bema@nbdxummﬁr@sinfému;sa‘tmhnﬂ Wwith dltoHoY; 2%lit§alfa¢alinaﬁs apmsedaﬁ e perforned
on m ce anest het| V4 ce .are placed in

Che'j ar wht crogehFindlel So b hatohd Mockufinoimesh? tn +4 nilef G
pol ypropyl enex Zﬁe%tgaug‘emg@llewf thelbectiobuicausegnetrhes, fhe tle aha s@ael evithrieihgl ar e

oni O ediby ARSEL Wiph  GARREA T8l Fiy o IRYEIEDL s IR bE pLGLR¥AL T N, and

| ack of directe ter T nocu are re urned to thelr
cages and norﬁfftaoffétltalhﬂ@nlSG%M!}ed\EIQEQIIMermératm@Stgmbi@dmausness. 17 [0054] 100
ul of PBS containing 5 X 105 cells is admnistered to each nouse. Athymc
nude m ce receive 308 cells, BMcells, or a PEGtreated m xture of BMcells
and 308 cel | 4905801 DTHnereroval isimpaitqued byalipar msasupment o|tineor dispengioEG. t reat ed

m xture of  twice weekly, and calculation of volume using the formula: Volume +%
15 (Iength)(lengtth?) Animals is 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 Buthanasia.

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 cells + 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.




5 BMcells and DU145 cells. Inocul ations are adm ni stered subcutaneously or
by tail vein injection. For those mce receiving tail vein infections, the
mce are confined in a restraint box. After disinfection of the tail wth
al cohol, 2% xylacaine is applied as a topical anesthetic. No nore than 200
ul of solution is injected into eachgnouse, using a 25-30 gauge needle. If
the injections cause necrosis, the tails are sprayed with ethyl 10

chl oride, dipped 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] Tumor growth is nonitored by caliper measurement o tunor
di mensi ons t#Pk wdeibgit tunrry saseplles for disiopaihgdegicabinalysis tesicisef alteationdr nul a:

Vol ume +1/ 2 1ip plob QOGN (b SEIEY 1 R R R iaked with3Ghdidleb&E Ble 2, 3, and 4
weeks-to-nmonitor for the extent of - metastasis and the vol ume of tunor

achi eved. [ 005%(Paihaliogien! snajyie shoaldrinayde eemmsyisead Bete™ #PE%ivHE WSphyxi ati on in
an airtight rela@rhembérdlandsEerof etali@by BSlblokkt ARG adkMdath GERSuMbNI S IS a
routinely used procedure for 20 euthanasia of mce that minimzes their
suffering and is recomended by the AVMA Panel on Eut hanasia. Summary
Qutline of PrExpethwhe’:[@RibGLN df unddiyeritistor propiesstonr € of beni gn transf or ned
cells and st IIs.to 25 establish 308 a 45 gk af y

subcut aneouse[garéii9 ai K\:/eeairenm?cﬁ}%gegﬁlorr{‘.e afteﬂfé@fs o Q%‘Jtﬁlé%atnzg‘gf ?ro%%sspf or each
met hod of i nj(@EXi06wS er 418) cell8@B! widh ihlgbitdBMftlel TRGX4 ide@ot. Ikt mébeni xt ure of BM
cells + 3 » ; : : BM cel | m xture.
30 [00591R§. q’g%%e%? % ﬁérr%)hnga(%g‘Je%@ggﬁ J&B‘%ﬂ?’ﬁ]ﬁs&qg‘g%g%sm%?ch devel op wi ||
be renoved a@kpeimepeyid8ati¢eon of the mice by CO2 asphyxiation. 18 [00601
4. Submt tunor sanples for histopathol ogical analysis to detect
alterations in Ero&ressi on or the ability to netastasize associated with a
fusion event 0068k  Rpwerdpnspinémpe eerformpanysivaansibriiped Widtoffaeaedfpar i son of
tumor growt h aWefs it TH®Buice 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, movement, 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 10Gy5 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 injected into each mouse, using a 25-30

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

tail then is cauterized with silver nitrate to stop bleeding.




5 relative nunbers and sizes of netastases, histological characterization
of the tunor. Experinent 3: Inhibition of tunorigenielLy or progress [00611
M ce are inoculated with netastatic transforned human (PC3-M or nouse
(308 1 OGy5 or 4Tl) cells, and with inhibitors of the CRCX4 receptor. Total
m ce 10 needed: (4 mce/treatnment) (3jstreatnments) (3 tinepoints of
admnistration) (3 experinents) = 108 mce. [0062] Tunor inocul ations are
performed on mce anesthetized with isofluorane in a bell jar. The mce
are placed in the jar which contains isofluorane treated cotton balls 15

i nside a pol y{pgﬁﬁgyl ene centrifuge tube. During the procedure the mce-are
moni tored  byl0fids er iupgr srewthiisraengpigd byagaliper msgurpEgtt of pnoe dimepsingxat i on, and

| ack of direciad vJE&Mﬁ@Ed"'éalculﬁfl&ﬁffvblﬁﬁ&ﬁ‘slnﬁttﬁ%nmdiﬂ Olnifee= et urned to their
cages and m)nétored unti | gal n normal consci ousness. 20 [0063] 100

ul of PBS cort®#fids 11&)44‘21‘1"115@8?&}% o4 it S PR IRY 9 RPRIEE BalPat o a  mamary
fat pad of54xBaAskh‘s@ammmor\Bn&neat hym ¢ nude mce receive 100 ul of PBS
containing 1 X 106 308 | OGy5 cells. The SCID mce receive 100 ul of PBS
containing 1 X 106 PC-3Mcells. The experinment is performed with

adm ni strati df06] t Haineais drdrpohitoreti for preeorGREHidocniseé pith n piieftielrighibiconcurrent | y,

LT " S BB L TRl 6k e B0 G, ARGt o0 o, Bal bl

mammary fat pads are 1n ec arf verns 6f nude mce,
and PC-3 M cenh@nmcémemsfem ed into the tail veins of SCID mce. The m ce
receivingigail vein injections are confined in a restraint box during the
injection. After disinfection of the tail with al cohol and appl i cation of
2% xyl acai ne [8866h  Bpmarytungiead mstaptases Whickhesvelop indle pefanicd arpemeysidut i on i s

i nj ected int gagacthiRLSESthedfitdy GOPRpERiatic?) gauge needle. If the injections
cause necrosis, the tails is sprayed with ethyl chloride, dipped in

bet adi ne, and rem)ved wWth sterile scissors just above the necrotic area.

The tail thqcmsvp C AR IshiReh M dubinibd felistbpatioftloRaltafalfsisap dédceedi ng. 19
[0064] Tu wth, is nonitored asur ene of tunor di nmensions

b | j
boi co. weold y RERiPng i RPN THASEY GRS R I S PORIIS: Vol urre =1/ 2

histopathological analysis should include comparison of tumor growth with time,
relative numbers and sizes of metastases, histological characterization of the tumor

tissue.

20  Imvitro 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
line. 4T1 is a mouse mammary carcinoma cell line. Both were maintained and in
DMEM medium supplemented with 10% FBS and Glutamax 1 (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 overnight at 37°C and
5% CO,, in a humidified incubator (standard conditions).




(length)(length2). Animals are sacrificed at 10, 15, and 20 days to nonitor
for lung 5 netastases and tunor volune. [0065] Animals are nonitored for
pre- or post-inoculated with a potential inhibitor of nmetastasis and
assayed for alterations in tunor cell apoptosis, differentiation,
inhibition of netastasis. 10 [0066) P4 mary tunors and netastases which
develop in the host mce are renobved after termination of the mce by C02
asphyxi ation. [0067] Tissue sanples are subnmtted for histopathol ogi cal
analysis to r r associ at ed-
Wih the trearttin  TEadtuS B iRfn BaRiOR SRR Bl oHELAhERE, OF

conpari son of withawipetigtipwite nwdtum Wasm1rate¢€1dahemﬁéls wenviiesed withd rrsluzfes of

met astases, highl lﬁgfuff@lEa@lh{%ﬁl%ﬁé §hd t?e@ljé& Qi faieehﬂﬁrehwm5entr§tao§§df%acl120 In vitro

cancer cell/fused cel ration i nhibition assay [1s: Two

netastatic caﬁﬁﬁ@dycéllbg/mv 1 eslisyimg/mi< Cqﬂéaltde@f’u&’lhylgtﬁﬁﬂq thpe piAtes ubi qui ti n

ant i bodi ess t QydrifAbdtaded £21 1 ndtRWilh! theoelif Mol RuSWHLFBRIRF@TIPRKe car ci noma
cell line. 4Tl is a nouse mammary carcinoma cell line. Both were

mai nt ai ned and in DVEM nedi um suppl enmented with 10% FBS and @ ut anax
1( DVEM nedi unpo72R5 [TBO&R s tncRQiiRSed aﬁﬁrlmbaﬂah e clobufe Sikd BRAhAS were used.

14372 is a pol o) ant | to u | | -14 are both
nonocl onal ar‘i"lS Beé‘éfpgflsgell‘ Bnglfﬁ‘loﬁdﬁtelcﬁvers PP hefpﬁ’t?gémﬁwé“?ﬁ‘m;& 6-wel | plate
containing a lﬁettlﬁhbllaeet@ﬁ\f@rﬁﬁlhtﬂesiaﬂ SHHCBndNﬁéde@iSmBﬂ)%dEderﬁMp& verkx106
cells/wel]. in DIVEM @f]ﬁ ;ﬂg i ncubat ed oye% 9 t 37C and 5% C02, .in a
humi di fied i FRUYBSE 87 fls‘ést's B a8 Y56 cERiRe yith Mgt TPt hext day, the
confl uent nomaklaweon @mpbite ofaNIk@ TR200BRIcHEd0pd 4MEdnaghiGieationd t h a pi pette
tip. The nediumwas aspirated and the wells were rinsed with 1 nL of DMVEM

nmedi um Each cell line was treated with three different concentrati ons of
each Invivo cancer cell/fused cell metastasis inhibition assay:

[0073] Cells: A metastatic mouse mammary carcinoma cell line, 4T1, was used to
15  test the ability of a ubiquitin-antibody to inhibit metastasis. ‘The cell§ 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 [0075] 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 IgG2A, 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 50uL. 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 EGEP positive cells in the lung indicated that
metastasis has occurred.

30




anti body: 5gg/nL/106 cells, 25g/ nL/ 106 cells and 100g/ nL/ 106 cells. The
plates 5 were incubated for 11 hours with the cells. Control cells were
treated with DPBS. [00721 The coverslips were eval uated after incubation
for closure of the scratches as a result of cell mgration. The coverslips
were then fixed and stained with 1:1 ,yret hanol : acetone for 5 mnutes at -
20C and then rinsed with DPBS. Coverslips were 10 nounted on gl ass slides.
| mages were captured with Metacam software using a workstation conposed of
an N kon TE20QQ,i croscope at 4X magnification. In vivo cancer cell/fused
cell metastasis Tnhibition assay: [00731 Cells: A netastatic nouse manmary
carcinoma cell line, 4Tl1, was used to 15 test the-ability of a

ubi qui tin-anti body to inhibit netastagjsy The ceIIs were rdaintained in
DVEM nedi um under t he culture conditions describ iin_the_previous

rotocol . _ [ 0074 miggpfion oh ot g5l P2 it BUbEquiingatiofis Mel - 14,
\R/as used. ([) [0078 %?ﬁ Ptcf(?%‘i?ﬁtfaé“m%fi"*?aqog‘P\REr"g"'{‘?ggi BWPP’)'?‘“P‘? aifgf ected with

an expression vecto for g hanced green Ikoresceg tein (EGFP).

Cel | s were harvest ed?#8 h ter tr on an ed with either
ubi qui tin antdubbdles Mel - 14, or a control antibody, Rat |IgQ&A, at the
concentratlo%%é f 180g per ipq_cells in DREgFfor one ho%r Af ter

i ncubatio 00 cells injected into the tail vgin of SCID mce in
a 25 tota of 50L. CmgHmeek | ater, +%Q m ce were gacrificed and
their lungs W [,emoved and fixed in 4% ormal i n. Exanlnatlon for the
presence of netastailc col oni es was performed on whol e flattened | ungs
with a N kon Eclipse 600 mcroscope at | OX magnification. The presence of
EGFP positive cells in the lung indicated that netastasis has occurred. 30
21 Resuliss: Table 2 Degree of |nh|bgg??g of mgration of PCBMcells in
vitro by ubiquitin antibodies at erent concentrations. (++++ =

conpl et e i nhi bi Peses,of inhibitipg of migrasipn pigh)l cells in vitro by ubiquitin antibodies at
different concentrations. (= complete inhibition; - = no inhibition)

Conc. Sug/ml/million 25ug/ml/million 100ug/ml/million

20  agntibodies

14372 - -+ -+

10C2-2 - A+ S Ema

Mel-14 -+ -+ -

DPBS only - - -
25

Table 4
Degree of inhibition of ir vivo metastasis of 4T1 cells by ubiquitin antibody, Mel-14.
(++++ = complete inhibition; - = no inhibition)
30
Conc.  180pg/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.




Conc. 5jg/m /106 25 /ml/1 06 1004g/ ml/ 106 antibodies 14372 ++i-+ ++++ H ++
10 10C2-2 ( +++ +++ ++++ Mel-14 ++++ -Ha + +++ DPBS only - - 15 Table 3
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5  Therapeutic Methods

[0077]  The methods of this invention may be used to inhibit tumor migrationina

subject. A vertebrate subject, preferably a mammal, 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

10 form of a pharmaceutical composition.

[0078]  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 iz vivo which

5. _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 Iyophilized and stored until reconstitution
with either water or saline. A dose of 4mg/kg body weight is a typical and safe human
20  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.

25 [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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22 [0076] As seen in the tables above, antibodi es against ubiquitin
inhibited mgration of tunor cells. 5 Therapeutic Methods [0077] The

met hods of this invention nay be used to inhibit tunor migration in a
subject. A vertebrate subject, preferably a mammal, nore preferably a
human, is adm nistered an amount of e conpound effective to inhibit
tunor cell mgration. The conpound or pharmaceutically acceptable salt
thereof is preferably adm nistered in the 10 form of a pharmaceuti cal
conposition. [0078] Doses of the conpounds preferably include
pharmaceuti cal dosage units conprising an effective amount of the anti body
or other agentygogBy amn&fofegsihd dbenpodtiuARand theBtnRBNhod arangn for Slifbftingi ent t o
achi eve a steady state concentration Ln'Vng¢WbiCh 15 gggultsg?& a

measur abl e- r e PRSFHION ey TREPILRF FFRSASD FhRiec irving TE48ET Y678 Fonoc! onal
ant i bodi es ar esdooited Fith intedingd cisigtkagion, ptotiferaipy, nigyastasid. usi on directly into

t he patien%: The anti body can be |yophilized and stored unti
reconstitution wth either water or saline. A dose of 4ng/ kg body wei ght
is a typical de2af &atienvandifigfiotrsearpesifiowithin themsayingad e9et ter api es. For
exanple, this | [ of the breast cancer antibody therapy
Her ceptin. Thﬁgﬁwﬁﬂmgééﬁéﬁ%%@gﬁgﬁﬁ&of the invention, a hunman patient is
dosed at 4ng of a anti-ubiquitin antibody per kg body weight that is given
i ntravenously. 25 [0080] The anount of active conpound to be adm nistered
depends on the precise biological or chem cal agent, the disease or
condition, the route of admnistration, the health and weight of the

reci pient, the existence of other concurrent treatnent, if any, the
frequency of treatment, 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

nmet hods are useful for inhibiting




cell mgration (e.g., invasion or netastasis) in a subject having any

di sease or condition associated with undesired cell invasion,
proliferation, metastasis. 5 [0082] Various nodifications are possible
wi thin the neaning and range of equival ence of the appended clains. 24
CLAIMS: 1. A nmethod for nodeling non-Iymphocyte cancer cell mgration,
conprising the steps of: (a) providing a bone marrow derived stemcell;
(b) providing a genetically altered non-|lynphocyte cell; (c) fusing the

bone marrow derived stemcell with the genetically altered cell, thereby
creating a fgsgghigion-1 ynphocyte cell; and (d) measuring an indicator of
m gration for said fused non-lynphocyte cell. 2. The method of claim1,

wherein steps (a) and (b) conprise obtaining or culturing the fused

non- | ynphocyi e cel mefro@MdramedefiMd AbtsIyhiphb&e @Jncbrh@ellbﬁi?%timrdo%risiﬂgmeved stem
cell with the genetically altered non-Iynphocyte cell. 3. The nmethod of
claimi, whet®™P'step (d) conprises an in vitro scratch assay. 4. The

met hod of cl ai m Xa) pWb@diag B bohematroy defwddrsterh @eli vo. 5. The nmethod of claim
1, wherein said cell aqf ste b) . is of epithelial origin. 6. A nethod for
screeni ng an effEQXWBWmﬁgﬁﬁgp%ﬁﬁ@ﬁﬁeﬁw'EWéW?@prﬁé@ht on non- |ynphocyte
tunor cell m grat(¢)dfosing theons infegroishderiséd premodell With)th@ gendtidallygltardduseéd cel |
deri ved fror'ﬂaa sti on of]c a?fgone maﬁrg%/v d(ﬁ_ri \éed stemcell with a
geneti cal | y ‘BFERY GGG IMGRHPAEYTRNQHIS S cont acti ng sai d fused cell

wi th a bi ol ogi cal(djoneasheng aaindgtendf, migratiof for sdidtfesedinenMgnphioeytb eell.

non-| ynphocyte tunor cell magration is pronoted, inhibited, or unchanged.
7. The nethod of claim6, wherein said biological or chem cal agent is an
2. The method of claim 1, wherein steps (a) and (b) comprise obtaining or

culturing the fused non-lymphocyte cell from a previous fusion of the bone marrow

derived stem cell with the genetically altered non-lymphocyte cell.

3. The method of claim 1, wherein step (d) comprises an in vitro scratch assay.
4. The method of claim 1, wherein step (d) occurs ('n vivo.

5. The method of claim 1, wherein said cell of step (b) is of epithelial origin.

6. A method for screening an effect of a biological or chemical agent on non-

lymphocyte tumor cell migration, comprising the steps of:

(a) providing a fused cell derived from a fusion of a bone marrow derived
stem cell with a genetically altered non-lymphocyte celi;

(b) contacting said fused cell with a biological or chemical agent; and

(c) determining whether non-lymphocyte tumor cell migration is promoted,

inhibited, or unchanged.

7. The method of claim 6, wherein said biological or chemical agent is an

antibody against ubiquitin.

8. The method of claim 7, wherein said antibody comprises MEL-14.




ant i body agai nst ubiquitin. 8. The method of claim7, wherein said antibody
conprises MEL-14. 25 9 The nethod of claim 7, wherein said antibody is
selected fromthe group consisting of antibodies 14372 and 10C2-2. 10. The
met hod of claim6, wherein step (a) includes providing a genetically
altered skin, breast, or prostate cell.psl1. The nethod of claim6, wherein
step (b) occurs in vivo. 12. The nethod of claim1l, wherein said cell of

step (b) is froma carcinoma or carcinoma cell line. 13. The method of
claim6, wherein step (a) includes providing a genetically altered cell
froma carcinoma or a carcinoma cell line. 14. The nmethod of claim 13,
wherein said carcinoma cell is human derived. 15. The nethod of claim 13,

wher ei n sai & car dingoRathe@|of claim ofe|vherainy spidotntioRdy isgpelenset BAY; 1B HeHrof
breast, prosdoptistingdldniddesci@btSand 82292 4

10. The method of claim 6, wherein step (a) includes providing a genetically

altered skin, breast, or prostate cell.

11. The method of claim 6, wherein step (b) occurs in vivo.

12. The method of claim 1, wherein said cell of step (b) is from a carcinoma or

carcinoma cell line.

13. The method of claim 6, wherein step (a) includes providing a genetically

altered cell from a carcinoma or a carcinoma cell line.
14. The method of claim 13, wherein said carcinoma cell is human derived.

15. The method of claim 13, wherein said carcinoma cell is selected from the

group consisting of breast, prostate, and skin cells.




