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invention relates to diagnostic models for cell therapy. Cell and gene

therapy are thought to revolutionise Tisdus repair in various organs,

cancer Y herapy, of g ic. dis- ea in_the ne t

Tererar B S e Bl i

ameliorate a large variety of diseases of various organ systems. Cell
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transplantation of cells for therapeutic purposes. Potential therapeutic

targets for cell and gene therapy are: Liver diseases (for example cell
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transplantation of autologous beta cells grown from precurs or cells
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nervous system (for example cell therapy or cell-based gene therapy of
neurodegenerative diseases such as Parkinson's disease or amyotrophic

lafetHICEcidiciid Lol tHérapy f RBRRartdrclibe rsagy R et iver cirrhosis

or other severe liver diseases)

o

Lung diseases (for example cell-based gene therapy of cystic
fibrosis) '

. Skin diseases {for example cell therapy of skin defects with
epidermal cells)

. Cardiovascular diseases (for example cell therapy of

myocaidial infarction with mesenchymal cells, gene therapy

of cardiomyopathies, for example with vascular growth
factors) ’

Kidney diseases (for example cell therapy or cell-based gene

therapy of glomerulonephritis or of renal failure)

. Orthopedic disesases (for example cell therapy of osteoarth
ritis, disc degeneration, ligament injuries, or cell-based
gene therapy of genetic myopathies)

* Diabetes mellitus {for example cell therapy of diabetes by

transplantaticn of autologous beta cells grown from precurs

cr cells extracted from pancreas, liver, or bone marrow)

Digeases of the central nervous system (for example cell

therapy or cell-based gene therapy of neurodegenerative

diseases such as Parkinson's disease or amyotrophic lateral
sclerosis, cell therapy of cerebral infarction (palsy), cell
therapy of multiple sclerosis)

Cancer (for example cell therapy with ex vivo conditiocned



therapy of multiple sclerosis) Cancer (for example cell therapy with ex vivo
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- or the neomycin phosphotransferase.

During recent years, it has become increasingly clear that mem-
pbrane or even intracellular expression of any foreign protein,
and, thus, of any marker gene, will elicit immune-mediated re-

jection of the cells carrying the marker gene in the recipilents
(7-11).

Therefore, immune-mediated rejection of genetically altered
cells is a general and very significant problem in transplanta-
tion studies using cells labelled with any marker gene, and also
in gene therapy protocols., This problem has severely hampered
the utility of animal models aimed at testing the usefulness of
cell and gene therapy especially in long-term studies.

There are several solutions to this problem of immune-mediated
rejection of transplanted, labelled cells:

The host can be treated with immunosuppressive drugs such as
cyclosporins ¢r glucocorticolids (12). It is clear that with this
approach it is difficult to tell whether immune-mediated phenom—

ena were actually absent or not. In addition, immunosuppressive



The host can be treated with immunosuppressive drugs such as
cyclosporins or glucocorticoids (12). It is clear that with this approach it is
difficult to tell whether immune--mediated phenom- ena were actually
absent or not. In addition, immunosuppressive - 3 drugs have to be

~ introduced into the experimental system 3pes- sibly influencing the
outcogDe of the ﬁ%g)eriments. Cells of another species (e.g. human cells)
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periment- al system are,that SCID mice are difficult to keep and that
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fousedu'f: inv§§<t:iggte cell therapy in accordance with the metho
Jefined above cor%%ﬁéing - a marker tolerant animal and - a cell
comprising the marker. In a third aspect, there is provided a method for

Acstodyingghg , apnliembilityhoaaTovemedm| £als el therPLeRMRESAging the
performance and effectiveness of a cell based therapy based on
genetic molecular markers which would not be biased by unnatural
effects, such as immunologic side effects would offer signific—

ant advantages for the present field, especially as a research
tool.
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In a~first aspect, there is provided the use of marker
tolerant animals as a cell-tracking mcdel system for cell

therapy.

In a second aspect, there i1s provided a kit when used to
investigate cell therapy in accordance with the method as
defined above comprising '

- a marker tolerant animal and

- a cell comprising the marker.

In a third aspect, there is provided a method for studying the

applicability or movement of cells in cell-therapy comprising



- 3a - the following steps: - providing said cells to be studied with a
marker, transplanting said cells with the marker to an animal, said animal
comprising a tolerance against said marker, and - studying the
applicability or movement of said cells with said marker in cell therapy of
said marker tolerant animals, preferably tracking said cells in said animals
upon trans- plantation; wherein said method preferably comprises killing .
said animals. Therefore, the prese“nt%?scTosure provides the use of marker
tolerant animals as a diagnostic model for the tracking of cells within the
+he coBtext Bf ggll thergpy. The present disclosure provides a model system
- pdarael tracking which allows the. study.anditracking of gelis which contain
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s it icadinih dheastgiia il S bt aisiogaa)
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pdisclosurganimals 4 ;aredirstymade immunplogicallytolerant fo the marken ;
gene that allows tracing of cells to be transplanted into the animals
*&utterdihthe presence and movement of the cells will be analysed. In a
second step, cell and gene therapies with cells labelled with the same
marker gene can bec'gested(g thelcorp lete gbsencee og irgmune-mgdrinateg{er
Thergd@ion. THUS, HiS Fiddel S almode iy gqlfﬂgé%n§to the Sitiiation in -~
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provides a model system for cell tracking which allows the
study and tracking of cells which contain a suitable marker
without any bias with respect to such markers, i.e. without that
the marker would have a negative effect or otherwise influence

the reaction of the model animals - except of course the cells
to be studied.

Since the present disclosure provides for an animal model, it is
clear that the term “animal” exclusively refers to non~human an-
imals as far as the model animal is concerned.

The presant solution to the aforementioned problem consists of
an entirely different approach as the prior art strategies: In

the model which is established by the present disclosure animals



er a gene therapy may be successfully applied (French et al., Diabetes
46(1) (1997), 34-39; Xu et al., Clin. immunol. 111(1) (2004), 47-52;
Ogawa et al., Gene Therapy 1(3) (2004), 292-301; EP 1 142 473 Al).
However, studying the route and niovenient of cells (with a marker) in
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the exa@mple section) is also cap- able of coping with this problem. When cells
for induction of tolerance and cells for later cell therapy are cultivated in

an identical fashion, tqlerance.will al induged to yi%%%l%e%thod for
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cellaguibt I gaskifg pro. 1o therapy with autologous stem cells.

general steps of such a therapy can be outlined as follows: Stem.
cella are extracted from the patient (for example from bone mar-
row), cultivated and expanded, possibly differentiated in a cer—
tain direction or manipulated to express certain genes for gene
therapy, and these cells are then re-injected into the same pa-
tient either systemically or locally for tissue repalr or gene
therapy. In addition, tissues orx organs can be grown from these
cells in culture, and the tissues or organs can be re-trans-
planted into the patient. Therefore, autologous stem cell ther-
apy is not complicated by immune-mediated rejection phenomena as
long as the cells are not transduced with genes encoding non-hu-
- man proteins. Thus, 1t can be envisaged that any results ob-
tained with the model according to the present disclosure are
highly predictive of the therapeutic potential of autologous
cell and gene therapy in humans.

Recently, it has been shown that low amounts of foreign proteins
(for example proteins from fetal bovine serum) attached to the
cell surface or internalised during culture can elicit an :Lmu_?er

response in the host {13). The presént'discloSure (especially the



tein (which is the marker), is induced in an animal which animal is then
used as a model for tracking transplanted cells which are detectable
(trackable) by the marker (to which the animal is tolerant and to which the
animal therefore also does not show %n} negative reactions, e.g.,

(immunological) rejection reag;.tiqRg). A g tadberasentgisalesureap—
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transplantation of cells transduced to express certain genes for .
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theraples with mesenchymal stem cells. Cell therapy also in-
cludes cell-based gene therapy involving the transplantation of
cells transduced to express certain genes for therapeutic pur-
poses.

Further embodiments of the present disclosure are

- a kit for investigating cell therapy comprising a marker tol-
erant animal and a cell comprising the marker and

- 2 method for studying the applicability of cells in cell-ther-
apy comprising the steps of providing said cells to be studied
with a marker, transplanting said cells with the marker to an
animal, said animal comprising a tolerance against said mark-
er, and studying the applicability of said cells with said
marker in cell therapy of said marker toclerant animals,
preferably tracking said cells in szid animals upon trans-
plantation; wherein said method preferably (i.e. usually) com-~
prising killing said animals.

The following preferred embodiments relate to the use, the kit

, ) 1t T
as well as the method according to the present dlsc.osure

wherever appropriate.



infusion. Specifically preferred are animals which are provided by the

following method steps: - providing said cells to be studied with a marker,
- transplanting said cells with the marker to an animal, said animal

comprising a tolerance against said gnarker, and - studying the
applicability of said cells with said marker in cell therapy of said marker
tolerant animals, preferably com- prising killing said animals. The marker .
1o be used.s preferably a marken whigh isalseadycestiolished if-bell Present
Prefvﬁﬁgigy ang?ranr%%enftyanimals. The markers. according 1o the present s
discldisolosureare. of BaUrsE, markerswiich are - in general - i mungﬁe ic
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infugbarkers can be selected from Escherichia coli lacZ, green fluor- escent
protein (GFP) or human placental alkaline phosphatase (hPLAP). .
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an ek RIS I@E’)}qi%ine_klrjase which metabalize and, {hus,ifeRdPeer in
- stiﬂtﬂma‘é@%dﬁﬁﬂq-ﬁ&ﬁﬁbh%itﬁ% rsfdiois%topes; e.g., Gam- bir g.gley; cott-
" ceth, RNAS9S: 23332038, MOOBR I IGEE AR NEIE 1255 naRes A ‘

maging
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S

Suc erritin, Genove G at al_, Nature Medicine 11, 450-454, 2005), or

other marker which allow -P1- immediate detectiol ially opticgh ready
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n thé
according to the present disclosure are, of course, Tarkers which
are - in general - immunogenic for the individual ?nlmal‘as such
and for which therefore rolerance has to be establls?ed in order
to prevent the negative consequences of immune reactions for ?he
tracking process. It should be easily detectable upon e%pr9551on
" and not be harmful in the animal to be studied. Most suitable
ﬁarkers can be selected from mscherichia cold lacZ, green fluoxr—
escent protein (GFF) or human placental alkaline phosg?atase
(hPiA?)..Prefeired markers according to the present Qlé;losure
are colorigenic markers (a.g. enzymes wnilch catalyée a colour—
creating reaction)., fluorigenic markers, biophot?nlc m?rkers
{e.g., light~proeducing enzymes, luciferasas, revlewed in Doyle
et al., Cellular Microbiology 6@ 303-317, 2004, or Cont?g ?t
al., Annu Rev Biomed Eng 4: 235-260, 2002), positxon emls§1cn
tomography markers {e.g., marker enzymes guch as herpex simplex
virus 1 thymidine kinase which metabolize and, thus, trap, mo~
1ecules-labeled with positronwemitting radiolsotopes; e.?., Gam~—
hir 88 et al., PNAS 9g: 2333-2338, 1899), nucleaxr magne?lc-
regonance imaging markers {(e.gd. protein markers increasing the
metal ion content of cells such as ferritin, Genove G et al.,
- Nature Medicine 11, 450~454, 2008), or other marker which all§w



model. Therefore, markers which are or are related to trans- plantation
antigens, autoimmune antigens, components of the im- mune system,
therapeutically active proteins or peptides or metabolically active proteins
- are not preferred according to the present disclosure and completely
unsuitable if they confer neg- ative influence on the trackability of the cells
3 mme i thedndiz visiual sroded systetn lile; itthe ivakedéitedbiaywith theoLours,
'fluo%g%%ne%f& tge cﬁeélé n %Q{s%gmgtg{éggh%%g n_gg@tl\@ﬁl@@:@%b&m}d not
] preterred niarker genes for, stu(%lgts involvin C‘%lfqg %ene grslgr‘ﬁa‘pey la¢Z 4 he
intenkrand hbLAFE P io kA F5thEl STitEE e de-Tectability in istg}ogical
modesectimnerkdezeanmasky be ddtechedtistoshaffcanylBGER Heat FHERS~
D it S na IO 8 PO OIS Sr
» Pre-em- 2 or
munea@ﬁ&f’e’%mﬁﬁ%%%%%ﬁ%e ie‘ aa}%grllacz. (%IS—E can eag\'ll\);%be visualised |,
netainoiving Lélfs betause BERS AliBrRstERt PYOPeRis ®) FAowWRVEP e 9
presiborescant properties of GRRrpre-greayly diministedleuring tormatonfer neg-
ot s 2SI eRedding. 2d sepsiiieipionlionaf GRR iednarafiimsentionsndi-
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histological, .
actistudies ithnited INBLAR i¢ adhatkerbdare ByhBESREDIS forgfidgiéa™
ner)s“tudies requiring tissue sectioning and excellent tissue morphology,

: because hPLAP is a heat-stable enzyme that retains its enzymatic activity

during : routine paraffin embedding (6). In additiop, it could be shown. with
The the pFeserrdistiodiRe (9RRSLAS B3y Ja%?iv'i‘tmrs‘:;‘g?’él-ns r\({w’ee}}i%\/urﬁ“rﬁ%k gene
the Fagipyinathagrylae EVALL) BRBAdINGAFRY. KYOBR- Z9H ahibakhvity ot able de-
oo tRLAP: €30 easiy and very: sensitieht berdeteriedrhismchemitally o detec-
Immunohjstochemigally jn tissue sec- fio St- ing proseduses 3 vit
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o atker PELAR iDdyced strong lymesabingnune sespanses indeicklypeed in
livgaén%ggggu%éggwgggg}ﬂy%gﬂ%§§ggg§%% %?%%Eﬂéﬁhies (3) . However,
the fluorescent properities of GFP are greatly diminished during
normal paraffin embedding, and sensitive detection of GFP in
paraffin sections requires either sophisticated equipment ({4) or
. immunohistochemical detection methods (3). Thus, the usefulness
of GFP for histological studies is ILimited. hPLAP is a marker
gene highly suitable for histological studies requ;ring tissue
sectioning and excellent tissue morphology, because hPLAP is a
heat~stable enzyme that retains its enzymatic activity during
routine paraffin embedding (6). In addition, it could be shown
with the present disclosure that hRPLAP enzyme activity is pre-
served during methylmethacrylate (MMR) embedding (Fig. 1). En-
zymatic activity of hFLAP can easily and very sensitively be
detected histochemically or immunohistochemically in tissue sec-
tions by post-embedding procedures (Fig. 1). Therefore, hPLAP is
one of the most suitable marker genes to date for the evaluation
of cell and gene therapies. On the other hand, it was also found
in the course of the present disclosure that the genetic marker
HPLAP induced strong humoral ilmmune responses in wild~type re-
cipient rats, resulting in the reijection of intravenously in-



-s fused cells from transgenic donors (Fig. 2), also proving that the need
for an absolutely marker tolerant animal is important for providing a
non-biased model. The preferred fields of use of the present animal model
are the tracking of cells in the context of cell therapies for stroke, multiple
sclerosis, neurodegenerative disorders, arthroses, in- tervertebral disc
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a gunegakaryecytic/plateiétsiediic AIRR&ID pro Fiotat (16)- the lymiphoid
5 cell-specific hCD2 promoter (17) or the macrophage-specific c-fms gene
b ‘promoter (28). A specific advant- age of a constitutive promoter is that all
nep&ElS derive fam Acgrneticallviabeled cell Bxptessthesharkeed, the marker
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promoter is an inducible promoter (reviewed by Romano G Systens

for regulated or fissue-specific gene expze&sion. Drug News Per—
spect 17:85-90; Clackson T Regulated gene expression systems.
Gene Therapy 2000, 7:120-125; Pollock R and Clackson T Dimer-—
izer-induced gene expresslon. Current Opin Bilotechnol 2002;
13:459-467). In other preferred embodiments, the promoter is a
ubiquitous constitutive promoter, especially ROSA26 {R26) pro-
moter, human, rat, or chicken B~actin promoter or R~actin pro-
moter with cytomegalovirus enhancer, cytomegalovirus promoter,
ubiquitin promoter, or SV40 promoter. In other preferred.em?odi~
ments, the promoter is a cell- or tissue~specific constitutive
promoter targeting marker expression to specific hematopoletic
cells such as the megakaryocytic/plaheletnspacific alphallb pro-
moter (16), the lymphoid cell-specific hCD2 promocter (L7} or the
macrophage-specific c-fms gene prometer (18). A specific advant-
age of a constitutive promoter ig that all cells derived from a
genetically labeled cell express the markex regardless of diff
ferentiation status. A specific advantage of an inducible pro—

moter and a cell- or tissue-specific premoter in the cpxrent

i i ‘ Lo imited in space
disclosure is that market gene expression can be limite &



moter and a cell- or tissue-specific promoter in the current disclosure is
that market gene expression can be limited.in space - 9 and/or time.
Using cells expressing the marker under control of a tissue-specific or
inducible promoter for induction of tolgr- ance, a marker tolerant animal
can be generated without back- ground expression of labeled cells in the

arker tole imay, 1or with, baskorayne rxpressiomoniyde celionbrol of
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thexgg eénchymal cells, especially mesenchymal cells contained in bone
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pre@éﬁt@”ﬁgdel are a therapy employing non-~hematopolietlic cells
selected from epithelial cells, endothelial cells, liver cells,
pancreas cells, neuronal cells or combinations thereof.

According to a preferred enbodiment of the present disclosure,

the cells with rhe marker are transplanted into deficlent parts

of the mammal selected from the group consisting of heart, cent-
ral nervous system (CNS),(bone, cartilage, joint, lung, intest-

ine, liver or pancreas.

Preferably, the marker tolerant animal in the model or kit of

the présent disclosure is a rodent, especially a rabbit, a ham-
ster, a mouse, a guinea pig oxr a rat, a primate, especially a
chimpanzee, or a pig.

preferred cells comprising the marker are differentiated or par-
tially differentiated mesenchymal cells, especially mesenchymal
cells contained in bone marrow Or mesenchymal cells derived from
bone marrow stem cells_. However, also mesenchymal cells from
otner tissue (skin, liver,...) are preferred.

According to a preférred.embodiment, the kit according to the



According to a preferred. embodiment, the kit according to the -- 10
present disclosure further comprises l) a marker tolerant animal, 2) cells
comprising the marker, 3) a transfection vector to transduce cells with the
marker, 4) a detection system for theqmarker, for example in histological
sections. In the method for studying the applicability or movement of cells
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In tRe Mshivpdd Hovet the r%%?kgcr%ce)legrﬁ?ér%gna S ﬁ?a% él(!akn pgrnovideole {:ll:‘)é;/'k'EBJE
cellany suitsble t&EIiGERY, the Fiost préfefredBing seRetdd Fronrlivsgisup the
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marker to the wild type mammal. The animals obtainable by this specific

technique also represent ) .
As mentioned above, the marker tolerant animals may be provided

by any suitable technique, the most preferred being selected
from the group of inbred animals, cloned animals, bone marrow
marker cells transplanted animals, animals having been exposged
neonatally to said marker or animals having been exposed post-
natally to marker cells by intravenous infusion.

The preéeﬁt disclosure also provides a specific technigue for

providing excellehtly suitable marker tolerant animals, wherein

the marker tolerant animals are provided by a methed which com-

prises the steps of

- obtaining a transgenic mammal expressing a marker protein un-
der the control of a promoter,

— isolating bone marrow cells (BMCs) from the transgenic mammal,

- irradiating a wild type mammal of the same species and

-~ injecting the {solated BMCs into the irradiated wild type mam~
mal, _

pefore transplanting said cells with the marker to the wild type

mammal .

The animals obtainable by this specific technique also represent
éﬂ aspect of the present disclosure. The specific advantage of

tetrhal irradiation followed by bone marrow transplantation in



an aspect. of the present disclosure. The specific advantage of lethal
irradiation followed by bone marrow transplantation in - 11 inbred or
cloned animals is that this method represents the most robust approach
for induction of lifelong and complete immunolo- gical tolerance to the
marker gene. The present disclosure is further described by the following

inbred 8@?&%%&99 tﬁﬁgﬁ@&igdgﬁ@ﬁ%?w%mm%mm r@@ﬁ'@%@ﬂhglremé most
igure | shows paraffin ethylmetha sections molo-
£ CDUS AP Rt RB6 T Il WL G BE b Sinedt TR EAR unoLe
gicabctivibeateckedipreteatideniteth garfin sections of liver from

transgenic rats, hPLAP staining is more intense in specimens fixed. with

40% ethanol (A),compared with, PEAfixation (B), o staiaing is bsensedy ex-
The ?nrg%ga%-ﬁ%é%{)ﬁ'\?er.of a wild- type rat (C). The kidney from a trang eni,g d
amples sl BEmpERbIe P ERningShtefShl T barfimd O) i - +©
therMMA-embedded spe- cimens (E). However, morphological detail is
improved in MMA sections, and renal tubular cells show a clear
. membranous hPLAP staining pattern. Note the ubiquitous hPLAP staining
~ pattern in transgenic ti§sues. No staining is seen in ethanol-fixed, MMA-
Figusmbkdebavsdmar o daid anse Fayry 1sedinara L3t Rerdiingg ghrons of
1iveRPhAR gnzymes agtiily GuesnighLAPFag depeididrer wpel weres stained
for ﬁ%’ggm&%@gg'\@% auqlegr iastred, Rive-pm-higk SeeHops B#riwlsections -
__lam. Figure tho S ubiquitous expre%sn nofg’LAP in l:ione &?rt”iﬁg%hse in
of 14N@BohEalSREHER RIBABrAPHY i D} Uhids: BIRSR 1o o
speclanaves) Hinkkdstebtyied (arrevhaadd) sHow firapse artnirahobEhPiigmtion
(B) .SRIEIRG Ky Hansganic mis éikrhandreeyiesoin-ariiguldr andgrowth platd 1d-
cartilage are iptensel ine -Hematopeigtic.honemaow-ealls: rabie
typesﬁoa\/%/: ugf‘g_uito%%%&%@%s}]aig#g%w% very. s:(?on stain'n% the ce iH}QZ o
hPLAR et &R 2GR SRR toplasmAi iReddRiry o Be& 1) R sEIRRG 1§ 5P
cimeseen{iBihoritwsbene marehgEpg beicllaledmihge(FLErpsadh phadla
sectottlagefrom mdldstype kais (&) Eiveremsthisk underalcifiesididfous hPLAP
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transgenic tissues. No staining is seen in ethanol-fixed, MMA-
embedded kidney of a wild-type rat (F). Sections A ~ F were
stained for hPTLAP enzyme activity overnight at room temperature
and were counterstained with nuclear fast red. Five-um-thick

sections. Bar = 530 pm.

figure 2 shows ubiguitous expression of hPLAP in bone, cartil-
age, and bone marrow cells of R26-hPLAP-tg rats (A-D}. Ogtao—
( blasts (arrows) and osteocytes {(arrowheads) show intense
membranous hPLAP staining in transgenic rats (A). Chondrocytes
in articular and growth plate cartilage are intensely stained
(B, C). Hematopcietic bone marrow cells show ubiquitous hPLAP
stainihg with very strong staining on the cell membrane and in
the cytoplasm of megakaryocytes (D). No staining is seen in bone
or bone marrow [E), articular cartilage (F), or growth plate
cartilage from wild-type rats {(G). Filve-pm-thick undecalcified
MMA sections of ethanol-fixed tibias stained for hPLAP activity
and counterstained with nuclear fast red. Bar = 50 pm.

Figure 3 shows FACS analysis of peripheral blood and bone marrow



and counterstained with nuclear fast red. Bar = 50 pm. Figure 3 shows

FACS analysis of peripheral blood and bone marrow WO 200
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Figure 4 shows expression of hPLAP in tissues of wild~type rats
transplanted with bone marrow from R26-hPLAP-tg rats, 4 weeks
post-transplantation. FACS analysis reveals hPLAP expression
(mAb clone 8B6) on peripheral blood leukocytes (&) and bone mar-
row cells (B) in R26-hPLAP bone marrow-transplanted (EMT) wild-
type rats (grey area) in contrast to wild-type rats {white
area). The staining pattern is very similar to the one observed
in R26-hPLAP~tg rats (Fig. 3A-B). Lymphocytes in lymph follicles
{arrows) and megakaryocytes {arrowheads) in the spleen demcn-
strate clear hPLAP staining. Bone marrow cells, especially mega-
karyocytes (arrows), show ubiguitous hPLAP expression, whereas
osteoblasts, osteocytes (D, small and large arrowheads, respect-
ively) and chendrocytes in articular cartilage (E) do not ex-
press hPLAP, indicating their host origin. In cross—sections of
the ileum, enterocytes and smooth muscle cells remain unstailned,
while cells in the submucosa and endothelial cells show intense
hPLAP labeling (¥). Cardiomyocytes (G) and renal tubular epi-
theiial cells {H) are hPLAP negative cells of recipient origin,



osteoblasts, osteocytes (D, small and large arrowheads, respect- ively)

v deghepgEgcytes in articular cartilage (E) do not ex- press hPhAR 412006/000177
Indicating their host origin. In cross-sections of the ileum, enterocytes and

smooth muscle cells remaln unstarr‘iea3 while cells in the submucosa and

endothelial cells sho nse h AP labelin Cardiom oc _
Whllgn@relﬁﬂ%bﬁﬁFgB tﬁ’ a?%@llr Y dre eﬁlsﬁL%é Hegaia celts %F%C%)gmkld

ney drginfWIDRO06HIIEDER RETiAR2gTsredoyy hAshjynliahethige eXRREOwWS!) -
Fmvﬁ&ﬁﬂtﬂ?ﬁ}@@@ﬂﬂ@ﬂmm@ﬁriaﬂa ki ngylieat donpr, ofidimas (F), heart

(G} rlndicgt ?HZ%PL Iabg“@lgag{&%\g F'f’féﬁ“ﬁﬂﬁ"@@@@ﬂﬁ%‘%“%%ﬁanol~

%g een ) heart ), and undecalcified l\4 N g
£1xag kbR effiio)- Bicifists %@ref%ﬁ%d%#mﬁﬂ@ ZARity Aigrerstaine
W1th:cmmﬂrsaam€aswmxadcleaafas% réd. Bar.= 50 pm. Figure 5 shows
evidence for hPLAP- expressing cells on the artic- ular cartilage after
n.of R26-hP ceIIs |nto the kne oint of _
%Pﬁh‘ﬁ’%l\/‘?’f’ 8’%C§ %ggvi\%e O e ction, e%r#eée?%ach? artic

ulameqéwgémraﬁ*@@homaw(aﬁméaag) ﬁiﬁ%@é’a&&d@%{ﬁf&&%r(mw cells
intdatnavesksposiintiestioR G IsERAR doTondelld-Haypadopted aOne week

posé'bi V&'@%&'ﬁ%ﬁa (aﬁfﬁwﬁa%%) of ghondsoqigikefapaws) gaReyanaer@id cells

incorpofation into t e surrounding_chond yte atrlx of h]c{)st ong&n
(ar Izeyh-q%*iﬁn %cﬁlﬁﬁdgéﬁ&heﬁq\ﬁMiué@t%%s {5% etharTor=fixed Kiied”
eC’gralnts,st‘amsmehmmmiwy%hhscdmﬂ@rs%ﬁ@@e\ﬁlt@nﬁél}éﬁp%%ﬁéd“hke
( ar Bs1ea@ oM. diguiech shews skinificm R4d-t9f2GahPeAR toapr and show

1ncg£§%< nQa EE@(} % 1l 46.@9{5‘”2:‘9!915%%%%9 tﬂﬁ@%f@x“of host

S_post-transplantatign. he skin g&rat ro III' the trans% njc donaor

origignelBlart BB SHRTERT-SHoWS SR 6RY Tk iSRiBr RSCAP I SalPdeiRE20
£1x¢4). Miechgrdénbetveder madsgaric uBﬁarannd:mmu@p*é%a‘pﬁﬁtamed
witHSSHe-isssharplydelipgateda(@roweads) A sebaceous gland (large

arrow), and a few capillaries (small ar- row in A, arrows in B) of transgenic

donor origin are found in the surroundln wild-type skin, Keratinoc go
OB R beS IR SR ORFIb AR WIS B AN S e HURRTRS inco &
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poet~trensplantation. The skin graft from the transgenic donor
{upper part of the section) shows strong expression of hPLAP in
all cells (A). The border between transgenic donor tissue and
wild-type recipient tissue is sharply delineated (arrowheads). A
sebaceous giand (large arrow), and a few capillaries ({(small ar-
row in A, arrows in B) of transgenic donor origin are found in
the surrounding wild-type skin. Keratinocytes do not cross the
sharp border between wild-type and transgenic epidermis. Fig. 6B
is a high power view of the frame shown in {A}. Five-pm-thick
paraffin section of ethanol-fixed skin biopsy stained for hPLAP
activity and counterstained with nuclear fast red. Bar = 100 pm.

Fig

BEXAMPLES:

A central aspect of this invention is the induction of immunolo-
glcal tolerance to the marker gene, There is a number of known
strategies to induce tolerance to foreign antigens. The most ro-
bust approach is to lethally irradiate the host organism, and to
transplant bone marrow cells expressing non-~self antigens {for
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t 1 oHlEWeBRUSHHHSIORS VRBLhighmunalersi of semealiegeneiedantntelnimal s
to 1{110 ppstnatalhost 1@@3&@ thg, latter, situation, the MASENE SPAUERILes with
non-se anjf@enso lously qverrides the immuneé system s

oA T hE O L AL BEOUE T B LR RIS EsHaRence and
lifaftigenssarevival of skin grafts from the same donor (14). A

third strategy is the intravenous infusion of very high numbers
of semi-allogeneic donor cells intc postnatal hosts (15). In the
latter situation, the massive exposure to non-self antigens cb-
viously overrides the immune system so that tolerance is in-
duced. Other methods to induce tolerance to certain antigens are
conceivable and could also be used for this invention, for ex-
ample intranasal application of foreign proteins.

Specifically, the present invention is preferably demonstrated
by the application of the following scenarics A to G:

A) Genetic marker in inbred animals (mice, rats, pigs, rabbits,
hamster)
1. Generation of transgenic animals on an inbred genetic back-

ground {(for example R26~hPLAP-tg Fischer 344 rats in the present
experiments expressing the marker gene under a ubiguitous pro-
moter such as beta-actin, cytomegaly virus, or R26, or a pro-
moter targeting transgene (=marker) expression to specific

hematopoietic cells such as the megakaryocytic/platelet-specific



conceivable and could also be used for this invention, for ex- ample

wWilrananaksyaplication of foreign proteins. Specifically, the pres? /AT2006/000177
invention is preferably demonstrated bg the application of the tollowing
scenarios A to G: A) Genetic markér ihInbred animals (mice, rats, pigs,

rabbits, hamster) 1. eratjon of, sgenic ani 3 |
LB S STt 0 oo e RO L AL £ R o) Jh rhGhe ppomotes
(17 presehh @xpefineRiasit8bSAg tHE nfarkB g S BnBEPEUBTRFUItbHE oro-
2. mbtarsnmh asrbeid-actinkeytoheatyavitusy O RAG;me caprosalctent the same
R L e St catop Qﬁf{%%%%“ﬁ@e"m'
such, yi -Speci )
YD R APAOEROOT AL 188 RIS (PR ragapy and D)
trarggiispeciiechCbe piametvatied ciniaadderophidgdepecatdas gedels from
t:r:aﬁ@@k@i@b(dﬁho?rﬁeﬂﬂati%mﬁﬂwmfd@ﬁami|dr<bﬁpecaéin&aﬂ%@ﬁ&t@mal and,
. {Rbr rain by &) lethally: ot ethally irradiatin %qf:
ep?%?w%%ésﬁor%ge%fﬁgqval -ar{gin?a%é)£L v%?ﬁégergg%eﬁgﬁ gr%}d %%l\gt%nsp arﬁin‘:éDnor
OT19Hé trradiated animals with bone marrow cells from transgenic donors. All

3. heMmtopoibdoblintgograheseddynializmtl egitbelidl cefistmtHeransgenic

donf@gﬁﬁ@agaﬁ%@a of Hanpgeniesiones (?{igzi&-e% Tansplantinggengtically
ahelled cells from transge cribed i nto the er

4 tol%ercéln%%:ﬁ?rﬁ alg%. §§§d%/%r%gﬁ1qéa§g{p§ icg?gilif‘!f/l&g:;il surhc%w)lc{;%lssiqr} cge]%? daéle% eg ene

the’&?é?&py. B) Genetic marker in cloned animals This protocol is identical to

A) with the difference that genet- ically identical, cloned animals are used
) insieadefipbrad-aavimals.Gheeaetic Marker in inbred animals (mice,
mni SIS RIOSIEP0YS, bamsiausing an ndypible promatee de CENEIANENEM gonet -
. ﬁaﬁsgenlc animals on an inbred genetic back: groun ‘for example ¢
Lcappy APdgTiddnet saalabemh MrifiRientee peiffet8féfidsShgiRgred an-

imaf@rker gene under a ubiquitous

C) Genetic marker in inbred animals {(mice, rats, pigs, rabkbits,
hamster) using an inducible promoter

1. Generation of transgenic animals on an inbred genetic back-
ground (for example hPLAP~tg Fischexr 344 rats in the present ex-~
periments) expressing the marker gene under a ubiguitous
promoter such as beta-actin, cytomegaly virus, or R26, or a pro-
moter targeting transgene (=marker) expression to specific cell
lineages.

2. Generation of transgenic animals of the same inbred strain
expressing the marker transgene under an inducible promoter such
as ligand-inducible gene regulatory systems (13). Induction of
the transgene, preferably in neonatal animals, results in
lifelong tolerance to the marker gene.

3. Transplanting genetically labelled cells from transgenic
donors described in 1) into the marker tolerant animals.

4. Studying the applicability of such cells in cell and gene
therapy.

D) Genetlc marker in genetically non-identical animals

1. Generation of transgenic animals on an outbred or inbred ge-

netic background expressing the marker gene under a ublqguitous



promoter such as beta-actin, cytomegaly virus, or R26, or a pro- moter

@gg&zﬂ%%gsgene (=marker) expression to specific cell lineages, 2. 06/000177
eneration of transgenic animals of the same inbred strain e A58

the marker transgene under an inducife promoter such as

ligand-inducible gene regulatory systems (19&. Induction of theérans ene,
Promgid&rabirih FebiRSPAAMaIS! re SRR Y IERH e Retnafker 2 P*O

motegeta rydransgplantimg geneticaiydatelied cellsrfranimnsgenitbeondiss cell
1ined@Rasibed in 1) into the marker tolerant animals. 4. Studying the

2. QERERAN FoR G et AnIRES £ R o HanS A et not

eneration o imals on

ansgenic .
of theoamred bﬁhﬁﬁéd@%rﬁéﬂc%a@%ﬁd%%%ﬁh%@ﬂﬂén%@ﬁ&rd@?& in 1)
thatundes andkiguitelsYWQ 200611 13962 PEAYAZR0060004RTige6s of the

dondiometersych as Bataragtin, cyioraegaly ¥irug PR 26 1 84 PR+ PRRIgeni ¢

targeting transgene (=marke2 e%ﬁresglon to,gp(;cglflcc Ib Ilne%g?j. Z'ho 1d be
cel]@en@rﬁ%@ﬁ%?%lﬂftyﬁg%nﬁﬂ eoriné safe Sisecied var 8t of tHe Same™
clogrbredrstist edmpardd flitbuditimaiyge s dintmiomife fgs antigens.
3. tolerapidethe fiatkenand theantigensbkinecdoaesicallsdnoneqnaiabarenic

t I ition to.tra [ Il a [ ri
o b oaatscelsi, e oLl e S maanee
scripge dis£antigens. 3. Transplanting genetically labelled cells from

4. tradisgépitndohbrs degelibedln 13 fito eife markecwldrani-anpedls dend gene
thesgdled in 2). 4. Studying the applicability of such cells in cell and gene
therapy. E) Use of autologous cells transduced with the marker gene for
cell therapy in marker tolerant animals of any species 1. Generatign of

E) malRer RlerdRt AR By S hdRnG TNS HisiRch NedtatalSr Podtiata 9one tor
celankhal rbpyansdumingk te tellse withtthamakes gefie sayd epesifécting

1. theskaesducesCells marker tolerant animals by a) taking cells
from a neonatal or postnatal animal, b} transducing the cells
with the marker gene, and ¢) re-injecting the transduced cells
into the neonatal (preferred) or postnatal {(very high cell num-
bers) host to induce tolerance against the marker gene.

2. Transplanting autologous cells from the same animal de-
scribed in 1) by a) extracting cells from the host, b) transdu-
cing these cells with the same marker gene described in 1}, and
¢) transplanting these autologous, transduced cells into the
tolerant host.

3. Studying the applicability of such cells in cell and gene
therapy.

F) Use of cells transduced with the marker gene for cell ther-
apy in marker tolerant animals of the same inbred strain

1. Generation of inbred, marker tolerant animals by a) taking
cells from an animal of the same inbred strain, b) transducing
the cells with the marker gene, and c¢) re-injecting the trans-
duced cells into the neonatal (preferred) or pestnatal hosts.

Alternatively, marker tolerant inbred animals can be obtained by
the methods described in A) ox C).

2. Transplanting cells from wild-type animals of the same in-

bred strain described in 1) by a) extracting calls from these



into the neonatal (preferred) or postnatal (very high cell num- bers.) host

CRipigrance against the marker gene. 2. Transplanting I
ceIIs rom tég same animal de- scribed in 1) by a) extracting Ce?#@g%%ﬁ?émmw

host b) transdu- cing these cells withlthe-same marker gene described in
and c) transplantln ese autologous, transdyced cells into th

ani R e A e 5 3 Sl of S EOS (ERR diR e 9o
des cmmpy :ﬁ) Use obvelIsctraristhueer Mt theombhes g eresior dal gibreapyl s

intoinﬁﬁé(;@l%lﬁé&iﬁ a}m@@@ ihesamainbredistrain bi@aneration of

inbred, marker tolera Isby takin I an anjmal,of t

3. srgr‘%e e nbred {tram trans cmgt%e ge%gﬁh gggnlsar gr gg?%el e"iir%11 C)gene
ther@Mjecting the trans- duced cells into the neonatal (preferred) or postnatal

Thishestecddiemativelys hsarker taldtant ndred Afiemals candimbbtairtedbyologous
ce11be Methods descrbed inA) 9hL) s aniiaaspiapting cels frogywild-type

animals of the same in- bred strain described in 1) by a) extracting cells

from these WO 2006/113962 PCT/AT2006/000177 - 17 animals, b)
G) trileivefhgthbse cellgnatitpnedamid mdrker gadaleserbed ﬁ@x) Gl ther-
apy Qiransplantingdhese fansduersticellsitripshe tolerant hosts of the same

1. '”Eé‘ﬁ'e?éad@o% Qwdying{hg a@fem@kty&;‘ %@Q&@”ﬁﬂﬁ%‘i@”ﬂﬁe&? taking

therapy. This progedure equals E) with ti erence that not aujolog

cella &N ANsPHAE SatE |ﬁ5‘re’edsﬁ?éﬁn Rfeed k) FaL B REHY “Ehe cells
withrdriveluted heih tienmarkendene farecantestamgintharkaraoledusned cells
int slonashaniaals precaetaiin eclpnefddnatker teletant ahimals ysae clone.

Alté%‘?}?%‘Q?A'firo%%@r’:?égé%%a@?&% Q)xi‘iﬁé‘fguggﬂ B8 Csltained by

e marker gene, a re-injecting the transduced cells into
the HagRRRe R SRS BIDoEndtAr hosts of the same clone. Alternatively,
2. matkentadrant ot edehmaican Bobbidised Pytive matwdslone described

in deserbedinBkracting cells from these animals, b) transducing
these cells with the same marker gene described in 1), and ¢
transplanting these transduced cells into the tolerant hosts of
the same clone,

3. Studying the applicability of such cells in cell and gene
therapy.

This procedure is identical to F} with the difference that not
animals from an inbred strain, but cloned animals are used.

Tt is clear that the studying step is usually connected with
¥illing said model animal or at least disrupting the physiology

when assessing the therapy so that a therapeutic effect to the
test animal is not reached in the end.

Exanple 1.: Injection of bone marrow cells from RZ6-hPLAP-trans-

genic inbred Fischer 344 rats inte the knee joint of marker tol~
erant inbred Fischer 344 wild~type rats:

Bone marrow cells from R26-nPLAP-transgenic inbred Fischer 344
rats were injected into the knee joint of marker tolerant inbred
Fischer 344 wild-type rats. Tolerance to hPLAP was induced in
the wild-type rats by lethal irradiation and bone marrow trans-

plantation with R2Z6-hPLAP-transgenic bone marrow {methodology



2. Transplanting cells from animals of the same clone described in 1) by
aéez)(trac%cells from these animals, b) transducing these cells with the
i

gene described in 1), and c¢) transplanting these ralsHIEEg0017?
cells into the tolerant hosts of the sarb@ ctone. 3. Studying the

applicability of such cells in cell and gene therapy. This procedure is
descigéhaehlin Bwitlnre HiFefeRethatRdeahifAls fidhe ahiABRIEtign BMC had
Fornid clored asimals-arg used 1k isvdldar, thiod ¢leer stumlyirigestéptis abualtht Leculax
cartoniected wih Killingsald mogel agimalaratieast disfppingdla s underwent
p,hgvglology when assessw;%t ethera%/ér%thatath r%{)eutg%%ggegt ao &réeeks
proliLeraknas Aot FARhERT 8ftd. bfe £2fmd&ion 6rborie g
the manotisablforhaes-hed Apeiidms-Hernd firred Fikpee 344 Figuprytated
fibﬁaﬁmge4<1}51% O«Emﬂilﬂ@ﬁ@_{{tﬁéanﬁiﬁbfqﬂ@mh@@%émdatppseai&t@ciBbﬁehave
marrow,cells from R26-hP -t ic,inbred, Ej 4,1 r £ e
becd R o b LRl e b s ueBs wild
EYP9aRt TBidtantB 16 hPRRPHIAS Hd HRUSH STRLARI-HR RECEY ey wsetul-
nes irradidtien seddidne marioni sansdedntatiod wileR28hRigwRmshsgeaie Lhat
me s OR0R R T OPEReIRed eI Oy WORLNG/1 13 RETINTAARE/080b bhe khirrow
canegpiaed IALRNS Week postiniestian Jus ranseenic B had, forugd
a'dense, 2™-3 cells i ‘e,?aye.r onthe intact articular | cartilage surface.
sequaRtinding ShEsrembt fedeidahe LRdEARERL bRdTitdGLBH orftRRdxocytic
phenattjage s@iaee etHibs. Afterehivbeks cine Geneticallytiabetietichiise and op-

rimdisplayerha parediferentiateds fibhiasts obgherdeeyeddike Pheswtample,,
tand a,ggea%edsto have become integrated into the surrounding cartilage
OSLRERTe-of wita- type origin. This experiment underscores the potential
useful- ness and strengths of this model, and clearly demonstrates that
Exafebanghymabpecdisds bixfauslyigne santlialrative bone marrow can
adhere to the articular cartilage surface and can, sub- sequently,

e oS Tt o s AT PRI o proto-
cols A — G, a coronary artery is ligated as a myocardial infarc-
tion model. At various time points after the ligation, hPLAP-
labelled, cultured mesenchymal stromal cells or more differenti-
ated cells prepared by protocols A — G are intravenously in-
fused. At various time points after the infusion, the animals
are killed, and the presence of hPLAP-labelled cells is analysed
by histochemistry or immunohistochemistry in the heart. Similar
experiments have been described in normal rats with marrow
stromal cells expanded in culture and labelled with a reporter
gene (20). However, as mentioned above, these experiments are

marred by uncertainties regarding immune-~mediated rejection phe-
nomena.

Example 3: Traumatic brain injury model

Afrer generation of hPLAP tolerant animals according to proto-
cols A - G, a traumatic brain injury is induced. At various time
points after the injury, hPLAP-labelled, cultured mesenchymal
stromal cells or more differentiated cells prepared by protocols
A ~ G are intravenously infused. At various time points after
the infusion, the animals are killed, and the presence of hPLAP-



timise cell therapies aimed to cure or ameliorate, for example,

ﬁ?ﬁg@rﬁq?%} Example 2: Myocardial infarction model: After gelr;&? %}ﬂ) (969000177

tolerant animals according to proto- cols A - G, a coronary artery Is
ligated as a myocardial infarc- tion model. At various time points after the

Laplfation. BELAP-{abellech %'&Ieﬂi}“%i%%%‘éﬁ@@% '8?"%%3}%&1 stochen-

. tdiﬁer.enti- ated cells prepared by protocols A are intravenously in- ,
18t edmAF DS iR potits LitEr SRPRFISISR thelTiRake ahe Kifeardhed in
norpelprestncetof hBL ARPmabe leeheelisas aralysedohyg histediemistyjor However,
as ganu@@méw%w?tryttht%ﬁ&e@ﬂpm t'@h*@gpslfi}@eﬂé%&d%\ég _B?eﬂltncertain—

: descr n.normal rats with marrow stromal cells expanded in culture
tlean?%%%ﬁééﬁhlﬁpg&%té{}eggﬁg )‘_r %v%%/%ﬁna ennoRed above,

these experiments are marred by uncertainties regarding
Exampiend méthatoshrejastionpive- aniesbs Exampleidl Jravpatiehaierative
thég%xgpdﬁ{&f%g?ng@@négff%@gg@gt animals according to
a

proto- cols A - G, a traumatic brain injury is induced. At various time

points after the injury, hPLAP-labelled, cultured mesenchymal stromal
®r more differentiated cells prepared by protocols A - G are

intravenously infused. At various time points after the infusion, the

AnigRipgls %ﬁfi”@‘}f@ﬂm@rﬂgierﬁ?égw%V%%g%?fé&%gﬁd?ted in compli-

PCT/AT2006/000177,- 19 labelled cells Is analyse Istochemistry or
anGe mikGRistBERTRL I In tREHRGN. siiftdesHerhfgHtd @ Seen et erozygous
ma Jfesetbiema horma aiiinBlABn oneaharrowstromet edlisi@i). wild-type
F3Howeves, azmentioredanovetfiese eXparmpepts aladnataddy zygous trans-
geriicedaips fies regarding "?Wg@gg'aﬂ? r%he??'tgg PRENEMENA, ;o using a

Example 4. Marker tolerant animals as models for regenerative eraplgs .
dm&%d?d%gﬁ@ c F‘f?géiinﬁﬁvlecﬂﬁc?’d%mﬁ?ﬁﬁla@%ﬂ eXpérintétitsl prédsdufused in
padirezonddcedandompli2andeivith bybvaitiag animat heelfaid reditatiorsccesa to
tagrelereaygaisd malamaiciesale. R28+ 344 R Abatorads ere makedpwith ainten-

and¥ldWRe1314 for breeding, Altromin, Lage, Germany).

Histology and hPLAP histochemistry. To establish the most useful

method of fixation and tissue processing, liver, kidney, and

bones from adult wild-type and R26-hPLAP-tg animals were harves-—
ted and were fixed in 4% paraformaldehyde (PFA) in 0.1M phos-
phate buffer at pH 7.4 at 4°C for 24 h, or in 40% ethanol at 4°C
for 48 h. Subsequently, the tissue specimens fixed in PFA were
washed overnight in O0.1M phosphate buffer, pH 7.4, containing
10% sucrose. Fized tissues were dehydrated and embedded in par-
affin or in a modified MMA embedding mixture that preserves en-
zyme activities, and that can be used for immunchistochemistry
{(22) . Five-pm-thick paraffin and MMA sections were cut with a

BM36C microtome (Microm, Walldorf, Germany), and were mounted on

slides pre-treated with 3-aminopropyltriethoxy-silane (APES,
Sigma-Aldrich, Deisenhofen, Germany).

Paraffin sections were deparaffinated using xylene, whereas MMA
sections were deplasticized using 2-methoxyethylacetate as de-
scribed (22). Deparaffinated and deplasticized sections were re-
hydrated and heated at 65°C for 30 min in deionized water to



F344 rats, and the resulting wild-type and heterozygous trans- genic

[ e genotyped by enzyme histochemistry using a dr. f tail
‘gﬁ%eda &gl é%gécribed (6). The rats were haused in pairs at 24C z}l) [g‘nﬂ%’ 000177
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tionSodifiche DOHBE EF YA RRRtdMEY Post@rFodeFixedtsdisonale dehyd-
rateehydrattdranthembeddidgn Partaffioonin aveedifed MMAIEmbeddingca,
ygamixture that preserves en- zyme activities, and that can be used for
immunohistochemistry (22). Five-um-thick paraffin and MMA sections
were cut with a HM360 microtome (Microm, Walldorf, Germany), and
Innperhvdbatdtrdn clileSpredicbtad aRthIEEA M epDPsREnoxy-Bildmansgenic
rat\RES, SigriardddchyDairarhefen-Cramanyr Dasaffinsections weigs MMA-
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Wee‘fﬁé)r:\:c}l-‘fixed paraffin- and MMA-

Flow oytometry., Peripheral whole blood was taken from the ret-
roorbital sinus using heparinized capillaries under ether anes—
thesia or from a tail wvein using EDTA (1.6 mg/ml} as
anticoagulant. Bone marrow cells (BMC) were prepared immediately
after sacrifice from the proximal 1.5 cm of the tibia or femur.
Bone marrow was harvested by short centrifugation of the bonsa.
The cells were dispersed in PBS by repeated pipetting, and a
single cell suspension achieved by expelling the ‘cells through a
23 gauge syringe needle. The viability of the cells was determ-
ined by trypan blue exclusion. The pexrcentage of viable cells
was greater 85% in all samples. For labeling of cell surface
hPLAP on peripheral blood and BMC,

cell suspensions {approxim-
ately 10% cgells each)

were incubated with & monoclonal mouse
anti-hPLAP antibody (supernatant of clone B8B6&, Dako) diluted
1:20 for 30 min on ice. Non-immune mouse IgG, (MOPC-21, Sigma)

and cell suspensions from wild-type rats were used as negative

controls. After washing twice, *the cells were incubated with

rat-adsorbed, FITC-~labeled goat anti-mouse IgG antibody (Sigma)



embedded tissues. Sections from wild-type animals were used as

@6%9&1%tions were deparaffinized or deplasticized, and,
blocking with 20% horse serum, incub%fted for 2 hours at roor?f:' Ehiaraoosionnir

temperature with a monoclonal mouse &G’Za anti-hPLAP anti- body

fox(SYReAaniof cloge 83k, Dake, Hambuyg. Gerpany) diluted, 1:50. gBS and re-
Bound antjbo as d%ﬁlcé?g with biotinylated horse anti- mouse IgG and ‘
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stadnd werepodaetitising Yectamognt( Y eeiensElyke¥meisted Cell Sort-
er)PefL'%‘i W@éﬁﬂ&pfgnwai é% C)];qonbtf%;e}{ﬁrggrbltﬂiﬂsi{&lig%gg . Germany) .
heparinizéd capillaries under ether anes- thesia or from a‘tai Vel asing
Stagped (eSS aliRbaguReiigdisgtrowtenbedvdyder with PBS,
Tinsdpdred Rimedintdly HtePFicrifiemromrthe preximahl . hlean dfibe tikigtometer.
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celd pge%ﬁjgiovr%%Qchi@%%%?%‘?(pe(%ﬁgﬁ%lcgh%?ﬂ(%%na Zéleg%\%]gbf%%gesermany) .
Tenjdparsersly RBMES FeTlISva-estetmn- frehby 89pas blue

exclusion. The percentage of viable cells was greater 95% in all samples.
For labeling of cell surface hPLAP on peripheral blood and BMC, cell
To mmﬁi@nl’ét(ap@ﬁéﬁ&n@ﬁ'}blﬁo@:QQ%@Q@W@[{@%U%@FﬂéNghgibodies in
nagGlo 0 anji- ntibody (superna of clon :
Se%ﬁk%i%%e%a 1'6;% ?op%aoter%lr% Eﬁa?cclae %%oré%ﬁ?’n%%‘é%é{u%é" g‘?tff = cells from
R 2T GBigad catth CET SERR RIShsHFGMIFRlHeiats Rard dleglood
ce lasmeritivel sondralt saftdowasifing iwicen thieceelsiwkrd hcubatetMith ted ser-
um rﬂﬁ:@ﬁ/ﬁﬁ@fb@éeﬂﬂ%@%g@éfﬁ%wlﬁ@ﬂ%@i@m e(si%@@)f\tf\fgt had re-
, 11396, -21- for inon ice. after
Ce%?\%é were v%ca%%e}rf v}{zﬁqg%%%%a%eljéﬁgpén%a% |%(1‘3Y§§ %vitﬁl;%;s Pﬁﬁtli‘er ’
Us 3 Y iowidRemheRicaly 88 Civ bbd G ses iBgtwodsresal@s, Harwell,
UK heasolgzarbafferantibodybstiyning hy axtdiidieef RRES processed and ana-

1yzElomscenseActvatedgelh Sort- er) lysing solution (Becton Dickinson,
Heidelberg, Germany). Stained leukocytes were centrifuged, washed

CelWICBWHLERS 7o examine the expression of hPLAP in cultfured os-
tecblastic cells, bone marrow cells from wild-type and transgen-
ic rats were harvested from the femora and tibias, and were
cultivated for osteoblastic differentiation by addition of
ascorbic acid, P-glycerophosphate, and dexamethasone., After 1, 2,
3, 7, and 14 days of culture, cells were fixed with 40% ethanol
for 10 minutes, washed with PBS, air-dried, and heated at 65°C
for 30 minutes. Cells were then incubated in TRIS buffer con-

taining €.17 mg/ml BCIP, washed, counterstained with nuclear
fast red, and air-dried,

To examine expression of hPLAP in osteoclast precursor cells and
mature osteoclasts, bone marrow cells were cultured in DMEM with
15% fetal calf serum in the presence of 10 nM 1,25-dihydroxy-
vitamin D;. After 7 -~ 10 days of culture, cells were fixed with
40% ethancl for 10 minutes, washed with PBS, air-dried, heated
at 65° C for 30 minutes, and stained for nPLAP activity as de~-
scribed above. After heating, some dishes were double~stained



fixed in PBS with 1% PFA, and analyzed on the flow cytometer. The

‘@)5 SO5 yere performed on a FACScan flow cytometer using CeII
0 SOHWare: (Becton Dickinson, Heldelberg Germany). Ten-thG 06;000177

events were counted in each sample. Fo“eXamine the presence of
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eagiahsgen-lat eats fuorm hadei@d. Bt theffédbraand tibliszmadangre rats were

k1 Tubivated feroniachiaste ditierentighion by addilemeh ascabisaCidinder ketam-
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Nonmﬂahtedwasm edfee coh- thinieg 0. AZdngled BGIEnWashedy PBS. The per-
ceﬁ%@t@r%@me@w%n%qqrsfaéf% apdairidiied J0examiBtedure was > 90%

1 gypressi of hPLAP in psteoclast precursor cells and maty
§%oclastEE one AT oW & czll's?/v%e %%?urec?m eDI&é}lWWlt {}i%% fetal harvested
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neWpshed with BRI jr-drigd, B%at%@t Qatelon 3q saipuies sand-glaingths1y at a

for h actlv as de-scrib After heatin me dishes were
do goutﬁé‘l_s dinéd WO 200671739 #&13266%50&51%9’3 22 f%r?ar?ra%vely’ into

seregrarthesd M%és‘b‘ﬁ%a‘fé% (?Wlﬁfﬁﬁy dlde- Bcribebio®?y, ahgil vein. All
reifvepadaftars forddiaNR edzymeidopivitin Tearnspladationf of transgenially labeled
celllpgd apd:bone maruk celis inte; Wild-tyge yecigients. 4 ordgido yecipient rats

wedstepoing the fate of 9eNetics s 55 or 28 (n = 4 ~ 6 each for PBL and

BMC recipients} by exsanguination from the abdominal aorta under
ketamine/xylazine anesthesia. From all recipient animals a vari-
ety of soft tissues and bones were harvested, fixed in 40% eth-~
ancl at 4°C for 48 hours, and processed as described above.

Humoral and cellular inmmune response to transgenic cells. To ex-
amine the development of antiboedy production against transgenic
cells, wild-type rats were repeatedly exposed to PBL from hPLAP-
tg donors. The PBL were harvested from P344-Tg{(RZ26-hPLAP}) rats
as described above, and resuspended in PBS. Subsequently, 1 x 10°
PBL. were subcutaneously or intraperitoneally injected three
times into wild-type F344 rats (1 rat each) with an ll-day in-
terval between the injections. At baseline, at and 10 days after
the last injection, blood was drawn from a tail vein of the
wild~type recipilents to obtain serum. For mixed lymphocyte reac-
tion, spleen cells were isolated by density gradient centrifuga-
tion (NycobPrep 1.077A). The spleen cells from naive wild-type
rats or from wild-type rats previously exposed to tranasgenic



ally labeled donor cells in wild-type recipients, we intraven- ously injected
10 344 rats with PBL or BMC (n = 18 each) isolated_from
%%e\s%r%%%g F344 rats. Transgenic mra#? were killed by exsa?}%ﬁ('u% %}36/090177
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“fissues and bones wére hatvedtsd Kt in 40v68i didiagae fepplt~60 irra-

diR5ams, A prReedsdd ad'easeribaiasovet Humdrhkanticatidiaihomyne the  rats
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R2 Bragbiciipn agai nsge - ts were repeate
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BE 1T TSR P LAR) PARCad et b6, SHATBLHS AR ES ansgenic
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rats were lethally irradlated and transplanted with BMC from R~
26-hPLAP~tg F344 rats. Two weeks after the bone marrow trans-
plantation, 5 x 10° BMC isolated from F344-Tg (R26-hPLAP} rats
were injected once into the cavity of the left or right knee
joint. For this procedure, the recipients were anesthetized us-
ing medetomidine/midazolam/fentanyl (0.15/2.0/0.005 mg/kg l.m.).
After the intraarticular injection, anesthesia was antagonized
by subcutaneocus injection of a mixture of atipamezole/flu-
mazenil/naloxone (0.37/0.1/0.06 mg/kg). The rats were sacrificed
7 days or 28 days (n = 3 each) after the intraarticular injec-
tion by exsanguination from the abdominal
ketamine/xylazine anesthesia.

aorta under
The intact knee joints were har-
vested, trimmed, fixed in 40% ethanol at 4°C for 48 hours, and

embedded in MMA. Frontal 5-um-thick sections were cut using a
Microm HM360 microtome as described above.

Induction of tolerance by neonatal exposure to transgenic cells.
To induce tolerance to the marker gene by an alternative method,
6 neonatal wild-type F344 rats pups, within 4 hours after birth,



cells (3 intraperitoneal injections at 10-day intervals) were co-cultured

'tgogqns?enic spleen cells for 5 days at a total density of 5 x 105 (;fal(l)s 000177
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from R- 26-hPLAP-tg F344 rats. Two weeks after the bone marrow trans-
lantation, 5 x 106 BMC isolated from F344-Tg(R26-hPLAP) rats were
HbEfed once into the cavity of the left or right knee joint. For this
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sta&m@ggnmﬁxﬁs_lc). Therefore, tissue specimens were fixed with
40% ethanol in all subsequent experiments. MMA embedding did not
interfere with preservation of hPLAP enzyme activity {(Fig. 1E}.
Rather, MMA sections displayed improved morphological detail,
and allowed a more precise subcellular localization of the
transgene expression. For example, Fig. 1E clearly shows that
the hPLAP enzyme was mainly located at the luminal membrane of
renal tubular epithelium, while the staining pattern in paraffin
sections was more diffuse (Fig. 1D). Similar to paraffin sec-
tions, endogencus alkaline phosphatase activity was completely
inactivated in MMA sections by heat pretreatment (Fig. 1F). In
addition to histochemistry, it was alsc possible to detect hPLAP
by immunohistochemistry in PFA-fixed and ethanol~fixed paraffin-
and MMA-embedded transgenic tissues, using the monoclonal anti-
body 8B6 (data not shown). However, immunohistochemistry was not
superior to histochemistry in terms of detection sensitivity of

the marker gene. Therefore, we decided to use histochemistry for
all further studies.

Re



To induce tolerance to the marker gene by an alternative method, 6
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]ﬁ.r% fixed with 40% ethanol in all subsequent experiments. M
E g did not interfere with preservation of hPLAP enzyme act|V|ty
(Fig. 1E). Rather, MMA sections displayed improved morphological detail,

Imandallewepgenmere precideisulerilular ecalizaden of hipAnsgennsplanta -
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for 1 week into wild-type F344 rats. However, histological ana-
lysls of all tissues examined (lung, liver, spleen and bone)
failed to show any evidence of genetically labeled, hPLAP-ex-
pressing cells from transgenic donors in the wild-type recipi-
ents, suggesting that it was not possible to syngeneically
transplant cells from transgenic donors into wild-type rats.

FACS analysis revealed that almost all peripheral blood leuko-
cytes and bone marrow cells showed membrane expression of the
hPLAP enzyme in R26-hPLAP-tg rats (Fig. 3A-B). Immunization phe-
nomena against hPLAP could result in immune-mediated destruction
of any hPLAP-expressing cells in wild-type recipients, because

the hPLAP enzyme represents a foreign protein to the rat immune
system.

To test whether wild-type recipients develop antibedies against
hPLAP after injection of cells from transgenic donor rats of the
same strain, wild-type F344 rats with PBL from hPLAP-tg F344
rats were intraperitoneally or subcutaneously injected three
times with an ll-day interval between the injections. Sub-



by immunohistochemistry in PFA-fixed and ethanol-fixed paraffin- and
MMA-embedded transgenic tissues, using the monoclonal anti- bod

8B6
Vfa)a%ge%fssﬁ%wn). However, immunohistochemistry was not s&fé'%ﬁ%ﬂﬁmmw
histochemistry in terms of detection “s'eﬁ@itivity of the marker gene.
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e experiments almed at the syngeneic
transplantation of transgenic cells into normal wild-type recip-
ients. To verify this hypothesis, skin of, F344-Tg{R26~-hPLAP)

rats was transplanted into naive, 3-month-old wild~type F344 re~

cipients (n = 3). All recipients rejected the transgenic trans—
plants within 2 weeks.

Induction of tolerance by bone marrow transplantation

So far, the results of the present invention showed that R26-
hPLAP-tg rats are a very attractive model for regenerative ther-~
apies because of ubiguitous and strong expression of the trans—
gene, and excellent preservation of the marker enzyme in
paraffin and MMA sections. However, immune-mediated rejection of
hPLAP-tg cells by wild-type rats exposed to cells from transgen-
ic donors made it impossible to use this model to unambiquously
address any of these guestions. Previous studies have shown that
tolerance against intracellular xenogeneic marker genes (for ex-~
ample GFP or neo, neomycin phosphotransferase) can be induced by
busulfan treatment of wild-type C57BL/6 mice, and subsequent
transplantation of bone marrow from GFP transgenic C57BL/6 mice,
or by transplantation of autologous hematopoietic stem cells



hPLAP enzyme in R26-hPLAP-tg rats (Fig. 3A-B). Immunization phe-
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rotocols were pe een cg?ls from naive wild-typée rats
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Into naive, imonth-g‘f:dr wﬁg-?ypeufs re- cipients (h= 3Y Alrretpreid -°
cl@g&gdqhgzg%%@’gh%%&etween wild-type cells of recipient ori-
gin and hPLAP-expressing cells of donor origin (Fig. 4F-H). A

significant portion of capillary endothelial cells was found,
but not epithelial or mesenchymal cells such as muscle cells,

were of donor origin in heart, kidney, and lung of R26~hPLAP BMT
wild-type rats (Fig. 4F-H).

Utility of marker tolerant rats for cartilage regeneration stud-
ies

An example of the usefulness of marker tolerant animals for cell
therapeutic studies is shown in Filg. 5. In this experiment, bone
marrow cells from R26-hPLAP~tg rats were injected into the knee
joint of R26~hPLAP BMT wild-type rats. One week post-injection,
the transgenic BMC had formed a dense, 2 - 3 cells wide, layer
on the intact articular cartilage surface. This finding shous
that these cells underwent proliferation on the cartilage sur-—
face earlier. After 4 weeks, the genetically labeled cells dis-
played a more differentiated fibroblast- or chondrocyte-like
phenotype and appeared to have become integrated into the sur-
rounding cartilage tissue of wild-type origin. This experiment



plants within 2 weeks. induction of tolerance by bone marrow
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type skin (Fig. 6B). This experiment demonstrates that sustain-
able marker tolerance can be also achieved by necnatal exposure
of wild-type F344 rats to hPLAP-expressing cells of the same ral
strain. Thus, any kind of hPLAP-labeled cell or tissue from F344
rats can be transplanted and studied in these marker tolerant
F344 rats in the absence of immune-mediated rejection, under—

scoring the broad applicability of this technology for regener-

ative treatment protocols, cell lineage studies, and experiments

requiring long-term cell tracking.

Tolerance can as outlined above, alsc be induced by other meth-
ods. For example, sustainable marker tolerance can be achieved
by neonatal exposure of wild-type F344 rats to hPLAP-expressing
cells of the same rat strain (as shown by the present example) .
Tolerance can also be induced by generation of hPLAP transgenic
animals expressing the marker gene under the control of an indu-
cible promoter that can be shut dewn after tolerance is

achieved. In addition, bone marrow from animals expressing the



clearly differentiate between wild-type cells of recipient ori- gin and

< ssing cells of donor origin (Fig. 4F-H). A significans partion
‘gﬁcl:z%%%e%dothelial cells was found,_but not epithelial or mepsé(f c%%‘r}rqg{ o177

cells such as muscle cells, were of dorfof origin in heart, kidney, and lung
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subsequently, differentiate into a fibroblastic or chondrocytic phenotype.

Neonatal induction of tolerance The background of labeled hematopoietic

cells is an important shortcoming of R26-hPLAP BMT wild-type rats. To

test whether neonatal exposure of wild-type F344 rats with cells from

F344- Tg(R26-hPLAP) rats results in a sustainable tolerance to trans-

genic tissue, neonatal r344 wild-type rats (n = 6) were subcu- taneously

injected with whole blood from F344-Tg(R26-hPLAP) rats. Four months

later, skin of F344-Tg(R26-hPLAP) rats was transplanted into these

neonatally tolerized rats. The transgen- ic skin grafts were accepted in 6

out of 6 rats, while a control
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by erdlzakdtisteshens Cylanhenard (i 902), SORRHTYW B 26A6KA3062d to said
mar%éffél%%%@/{ioggaﬁ@ﬂaﬂams:a#%;ﬂ%?a%fﬂaanker tolerant animals as

a cell-tracking model sys- tem for cell therapy. 2.: Use according to claim
1, characterised in that said marker tolerant animals are lethally irradiated
3. tinblstor wivnetiagint alsiaisplhnesd dith Pohsariesiefisin that said

mard¥essing saidBBskain aRimalshadigdest ©xpased npobatpdy 1a 5bifl Es-
ché¥§g§¥aaggfﬁslacz, green fluorescent protein (GFP) oxr human
placental alkaline phosphatase (hPLAP).

4.: Use according to any one of claims 1 to 3, characterised in
that said model system is used for tracking marker-containing
cells in a cell therapy for stroke, multiple sclercsis, neurode-
generative disorders, arthroses, intervertebral disc degenera-
tion, ligament inijuries, myopathies, myocardial infarction,
cardiomyopathies, glomerulonephritis, severe liver cell damages,
epidermal cell therapy or cancer.

5.: Use according to any one of claims 1 to 4, characterised in
that said animal is a rodent, especially a rabbit, a hamster, a

mouse, a guinea pig or a rat, a primate, especially a chimpan-
zee, or a pig.

6.: Use according to any one of claims 1 to 5, characterised in
that saild marker is controlled by an inducible promoter.

7.: Use according te¢ any one of claims 1 to 5, characterised in
that saild marker is controlled by an ubiguitous constitutive

promoter, especially R 26, R-actin or B-actin with cytomega-
lovirus enhancer.

8.: Use according to any one of claims 1 to 7, characterised in



having been exposed postnatally to cells expressing said marker by
intravenous infusion, or animals having been exposed to said marker
protein by intranasal application. 3.;_.Use according to claim 1 or 2,
characterised in that said marker is a fluorogenic or chlorogenic marker,

thatespetdllydls: chierichia ,cdlslasZ graemfluerestent protein {6E) wnal cells,
espdiuman .placenial alkaline p@ﬂéﬁ'&%@é?é@@'—A(E&:Lﬂao!:’%@@oﬂ%%%@ﬁ\éts,

one of claims 1 to 3,.characterised jin that said model System is used for
myokLaGhg n%?ke?%ﬁ}ﬁﬁgl%%ﬁs ih¥&eiherapy for stroke, multiple

sclerosis, neurode- generative disorders, arthroses, intervertebral disc
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bongormolled By anaibideitdds constittive reradten espedialy i 26, i- actln

or 6-actin with cytomega- lovirus enhancer. B.: Use according to any one

10. ofﬁ@émic;c@r?jﬁﬂﬁr@gegﬁ %e38ftk@i§§ﬁ%cql therapy s therapy i sad in

onln senchymal cells eciall osteoblass cho droc tes,
thaf RE e RhrotIaat, ToBIEREsr CORbRaraadt 0. beg deficient
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centherapyds-adherapy-employingngnbematopeietic 1calls sefested froming,
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erentiated or par- tially differentiated mesenchymal cells, especially
mesenchymal cells contained in bone marrow or mesenchymal cells
11. dekved froam borrcmafrol ster-dalister csmbinaisiigiheréof. accordance

with the method of any one of claims 13 to 15 comprising
- a marker tolerant animal and
- a cell comprising the marker.

12.: Kit according to claim 11, characterised in that said marker
tolerant animal or said cell is defined as in any one of claims
1 to 10.

13.: A method for studying the applicability or movement of cells
in cell-therapy comprising the following steps:
- providing said cells to be studied with a marker,

-~ transplanting said cells with the marker to an animal, said
animal comprising a tolerance against sald marker, and

- studying the applicability or movement of said cells with said
marker in cell therapy of salid marker tcolerant animals,
preferably tracking said cells in said animals upon trans-
plantation; wherein salid method preferably comprises killing
sald animals.

14.: Method according to claim 13, characterised in that said
method comprises the steps of



10.: Use according to any one of claims 1 to 7, characterised in that said
cells with the marker are transplanted into deficient parts of the mammal
selected from the group consisting of heart, central nervous system
(CNS), bone, cartilage, joint, lung, intestine, liver or pancreas. 11.: Kit
when used to investigate cell therapy irggcgordance with the method of
any one of claims 13 to 15 comprising -"& marker tolerant animal and - a

&@@a@ﬂ‘i&%ﬂa@ the marker 12mtihaccerdingto.¢laim 11 gh}%@ﬁ%{&%i{h un-

%hat ) marke toI rant.animal or sajid cell is defined as in any one of
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et therapy of said marker tolerant animals, preferably tracking said cells
be finsaid-amintgls apon:tansa plantatidrg whereir-saidmethed preferablywild type
mareemprises killing said animals. 14.: Method according to claim 13,

characterised in that said method comprises the steps of - 33 - obtaining

a transgenic mammal expressing a marker protein un- der the control of a
15 pro?ﬁ%‘%@d isotatig bofie FRaffdH cklis BMCLY from tHefFhasgend 1n that
saahrosials - irradiating amvitestype mamadalreidhé same/speciesdndlains 2 to
10 Injecting the isolated BMCs into the irradiated wild type mam- mal, before
transplanting said cells with the marker to the wild type mammal. 15.:
Method according to claim 13 or 14, characterised in that said cells or
said animals is defined in any one of claims 2 to 10.
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