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Field of the Invention

The present invention relates to compositions comprising bone marrow cells
(BMC) and mineralized and/or demineralized, bone matrix (MBM and DBM,
respecti\(ely) and to their novel uses in bone marrow transplantation in
mammals. The compositions of the invention may be particularly effective in
restoring the trabecular system and stromal microenvironment, supporting
hematopoiesis and developing hematopoietic tissue. When using the
compositions and methods of the invention, regenerating hematopoietic

tissues originate from the transplanted BMC suspension.

Bac‘kground of the Invention

Transplantation of BMC Into the Bone Marrow Cavity or

Extraskeletally

Allogeneic bone marrow transplantation (BMT) involves the transfer of
allogeneic marrow stem cells from a healthy donor to a patient in need.
Following BMT, patient's bones and hematopoietic niches are reconstituted
with donor cells and the entire hematopoietic system, including red blood
cells, platelets, nucleated cells, the circulating- and fissue-bound
reticuloendothelial system and the entire immune system, are converted to
be of the donor origin (1). BMT 1s widely applicable for treating and
correcting a large number of hematopoietic disorders, including a deficiency
in any of the bone marrow products, as well as in a need for replacement of
abnormal stem cells, in a large number of genetic disorders (2-3).
Alternatively, BMT is widely used for cancer therapy and for rescue of
patients receiving myeloablative chemoradiotherapy (1). There are many
additional potential applications for BMT, such as induction of
transplantation tolerance in organ transplantation (4) and as a platform for
immunotherapy associated with donor lymphocyte infusions (5-7). Following
myeloablative conditioning, BMT can be applied for replacing all host
immunohematopoietic system with donor type cells. Alternatively, following

non-myeloablative conditioning the role of BMT could be directed to



achievingr durable engraftment of donor hem‘atopoiesis side by sidei with host

hematopoiesis for induction of mixed chimerism. -

tlnfortunately, several limitations restrict the applicabih'ty of BMT:

1 Certain hematological*diseases for which BMT is indicated mayv also -
affect the m1croenv1ronment of the marrow and therefore, stem cell
transplantatmn alone may not be sufﬁc1ent for complete hematologmal'

“recovery (8, 9, 10) . 4

2. Efficient cons1stent engraftment of allogene1c bone marrow cells (BMC)
especially purlﬁed stem cells or T cell- depleted stem - cells, requ1res
transfer of a large number of stem cells which may be dlfﬁcult to obtam

_'or are unavallable (e.g. cord blood stem cells with Limited number of ,
cells; child to adult transplant etc) (11 12) | |

3. Stem cell engraftment in patients ‘with hematop01et1c d1sorders
especially 1n patients who are treated following mandatory cond1t1on1ng .
'w1th 1rrad1at1on or chemotherapy, 1s considerably less efficient because

- of the damaged hematopmetlc m1croenvnonment (8 13)
4. Allogene1c BMT as applied to date in patients with hematolog1cal_
‘_'d1sorders 1s frequently complicated by procedure- 1elated toxicity, poor
engraftment and’ antr-host reaction leading to graft-vs-host d1se_ase'

(GVHD) (14,15).

In view “of the above hmltatlons one of the main objects of the present .
1nvent1on 1s the 1mproved engraftment of BMC in rec1p1ents ‘with damaged
_ hematopo1et1c m1croenv1ronment As the inventors have recently shown (27)
(16), transplantation of BMC within donor hematopoietic m1croenv1ronment
loweled incidence of GVHD. In addition, when allogeneic BMT is assoc1ated.
with p'rocedure-related»t'oxicity due to use of imvmu’nosuppreSSants for
. treatment of GVHD, complications could ‘be avoided. 'Furthermore

1mprovement n transplantatmn procedure resulted in reductlon of the_'

number of BMC requlred for transplantatlon



In 1990 ’md 1993 the present 1nventors have shown that 1nduced bones and
hematopoxetm m1croenv1ronment developed In mice after ectoplo

- implantation of demmerah?ed bone or tooth matrix, reveal the main

properties of skeletal bones (16,17). The followmg observatlons were made: -

1. The hematopoietic microenvironment in induced bones is capable of

supporting fully‘developed three-lineaged hematopoiesis.

ii. The hematopoietic microenvironment in induced bones is capable of

maintaining the proliferative potential of hematopoietic stem cells as

could be best documented by colony forming units in the spleen
(CFU-S). '

De novo induced-bone and hematopoietic mlcroenv1ronment are capable

of long-term mamtenance remodehng and self-renewal of bone and'

hematopoiesis w1th0ut add1t10nal apphcatlon of any exogenous
supplement. Once developed induced bone becomes a permanent
structure in ectoplc locations with a functionally active hematopo1et1c

niche.

These ‘observations suggest that  induction - of " hematopoietic

m1croenv1ronment could be a promlsmg approach for correctmg stromal and "

'hematopmetw disorders as Cwell as for enhancmg hematopmems ‘The BMC

transplantation using the compos1t1on of the 1nvent1on prov1des apploprmte

cond1t1ons 'for 1nduc1ng and ~ maintaining - the hematopmetlc .

‘ microenvironment. BMC prov1de a source of mesenchlmal stem cells capable B

of 1nduced osteogen051s in the presence of DBM The hematopmetlc

mlcroenvu'onment n the induced bones  is capable of long-term

- self- mamtenance (17)

It is well known that development and functlon of the hematopmetlc system .
1s suppmted and regulated by 1ts mlcroenv1ronment of stromal orlgm (post- -

natally, hematopo1es1s 18 totally restncted to skeletal bones) (19 20, 21).



.

Engraftment of_transplanted,BMC 1s improved when h'ematopoletic cells are

transferred together with the bone transplant (22, 23, 24 25) or injection of
str omal cells of the donor or1g1n (26, 27). In 1999, the present 1nventors have'

shown that GVHD is- suppressed if hematop01et1c BMC are transferrcd vv ’

within their own hematopmetrc microenvironment (16). Allogeneic ‘bone

marrow was transplanted not in the usual form of a single cell suspension,

where only hematopmetlc stem cells are capable of engraftment, but in the -
form of an undisturbed bone marrow plug evacuated from the femoral ,
marrow ‘cavity of donor mouse. The donor bone marrow plug was placed’
~ under the kidney capsule of the reci.pi_‘ent. In this case, which is hardly .

~ clinically appl‘icable,' mesencbimal cells 'pres’ent n th'e‘t‘ransplant in the form

of undisturbed multi- cellular structures produce ectopic'(extraskeletal)l

: m1croenv1ronment for hematop01et1c cells transplanted w1th1n the same bone

~ marrow plug.

- However, transplantatlon of bone osteoblasts or bone marrow plugs has not

wyet been widely accepted in chmcal practlce because of many techmcal

hm1tatlons.

A 1naJor shortcomlng for all current BMC tr ansplantatmn procedures is thelr. ‘

1nab1hty to slmultaneously transfer both hematopo1et1c cells and stlomal
microenvironment supporting hematopoiesis. In BMC transplantation
procedures currently' used in ‘ hematological practice, in fact only

hernatopoietic cells from donor are engrafted in the recipient.

vBased on the notion that BMC may provide a source f01 both hematopo1et1c

~cells and mesench1mal stem cells capable of 1nduced osteogenes1s ‘the

1nventors propose transplantatlon of a composltlon compr1s1ng BMC and
DBM and/or MBM (mater1als stlmulatmg and supporting osteogemc
development of mesenchnnal precursor cells), allowmg for simultaneous
development of hematop01et1c and stromal tissues originating f1om donor

BMC transplant



More spe01ﬁcally, the compos1t10n of the present 1nvent10n (compr1s1ng BMC :

and DBM and/or MBM) i1s transplanted directly into a bone marrow cavity of = -

the recipient or extraskeletally__. This results in de novo formation -of bone

structure, stromal micrdenvironment “supporting hematop01es1s and

”hematopmetlc tlssue from the same transplanted BMC suspensmn allina

one- step proce; dure

The one-step BMC tlansplantatlon procedure usmg the compos1t10n of the

- present 1nvent1on has some major advantages inter alia:

1. Avoiding cons1derable non- spemﬁc loss of hematop01et1c stem - cells -

anchored in non-hematopoietic organs when injected mtravenously
2. . Improvmg compatlblhty and  contact between newly formed stromal
vm1croenv1ronment and hematopo1etlc cells orlgmatmg from the same
| don01 A A |
3. -Replacmg fatty, ﬁbI‘Oth or- otherW1se abnormal bone medulla1 spaces ._
with ~active trabecular system .supportmg actlve multlhneage
ivhematopmes1s _ R ’ o
4. leeas1b111ty in. 1nducing mixed hematopoiesis with'less ‘graft v. host
d1sease (GVHD) and host V. graft dlsease (HVGR) due to the- better "
compat1b111ty of 1mmunocompetent cells of donor and rec1p1ent ’

' generated together on the stroma of donor- and remplent type

B. Induction of Cartilage Formation

Restoratlon of a healthy Jo1nt surface 111 a damaged or. degeneratwe

,arthropathy requires addressmg the treatment towards both dlrectlons the

caltllage and the subchondral bone

Various. attempts have been made to replace damaged cartilage: These' '-

1nclude

bl. St1mulat1on of bone marrow from subchondral bone to form a fibrotic

rep air tissue

L



ro

o

Osteochondral transplantation (allogeneic and autologous).

Transplantation of autologous cultured chondrocyte or mesenchimal

w

- cells.
4. Combmod transplantatlon of . chondrocytes ‘with dlfferent kinds of
| matnces

Altlﬁc1al 1mplantat10n of mechanlcal ]omts

Autologous osteochondral graft is restrlcted to a small area of damaged :
cartllage up to 2 cmz and could cause morb1d1ty in the donor site. Allogenelc
osteochondral graft is 1mmunogen1c hence requires hfe-_long use of
undesmed hazardous immunosuppresive agents - which would be an
1mpractlca1 approach for 1out1ne orthopedic practice. Transplantatlon of
cultured chondrocytes is cumbersome and -most expenswe involving a

two-stage procedure. The hyaline- hke tissue Wthh is produced after

-transplantation has Suboptlmal biomechanical properties (28-3 1).

Each of these methods has limitations and dlsadvantages and most of them
are oxpenswe and rather 1mp1act1ca1 chco the goal of adequate

restoratlon of car tllage romams an unsolved problem.

In theory, the most prom1s1ng approach should involve combmed
transplantatmn of cells capable of hyahne cartllage formatlon and a matnx
prov1d1ng means - for 1nduct10n/conduct1on and: support of cartllage

development and mamtenance

It is w1dely accepted that the basic requlrements for successful apphcatlon of

comblned cell-matrix graft are the followmg _

1. ‘Rlch source of _progenitor cells capable of dlffelentlatlon into -
A - chondrocytes for continuous repair of “ware and tear” of weight bearing

Joints.

2. Conductive scaffold for cell attachment should be mamtamed leadlng to

‘developmcnt of hyahne cartllage
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3. Conductive scaffold should be non-immunogenic, non-toxic and
susceptible tof'biodegrada,tion simultaneously with the development of
new cartilage.’

4. Conditions stimulating 'devel_opmént of chondrocytes from mesenchymal

precursor cells.

Most of fh_e matrices that were tried vin combined cell-matrix grafts were
either immunogenic or non-biodeéradable, the others did not possess
conductive or inductive properties needed to support formation of
' biomechahically sf:’rong cartilage. Cells used in combined cell-matrix grafts
Were in most of the cases chondrocytes-, that were already fully
differentiated cells, with relatively low metabolic activity and limited self-
renewal capacity. Whereas the proliferative capacity of such cells may be.
sufficient to mainfain healthy cartilage, it is certainly insufficient for the
development of large areas of hyaline cartilage de novo. In addition to being
immunogenic, meéenchymaﬂ progenitor cell allografts were not combined
with optimal su}:;porti_ve matrix. Unfortunately, none of the available
modalities _'fulfill all basic requirements. Hence, in spite 'of extensive
researqh, the results obtained until now with combined cell-matrix grafts

are far from being satisfactory for reliable routine clinical application.

Furthefmore, a few publications have related to the combination of BMC
and DBM in the osteogenesis process, but not for the re-establishment. of
hematopoiesis. Thus, for example, Dohi et al. disclose bone and cartilage
formation induced by the implantation, in diffusion‘ chamber, of bone
marrow cells and DBM in rats [Dohi, Y. et al. (1982) Journal of Bone &
Mineral Research, 7(10): 11’73-118-'0];‘Conn011y et al. disclose the use of bone
marrow transpléntation, in combination with DBM, in osteogenic
stimulation [Comnolly, J. F. (1995) Clinical Orthopaedics - & Related
Research, 313: 8-18]; and Lindholm et al. refer to the use of BMC in
combination with DBM in bone formation in rats [Lindholm et al. (1982)
Clinical Orthopaedics & Related Research, 171: 251-255). |
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The mixture bf the invention that comprises BMC and DBM and/or MBM,
overcomes the above shortcomings and provides a graft, transplantable into
a mammal Whlch restores and/or  enhances hematopoietic
microenvironment. and hematopoietic tissue originating from the

mesenchymal and hematopoietic stem cells present within transplanted

" BMC.

Summary of the Inventlon

The present 1nvent10n relates to a mixture comprising bone marrow cells
(BMC) and demmerahzed bone matrix (DBM) and/or mmerahzed bone
matrix (MBM) for_ use as a graft transplantable into a mammal, for the
development = of ‘, heniatopoietic» environment originating from fche

transplantable BMC. Said BMC are allogeneic or said rn_aminal’s own.
Generally, said mammal is a human.

The transplantation of said mixture may be into an extraskeletal site,
particularly an extraskeletal site is selected from-the group consisting of the

kidney capsule, muscles, liver and abdominal wall.

In other embodiiments, the mixture of the invention is intended for

transplantation into a bone marrow cavity.

The mixture of the invention may optionally further comprise bone

morphogenic protéin (BMP).

The DBM and/or MBM : comprised in the mixture of the invention are
preferably of vertebrate origin, more preferably mammalian origin,

particularly of human origin.
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The demineralized or mineralized bone matrix comprised in.the mixture of

the invention may be in powder form.

Preferably, the particle size of the DBM is about 50 to 2500u. More
preferably, the particle size of the DBM is about 250 to 5004.

A

In a further embodiment, the ratio between BMC and DBM in the mixture
of the invention is 10 parts of BMC concentrate to 0.5 part of DBM

~ (volume/volume). Preferably, the ratio between BMC and DBM is 4 parts of
BMC concentrate ‘éo 1 part of DBM (volume/volume). |

The mixture of the invention is intended for use in the treatment of a

~patient suf,fering: from a hematopoietic disorder. In particular, said

hematopoietic disorder may be one of a deficiency of stem cells and/or their
products, a genetic condition which results in abnormal stem cells and/or
products, a hematopoietic disorder of malignant or‘no'n-maﬁgnant origin,
congenital or -hereditary bone  disorders, bone infections, osteogenesis

imperfecta, mucopolysaccharidosis, mucolipidosis and non-neoplastic

" disorders of the bone.

The invention fuljfher relates to the use of a mixttixje comprising BMC and
DBM and/or MBM in the preparation of a composition for the treatment of a
hematopoietic disorder, said composition further comprising a
pharmaceutically’ compatible carrier . and/or diluent. Optibnally, said

chposition may further comprise BMP.

Said hematopdiétic disorder is particularly characterized as being a
deficiency of stem cells and/or their products, a genetic condition which
results in abnormal stem cells and/or prodlicts, or a hematopoietic disorder

of malignant origin.
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Lastly, the present invention provides a kit for trénsplantation into a

mammal of a mlxture as defined in the invention, said kit comprising:

a. a mixture comprlsmg bone marrow cells (BMC) and demmerahzed
or mmerahzed, bone matrix (DBM and/or MBM), said BMC being
allogeneic or said maminal’s own, said mixture further optionally

comprising BMP;

'b. aBM aspira‘g'ion needle;

an intra-osseous bone drilling burr;

d. aneedle with a thick lumen for infusion of viscous mixture;

" e. atwo-way lumen connector for simultaneous mixing of the mixture

with the diluent;
f. a médiﬁm for maintaining BMC; and optionally

g.  cryogenic means for handling and maintaining BMC or the mixture.



11 : - 141813/3

Description of the Figures

Figure 1 Photomicrograph.of a kidney section 30 days after transplantation
under the kidney capsule.

A:  Transplantation of DBM only (P1cr01nd1gocarm1n Histochemistry - 40X.

B: Transplantatlon of DBM + BMC (H & E) - 100X.

Notes: .Non-degrade_d DBM particles are present at the site of transplantatioh
(Fig. 1A). Profound degrad'ation‘ of DBM, newly formed ‘bone trabecules and

~ active multi-lineage hematopoi'esié may be seen (Fig. 1B). .

Figure 2 Photomicrograph of a kidney section 30 days following
transplantation under the kidney capsule '

A: | Transplantation of BMC only (Plcromdlgocarmm Hlstochemlstry 200X)
B: Transplantation of MBM + BMC (BMC (H & E) - 100X).

Notes: No development of bone or hematopoiesis. No transplanted cells at the

site of transplantation (Fig. 2 A).
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MBM particles at the dlfferent stages of degradatlon and- remodehng, new
bone trabecules and small areas of actlve multl hneage hemat0p01e31s are -

seen (I'ig. 2 B).

I‘fgure 3 - Longitudinal section of an ablated marrow caﬁty of a locally'
irradiated rat femur bone — 1o days post 1mp1antat10n (H&E — 1OOX)

.A Transplantatlon of DBM only. '

B: Transplantatlon of DBM +-BMC.

C ’ Transplantation of DBM + BMC + BMP _

Notes: Non- dlfferentlated DBM, thin layers of new bone formatlon and.

‘small hematopmetlc sites may be observed (F1g 3A). Partial degladatlon of

tlansplanted DBM particles, formation of new trabecular bone‘and_sev,eralv o

| ‘hematopoietic a'reas are- seen (Fig.'BB)..Developed' bone trabecules and
multiple areas of hematopoiesis are observed as well as profound

degradat_ion of transplanted DBM partieles (Fig. BC);

- Figure 4 Longitudinai section of an ablated marrow cayity.é of a loeally .
irradiated rat femur bone (H& ~ 40X). | |
‘A: 15 Days after ablatlon of femur. ' _ N
B: 15 Days after ablatlon of femur and 1ntrafem01a1 transplantation of
BMC. ,
~ Notes: No- development “of ti‘abecular system or structurally nofmal
hematopmetlc tissue could be seen 1n two weeks after ablatlon of the marrow
' 'cav1ty followed by the local transplantatmn of BMC (Fig. 4B) or left empty
(Fig. 4A)." '

Figure 5 '- Longitudinal section of an ablated marrow cavity of a locally
1rradiated rat femur bone, 25 days after direct transplanfation of DBM
together with BMC | ' |

A 8X o o

B:  Picroindigocarmin — 100X

'C: H&E- 100X |
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Notes: Extensive - development of ~ trabecular system - and active

hematopoiesis are seen (Fig.5A-C).

Figure 6 Art1cular cartﬂage repalr followmg abrasion arthroplasty in rat
~ knee Jomt (femur) | )

A: "Normal cartilage.

B: Abrasion:day 0

- C: Abrasmn covered with fibrin glue day 30

D Abras1on covered with DBM + BMC + F 1br1n glue day 30

-l Notes Extenswe development of articular (hyaline) cartllage one, month

‘after local transplantatlon of DBM BMC m1xture 1nto abrased area of

interchondylar reg1on (I‘lg 6D). In the control (non- transplantod) abrasedv' |

area only a multllayer connectwe tissue could be seen (Fig. 6C). Healthy.

. (undamaged) cartllage and damaged area 1mmed1ately after abrasmn are

exposed in T 1gs 6A and 6B, respectwely

. Abbrevintions: -

KC: | Kidney capsule —

KP: , | Kidney parenohyma' '
ST d, Site of transplantation
DA:" - Areaof de_fectv |
DBM: Denlineralizéd bone matrix

'MBM: | Mineralized bone matrix
'MBM-R:' - Mineralized bone matnx remodehng :

HT: ’ Hematopowtm tissue

| BV: - Blood vessel
NC: - - Normal cal‘tilnge
RC: Regenerated car L1lage
NB: j New borie -
NBT: “New bone trabecules
_CT:' o “Connective tieeue )

| H&E Hema_toxillin + E'os‘in' .
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PIC: Picroindigocaramin

Detailed Description of the Invention

In search for improving BMC and bone transplantation procedures, the iflventors
have found that using a composition comprising BMC and DBM and/or MBM
results in simultaneous development of hematopoietic and stromal tissues (bone,
including the hematopoietic microenvironment, and cartilage), originating from

the same donor.

Thus, and this is an object of the invention, a BMC suspension, in admixture
with DMB and/or MBM, transplanted in a single-step procedure, may be used for
treating disorders associated with the malformation, malignancy and/or
dysfunction of hematopoiesis and bone marrow stromal microenvironment

wherein the transplantation of both stromal and hematopoietic tissues is needed.

It is yet a further object of the present invention to provide the use of a mixture
of BMC in admixture with DBM and/or MBM in the preparation of a
pharmaceutical composition for transplantation of the BMC containing
mesenchymal stem cells supportéd and stimulated by DBM and/or MBM into a
cavity of bone marrow or at extraskeletal sites for formation of new bone with
trabecular system and stromal microenvironment supporting hematopoiesis,

originating also from the transplanted BMC.

It is yet a further object of the present invention to provide the said composition
to improve the engraftment of hematopoietic precursor cells transferred within
transplanted BMC for treatment of disorders associated with the malformation,

malignancy and/or dysfunction of the bone marrow.

It is an additional object of the present invention to facilitate the BMT also in
those cases in which BMT is used for non-hematological purposes, such as

induction of the transplantation tolerance for organ transplantation and as a
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platform for immunotherapy for donor lymphocyte infusions into the recipient.

The composition of the invention is also aimed at the induction of recipient
transplantation tolerance to donor alloantigens, in the setting of allografts or
xenografts, when said DBM or MBM is provided into patients bones, orthotopical

organelles or in situ in the graft.

It is yet a further object of the present invention is to provide the said
composition for transplantation of BMC into damaged joints for the replacement
and/or restoration of hyaline cartilage as well as of subchondral bone, originating

from the mesenchymal precursor cells existing in the transplanted BMC.

A further object of the present invention is to provide the use of a mixture of
BMC in admixture with DBM and/or MBM in the preparation of a
pharmaceutical composition for treating damaged or degenerative arthropathy in
mammals, associated with malformation and/or dysfunction of the cartilage
and/or subchondral bone. The invention may also be used to improve the

efficiency of bone regeneration in damaged cranio-maxillo-facial areas, for

therapeutic and cosmetic purposes.

The activity of the composition of the invention may be enhanced by the addition

of BMP to the mixture comprising BMC and DBM and/or MBM.

DBM is an essential ingredient in the composition of the invention in view of
its advantageous ability to combine all the features needed for making it an

excellent carrier for mesenchymal progenitor cells.

1. DBM exhibits properties of conductive scaffolding essential for the
engraftment of mesenchymal progenitor cells, their proliferation and

" differentiation in the course of bone and cartilage formation.
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2. F urther DBM is the natural source of - BMPs (bone morphogemc

protems) active in stlmulatmg osteo- and chondrogenesis, thus fulfllhng
also the inductive function.
3. DBM is slowly blodegradable the degradat1on tlme be1ng compat1ble
| W1th the perlod of de novo chondro- and osteogenesis. -
4. DBM has very low'_ immunogenicity when used as a .xenOgraft, and

non-immunogenic at all, when used in allogeneic combinations.

=

: DBM 18 flexible and strong enough to prov1de b1omechan1ca1 propeltles
" of the Jomt surface durmg the per1od of new cart11age formation.

6. DBM can be provided as an amorphous powde1 that can be 1nJected

~locally, w1thout a ma]or surgmal 1ntervent10n thus avoiding 1atrogen1c A

damage to complex Jomts

The first four specific features of DBM are of the equal importance for
,t1ansplantat10n of the composltlon of the 1nvent10n (BMC+DBM) into the

“bone marrow cav1ty, extraskeletally and into a damaged joint. The last two

features of DBM are espec1ally 1mportant for ,tra_nsplantatmn of the

.. composition into the damaged joint.

@ Transplantatlon 1nto the marrow cav1tv or extr askeletally

The composition of the 1nvent10n that Compuses BMC and DBM and/or
MBM has the maJor advantage of transplantation of donor multlfunctlonal |
o populat1on of cells, dlrectly into the marrow cavity of the rec1p1ent or
‘ cxtraskeletally, ‘which prov1des for full development of a self-maintained
- osteo- hematop01et1c complex of the don01 origin, within the bone or n an
A extraskeletal site of tho xemplent This new approach of the present

invention  will further facilitate replacmg fatty, fibrotic or otherwise-

malfunctmnmg marrow stroma in human long bones (i.e. bones of

, extrom1t10s W1th hard cortex and bone marlow cav1ty, unhke ﬂat bones of
_' skull or ribs. In human adults red (hematopo1et1c) bone marrow n long
" bones tends to be replaoed for yellow (fatty) bone marrow) with active

~stromal microenvironment supporting long lasting hematopoiesis. It is
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further . expected ‘that combined stromal and he_nlatopeietic stem Vcells_
-transplantation, using a one'-stef) procedure, would exbarid the applicability
of bone marrow tfansplahtation (BMT) in clinical practice, partiéularly in
mmproving or enhancing” of .hema‘topoiesis, inducing transplantation

tolerance, etc.

(2) Transplantation into the ]omt :

The 1dea unde11y1ng the procedule of the p1esent 1nvent1on 1s that bone
marrow cells (BMC) may prov1de a source for mesenchymal stem cells, that ,
"~ are capable: of inducing osteo- and chondrogenesis. Conseqaently, a new
~ one-step transplantatien ‘prlocedure has been established in which a BMC
' l suSperlsion mixed with deminera]lzed and/or mineralized bone matrix (DBM
and/or MBM) powdei‘ is administered directly into a 'dalnaged Jomt of the
recipient. Such a transplantation procedure, according to the piesent
invention, provides for the formatmn of new subchondral bone stru(,ture and -
hyaline (,artllage ongmatmg from mesenchymal cells present in . the :

transplanted BMC.

In de81gn1ng the experlments the followmg approach and basic pr1nc1ples K
have been apphed ' -

- (a) Use of bone marrow cells

. Bone marrow (BM) has been used as the source of mult1potent mesenchymal

~stem cells capable of extensive prohfelatlon and d1fferent1at10n 1nto

cartllage bone, tendon muscle, fat etc. (32-35). The 1nventors suggest that .

' transplantatmn of multlpotent mesenc,hymal stem cells and not of

“differentiated chondrocytes, for 1em0dehng and restoration of a healthy ]omt

‘structure in arthropathy, is espeually 1mportant for the followmg reasons:

(1) Chondrocytes are already fully dlfferentlated cells, with relat1vely low
metabohc activity - and limited - self-renewal capamty that may be
sufficient to maintain healthy cartilage, but is certainly 1nsufﬁclent f01

the development of large areas of hyalme carttlage de novo.
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(2) Most fre(iuently, both cartﬂage and sub'c‘hondfal bone are damaged :
Thus even a successfully developed new hyaline cartllage 1s unhkely to.'

" be maintained for long if the subchondral bone i 1s left damaged. Based ‘

on these findings, it was visualized that mesenchymal stem cells of bone

- marrow, 1f transplanted under the app’ropriafe oonditions, will ‘create a -

self—supporting‘ osteochondral complex providing healthy joint surface.

(b) - Use of demineralized bone matrlx (DBM) -
It was found that DBM (and/or MBM) provides tho optimal carrier in the

cases of cartilage and adjacent bone regeneration, since it combines all the
essential features for serving as conductive scaffolding, and at the same time
provides a natural source for inducer of chondro- and osteogenesis. “Carrier”

in this case means supportive 'mat:el'ial (structure) that is essential for

promoting engi‘aftrnent of mesenchimal ‘progenitor cells and then"

plohferamon and d1fferent1at1on in the course of bone and cartllage'

development wheneve1 mesenchlmal cells are mtroduced as cell suspens1on

h Mo1eover DBM 1s meohamcally ﬂex1ble and slowly b1odegradable with the

‘ degradatmn time compat1ble with the per1od of de novo  chondro- and‘

- osteogenesis. It 1 is strong enough to prov1de blomechamcal plopextles of the

joint surface during the per1od of new carLllage fomlamon In add1t1on DBM'

can be provided as an amorphous powder that can: be,mserted,locally,
‘without major surgical intervention, while avoiding iatfogenic damage to
complex joints Furthermoi'e- DBM 1s a low immunogenic material even -

" when used as a xenograft and if used n allogene1c combmatlon 1t is

non- 1mmunogen1c at all (36 37, 38).

(o) Use of bone momhogemc protelns (BMPs)

BMPs are growth factors Lhat play an 1mp01tant role in the formatmn of

bone and cartﬂage (39, 40). One of the major advantages of DBM is that it

“contains natural BMPS that resist the demmerahzatmn process. Induction of

cartilage and subchondral bone may be enhanced by additional exogenous

supply of BMPs that are not species-specific (41, 42); together with DBM -
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(43). What brings multi- potent mesenchimal stem cells’ under the inﬂuence

of DBM to choose between osteogenlc and chondrogemc d1fferent1at10n

pathways 1s not yet clear It has however been reported that the ratio of
cartilage to bone production depends in particular on the site of DBM
implantation, which is naturally influenced by the local conditions (44). The -

most important of these conditions seem to be the local . source of

mesenchimal cells and the. blood supply (45) Low oxXygen tensmn favors

chondrogenesm (46), - most hkely ‘due to the low O tension in poorly

‘vascularized cartllage (47) Taking 1nto consideration that hyaline cartllage _

is naturally developed and mamtalned only n the Jo1nts ‘where contact W1th 5
synovial- membranes and lubr1cat1on w1th syn0v1al fluid is avallable and

probably essent1al 1t seems reasonable to assume that the env1ronmental

conditions in the joint play a major role in enhancmg this type of -

chondrogenesis.

Lately, a successful substltutlon of antenor cruciate hgament (ACL) by

demmuahzed cortlcal bone matr1x was reported n a goat model. . - The -

emodohng process 1ncluded new bone formatmn w1th1n the matrix in the o

osseous tunnels and a ligament- hke traneltwn zone developing at the

.extra articular tunnel interface (48)

The inventors have shown forthe first time that a graft composed of DBM

' and/or ‘MBM and ‘bone marrow cells tranéplanted into a joint,-led. to

successful replacement of damaged cartilage and subchondral bone by

prov1d1ng osteogenesis on the side of contact with bone and chondrogenesrs o

“on the free joint surface, dccordlng to the phys1ologlcal env1ronmental

conditions favoring osteogenems or chondrogene51s respectlvely

The procedure of applymg the composuxon of the 1nvent10n 1nto e1ther an

, extraskeletal site or into a BM cavity or an articulate Jomt compnses the .

followmg steps:
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1. - Selectmg the source f01 BMC The donor may be of allogeneic type or
the BMC may be obtained from the same treated subJect (autologous |
transplantation). ' '
Selecting the source of DMB and/or MBM. The DBM is supphed
commerc1ally and smce it 1s not 1mmunogenic there are no limitations
for a spec1ﬁc donor. DMB and/or MBM may be in a powder gianules or -
“1in a slice form. ' o

3. Preparing a c_Ompo'sition comprising a suspension of BMC, DBM and/or

~MBM, and if so ‘desired BMP, which can be administered either by a
<surgical proce'dure or by non-invasive injection. Alternatively, the"
compos1t10n may be administered so that it is encapsulated within
-normal tissue membranes Still alternatlvely, the compos1tion may be
'contained w1th1n -a membranous device, made of a selective -
‘ biocompatible membrane that allows cells nutrients cytokines and the
like " to penetrate the dev1ce and ‘at the same time retains the DBM
and/or MBM particles within the device. Such a membranous dev1cc 1s

pr eferably surgically 1ntroduced _

4. Providing a glue, preferably consrsting of ﬁbrinogen and thiombln
which is used for flxation of the 1mplant compos1tion at the site of

1mp1antation

K Throughout this apphcation ‘various publications are referred to by - Arab -

. numerals in parentheses I‘ull details of these pubhcatlons are detalled in

the List of References preceding the claims The contents of these refer ences

‘are fully 1ncorporated herein by reference

Throughout this Speciﬁcation and the claims which foliow, unless the
© context requires otherwise the word “comprise”, and variations such as
“comprises” and “ comprismg will be understood. to 1mply the 1ncluslon of a,.-
stated 1nteger or. step or group of 1ntcgers or steps but not the exclus1on of :

any other integer or step or group of 1ntegers or steps.
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It must be noted that, as used in this specification and the appended claims

[{Pnp ] 11

~ the singular forms “a”, “an” and “the” include plural referents unless the =

content clearly d1ctates otherw1se

The followmg examples are representatwe of technlques employed by the

1nventors In carrying out .aspects of the present invention. It should be '
apprec1ated that while these techniques are exemplary of preferred '

embodlments for the pract1ce of the invention. Those of skill in the art, in .

light of the present disclosure, will recogmze that numerous. mod1ﬁcat10ns
- can be made w1th0ut departmg flom the sp1r1t and 1ntended ‘scope of the

1nvcnt10n

Examples
Materials and methods

1. . Animals_

g ‘Co7BL/6 male mice 8 weeks old and Lew1s ‘male rats with body weight

180- 200g were used as the donors of bones (for matrix preparation) and' -

BMC. Mice and rats from the same batches were used as the recipients. -

t

2. Prcparatmn of demmcrahzed bone matrices (DBM)

‘ Dem1n01al1zed bone matux (DBM) was prepared as descrlbed by Redd1 and

- I-Iuggms (45) w1th the 1nventors modification. D1aphyseal cortical bone -

- cylinders. from Lewis rats were cleaned from bone marrow and surloundmg
soft tissues, crumbled and placed in a jar with magnetlc stirring. Bone chips

were rinsed in distilled water for 2-3 hrs; placed in absolute ethanol for 1 hr

and in diethyl ether fOr 0.5 hr, then dried in a laminar flow, pulverized 'in a -

mortar with liquid nitrogen and sieved to selcct particles. bctween 400 and ‘

1, 000 u. The obtained powde1 was demmerahzed m 0. 6M HCl overnlght

" ‘washed for several times to. remove the ac1d dehydrated in absolute ethanol R

and d1ethyl ether and dr1ed
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_Mlnerahzed bone matrix (MBM) was prepared accordmg to the same

procedure but the stage of demlnerahzatmn w1th HCl was om1tted

EXperiments with 4mice‘ Were‘ performed using demineralized tooth matrix
prepared from incisors dissected out from adult mice, as previously described
(16) In case of rats and. bigger animals the cortex of long bones is the
appropriate material for preparation' of DBM. In mice, howeuer, only DBM'

vprep‘ared from dentine 1s active enough and produces reproducible results.
All steps, except the ’drying step, were performed at 4°C to 'prevent
degradatlon of bone morphogenic proteins (BMP) by endogenous proteolytlc _

'en/ymes The matrlces were stored at 20°C

3.  Preparation of the implanted material

Preparation of donor BMC Suspensions for traibsplarttdtiort'
' The femora of don01 mice or rats were freed of muscle. Marrow plugs were -
mechanlcally pressed out of the femoral canal by a’ mandrln Thlck s1ngle",
cell suspenslons of BMC were prepdled after addition to 4-5 femoral plugs of

100 pl RPMI 1640 medium ‘(Biological Industries, Beit Haemek Israel) The,

term “thick” relates to a concentrated cell suspenslon The number of - -

nucleated cells per femoral bone marrow plug 18 rather stable (for C57BL/6
male, 8 weeks old, it is about 107 cells). Several reproducible verifications
have shown that BMC prepared for transplantation in a form of a single cell

'suspension contains an approximate concentration of 3x108 cells/ml. -

- Composition of the gr'afts . o

.Grafts were composed of the followmg 1ng1ed1ents n dlfferent combmatlons |

- 1. BMC suspension 20 ul (concentratlon 3x10# cells/ml);

2. -4 mg of DBM (or MBM) were used in- experlments w1th 1ats 2mg n

| ‘_ fexperlmcnts with mice; ) , _ -
3. - ‘O 5 ug BMP (R & D systems USA) was added to the mlxture in some. of

the experlments
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The exogenous BMP that 18 optlonally added to the composition of the_ -

invention 1s not a mandatory ingredient. DBM exhlblts conductlve properties

essential for the engraftme_nt of mesenchimal progemtor cells transplanted

- within BMC suspension‘ their proliferation and differentiation in the eourse

of bone and cartllage formatlon ‘At the same time, DBM is the natural '
source of BMPs (bone morphogemc protems) active in stlmulatmg osteo and -

chondrogenesm thus fulfilling also the - inductive function. Addition of _

exogenous BMPs may enhance the efﬁc1ency of the 1nduct10n

4. Transplantatlon at a 81te under tho k1dnev capsule

Anaesthetized rats or mice were used as 1ec1p10nts A small cut was made mn

the- renal capsule and the transplanted material was inserted usmg a

" concave- sp atula.

5. Local ablation of 1ec1p1ents bone marrow in the medullar cav1tv of the |

bonc

Rats were anaesthet1zed and rlght leg was uradlated w1th 1 OOOcGy '
_ Rad1at1on was delivered by a Phllhps X—ray unit (250 kV, 20 mA) at a 1ate of -

70 cGy/mln using a Cu 0.2-mm filter. The source-to-skin distance was 40

cm.

- After local irradiation, a small incision was made over the knee joint of the

-11ght leg. The medulla1 cav1ty of the femur was entered with a bone marrow

~aspiration needle and the bone marrow was evacuated The romamders of _

" the bone marrow were washed out with 3 ml of phosphate buffeled sahne

(PBS) usmg a syringe Wlth a 19-gauge needle

6. Implantation of BMC or a mixture of BMC and'domi'neraliz‘ed'(or

m1nerahzed) bone matnx into recmlent s medullar cav1tv of the bone

"BMC or thelr mixture Wlth DBM or MBM we1e 1mplanted into the bone

~cavity after local ablation of BM. Cells and bone matrix were placed,m a
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- small mlcroplpettc t1p, that was 1nserted into the hole n the bone and-

' 'transplanted matenal was pushed 1n51de the bone cav1ty with a mandrin.

1. Implantation' of BMC or a mixture of BMC"an'd deminerali7ed (or-

m1nerahzed) bone matrlx into the area of a local damage in artlcular

' cartllage of knee 101nt

" Two kinds of standard artificial damages in. articular cartilage and.

- -subchondral bone in the rat knee Jomts were 1nduced as follows

_ I‘ollowmg anesthes1a the knee joint Was accessed by a medial parapatcllar

~incision, patella tcmporanly displaced sldewaxds and
1. Abras1on (partial thlckncss defect) was made in the mterchondylar -

reglon of the femur. The’ abrased area was about 3x15 mm, i.e.'-

' approx1mately one- third of the Jomt surface

2 Mlcrofracture drllllng (full thickness’ defect) 1.5 mm diameter X 2.0 mm

dcpth was made i n the 1nt01chondyla1 reglon of the femur.

Both kinds of the defects were filled with DBM (or MBM) in the form of

powder (with particle size of 300-450 micron, or in the form of slice) together

- with BMC suspension, prepared as described in' “Preparation ‘of ‘the

- implanted mateual (Material and Methods). In the separate experlmental '

g1 oups only DBM (01 MBM) or only BMC were tr ansfe1 red 1nto the damaged

“area.’ T1ansplanted material was fixed in place -with flbrlnogen thrombin

tlssue adheswe glue patella was returned into its place and the i 1nc1s1on was _}
sutured with bioresorbable thread. Skin was closed with stainless clips. In -

_control groups the damagcd area was closed only with ﬁbnnogen thrombm S

;tlssue adheswe glue.

8. Histological evaluation '

- The autopsred materlal was fixed in 4% neutral buffered formaldchyde
decalmﬁcd and passed through a serles of ethanol grades and xylene, then

embedded in paraffin. Serial sections (5-7 microns) were performed. One set




of representative serial section was stained with hematoxyllin' & eosin; and -

the other with picroindigocarxnin. :

Example 1

Transplantation of BMC- Together' with Demmerahzed (or - ‘

.Mlnerallzed) Bone Matrix into the Bone Marrow Cav1tv

A one-step transplantatlon procedure was ostabhshed n Wthh a
compos1t10n of BMC and demmerahzed (01 mmerahzcd) bone matrix powder

(DBM or MBM) was inserted into the bone marrow cavity for the formation
of a trabecular bone, suppoxtlve hematoporetlc m1c1oenv1ronment and
hematopmems or1g1nat1ng from mesenchimal and hematopmetlc precursor

cells present in transplanted bone marrow.

Expel 1menta1 Data

In research activities that were involved in developlng the (,ompos1t10n of the .
invention, it was shown that mesenchlmal stem cells pers1st1ng in bone
marrow (BM) could be 1nduced to f01m bone and supportive hematop01et1c

“micr oenv1ronment when transplanted togethel with DBM into bone Marrow.
cavity or extraskeletally In two sets of experlments one carmed out'in rats |

and the other 1 In mice, DBM or MBM were implanted alone or together Wlth

BMC supplemented or not supplemented with additional bone morphogenic - - "

protein (BMP) (at least 12 transplants per group).

The space under t_he kidney capsule was selected as the -site of -
transplantation as it _has;been previously shown that there are no cells
which could be induced into oSteo‘genesis and build a bone at least within 2-3

- months (49).

In rats, one month attel transplantatlon of DBM (01 MBM) w1thout BMC no
s1gns of new bone for matlon or hematop01es1s were observed Implanted
matrlx par tlcles were stlll present at the site of transplantatlon (Fig. lA) In

contrast n 51tes where DBM was transplanted togethe1 with BMC, newly
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formed ossicles with developed trabecular system and active mnltﬂineage
hematopoiesis were observed (Fig. 1B). Profound degradation of

transplanted matrix particles could be seen. -

Addltlon of exogenous ‘BMP (0. 5uglgr aft) to the graft cons1st1ng of DBM and
- BMC enhanced osteogenes1s and development of stromal m1croenv1ronment'
supportmg hematop01es1s Transplantat1on of BMC alone did not result in

development of hematop01et1c or bone tissue (Fig. 2A). -

F 01mat1on of new bone that supports hematopo1es1s was also observed when
MBM was implanted 1nstead of DBM, together with BMC under the kidney
capsule. " However, the bones were conslderably less developed less
: 'supported hematopo1es1s, and the degradatlon of transplanted matrix Was ‘

- less promment (Fig. 2B)

A similar’ set of ekperiments carried out in mice gave the same results, ie.
transplantation"of DBM or BMC alone did not result in formation of a new

~ bone or hematopoietic tlssue under the k1dney capsule However, combined
transplantation of DBM and BMC 1nduced development of a new, |

functionally active osteo- hematop01et1c s1te

In anothe_r set of experiments, carried out in rats, DBM, together wlth‘ BMC
~or with BMC and BMP, was implanted directly into the ablated femoral
marrow cavity. of the locally v' irradiated leg (at least 6 animals in each
experimental group). Two weeks after the intrafemoral implantation of DBM
w1thout BMC new bone development was scarcely observed (Fig. 3A). In
_’eontrast when DBM was 1mplant(,d together with BMC, newly formed bone
trabecules and active hematoporetw tissue were - observed (Flg 3B) |
Osteo hematopo1et1<, complex of donor orlgln was dlmost fully developed in.
the recipient's bone malrovv, 25 days after intra femoral transplantatlon of
DBM together with BMC (Fig. 5). Addition of BMP (0.5ug/graft) to the graft
consisting. of DBM , and BMC- "enhan'ced th‘e. deveIOpment of
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| ‘osteo -hematopoietic complex (Flg 3C). When the ablated marrow cav1ty is

left empty, or only BMC are transplanted mto 1t, no - development of

trabecular system or structurally normal hematop01et1c tissue is observed .'

two weeks post- operation (Fig. 4).

"Example 2

Transplantation of BMC into the Jomt together with demmerahzed |

(or mlnerauzed) bone matrix

‘»Expenmental data

Experiments were - carried out to prove ‘that mesenchymal stem . cells -

persisting in BM could be induced to develop hyaline cartilage and

- subchondral bone. when. transplanted into the damaged areas of the knee ’

joints, accordmg to the p1esent 1nventlon

In expemments carried out in rats, two k1nds of a1t1f1<:1al defects abrasion

(partial thickness defect) and microfracture d1lllmg (full thickness defect) in

~articular cartilage and subchondral bone in the mnterchondylar reglon of the
femur were filled with DBM (or MBM) together with BMC. In the separato
| gloup of experimental animals defects n ar t1cular car t1lage and subchondral

~ bone were ﬁlled with DBM (01 MBM) alone or only w1th BMC The. 1nﬂuence

of addition of BMPs is. also being tested. The implanted matenal was ﬁxed n -

“place with fibrinogen- thrombln tissue adhesive glue. In the control animals.

only glue was app_lied to the defect area..

" Fig.” 6A " presents healthy undamaged articular cartilage in the

interchondylar region of the femur in the knee joint of the rat. In Fig. 6B

abrasion (partial thickness defect) could be se_en immediately after damage.

One month after the operation, when the abrased surface was covered only
with fibfinogen-thromb_in glue the mnltilayer of connective tissue cells has

been developed (Fig.~6C). In contrast, when DBM powder mixed with'BMC 4
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was transplanted into the damaged area, extensive development of hyahne |

(art1cular) cartilage is observed (Frg 6D).

- The findings presented herein, -indicate that administration of the
composition of the present 1nvent10n into a damaged area of the joint results
In generation of new hyahne cartﬂage and osteochondral complex at the site

of transplantation.

' Example 3 ‘ ‘
- Transplantation of BMC together with demineralized (or
mineralized) bone matrix into the experimentally created calvarial

. defect. :
Experimental data

Expenments were carried out to prove. that mesenchymal stem cells
persisting in BM could increase the mtramembranous development of bone‘
when transplanted together with demmerahzed (or mmerahzed) bone

matrix into the experrmentally created calvarial defect. This can be extended _

~ to treat maxillo-facial defects. '

Male Lew1s rats were anesthet1zed by 1ntramuscu1ar m]ectmn of Ketamine
- as descnbed prev1ously An incision was perfromed in the frontal 1 regmn of
the rdt cramum The muscular ﬂap was moved as1de and a bony defect
(O 5 0. 7mm/2) was made in the panetal bone area lateral to the saggital
suture of 8-10 weeks old ammals usmg the dental burr. The defect area was
either left empty or filled w1th DBM alone or together with BMC. In the |
" control group the defect was filled only with BMC. In all the groups the
defect area was finally covered with fibrin glue. The muscle was returned to
place and fixed with one or two b1odegradab1e sutures. The skin was fixed
K 'w1th stainless steel clips' and polydene was smeared all around the incised
area of the skm The regenerat1on process in the cranial defect area will be
followed up rad1ologlcally and mstologlcally 1,2 and 3 weeks

post- transplantatmn ’

" Parts of the descr1pt10n that are out of ambit of the appended cla1ms do not

constltute part of the claimed invention.
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>< Claims:

A mixture comprising bone marrow cells (BMC) and demineralized
bone matrix (DBM) and/or mineralized bone matrix (MBM) for use
as a graft transplantable into a mammal, for the development of
hematopoietic microenvironment originating from the transplanted

BMC.

The mixture of claim 1, wherein said BMC are éllogeneic or said

mammal’s own.

The mixture according to claim 1, wherein the transplantation is

into an extra-skeletal site of said mammal.

The mixture according to claim 3, wherein the extra-skeletal site is
selected from the group consisting of the kidney capsule, muscles,

liver, abdominal wall.

The mixture according to any one of claims 1 or 2, wherein the

transplantation is into a bone marrow cavity.

The mixture according to any one of claims 1 to 5, further

comprising a bone morphogenetic protein (BMP).

The mixture according to any one of claims 1 to 6, wherein the DBM

and/or MBM are of vertebrate origin.

The mixture according to claim 7, Wherein the DBM and/or MBM is.

of human origin.
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10.

11.

12.

13.

14.

15.

16.

32 ' 141813/3

The mixture according to any one of claims 1 to 8 wherein the DBM

and/or MBM are in powder form.

The mixture according to any one of claims 1 to 9, wherein the

particle size of the DBM is about 50 to 2500u.

The mixture according to claim 10, wherein the particle size of the

DBM is about 250 to 500p.

The mixture according to any one of claims 1 to 11, wherein the
ratio between BMC and DBM is 10 parts of BMC concentrate to 0.5
part of DBM (volume/volume).

The mixture according to any one of claim 12, wherein the ratio
between BMC and DBM is 4 parts of BMC concentrate to 1 part of
DBM (volume/volume).

The mixture according to any one of claims 1 to 13, wherein said

mammal is a human.

The mixture according to any one of the preceding claims, for use in

the treatment of a patient suffering from a hematopoietic disorder.

The mixture according to claim 15, wherein said hematopoietic
disorder is selected from a deficiency of stem cells and/or their
products, a genetic condition which results in abnormal stem cells
and/or products, a hematopoietic disorder of malignant or non-
malignant origin, congenital or hereditary bone disorders, bone
infections, osteogenesis imperfecta, mucopolysacchaidosis,

mucolipidosis and non-neoplastic disorders of the bone.
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17.  Use of the riixture of any one of claims 1-16 in the preparation of a
composition’ for the treatment of a hematopoietic. disorder, said
composition’ further comprising a pharrxiaceutically compatible

carrier and/or diluent.

18. The wuse according to claim' 17, wherein said mixture further

optionally includes a BMP.

19. The use according to claim 18, wherein said hematopmetlc disorder
is selected from a def101ency of stem cells and/or their products, a
genetic condition which results in abnormal stem cells and/or -

products, and a hematopoietic disorder of malignant origin.

20. Use of the mixture of any one of claims 1-16 in the preparation of a
composition for the induction of recipient transplantation tolerance

to donor alloantigens. -

21. Akit for transplantation intoa mammal of a mixture as defined in

any one of claims 1-16, comprising:

a .the mixture as defined in any one of claims 1-16;

b. a BMA aspiration needle;

C. an intra-osseous bone drilling burr;

d. a needle with a thick 1umen for infusion of viscous mixture;

e. a two-way lumen coﬁnector for simultaneous mixing of the '
mixture with the diluent - /

f. . amedium for maintaining BMC; and optionally ' y

g. cryogenicr means for handling and maintaihing:BMC or the

mixture.
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