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HEMATOPOIETIC FACILITATORY CELLS AND THEIR USES 

l. INTRODUCTION 

The present invention relates to mammalian 
5 hematopoietic facilitatory cells (FC). In par~icular, 

it relates to the isolation, characterization and uses 
of the FC. The FC of the present invention can be 
distinguished from all other known bone marrow cells 
by their morpholoqy, cell surface phenotype and in · 

10 vivo function. It has now been established that 
purified hematopoietic stem cells alone or bone marrow 
cells depleted of FC do not readily engraft in a 
recipient. When co-administered with other bone 
marrow cells, especially the hematopoietic stem cells 

15 into a recipient, the FC enhance their engraftment, 
without apparent adverse bioloqic activities. In 
fact, the ability of the FC to enhance the engraftment 
of .ban~_ marrow cells in esablishing 
lympho~ematopoietic chimerism without producing graft 

20 versus host disease also induces donor-specific 
tolerance to permit the permanent acceptance of 
donor's cells, tissues and organs. Therefore, FC may 
have a wide range of applications, including, but not_ 
limited to, hematopoietic reconstitution by bone 

25 marrow transplantation for the treatment of cancers, 
anemias, autoimmunity, immunodeficiency, viral 
infections and metabolic disorders.as well as 
facilitation of solid organ, tissue and cellular 
transplantation. 

30 

2. BACKGROUND OF THE :INVENTION 
A major goal in solid organ transplantation is 

the engraftment of the donor organ without a graft 
rejection immune response genera~ed·-.by th.e recipient, 

35 while preserving the immunobompe~e~ce'of .the r~cipient 
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against other foreign antigens. Typically, 
nonspecific immunosuppressive agents such as 
cyclosporine, methotrexate, steroids and FKS06 are 

-used to prevent host rejection responses. They must 
s be administered on a daily basis and if stopped, qraft 

rejection usually results. However, nonspecific 
immunosuppressive aqents function by suppressinq all 
aspects of the immune response, thereby qreatly 
increasinq a recipient's susceptibility to infections 

10 and diseases, including cancer. Furthermore, despite 
the use of immunosuppressive agents; qraft rejection 
still remains a major source of morbidity and 
mortality in human organ transplantation. Only sot of 
heart transplants survive s years and 20t of kidney 

15 transplants survive 10 years. (See Powles, 1980, 

t,ancet, p. 327; Ramsay, 1982, Hew Engl. J. Med., 
p. 392). Most human transplants fail within 10 years 
without.permanent acceptance. It would therefore be a 
major advance if tolerance can be induced in t:ne 

20 recipient. 

25 

The only known clinical condition in which 
complete systemic donor-specific transplantation 
tolerance occurs is when chimerism is created_ ·throuqh -
bone marrow transplantation. (See Qin et al., 1989, 

J. Exp. Med. 169:779; Sykes et al., 1988, Immunol. 
Tod.av 9:23; Sharabi et al., 1989, J, Exp. Med. 
169:493). This has been achieved in neonatal and 
adult animal models as well as in humans by total 
lymphoid irradiation of a recipient followed by bone 

30 marrow transplantation with donor cells. The success 
rate of bone marrow transplantation is, in part, 
dependent on the ability to closely match the major 
histocompatibility complex (MHC) of the donor cells 
with that of the recipient cells. The MHC is a qene 

35 complex that encodes a larqe array of individually 

--~ 
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unique glycoproteins expressed on the surface of both 
donor and host cells that are the major targets of 
transplantation rejection immune responses. In the 
human, the MHC is referred to as HLA. When HLA 

5 identity is achieved by matching a patient with a 
family member such as a sibling, the probability of a 
successful outcome is relatively high, although 
graft-versus-host disease (GVHD) is still not 
completely eliminated. However, when allogeneic bone 

10 marrow transplantation is performed between two 
MllC-mismatched individuals of the same species, common 
complications involve failure of enqra~tment, poor· 
imm.unocompetence and a high incidence of GVHD. 

GVHD is a potentially lethal complication in bone 
15 marrow transplantation, which occurs in about 35-50' 

of recipients of untreated HI.A-identical marrow grafts 
(Martin et al., 1985, Blood 66:664) and up to sot of 
recipi•nts of HLA-mismatched marrow. Unfortunately, 
only 30' of patients generally have a suitably matched 

20 &LA-identical family member donor, and thus most 
patients are either excluded from being considered for 
bone marrow transplantation, or if they are 
transplanted must tolerate a high risk of GVHD. GVHD­
results from the ability of immtinocompetent mature 

25 immune cells (mainly T cells, but some B cells and 
natural killer cells) in the donor qraft to recognize 
host tissue antigens as foreign and invoke an adverse 
immunologic reaction. Although mixed allogeneic 
reconstitution, in which a mixture of donor and 

30 recipient marrow is transplanted, results in improved 
immunocompetence and increased resistance to GVHD, 

successful engraftment is still not consistently' 
achieved and GVHD still often occurs. 

Recent studies in bone marrow transplantation 
35 suggest that the major cause of GVHD are T-cells, as 
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the removal of T cells from the donor cell preparati~n 
was associated with a reduction in the incidence of 
GVHD. (Vallera et al., 1989, Transplant, 47:751; 
Rayfield, 1984, Eur. J. Immunol •. P. 308; Vallera, 

s 1982, J. Immunol., 128:871; Martin and_Korngold, 1978, 
J. Exp. Med., p 1687; Prentice, 1984, La.ncet P. 472). 
After T-cells were implicated to be the predominant 
mediator of GVHD in animal models, aggressive 
protocols for T-cell depletion (TCD) of human donor 

10 bone marrow were instituted. Although the incidence 
of GVHO was decreased dramatically, TCD was 
accompanied by a significant increase in the failure 
of enqraftment, indicating that T cells might also 
play a positive role in bone marrow enqraftment. 

15 (Soderling, J, Im,munol., 1985, 135:941; Vallera, 1982, 
Transplant. 33:243; Pierce, 1989, Transplant., p. 
289). The increase in failure of enqraftment in human 
recipients ranged from about 5-70' of total patients 
and was related to the degree of MHC disparity between 

20 the donor and recipient (Blazar, 1987, UCLA Symp., p. 
382; Filipovich, 1987, Transplant., p. 62; Martin et 
al., 1985, Blood 66:664; Martin et al., 1988, Adv. 
I111Dlunol. 40:379). Patients with failed enqraftment 
usually die even if a second bone marrow transplant is 

25 performed. Consequently, most transplant institutions 
in the United states have abandoned TCD of donor bone 
marrow and, thus, must tolerate a high level of GVHD 
which leads to significant morbidity and mortality. 
Thus, the application of bone marrow transplantation 

30 as a form o·f treatment is limited only to settinqs 
where the potential of GVHD is clearly outweighed by 
the potential benefit. 

The implication that T cells might participate in 
both harmful GVHD reactions and helpful enqraf tment 

35 facilitation was an enigma that existed for a lonq 
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. time in the scientific community. Investigators began 
to search for the possible existence of a bone marrow 
component which could facilitate bone marrow 
engraftment but was removed during TCD. 

s Identification and purification of this facilitating 
component would potentially allow the design of 
transplant protocols to selectively prevent GVHD, . 
while preservinq the cells that can enhance 
engraftment. - • · 

10 Altho~gh most· investigators speculated that the 
facilitatinq component was a hematopoietic cell 
distinct from the hematopoietic stem cells, such a 
component had never been identified or characterized 
prior to the present invention. Xn fact, all evidence 

15 pointed towards the involvement of seme form of T 
cells. There remained a desperate need.for the 
precise knowledge of the identity of this component 
which might facilitate engraftment of hematopoietic 
stem cells in a recipient without producinq GVBD. 

20 

3. SUMMARY OF THE INVEHTION 

The present invention satisfies the 
above-described long-felt need. The present invention 
relates to mammalian hematopoietic FC, methods of 

25 isolating the cells, and methods of usinq the cells 
for facilitatinq reconstitution of a damaged or 
destroyed autoloqous, synqeneic, allogeneic or 
xenogeneic hematopoietic system with stem cells as 
well as for inducing donor-specific tolerance for the 

30 transplantation of donor cells, tissues and solid 
orqans. 

The invention is based, in part, on the 
Applicants' discovery that the murine bone marrow 
contains a population of cells displaying a phenotype 

35 of THYl+, MHC Class II+ (only dim to intermediate 
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levels of expression), C045 +, C045R·+, cos+, C03 + and 

"c:zfJ TCR- which are capable of facilitating allogeneic 

donor bone marrow cell engraftment in a recipient. 
Both negative selection procedures involving the 
removal of these cells and positive selection methods 
involving the addition of these cells in highly 
purified or partially purified form confirm tha~ they 
possess enqraftment-facilitating activities and are 
distinquishable from the T cells responsible for GVHD. 
Morphologically, purified FC are distinct from all 
other hematopoietic cell types, including lymphocytes. 
FUrthermore, these cells function in a KBC-specific 
fashion in that optimal engraftment of bone marrow 
cells is achieved if they are of the same MHC 

haplotype as the FC. The FC of the invention can also 
mediate xenoqeneic bone marrow enqraftment across 
species barriers ~n establishing mixed 
lymphohematopoietic chimerism. 

The invention is described by way of examples in 
which mouse, rat, baboon, and human FC are isolated, 
and their cell surface phenotype is characterized. 
Isolated FC are used to successfully establish 
enqraftment of donor bone marrow cells without the 
manifestation of GVHD. Additionally, donor bone 
marrow cells depleted of GVHD-producing cells, 
particularly T cells, with the retention of FC, also 
produce enqraftment and mixed chimerism, rendering the 
recipient immunologically tolerant to the donor. A 
wide variety of uses for the FC are encompassed by the 
invention described herein, including, but not limited 
to, transplantation, and treatment of cancer, 
metabolic disorders, immunodeficiency, autoimmunity, 
diabetes, hemoqlobinopathies, hepatitis, AIDS and 
aging. 
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The present invention provides for methods of 
purifying FC from bone marrow or other physiological 
sources of hematopoietic cells.. The FC are purified 
by separations based on the presence or absence of 

5 specific markers. 
By utilizing the ability of the FC to facilitate 

enqraftment of bone marrow or p~if ied stem cells and 
thus establish a chimeric hematopoietic immune system, 
the present invention provides for methods of 

10 transplantation which confer donor-specific 
transplantation tolerance and eliminate the need for 
nonspecific immunosuppressive agents. 

It is an object of th~ present invention to 
provide a cellular composition comprising purified or 

15 partially purified hematopoietic FC. 
It is a further object of the present invention 

to provide a cellular composition comprisinq purified 
or pa~ially purified hematopoietic FC and purified or 
partially purified hematopoietic stem cells which are 

20 MHC-specific to the FC. 
It is a further object of the present inv.ention 

to provide a cellular composition comprisinq purified 
or partially purified hematopoietic FC, hematopoietic­
stem cells which are MHC-specif ic to the FC, and_ one 

25 or more additional hematopoietic cell components which 
are MHC-specif ic to the FC. 

It is a further object of th~ present invention 
to provide a cellular composition comprisinq 
hematopoietic FC and hematopoietic stem cells in which 

30 only T cells responsible for GVHD have been 
specifically and selectively removed. 

- 35 

It is another object of the present invention to. 
provide methods of purifyinq hematopoietic FC from 
physioloqical sources of hematopoietic cells. 
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It is another object of the present invention to 

provide methods of establishing a mixed allogeneic, 
mixed xenogeneic, completely allogeneic, and 

completely xenogeneic chimeric immune system in a 

s recipient. 
It is another object of the present invention to 

provide methods of transplanting a donor physiological 

component into a recipient which allows for donor 
specific transplantation tolerance. 

10 It is another object of the present invention.to 

provide methods of treating a variety of diseases and 

disorders by bone marrow transplantation involving FC. 

3.1. DEFINITIONS 

15 As used herein, "recipient" means any mammal, 

including humans. 
As used herein, "donor" means any mammal, 

including humans. 
As used herein, except where its traditionally 

20 understood meaning is explicitly referred to, 

"MHC-specif ic" cells means cells whose major 

histocompatibility complex does not prevent the 

facilitatory cell from facilitating engraftment, 

whether the cells major histocompatibility complex is 

25 actually identical to the facilitatory cell or, in the 

case of a universal facilitatory cell, simply not a 

barrier to engraftment. 
As used herein, •purified" means any enricblllent 

or increase in concentration of specified cells from 

30 their natural state including isolation of those 

cells. 

35 

As used herein, "substantially destroy" means· to 

destroy all or almost all of a recipient's immune 

system. 
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· As used herein, "lethally irradiate" means to 
substantially destroy a recipient's immune system with 
radiation. 

As used herein, . "immunosuppress" means to 
5 suppress the functions of a recipient's immune system, 

including suppression of the propensity to attack 
foreign-recoqnized cells (i.e., rejection of a graft). 

As used herein, •cytoreduce" means to destroy a 
portion of the cells of the recipient's immune system 

10 so as to make physical space for administered immune 
cells. 

As used herein, "donor physiological component" 
means any part or combination of parts of a donor 
body, including organs, tissues, and cells. 

15 As used herein, "chimera• means a recipient 
comprising cells from the recipient and cells from at 
least one donor. 

A& used herein, •synqeneic• means of donor origin 
wherein the donor is genetically identical to the 

20 recipient. 
As used herein, "allogeneic" means of donor 

origin wherein the donor is of the same species as the 
recipient. 

As used herein, •xenogeneic" means of donor 
25 origin wherein the donor is of a different species 

than the recipient. 
As used herein, "mixed chimeric immune system" 

means a recipient immune system comprising about o.s, 
to 99' allogeneic or xenogeneic cells and the 

30 remaining percentage of syngeneic cells. 
As used herein, •completely allogeneic cell 

chimeric immune system" means a recipient immune 
system created through the administration of both 
allogeneic and syngeneic cells and comprising. 

35 virtually 100% allogeneic cells but in which some 
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residual syngeneic cells providing for a limited· 
number of immunological cell lineages may exist. 

As used herein, "completely xenogeneic chimeric 
immune system" means a recipient immune system created 

s through the administration of both synqeneic and 
xenogeneic cells and comprising virtually 100% 
xenogeneic cells but in which some residual syngeneic 
cells providing for a limited number of immunological 
cell lineages may exist. 

10 

15 

FIG. 1 

4. BBIEF DESCRIPTION OF THE DRAWINGS 
Transmission electron micrograph of purified 
FC. 

5. DETAILED DESCRIPTION OF THE UW£NTION 
The present invention relates to mammalian 

hematopoietic FC, to methods of isolating and 
charact~rizing the FC, and to methods of using the 
same. 

20 While initial·negative selection studies led to 

25 

30 

35 

the view that the bematopoi~tic facilitatory cell was 
cos·, subsequent studies described herein have resulted 

in the conclusion that the proper phenotype of FC 
include cos+. Experimental data contained herein 

leading to the early conclusion regarding cos· are 

retained for informational content only (see Section 
6, infra), as the facilitatory cell is now 
conclusively demonstrated to be cos+ by positive 

selection studies (se~ Section 7, infra). These 
seemingly contradictory results are probably due to 
incomplete elimination of c~lls which express CDS at 
low density when treated with antibody plus complement 
in the negative selection method used in Section 6. 
In the flow cytometry studies employing anti-CDS 
monoclonal antibody for positive selection, a small 

- ... , ..... 
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population of cos+ cells is identified, which exhibit 

facilitatory activities. 
for CDJ as a FC marker. 

Similar observation occurred 
Although removal of co3+ 

cells by negative selection approaches did not 
s eliminate the FC, FC is shown to be co3+ by cell 

10 

15 

20 

25 

30 

35 

sorting and add-back experiments. The cell sorter is 
much more sensitive and precise to identify antigens 
in small density on cell surfaces. 

In addition, it was also originally thought that 
the facilitatory cell population was Class II bright. 
This determinat~on was made by inference based on 
anti-Class II antibody depletion studies. In 
subsequent positive selection plus add back 
experiments, it was demonstrated that the facilitatory 
cell was not in the Class II bright fraction, bu~ 
lnstead expressed Class II molecules in the range of 
dim to intermediate staining levels. This was 
determined by antibody staining and flow cytometry in 
which three levels of staining intensity were 
distinguished by comparing with other cell types as 
controls. For example, Class II- cells were used as 

background and brightly staining Class II+ antigen 

presenting cells such as B cells and dendritic cells 
were considered Class IIbright. FUrtbermore, 

simultaneous morphological studies described herein 
(Section 7, infra) with electron microscopy have 
identified the Class II bright fraction as lympho­
cytes. Thus, the FC are Class II positive but not 
Class II bright, as compared with B cells. 

The invention is discussed in more detail in the 
subsections below, solely for purposes of descript~on 
and not by way of limitation. For clarity of 
discussion, the specific procedures and methods 
described herein are exemplified using a ~urine model; 
they are merely illustrative for the practice of the 
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invention. Analogous procedures and techniques are 
equally applicable to all mammalian species, including 
human subjects, in.terms of using the FC used as donor 
and a human recipient receiving such cells in 

s transplantation. Therefore, human FC having a similar 
phenotype and function may be used under the 
conditions described herein. Further, non-human 
animal FC may also be used to enhance engraftment of 
xenogeneic cells in human patients. 

10 

5.1. CHARACTERIZATION OF FACILITATQRY CELLS 
The model for mixed chimerism, in which syngeneic 

(host) plus allogeneic or xenogeneic (donor) bone 
marrow are co-administered following lethal total body 

15 irradiation has allowed identification of the 
facilitatory cell. Treatment of the donor bone marrow 
inoculum to remove, or to select and then add-back 
various cellular subsets to bone marrow depleted of 
T-cells using RAMB or THYl or monoclonal antibodies to 

20 various CD markers, has shown a dramatic influence on 
the engraftment of allogeneic bone marrow and the 
overall level of mixed allogeneic chimerism. If TCD 
of both the syngeneic and allogeneic components o~ the 
mixed bone marrow inoculum is carried out, mixed 

25 multilineage lymphohematopoietic chimerism occurs. 

30 

There is evidence that both the syngeneic and 
a_llogeneic stem cells co-engraft, since a mixture of 
host and donor red blood cell, platelets, T-cells, 
B-cells, cells of myeloid lineage, and NK cells are 
detectable. Each lineage is independently regulated 
since the level of lymphoid chimerism is not identical 
to that for other lineages. However, the percentage 
of allogeneic chimerism for each lineage remains 
remarkably stable, with little fluctuation, .for the 

35 life of the recipient, up to about 12 months. -----
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When the alloqeneic componen~ of the bone marrow 
inoculum is depleted of cells expressing THYl, mixed 
chimerism is observed. In striking contrast, if 
untreated allogeneic bone marrow is administered, 

s facilitation of allogeneic stem cell engraftment 
results, and 100% alloqeneic chimerism occurs. This 
effect is very potent since dose titration studies 
show that the graft-facilitating effect is reliably 
obtained when TCD alloqeneic bone marrow cells failed 

10 to engraft; resulting in exclusively syngeneic 
repopulation. similar facilitation of alloqeneic·stem 
cell enqraftment occurs if CD4+, NK cells, mature 
monocytes and macrophages, or B-cells are removed. 
~bus, the mixed chimerism model provides an in yivo 

15 model for the identification and characterization of 
the cells capable of engraftment facilitating 
activities. 

The studies described herein demonstrate that the 
facilitatory cell is not a stem cell since (1) 

20 treatment with anti-RAMB removes th~ facilitating 
effect for alloqeneic bone marrow enqraftment in 
rodents, in which engraftment more readily occurs than 
in humans, but mixed chimerism results (in contrast 
with 100% alloqeneic engraftm.ent), and (2) THY1 •. 2 

25 depletion of the allogeneic mouse bone marrow also 
removes the facilitating effect, but the balance of 
synqeneic:alloqeneic enqraftment in the form of mixed 
-chimerism is slightly greater than after RAMB 
treatment. Although· some batches of RAMB are well 

30 characterized to remove the bone marrow stem cell, 
this effect is excluded in synqeneic (A ~ A) 
reconstitution studies prior to their use in.other 
experiments, since removal of all stem cells from the 
bone marrow would result in death from failure of 

35 engraftment. 
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One possible explanation is that THYl.2 

dep~etion, or RAMB depletion of bone marrow, leads to 

selective depletion of bone marrow progenitor cells. 

However, when graded numbers of TCD versus untreated 

5 syngeneic bone marrow cells are administered to 

lethally irradiated mice, survival curves are similar 

for both groups, indicating that both bone marrow 

preparations have similar reconstituting ability. In 

this case of syngeneic reconstitution, the 

10 "facilitating cell" which is relatively 

radioresistant, exists endogenously in the recipient 

mouse. Therefore, stem cell depletion following 

antibody treatment is unlikely to account for the 

reduced levels of chimerism seen in recipients of TCD 

15 versus untreated allogeneic bone marrow. 

Further, the hematopoietic stem cells and the FC 

described herein have a different profile of cell 

surface·marker expression. United States Patent No. 

S,061,620 purports to characterize bone marrow stem 

20 cells as being for the most part C034 +, cn3·, co1·, 

25 

30 

35 

cos·, cn10·, cn14·, co1s-, co19·, cn20·, co33·, and 

THYl + • Moreover, the true hematopoietic stem cell is 

believed to be Class II-. The THYl marker is present -

on mouse T-cells, NK cells'· and some myeloid cells, . 
while it is absent on mature T-cells in the rat and 

human. When the purified cells are transplanted into 

a genetically identical recipient, enqraftment usually 

occurs. However, these.highly purified cells do not 

engraft in genetically different allogeneic or 

xenogeneic recipi_ents. 
The studies described herein show that the 

pluripotent bone marrow stem cell is not Class II 

positive. Using two different approaches to remove 

Class II positive cells (flow cytometry with negative 

selection and by antibody plus complement treatment), 
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the facilitating effect for allogeneic stem cell 
engraftment is removed, eliminating complete 
allogeneic engraftment leading to multilineage mixed 
chimerism. If the stem cell had been removed by these 

5 depletions, exclusively syngeneic repopulation would 
have occurred. 

Although the bone marrow stem cell fraction 
described by United States Patent No. 5,061,620 is 
also THYl positive, the distinction between THY1 low -·· -· ~ 

10 positivity versus THYl bright positivity is critical. 
Reference to this difference allowed an approach to 
enrich for the stem cell, since the level of THYl 

antigen expression on stem cells was not appreciated 
by those skilled in the art until recently (Spangrude 

15 et al., 1988, Science 241:58) and was a critical 
factor in allowing separation of committed (more 
mature) stem cell proqeny versus less differentiated 
cells. (See also Spangrude, 1989, Immunology Today 
10:344). Additionally, a recent report shows that 

20 there is no expression of THYl on stem cells in mice 
possessing the. 'l'HYl.2 allele (Spangrude and Brooks, 
1992, Blood 80:1957). 

In s_triking contrast, purification of the 
f acilitatinq cell relies upon enrichment for ~e Class 

25 II positive cell fraction. Moreover, these cells 
alone in tbe absence of stem cells do not reconstitute 
a lethally irradiated synqeneic (A ~ A) recipient, 
while only so-100 synqeneic stem cells are sufficient 
for rescue from lethal irradiation in the mouse. 

30 Detailed analyses of human bone marrow, following 

35 

the same procedures reveal a population of Class II+ 

cells with similar forward and side scatter on flow 
cytometry which are CD34-. It is believed that this 

represents the human facilitating cell population. 
Like the corresponding cells in rodents, the human 
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cells are negative for B-cell(CD19, CD20), 

monocyte,/macrophage (CD14), and T-cell (C04, aP-TCR, 
COJ) markers. A monoclonal antibody equivalent to 
anti-C034 does not exist for rodent stem cells so 

s comparison with C034 staining versus the putative 
facilitating.cell population cannot be performed. 

As the FC are a novel cell population it is 
possible that the FC express other·markers which have 
not yet been identified. If so, previous failure in 

10 identifyinq these unique molecules might be due to 
their decreased or.lack of expression in other 
hematopoietic cell types. Tberefo~e, the FC may be 

used to generate antibodies against their cell surface 
antigens in order to identify and characterize such 

15 unknown markers. such antibodies may be useful in the 
further characterization and purification of these 
cells·. 

Also within the scope of the invention is the 
production of polyclonal and mon~clonal antibodies 

20 which recognize novel antigenic markers expressed by 
Fe, especially of human and rodent origin. Various 
pr~cedures known in the art may be used for the 
production of antibodies to these cells after they 
have been isolated. For the production of antibodies, 

25 various host animals can be immunized by injection 
with viable, purified or partially purified FC, fixed 
cells or membrane preparations, including, but not 
limited to, those of rabbits, hamsters, mice, rats, 
etc. Various adjuvants may be used to increase the 

30 immunological response, depending on the host species, 
including but not limited to Freund's (complete and 
incomplete), mineral gels such as aluminum hydroxide, 
surface active substances such as lysolecithin, 
pluronic polyols~ polyanions, peptides, oil emulsions, 

35 keyhole limpet hemocyanin, dinitrophenol, and 
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potentially useful human adjuvants such as BCG 
(bacille Calmette-Guerin) and Corynebacterium paryum. 

Monoclonal antibodies to novel antiqens on FC may 
be prepared by using any technique which provides for 

5 the production of antibody molecules by continuous 
cell lines in culture. These include, but are ~ot 
limited to, the hybridoma technique originally 
described by Kohler and Milstein (1975, Nature ~, 
495-497), the more recent human B-cell hybridoma 

·10 technique (Kosbor et al., 1983, Immunology Tod.av 4:72; 
Cote et al. , 1983, Proc.. Natl. Acad. Sci. USA 
80:2026-2030) and the EBV-hybridoma technique (cole et 
al., 1985, Monoclonal Antib9dies and Cancer 'l'berapy. 
Alan R. Liss. Inc., pp. 77-96). 

15 Synqeneic, alloqeneic, and xenoqeneic hosts may 
be immunized with FC which can be prepared in viable 
form, or in ~ixed form, or as extracted membrane 
fraC)Jllents. Monoclonal antibodies can be screened 
differentially by selective bindinq to FC, but not to 

· 20 mature macrophages, qranulocyte, dendritic cells, T, B 
cells and stem cells. 

Antibody fraC)Jllents which contain the bindinq site 
of the molecule may be qenerated by known techniques. -
For example, such fraC)Jllents include but are not 

25 limited to: the F(ab')2 fragments which can be 

produced by pepsin digestion of the antibody molecule 
· ~ ~ and the Fab fraCJDlents which can be generated by 

reducinq the disulfide bridges of the F(ab•) 2 

30 

35 

fraC)Jllents. 
The activity of FC in enhancing donor cell 

enqraftment also suggests a mechanism involving cell­
cell interaction and/or cytokine production. In order 
to identity potential new cytokines produced by the 
FC, lonq~term Fe cultures may be established or 
continuous cell lines may be qenerated by transforming 
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the FC to tumor cells using a virus or a chemical. 
Culture supernatants may be directly analyzed by 
applying them to various cell types used as indicators 
which are known to respond to specific cytokines in 

5 bioassays. Cells may.be metabolically labelled and 
their supernatants subjected to biochemical analysis. 
Having identified a major protein by SOS-PAGE and/or 
by biologic activity, the protein may be purified by 
sos-preparative gels, ion exchange chromatography, and 

10 isoelectric focusing qels. Purity of the proteins can 
be verified by SOS-PAGE, quantified by protein assays, 
their activities confirmed in bioassays, and used as 
i:mmunoqens for the production of polyclonal and 
monoclonal antibodies. 

15 The purified proteins can be further tested in 
bioassays to stimulate and/or inhibit proliferation 
and/or differentiation of a variety of indicator cell 
lines of diverse tissue types. Radiolabelled proteins 
may also be used to identify their cell surf ace 

20 receptors by methods such as affinity labelling. 
Specific antibodies to the cytokines may be used to 
identify and quantify membrane forms and secreted 
forms of the cytokines, to study their biosynthetic 
pathways, to affinity purify the proteins and to 

25 i:mmunoscreen expression libraries for the molecular 
cloning of the coding sequences. 

5.2. XSOI,ATXON OF FACXLXTATQRY CgLLS 
The present invention provides for methods of 

30 enriching and/or purifying FC from bone marrow or 
other physiological sources of hematopoietic cells. 
The activity of the FC allows for their use in 
relatively small numbers when enriched from their 
original source , and absolute purity is not 

35 necessary. The FC may be isolated from any tissue 
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where they reside, using a variety of separation 
procedures. 
such methods 
bone marrow. 

Section 7, infra presents variants of 
as illustration for isolating FC from the 
In accordance with this aspect of the 

s invention, FC may be isolated by separations based on 
the presence or absence of specific markers. 

Although bone marrow is preferred, other 
physiol09ic sources of hematopoietic cells may be 

utilized, for example, the spleen, thymus, blood, 
10 embryonic yolk sac, or fetal liver. Bone •arrow is 

preferably removed from the fem~ra or tibia, but may 
also be removed from the spine or other bone cavity. 
Bone marrow may be removed from bone cavity by various 
methods well known to those skilled in the art, 

15 including flushing the bone with a mixture of · 
physiological media, balanced salt solution, 
physiological buffer, and other naturally occurring 
factor~. Typically, the bone marrow is filtered, 
centrifuged and resuspended. 

20 Once a source of hematopoietic cells is obtained, 
hematopoietic FC may be obtained by various methods 
which utilize specific antibodies which preferably 
bind specific markers to select those cells possessinq 
or lacking various markers. These techniques may 

25 include, for example, flow cytometry using a 
fluorescence activated cell sorter (FACS) and specific 
fluorochromes, biotin-avidin or biotin-streptavidin 
separations using biotin conjugated to cell surf ace 
marker-specific antibodies and avidin or streptavidin 

30 bound to a solid support such as affinity column 
matrix or plastic surfaces, maqnetic separations using 
antibody-coated magnetic beads, destructive 
separations such as antibody and complement or 
antibody bound to cytotoxins or radioactive isotopes. 

35 
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~eparation via antibodies for specific markers 
may be by negative or positive selection procedures. 
In negative separation, antibodies are used which are 
specific for markers present on undesired cells. 

5 Cells bound by an antibody may be removed or lysed and 
the remaining desired mixture retained. In positive 
separation, antibodies specific for markers present on 
the desired cells are used. Cells bound by the · 
antibody are separated and retained. It will be 

10 understood that positive and negative separations may 
be ·used substantially s-imultaneously or in a 
sequential manner. It will also be understood that 
the present invention encompasses any separation 
technique which can isolate cells based on the 

15 characteristic phenotype of the FC as disclosed 
herein. 

Until now, the most common technique for antibody 
based s~paration has been the use of flow cytometry 
such as by a FACS. Typically, separation by flow 

20 cytometry is performed as follows. The suspended 
mixture of hematopoietic cells .are centrifuged and 
resuspended in media. Antibodies which are conjugated 
to fluorochrome are added to allow the binding of the­
antibodies to specific cell surface markers. The cell 

25 mixture is then washed by one or more centrifugation 
and resuspension steps. The mixture is run through a 
FACS which separates the cells based on different 
fluorescence characteristics. FACS systems are 
available in varying levels of performance and 

30 ability, including multi-color analysis. The 
facilitating cell can be identified by a 
characteristic profile of forward and side scatter 
which is influenced by size and granularity, as well 
as by positive and/or negative expression of certain 

35 cell surface markers. 

.... 
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Other separation techniques besides flow 
cytometry may provide for faster separations. One 
such method is biotin-avidin based separation by 
affinity chromatoqraphy. Typically, such a technique 

s is per.formed by incubatinq the washed bone marrow with 
biotin-coupled antibodies to specific markers followed 
by passage through an avidin column~ Biotin-antibody­
cell complexes bind to the column via the biotin­
avidin interaction, while other cells pass through the 

10 column. Finally, the column-bound cells may be 

released by perturbation or other methods. The 
specificity of ·the biotin-avidin system is well suited 
for rapid positive separation. 

Flow cytometry and'biotin-avidin techniques 
15 provide highly specific means of cell separation. If 

desired, a separation may be initiated by less 
specific techniques which, however, can remove.a large 
proportion of •non-facilitating" cells from the 
hematopoietic cell source. For example, magnetic bead 

20 separations may be used to initially remove 
•non-facilitating" differentiated hematopoietic cell 
populations, including T-cells, B-cells, natural 
killer (NK) cells, and macrophages (MAC), as well as -
minor cell populations including megakaryocytes, mast 

25 cells, eosinophils, and basophils. Desirably, at 
least about 70t and usually at least about 80% of the 
total h~atopoietic cells present can be removed. 

A preferred initial separation technique is 
density-gradient separation. Here, the bone marrow or 

30 other hematopoietic cell mixture preparation is 
centrifuqed and the supernatant removed. The cells 
are resuspended in, for example, RPMI 1640 medium 
(Gibco) with 10% FCS and placed in a density qradient 
prepared with, for example, Ficoll or Percell or 

35 Eurocollins media. The separation may then be 
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performed by centrifugation or may be performed 
automatically with, for example, a Cobel & Cell 
Separator '2991 (Cobev, Lakewood, Colorado). 
Additional separation procedures may be desirable 

5 depending on the source of the hematopoietic cell 
mixture and on its content. For example, if blood is 
used as a source of hematopoietic cells, it may be 

desirable to lyse red blood cells prior to the 
separation of any fraction. Furthermore, elutriation 

. . 

10 may also be used alone or in combination with all of 

15 

20 

25 

30 

35 

other purification procedures described herein (Noga 
et al., 1990, Prog. Clin. Biol. Res. 333:345; Noga et 
al., 1992, Prog. Clin. Biol. Res. 377:411). 

The FC are generally characterized by being a~-
TCR-, -y6-TCR-, co4-, cos·, co16-, co19·, co20·, cos6-, 

mature myeloid lineaqe· (CD14-), Class xx+, CD45+, 

CD4SR+, THY1+, cos+, and co3+. A hiqh conc~tration 

of FC may be obtained by positive separation of a 
mixture of hematopoietic cells into a facilitatory 
cell containing fraction which is Class xx+ and THY1+. 

The Class xx+ fraction may be further separated based 

on staining intensity and the Class II bright 
population eliminated. 

A high concentration of FC may be obtained by 
positive separation o~ a mixture of hematopoietic 
cells into a facilitatory cell containing fraction 
which is Class II+ and CD45R+. A hiqher concentration 

of FC may be obtained by separating a mixture of 
hematopoietic cells into a fraction which is Class 
II+,· CD45R+, and THYl+. 

As stated hereinabove, the specific markers used 
to separate cells will depend on the source of the 

hematopoietic cell mixture. About 1% to 8% of bone 

marrow is Class II positive. At least 80% of bone 
marrow cells are removed by negative selection using 
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those markers described herein which the facilitatory 
cell does not possess. If the source of hematopoietic 
cells is bone marrow, a high concentration of FC may 
be obtained by .a large number of different negative 

5 selection sequences. A still higher concentration of 
FC may be obtained by positive separation of the bone 
marrow into a fraction which is Class II+ • An even 

higher concentration can be obtained by further 

separating this Class II+ fraction into a fraction 

10 which is co19- • 

15 

20 

25 

30 

35 

Although separations based on specific markers 
are disclosed, it will be understood that the present 
invention encompasses any separation based on the 
characterization of the FC disclosed herein which will 
result in a cellular composition comprising a high 
concentration of FC, whe~er that separation is a 
negative separation, a positive separation, or a 
combination of negative and positive separations, and 
whether that separation uses cell sorting or some 
other technique, such as, for example, antibody plus 
complement treatment, column separations, panning, 
biotin-avidin technology, ·density gradient 
centrifugation, or other techniques known to those 
skilled in the art. It will be apprf;lciated that the 
present invention encompasses these separations used 
on any mammal including, but not limited to humans, 
primates, baboons, rats, mice, and other rodents. 

The source·of the hematopoietic cell mixture will 
determine the amount of mixture required to obtain a 
large enough sample of FC.. The source of the 
hematopoietic cell mixture will also determine the 
time necessary to obtain a large enough sample. For 
example, the concentration of FC in blood is 
relatively minute and separation of a fraction of 
purified FC from blood will require a large amount of 

iif i1iii1001nr 
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blood and a relatively long time to separate compared 
to, for example, using bone marrow as a source of the 
hematopoietic cell mixture. 

FC make up between about 0.5% and 8% of the cells 
s found in physiological hematopoietic cell sources. 

Separations such as those disclosed herein can yield 
cellular compositions comprisinq a substantially 
greater number of FC than found naturally in 
physioloqical hematopoietic cell sources. For 

10 example, cellular compositions in which at least about 
30% of the cells are hematopoietic FC characterized as 
stated hereinbefore are provided, and cellular 
compositions in which at least about 95' of the cells 
are hematopoietic FC characterized as stated 

15 hereinbefore are also provided. Proper selection of 
markers can provide a subst~tially pure population of 
FC for in xim use. 

5. 3. USES OF FACILITATQRY CILLS 
20 The ability of FC to enhance engraftment of bone 

marrow donor cells in an allogeneic or xenogeneic 
recipient indicates that they may be useful in 
facilitatinq various therapy protocols involving 
transplantation· procedures. Formulation of a cellular 

25 composition comprising a hiqh concentration of 
hematopoietic FC provides a solution to the 
alternative problems of GVHD and failure of 
engraftment. Alternatively, donor marrow depleted of 
T cells, with the retention of FC, may also be used 

30 for transplantation. The present invention provides 
for the use of FC in establishinq a mixed alloqeneic 
or mixed xenogeneic chimeric immune system, completely 
alloqeneic or completely xenogeneic chimeric 
hematopoietic system. Generally, the methods of the 

35 present invention relate to the administration of 
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cellular compositions comprising purified donor FC to 
a recipient along with MHC-specif ic donor stem cells 
and any additional donor bone marrow components 
desired, but T-cells are preferably depleted. If 

5 mixed or completely allogeneic or xenogeneic chimerism 
is desired, syngeneic or autologous cellular 
compositions which comprise FC and stem cells are 
administered along with the donor cell compositions. 
However, it is not required that FC be used with other 

10 donor cells ·that are autologous or syngeneic to the 
host. ~~logeneic or xenogeneic FC may be used with. 
MHC-matched bone marrow cells to reconstitute a 
recipient, without co-administration of autologous or 
syngeneic donor cells. 

15 Studies designed to demonstrate that the FC of 
the present invention are not T cells yet are capable 
of enhancing engraftment have been performed in both 
allogeneic and xenogeneic settings (See Examples 6-10, 
infra). It is noteworthy that allogeneic bone marrow 

20 transplantation appears to be the easiest to perform 
in certain animal models such as between mice of 
different strains. Therefore, mouse donor bone marrow 
cells treated wi~ RAMB or anti-Thy antibodies are 
still usually able to cause some level of chimerism in 

25 an allogeneic host, a1beit at a lower level of 
engraftm.ent than if the reconstitution is carried out 
with the retention of FC. However, xenogeneic bone 
marrow transplantation of rat donor cells into mice is 
generally more difficult to achieve with donor cells 

30 after TCD, as manifested by death qf the recipients as 
a result of failure of engraftment. The findings in 
xenogeneic bone marrow transplantation much more 
closely resemble the result observed in human 
allogeneic bone marrow transplantation in that TCD of 

35 allogeneic donor bone marrow cells leads to high· 
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mortality due to failure of engraftment. Therefore, 
the ability of the FC to enhance xenoengraftment and 
xenogeneic chimerism in animal models indicates that 
these cells may be used successfully in human 

5 allogeneic bone marrow transplantation. For unknown 
reasons, allogeneic bone marrow transplantation in 
dogs and pigs appears to be the most difficult to 
achieve. 

The FC are capable of facilitating engraftment of 
10 stem cells and other bone marrow components which are 

MHC-specif ic to the FC. It is possible that 
particular species or certain strains of particular 
species possess FC which are also capable of facili­
tating engraftment of stem cells and other bone marrow 

15 components which are not Mlle-specific, as tra­
ditionally understood, to the facilitatory cell. For 
convenience, these FC will be referred to as universal 

FC. Cellular compositions comprising such cells are 
also encompassed by the present invention. 

20 FUrthermore, it is possible that FC and stem cells 
need not be matched at their MHC entirely. There are 
subregions within both Class I and Class II genes of 
the MHC. Thus, a matching at only one of these 
regions may be sufficient for the FC to enhance stem 

25 cell engraftment. St~dies directed towards defining 
such important MHC subregions are best carried out in 
mice, utilizing various commercially available MHC 
recombinant inbred mous·e stains. 

Generally, purified or partially purified FC 
30 facilitate engraftment of stem cells which are MHC­

specif ic to the FC so as to provide superior survival 

of the chimeric immune system. The stem cells and Fe 
preferably come from a common donor or genetically 
identical donors. However, if the donor is of a 

35 species or a strain of a species which possesses a 
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universal facilitatory cell, the stem cells need not 
be M!IC-specif ic to the facilitatory cell. By 
purifying the FC separately, either by positive 
selection, negative selection, or a combination of 

5 positive and negative selection, and then 
administering them to the recipient along with MHC­
specif ic stem cells and any desired additional donor 
bone marrow components, GVHD causing T~cells may be 

removed without fear of failure of engraftment. As a 
10 result, mixed or completely or fully allogeneic or 

xenogeneic repopulation can be achieved. 
One embodiment of a method of establishing an 

allogeneic or xenogeneic chimeric immune system 
comprises substantially destroying the immune system 

15 of the recipient. This may be accomplished by 
techniques well known to those skilled in the art. 
These techniques result in the substantially full 
ablatiQn of the bone marrow-stem cells of the 
recipient. However, there may be some resistant 

20 recipient stem cells which survive and continue to 
produce specific immune cells. These techniques 
include, for example, lethally irradiating the 
recipient with selected levels of radiation, 
administering specific toxins to the recipient, 

. 25 administering specific monoclonal antibodies attached 
to toxins or radioactive isotopes, or combinations of 
these techniques. 

Bone marrow is.harvested from the long bones of 
the donor. For allogeneic chimerism, donor and 

30 recipient are the same species; for xenoqeneic 
chimerism, donor and recipient are different species. 
A cellular composition comprising a high concentration 
of FC is separated from other donor bone marrow cells 
by the methods disclosed in Section.s.2, supra. A 

35 separate cellular composition comprising a high 
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concentration of hematopoietic progenitor stem cells 
is separated from the remaining donor bone marrow. 
~eparation of a cellular composition comprising a high 
concentration of stem cells may·be accomplished by 

5 techniques such as those used to purify FC, but based 
on different markers, most notably CD34 stem cell 
separation techniques include the methods disclosed in 
u.s. Patent No. 5,061,620 and the separate LC 
Laboratory Cell separation System, CD34 kit 

10 manufactured by CellPro, Incorporated of Bothell, 
Washington. The purified donor facilitatory cell 
composition and purified donor stem cell composition 
are then preferably mixed in any ratio. However, it 
is not necessary to mix these cellular compositions. 

15 If the facilitatory cell is purified by neqative 
selection usinq any or all of the markers disclosed 
herein not to be expressed on the facilitatory cell, 
then the resultinq cellular composition will contain 
stem cells as well as FC and other immature proqenitor 

20 cells. Antibodies directed to T cell specific markers 
such as anti-CD3 and anti-TCRa~ may be used to 
specifically eliminate GVHD-producinq cells, while 
retai~inq hematopoietic facilitatory and stem cells 
without a need for substantial purification. In such 

25 a case, this one cellular composition may take the 
place of the two cellular compositions referred to 
hereinabove which comprise both purified FC and 
purified stem cells. 

The purified donor FC and purified donor stem 
30 cells are then administered to the recipient. If 

these cellular compositions are separate compositions, 
they are preferably administered simultaneously, but 
may be administered separately within a relatively 
close period of time. The mode of administration is 

35 preferably but not limited to intravenous injection. 
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Once administered, it is believed that the cells 
home to various hematopoietic cell sites in the 
recipient's body, including bOne cavity, spleen, fetal 
or adult liver, and thymus. The cells become seeded 

5 at the proper sites. The cells engraft and begin 
establishing a chimeric immune system. Since 
non-universal FC must be MllC-specif ic, as 
traditionally understood, with the stem cells whose 
engraftment they facilitate, it is possible that both 

10 the stem cells and FC bond together to seed the 
appropriate site for engraftment. 

The level of alloenqraftment or xenoenqraftment 
is a titratable effect which depends upon the relative 
numbers of synqeneic cells and allogeneic or 

15 xenogeneic cells and upon the type and degree of 
conditioning of the recipient. completely alloqeneic 
or xenoqeneic chimerism should occur if the FC of the 
synqeneic component have been depleted by TCD 
procedures or other techniques, provided that a 

20 threshold number of alloqeneic or xenoqeneic FC are 
administered. A substantially equal level of 
synqeneic and alloqeneic or xenoqeneic enqraftment is 
sought. The amount of the various cells which should­
be administered is calculated for a specific species 

25 of recipient. For example, in rats, the T-cell 
depleted bone marrow component administered is 
typically between about·1 x 107 cells and S x 107 cells 

per recipient. In mice, the T-cell depleted bone 
marrow component administered is typically between 

30 about 1 x 106 cells and 5 x 106 cells per recipient. 

35 

In humans, the T-cell depleted bone marrow component 
administered is typically between about 1 x 108 cells 

and 3 x 108 cells per kilogram body weight of 

recipient. For cross-species enqraftment, larger 
numbers of cells may be required. 
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In mice, the number of purified FC administered 
is preferably between about 1 x 104 and 4 x 105 FC per 

recipient. In rats, the number of purified FC 
administered is preferably between about l x 106 and 

5 30 x 106 FC per recipient. In humans, the number of 

purified FC administered is preferably between about 1 
x 106 and 10 x 106 FC per kiloqram recipient. 

10 

15 

20 

25 

30 

35 

In mice, the number of stem cells administered is 
preferably between about 100 and 300 stem cells per 
recipient. In rats, the number of stem cells 
administered is preferably between about 600 and 1200 
stem cells per recipient. In humans, the number of 
stem cells administered is preferably between about 1 
x 105 and 1 x 106 stem cells per recipient. The amount 

of the specific cells used will depend on many 
factors, including the condition of the recipient's . . 

health. In addition, co-administration of cells with 
various.cytokines may further promote engraftment. 

In addition to total body irradiation, a 
recipient may be conditioned by illllllunosuppression and 
cytoreduction by the same techniques as are employed 
in substantially destroying a recipient's illlJDune 
system, including, for example, irradiation, toxins, 
antibodies bound to toxins or radioactive isotopes, or 
some combination of these techniques. However, the · 
level or amount of agents used is substantially 
smaller when immunosuppressing and cytoreducing than 
when substantially destroying the immune system. For 
example, substantially destroying a recipient's 
remaining illlJDune system often involves lethally 
irradiating the recipient with 950 rads (R) of total 
body irradiation (TBI). This level of radiation is 
fairly constant no m~tter the species of the 
recipient. Consistent xeno9eneic (rat ~ mouse) 
chimerism has been achieved with 750 R TBI and 

-... 
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consistent allo9eneic (mouse) chimerism with 600R TBI. 

Chimerism was established by PBL typing and tolerance 

confirmed by mixed lymphocyte reactions (MLR) and 

cytotoxic lymphocyte (CTL) response. 

s As stated hereinbefore, the above disclosed 

methods may be used for establishing both alloqeneic 

chimerism and xenoqeneic chimerism. Xenoqeneic 

chimerism may be established when the donor and 

recipient as recited above are different species. 

10 xenoqeneic chimerism between rats and mice, between 

hamsters and mice, and between chimpanzees and baboons 

has been established. Xenoqeneic chimerism between 

humans and other primates is also possible. 

Xenoqeneic chimerism between humans and other mammals 

15 is equally viable. 
It will be appreciated that, though the methods 

disclosed above involve one recipient and one donor, 

the present invention encompasses methods such as 

those disclosed in which stem cells and purified FC 

20 from two donors are engrafted in a single recipient. 

It will be appreciated that the present invention 

also provides methods of reestablishing a recipient's 

hematopoietic system by substantially destroying the -

recipient's immune system or immunosuppressing and 

25 cytoreducing the recipient's immune system, and then 

administering to the recipient syngeneic or autoloqous 

cell compositions comprising syngeneic or autoloqous 

purified FC and stem cells which are MllC-identical to 

the FC. 
30 The ability to establish successful alloqeneic or 

xenogeneic chimerism allows for vastly improved 

survival of transplants. The present invention 

provides for methods of transplanting a donor 

physiological component, such as, for example, organs, 

35 tissue, or cells. Examples of successful transplants 
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in and between rats and mice usinq these methods 
include, for example, islet cells, skin, hearts, 
livers, thyroid glands, parathyroid glands, adrenal 
cortex, adrenal medullas, and thymus glands. The 

5 recipient's chimeric immune system is completely 
tolerant of the donor organ, tissue, or cells, but 
competently rejects third party grafts. Also, bone 
marrow transplantation confers subsequent tolerance· to 
organ, tissue, or cellular grafts which are 

10 genetically identical or closely matched to the bone 
marrow previously engrafted. 

Transplanted donor organ, tissue, or cells 
competently perform their function in the recipient. 
For example, transplanted islet cells function 

15 competently, and thereby pr~vide an effective 
treatment for diabetes. In addition, transplantation 
of bone marrow using methods of the present invention 
can eli.DJ.inate.the autoimmune diabetic trait before 
insulin-dependence develops. successful solid organ 

20 transplants between humans and animal~ may be 
performed using methods of the present invention 
involving hematopoietic FC. For example, islet cells 
from other species may be transplanted into humans to­
treat diabetes in the human recipient after the 

25 disease is diagnosed or after the onset of insulin 
dependence. Major organs from animal donors such as, 
for example, pigs, cows or fish can solve the current 
problem of donor shortages. For example, 50% of 
patients who require a heart transplant die before a 

30 donor is available. It has been demonstrated that 
permanent acceptance of endocrine tissue engrafts 
(thyroid, parathyroid, adrenal cortex, adrenal 
medulla, islets) occurs in xenogeneic chimeras after 
bone marro~ transplantation from a genetically· 

35 identical donor. Hence, mixed xenogeneic chimerism or 
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fully xenogeneic chimerism established by methods of 
the present invention can be employed to treat 
endocrine disorders as well as autoimmunity, such as, 
for example, diabetes. 

s The methods of the present invention involve 
transplanting the specific donor physiological 
component by methods known to those skilled in the art 
and, in conjunction with establishing a chimeric 
immune system in the recipient using the transplant · 

10 donor as the donor of the purified donor facilitatory 
cell composition and donor stem cell composition. A 
mixed chimeric immune system is preferred. The method 
of establishinq a mixed chimeric immune system may be 

performed before, durinq, or after the transplan-
15 tation, but is preferably performed before the 

transplantation, especially since immunosuppression 
and cytoreduction or i.mmunodestruction i~ necessary in 
the chimeric methods as disclosed herein. The methods 
disclosed allow for both allotransplantation and 

20 xenotransplantation. Because the methods disclosed 
herein provide for donor-specific immunotolerance, 
many procedures previously necessary to resist 
rejection of the donor orqan, tissue, or cells are 
unnecessary. For example, live bone and cartilaqe .may 

25 be tr~nsplanted by the herein disclosed method. 
Cell f arminq technoloqy can provide for a readily 

available supply of FC, stem cells and qenetically 
matched physiological donor components. For example, 
bone marrow cells enriched for the facilitatory cell 

30 can be propaqated in vitro in cultures and/or stored 
for future transplantation. Cellular material from 
the same donor can be similarly stored for future use 
as qrafts. 

Beyond transplantation, the ability to establish 
35 a successful alloqeneic or xenoqeneic chimeric 
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hematopoietic system or to reestablish a syngeneic or 
autologous hematopoietic system can provide cures for 
various other diseases or disorders which are not 
currently treated by bone marrow transplantation 

s because of the morbidity and mortality associated with 
GHVD. Autoimmune diseases involve attack of an organ 
or tissue by one's own immune system. In this 
disease, the immune system recoqnizes the organ or 
tissue as a foreign. However, w~en a chimeric i'lllDlune 

10 system is established, the body relearns what is 
foreign and what is self. Establishing a chimeric 
immune system as disclosed can simply halt the 
autoimmune attack causing the ~ondition. Also, 
autoimmune attack may be halted by reestablishing the 

15 victim's immune system after immunosuppression and 
cytoreduction or after immunodestruction with 
syngeneic or autologous cell compositions as described 

hereinbefore. Autoimmune diseases which may be 

treated by this method include, for example, type I 
20 diabetes, systemic lupus erythematosus, multiple 

sclerosis, rheumatoid arthritis, psoriasis, colitis, 
and even Alzheimers disease. The use of the FC plus 
stem cell can significantly expand the scope of 
diseases· which can be treated usinq bone marrow 

25 transplantation. 
Because a chimeric immune system includes 

hematopoietic cells from the donor immune system, 
deficiencies in the recipient immune system may be 
alleviated by a nondef icient donor immune system. 

30 Hemoglobinopathies such as sickle cell anemia, 
spherocytosis or thalassemia a~d metabolic disorders 
such as Hunters disease, Hurlers disease, and enzyme 
defects, all of which result fro~ deficiencies in the 
hematopoietic system of the victim, may be cured by 

35· establishing a chimeric immune system in the victim · 

· 1if 11i lli1i1i1Mr 
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using purified donor hematopoietic FC and donor stem 
cells from a normal donor. The chimeric immune system 
should preferably be at least 10' donor origin 
(allogeneic or xenogeneic). 

5 The ability to establish successful xenogeneic 
chimerism can provide methods of treatinq or 
preventing pathoqen-mediated disease states, including 
viral diseases in which species-specific resistance 
plays a role. For example, AIDS· is caused by .• • · 

10 infection of the lymphohematopoietic system by a 
retrovirus (HIV). The virus infects primarily the 
co4+ T cells and antiqen presenting cells produced by 
the bone marrow stem cells. Some animals, such as, 
for example, baboons, possess native immunity or 

15 resistance to AIDS. By establishing a xenoqeneic 
immune system in a human recipient, with a baboon or 
other AIDS resistant and/or immune animal as donor, 
the hem~topoietic system of the human recipient can 
acquire the AIDS resistance and/or immunity of the 

20 donor animal. Other pathoqen-mediated disease states 
may be cured or prevented by such a method using 
animals immune or resistant to the particular pathoqen 
which causes the disease. Some examples include 
hepatitis A, B, c, and non-A, B, c hepatitis. Since 

25 the facilitatory cell plays a major role in allowing 
enqraftment of stem cells across a species disparity, 
this approach will rely upon the presence of the 
facilitatory cell in the bone marrow inoculum. 

The removal of the facilitatory cell has been 
30 shown to substantially impair enqraftment across 

species differences. However, while not the p~eferred 
approach, untreated xenoqeneic bone marrow will 
enqraft if sufficient cells are administered. Bone 
marrow derived cells could be used in this case to 

35 treat or prevent AIDS with or without enrichment for 
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the facilitatory cell. Previous studies demonstrated 
that GVHD could occur across a species barrier. 
Therefore, the preferred approach would be to 
establish the xenogeneic chimeric immune system using 

s cellular compositions comprising purified donor FC by 
methods disclosed herein or compositions depleted of T 
c.ells. 

Furthermore, some animals, such as, for example, 
baboons and other non-human primates, possess native 

10 immunity or resistance to hepatitis. By transplanting 
a liver from a baboon or other hepatitis resistant 
animal into a victim of hepatitis using a method of 
the present invention, wherein a xenogeneic chimeric 
immune system is established in the victim using 

15 purified donor FC plus stem cells, the donor liver 
will not be at risk for hepatitis, and the recipient 
will be tolerant of the graft, thereby eliminating the 
requir~ent for nonspecific ·immunosuppressive agents. 
Unmodified bone marrow or purified stem cells may 

20 suffice as the liver may serve as a hematopoietic 
tissue and may contain Fe· that will promote the 
engraftment of stem cells from the same donor. 

Establishing a mixed chimeric immune system·has -
also been found to be protective against cancer. 

25 Sykes et al., 1990 PrOC. Natl. Acad. Sci •. U.S.A.,. 
87: 5633-5637). Although the mechanism is not known, 
it may be due to multiplication of immune cell tumor 
specificity by the combination of donor and recipient 

. I 

immune system cells. 
30 Usually, mixed chimerism is preferred. However, 

fully allogeneic or fully xenogeneic chimerism may be 

preferred in certain instances. For eXilmple, the 
present invention provides a method of treating 
leukemia or other malignancies of the 

35 lymphohematopoietic system comprising sµbstantially 
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destroying the victim's immune system and establishing 
a fully allogeneic chimeric immune system by the 
methods described herein. Since the victim's own 
illllllune system is cancerous, it is preferred to fully 

s replace the syngeneic cells with allogeneic cells of a 
non-cancerous donor. In this case, autologous 
purified stem cells and Fe may be used in order to 
totally eliminate all cancer cells in the donor 
preparation, especially if high dose chemotherapy or 

10 irradiation is used to ablate endoqenous FC. 
The present invention also provides a method of 

resisting physioloqical effects of aging. current 
research indicates aging is related to hormonal 
changes, sucb as, for example, lower qrowth hormone. 

15 These changes can result in decreased physioloqical 
and/or physicochemical protection, such as, for 
example, protection against free radicals. Using 
methods of the present invention, transplantation of 
the pituitary, pituitary and hyp~thalamus, or other 

20 endocrine tissues can provide renewed hormone levels. 
The present invention also provides methods of 

practicing gene therapy. It bas recently been shown 
that sometimes even autologous cells which have been -
genetically modified may be rejected by a recipient. 

25 Utilizing methods of the present invention, a chimeric 
immune system can be established in a recipient using 
hematopoietic cells which have been genetically 
modified in the same way as genetic modification of 
other cells beinq transplanted therewith. This will 

30 render the recipient tolerant of the genetically 
modified cells, whether they be autologous, syngeneic, 
allogeneic or xenogeneic. 

It will be appreciated that the present invention 
discloses cellular compositions comprising purified FC 

35 cellular compositions depleted of T cells with the 



WO 94/01534 PCT /US93/06506 

- 38 -

retention of FC and stem cells, methods of purifying 
FC, methods of establishing fully, completely or mixed 
allogeneic or xenogeneic chimeric immune systems, 
methods of reestablishing a syngeneic immune system, 

5 and methods of utilizing compositions of Fe to treat 
or prevent specific diseases, conditions or disorders. 
It will also be appreciated that the present invention 
discloses methods of treating or preventing certain 
pathogen-mediated diseases by administering xenogeneic 

10 cells which have not been purified for the 
facilitatory cell. 

Wbereas particular embodiments of the invention 
has been described hereinbefore, for purposes of 
illustration, it would be evident to those skilled in 

15 the art that numerous variations of the details may be 

made without departing from the invention as defined 
in the appended claims. 

20 

6. EXAMPLE: REMOVAL OF FACILITATORY CELLS 
REDUCES ALLOGENEIC BONE MARROW 
EHGRAFTMENT 

6.1. BATEBIALS AND METBODS 

6 .1.1. PBEPABATION OF MIXED ALLQGENEIC CHIMERAS -
To prepare mixed chimeras, bone marrow from the 

25 long bones of syngeneic mice and alloqeneic mice were 
harvested. The mice were euthanized with C<>i 
narcosis, prepared with 70t alcohol, and the long hind 
bone (femora and tibia) removed. The marrow was 
flushed from the bones using medium 199 (Gibco 

30 Laboratories Life Technology, Inc., Grand Island, New 
York) supplemented with so µl/ml of qentamicin using a 
22-gauge needle. The medium mixture (MEM) was used to 
mechanically resuspend the bone marrow by gentle 
aspiration through an 18-gauge needle and the 

35 suspension filtered through sterile nylon mesh gauze. 
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The cells were then pelleted at 1000 rpm for 10 
minutes, resuspended in MEM, and counted. In standard 
allo9eneic reconstitution, RAMB was used for T-cell 
depletion (1:40 or appropriate dilution at 108 

5 cells/ml at 4°C for 30 minutes). Cells were then 
washed in MEM, spun at 1000 rpm for 10 minutes and 
resuspended in guinea pig complement at 37°C for 30 
minutes (Gibco Laboratories Life Technology, Inc., 
Grand Island, New York). Cells were washed twice, 

10 counted and resuspended in MEM at the appropriate 
concentration to allow injection of 1 ml of total · 
volume per animal. Within 4-6 hours after irradiation 
of recipient animals, the cells were injected via the 
lateral tail veins using a 27-gauge needle. 

15 

6.1.2. ANIMALS 
Six to eiqht week old male C57BL/lOSnJ (BlO), 

BlO.BR/SgSn (BlO.BR), BAJjB/c mice were purchased from 
the Jackson Laboratory (Bar Harbor, Maine). Four to 

20 eight week old male Fischer 344 (F344), ACI and Wistar 
Furth (WF) male rats were purchased from Harlan 
Sprague Dawley, Inc. (Indianapolis, Indiana). Animals 
were housed in a specific pathogen-free facility at 
the Biomedical Science Tower at the University of 

25 P_i ttsburqh. 

30 

6.1.3. DEPLETION OF CELLULAR SUBSETS 
FBOM BONE MARBOW 

When cellular subset depletions were performed, 
bone marrow was harvested in a similar fashion. 
Treatment was carried out usinq anti-CD4 (L3T4, IgG2b, 
ATCC or RLl/72, IqM), anti-CDS (LYT2, IqM, ATCC), 
anti-Thyl.2 (20-20-5 IgM; ATCC), anti-Mac-1 (IqG2b; 
ATCC), or anti-Class II IAk (IgM; ATCC) plus rabbit 

35 complement (C') prepared from New Zealand white 
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retired breeder rabbits and previously screened in the 
laboratory. The incubation was at 37°C for 45 minutes 
for antibody treatment followed by washing and 37°C 
for 30 minutes with c• treatment; and washed two 

s times. The remaining cells were often depleted for a 
second round with antibody and complement before use. 

Because anti-NKl.l antibody did not fix c•, 
depletion of NK cells was .performed using negative 
selection· by flow cytometry. Bone marrow was - - · 

10 harvested in the usual sterile fashion and staining 
·with monoclonal antibody anti-NKl.1 performed in Hanks 
buffered saline solution to which 2t FCS plus 
gentamicin were added. The cell fraction which did 
not stain with NKl.l antibody was collected and used 

15 as a HK-negative cell population. 
Rabbit-anti-mouse-brain (RAMB) was a polyclonal 

antiserum prepared by immunizing rabbits with 
homogen~zed mouse brain. RAMB has been frequently 
used as an agent for depleting T-cells over the past 

20 few decades. 

25 

30 

6.1.4. CHARACTERIZATION OF CHIMERAS 
BY FLQW CXTOME'l'RY 

Recipients were characterized for engraftment 
with syngeneic, xenogeneic, allogeneic, syngeneic and 
xenogeneic, or syngeneic and allogeneic donor lymphoid 
elements using flow cytometry to determine the 
percentage of peripheral blood leukocytes (PBL) 
bearing MHC Class I (H-2b or H-2k) and Class I[RtI] 
rat anti-F344 [RtIA]l], WF (RtIAu], or ACI [RtIA1 ] 

surface markers. Briefly, peripheral blood was 
collected into heparinized plastic serum vials. After 
thorough mixing, the suspension was layered over 1.s 
ml of room temperature lymphocyte separation medium 

35 (LSM) (Organon Technical, Kensinqton, Maryland) and 
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centrifuged at 20°c at 1700 rpm for 30 minutes. The 
lymphocyte layer was aspirated from the saline-LSM 
interface and washed with medium. Red blood cells 
were ACK-lysed (ammonium chloride/potassium carbonate 

s lysinq buffer) and the remaining cells stained with 
appropriate monoclonal antibodies (mAbs) for 30 
minutes at 4°C and counterstained with sandwich when 
required. 

Analyses of splenic and thymic lymphoid cells 
10 were performed using a fluorescence activated cell 

sorter (FACS) (FACS II Becton Dickinson and compa~y, 
Mountain View, California). Monoclonal antibodies 
anti-WF and a~ti-F344-Biotin were of rat origin and 
were utilized for.Class I staininq of rat cells. 

15 Anti-u2b mAb (28-8-6S) (IqG2a; HB31; American 'l'ype 

culture Collection, Rockville, Maryland) was utilized 
for class I staining. Anti-CD4-PE mouse, anti-THYl.2 
PE, anti-CDS-FITC mouse (Becton Dickinson and 
company), anti-TCR-a~-FITC, anti-TCR-y6, anti-8220 

20 (anti-B-cell) and anti-Class II (IAk or IE1') 

(Pbarmangen, San Dieqo, California) were utilized for 
cellular subset staining. 

Data were displayed as cell frequency histoqrams 
in which loq fluorescence intensity was displayed on 

25 the horizontal axis and relative cell number on the 
vertical axis. The percentage of cells.considered 
positive after staining with·the relevant llAb was 
calculated using a cut-off ~or positivity determined 

30 

35 

from the control fluorescence profiles of negative and 
positive control populations (BlO mouse and F344 rat). 
In addition, the relative size and qranularity of 
cells were determined by flow cytometry using forward 
and side scatter. Lymphocytes and other cells with 
smaller size and lower granularity resided in one 
characteristic area, while larger and more granular 
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cells such as macrophages and granulocyte resided in 
another. 

6.2. RESULTS 

s The experiments described in the following 
sections utilized a mixed chimeric model in which 
recipient animals were lethally-irradiated and 
transplanted with varying doses and subsets of 
allogeneic donor cells with or without 

10 co-administration of syngeneic cells. The percentage 
of allogeneic or xenogeneic chimerism, i.e., the level 
of mixed chimerism was used as a read-out of the 
efficiency of donor cell enqraftment. 

It is noteworthy that enqraf tment of allogeneic 
15 bone marrow between different strains of mice 

generally occurs with a relatively high frequency, 
i.e., TCD does not completely abrogate enqraftment. 
However; xenoqeneic enqraftment is much more difficult 
to achieve, i.e., TCD of xenogeneic donor cells 

20 usually causes death of the recipient due to failure 

of enqraftment. In fact, findings in xenoqeneic 
enqraftment performed in animal models much more 
closely resemble human allogeneic bone marrow 
transplantation results in that TCD of human 

25 

30 

allogeneic bone marrow cells usually leads to a hiqh 
.incidence of mortality. Thus, data presented in this 
section, in Examples 7 and 8, intra, in which 
alloqeneic bone marrow c~lls_were transplanted were 
primarily used to demonstrate the activity of the FC 
by measuring an increase in chimerism over a lower 
level of chimerism achieved by TCD donor cells. 
However, Example 9, infra presents results from 
xenogeneic transplants where engraf tment was assessed 
in relation to death of recipients receiving TCD 

35 xeriogeneic donor cells. Reconstitution of lethally 
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irradiated recipients with TCD syngeneic (host-type) 
plus TCO allogeneic (donor-type) bone marrow (A + B -
A) resulted in mixed multilineage lymphohematopoietic 
chime!ism (~able l; Group A). When only the syngeneic 

s component of the bone marrow inoculum was T.CD with 
RAMB, completely allogeneic enqraftment resulted 
(Table l; Group B) •. Hence, the syngeneic bone marrow 
stem cell was not eliminated by TCD, but the cell 
which facilitated its engraftment was. 

10 

15 

20 

25 

30 

35 
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TABLE 1 

Effect Of Depletion Of T-Cella Or MAC-1 Cella From The Allogeneic 
Component Of The Mixed Bone Marrow Inoculum On Level Of 

Alloqeneic Chimeriam•: 
Flow Cytometric Typing 

Animal Treatment Of 
Group No. 810.BR Marrow 

\ All~neic 
Chimeriam (H-2k) 

A 

B 

c 

D 

E 

F 

• 

* 

11 ltAKB 3.2 
12 RAMS 14.6 
13 RAHB 22.6 
14 RAMS 8.2 
15 HORE 100• 
16 RONE 100• 
17 RONE 100• 
18 NORE 100• 

19 ANTI-COB 100• 
20 ANTI-COB 100• 
21 ANTI-COS 100• 
22 ANTI-COB 100• 

23 ANTI-C04 100•. 
24 ANTI-CD4 100• 
25 ANTI-cD4 100• 
26 ANTI-cD4 100• 

27 ANTI-cD4 + CDS 100• 
28 ANTI-C04 + CDS 100• 
29 ANTI-C04 + CDS 100• 
30 ANTI-C04 + CDS 100• 
31 ANTI-cD4 + CDS 100• 
32 ANTI-cD4 + CDS 100• 33 ANTI-CD4 + CDS 

100• 
-

34 ANTI-MAC 1 100• 
35 ANTI-MAC 1 100• 
36 ANTI-MAC 1 100• 
37 ANTI-MAC 1 100• 

5 x 106 RAHS-treated BlO cell• + 15 x 106 810.BR cell• ~ BlO 
host • 

Thi• i• one of 10 experimental groupa prepared. All 
ayngeneic bone marrow waa RAMS-treated. 

Animal• were PBL typed for chimeriam at 6 weeks after 
reconstitution. 

No peak by flow cytometry. Numbers have been normalized to 
100\. 
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TCD was almost certainly not a stem cell 
depletion effect since in syngeneic reconstitution 
studies, titration of number of cells to achieve 
engraftment showed similar survival curves whether 

s . untreated or TCD bone marrow was administered. 
-similar findings were obtained when RAMB treated 
marrow was administered or when anti-THY-1 monoclonal 
antibody plus c• treatment was utilized. In further 
studies using the mixed allogeneic chimera model, it 

10 was demon~trated that removal of co4+, cos+, co4+ 

15 

20 

25 

30 

35 

plus cos+, and MAc-1+ c.ells using monoclonal 

antibodies plus c• did not eliminate allogeneic 
engraftment, i.e., 100' allogeneic chimerism resulted 
(Table· l; Groups c through F). This finding is 
particularly important clinically because cells .ex­
pressing these markers appear to produce GVHD in hu­
mans, mice, and rats. co4+ cells, cos+ cells, B cells 

and to a lesser extent NK cells have been implicated 
in lethal and non-lethal GVHD. Removal of these 
subsets, therefore, would eliminate GVllD but not the 
facilitating cell. 

The adequacy -of depletion of the mixed allogeneic 
chimera models of Table 1 was confirmed by flow 
cytometry using either a non-cross-reactive monoclonal 
antibody or a saturation sandwich antibody technique 
(if a non-bloc~ing second antibody to the same antigen 
was not available). Recipient animals were typed for 
levels of allogeneic and syngeneic chimerism using 
anti-Class I (H-2k and H-2b) monoclonal antibodies and 

PBL at 6 weeks after reconstitution. Some animals 
were re-typed at 2., 4 and 6 months to follow kinetics 
of the chimerism. 

Treatment of the allogeneic bone marrow inocula 
with anti-THYl.2 plus c• to remove THY1.2+ cells 

resulted in a reduction of the facilitating effect, 
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represented by mixed instead of completely alloqeneic 
enqraftment. The effect with anti-THYl.2 was not as 
dramatic as that with RAMB might be a result of the 
inability of anti-THYl.2 to completely eliminate all 

5 Thy1.2+ cells. This treatment did not remove the 

allogeneic stem cell, sin~e some allogeneic 
enqraftment was observed; thus, it must have 
eliminated the facilitatinq effect which occurred when 
untreated marrow was ~dministered (Table 2). 

10 compiement controls were performed for each experiment 
and the results were similar to those for untreated 

bone marrow. 

15 

20 

25 

30 

35 

TABLE 2 

Effect Of T-Cell Depletion From The Allogeneic Component Of Mixed 
Bone Harrow Inoculum On Level Of Allogeneic Chimeriam 

Treatment Of 
Allogeneic Donor '~logeneic 

Chimera Number (810.8R Harrow) (H-2 ) Chimeriam'lf 

1 RAMB 38.3 

2 RAMB 40.3 

3 RAMB 2.4 -
4 RAMB 1.7 

s TBYl.2 82.8 

6 T&Yl.2 79.4 

7 THrl.2 82.4 

8 Tml.2 79.5 

9 ftYl.2 88.8 . 
10 THYl.2 86.4 

• S x 106 RAHS-treated BlO cells + 15 x 106 810.8R cells ~ BlO 
host. 

~ Typinq was performed on PBL by one color flow cytometry. 
Isotype-specif ic controls were also performed. Chimeras 
were typed at 6 weeks. 
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In further studies to characterize the potency of 
this facilitating effect and estimate the number of 
cells required for the effect, titration of donor 
cells was performed to determine the dose at which the 

s facilitating effect was eliminated, as evidenced by 
mixed chimerism or syngeneic repopulation (see Table 
JA). While engraftment of allogeneic bone marrow 
cells did not ~ccur at all when s x 106 RAHB treated 

allogeneic bone marrow cells were administered (Table 
10 3A; Groups 1-4), 100' of animals were completely 

chimeric when s x 106 untreated (Table 3A; Groups 15 

and 16) or CD4 depleted (Table 3A Groups 6-8) or cos 
depleted (Table 3A, Groups 9-11), or CD4 +cos 
depleted (Table 3A, Groups 12-14) allogeneic bone 

15 marrow cells were administered. Similar results 
occurred when MAc-1+ cells (Table 3A Group 17) or 

B220+ cells (Table 3A, Group 19) were removed. Table 

JB pres~nts additional data which is cumulative to 

20 

25 

30 

35 

that presented in Table 3A. These data further 
support the conclusion that the facilitating cell .is a 
cell separate from the pluripotent hematopoietic stem 
cell since removal of co4+ and cos+ cells would enrich 

for the stem cell, yet complete allogeneic chimerism 
began to disappear when <5 x 106'allogeneic cells were 

administered • 
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TABLE 3A 

Titration Of Cell Number In Allogeneic Component 
Of Mixed Bone Marrow Enqraftment: 

Effect Of Composition On Level Of Chimerism 
5 

' Allogeneic 
Animal 'treatment Of Chimeric 

grgu~ 10. 110-IR 11ai;;:row ll••D 'Bagge} 
1 6 15 x 106 RAMS-Treated 810.8R 17 (2-40) 

2. s 10 x 106 RAMS-Treated 810.BR 16 (0-31) -... 
10 3 5 5 x 106 RAHS-Treated 810.BR 3 (0-S) 

4 5 1 x 106 RAMS-Treated 810.BR 0 

5 4 15 x 106 Thyl-Depleted 810.BR 81 (S0-83) 

6 s 15 x 106 ·CD4-Depleted 810.BR 97 (96-9S) 

7 s 10 x 106 CD4-Depleted 810.BR 9S (94-100) 
15 s s S x 106 CD4-Depleted 810.BR 9S (94-99) 

9 5 15 x 106 CDS-Depleted 810.BR 100 (99-100) 

10 5 10 x 106 CDS-Depleted 810.BR 99 (98-100) 

11 s S x 106 CDS-Depleted 810.BR 9S (96-100) 

12 7 15 x 106 c;D4 plus CDS Depleted 9S (96-99) 
20 810.BR 

13 7 10 x 106 CD4 plus CDS Depleted S4 (6-99) 
810.BR 

14 7 S x 106 CD4 plus CDS Depleted' 81 (0-99) 
810.BR 

15 4 10 x 106 Untreated 810.BR 99 (97-9"9) 
25 16 4 5 x 106 Untreated 810.BR 77 (47-93) 

17 5 15 x 106 Hac-1-Depleted 100 (99-100) 
(Hac-1) 

lS 2 15 x 106 10t-Depleted 99 (99) 

19 5 15 x 106 a-Cell-Depleted 100 (99-100) 

30 
(8220) 

35 
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TABLE 38 
EFFECT OF NEGATIVE SELECTION OF 

ALLOGENEIC (810.BR) CELLULAR SUBSETS 
ON FACILITAIION OF ENGRAFTKENT ~F THE ALLOGENEIC STEM CELL 

(S x 10 RAMS 810 + 15 x 10 TREATED BlO.BR ~ 810) 

'l'REA'l'KENT OF ALLOGEHIC ' ALLOGEHIC 
COKPOQHT OF MIXED BORE DONOR CHIMERISf: 

§rou:e !! MARROW J;NOCULY!:I KEAN (RANGi;) 

1 10 15 x 106 RAHS-Treated so (2-76) 
2 5 10 x 106 RAKB-Treated 16 (0-31) 
3 8 s x 106 RAHS-Treated 17 (0-30) 
4 16 15 x 106 Untreated 99 (9S-100) 
5 12 10 x 106 Untreated 99 (97-99) 
6 12 5 x 106 Untreated 77 (47-93) 
7 s 15 X 106 CD4-Depleted. 97 (96-'9S) 
8 s 10 x 106 CD4-Depleted 9S (94~100) 
9 5 5 x 106 CD4-Depleted 98 (94-99) 

10 5 15 x 106 CDS-Depleted 100 (99-100) 
11 s 10 x 106 CDS-Depleted 99 (9S-100) 
12· s 5 x 106 CDS-Depleted 9S (96-100) 
13 7 15 x 106 CD4 plus CDS-Depleted 98 (96-99) 
14 7 10 x 106 CD4 plus CDS-Depleted 84 (6-99) 
15 7 S x 106 CD4 plus CDS-Depleted 81 (0-99) 
16 5 15 x 106 Mac-1-Depleted (Mac-1) 100 (99-100) 
17 2 15 x 106 Nlt-Depleted2 99 (99) 
18. 5 15 x 106 B-C.ll-Depleted (B220) 100 (99-100) 

•4• -

Typing was performed by flow cytometric analysis on 
PBL (wide lymphoid gate) using anti-H-2b and anti­
H-2k mAb at 6 weeks following reconstitution. Some 
animals were typed a second and third time at later 
points up to 4 months. As in our previous 
experience, the percentage of alloqeneic chimerism 
remained stable for individual ~nimals. 

All mice received a mixture of 5 x 106 RA.MB-treated 
syngeneic BlO plus 15 x 106 variably treated 
all~enic bone marrow cells (S x 106 RAMB 810 + 15 
x 10 treated 810.8R .. 8 10) following conditioning 
with total body irradiation (9.S Gy) as previously 

·described. Representative summary of negative 
selection studies performed using monoclonal 
antibody plus rabbit complement (2 cycles) 
treatment. 
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Natural killer (NK) cells have been reported to 
exert an influence on enqraftment of alloqeneic bone 
marrow qrafts. These cells express THYl and NJ< 1.1 

markers in the mouse, NKRPl in both mice and rats, and 
s CDl6 and CDS6 in humans. Because anti-NK 1.1 antibody 

does not fix complement, NK 1.1+ cells were negatively 

selected usinq flow cytometry and the remaininq NK1.1-

alloqeneic bone marrow inoculwn utilized as donor 
cells to prepare mixed alloqeneic chimeras. In 4 out 

10 of 4 recipients tested that received mixed 5 x 106 

15 

20 

25 

30 

35 

RAMB treated BlO and s x 106 NK 1.1 depleted BlO.BR 

bone marrow, completely allogeneic reconstitution was 
observed (100% BlO.BR), demonstrating that the 
facilitatory cell was not an NK cell. 

Similar antibody plus c• depletions were carried 
out using anti-Class II (I-Ak) monoclonal antibody 

plus co~plement treatment. However, it is well known 
that Class II killing by this approach is not as 
efficient as anti-Class I or subset-directed antibody­
mediated cytotoxicity. Table 4 lists the results of 
one of three experiments performed. These data 
indicate that Class II depletion using mAl> plus c• 
removed the allogeneic facilitating effect in a manner 
similar.to RAMB. However, because 1DAb and c• treat­
ment in this instance was not the optimal approach, 
neqative selection experiments usinq flow cytometry 
and directly labeled monoclonal antibodies for 
positive cell sorting were performed as discussed in 
Section 7, infra. 

It has been widely observed that cells that 
express a cell surface marker at a low density are 
less likely to.be removed by antibody directed aqainst 
this marker, such as by complement-mediated lysis. 
This may explain the data regarding the expression of 
Class II molecules on FC, as well as the disparity in 
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the FC expression of CDS and CDJ when tested by 
antibody plus complement as opposed to positive 
selection by cell sorting using antibodies. Cell 
sorting is a very precise technique which allows the 

s identif.ication of small populations of cells 
expressing low levels of certain surface markers. It 
is highly likely that most FC express CDS, CDJ, and 
Class II at very low levels. 

10 

15 

20 

25 

30 

35 



- ., 

W094/01534 PCT/US93/06506 

5 

10 

15 

20 

25 

30 

35 

- 52 -

TABLE 4 
Effect Of Depletion Of Class II+ Cells From Allogeneic 

Bone Marrow Inoculum.on Level Of 
Allogeneic Chimerism 

Mixed Rfconstitution 
cs x 10 RAHB 810 + --1 

15 x 106 llAMB 819.BR 

15 x 106 RAHS 810.BR 

15 x 106 RAMS 810.BR 

15 x 106 RAMB 810.BR 

15 x 106 Class II - Depleted 810.BR 

15 x 106 Cla•• II - Depleted 810.BR 

15 x 106 Claes II - Depleted 810.BR 

is x 106 Class II - Depleted B10.8R 

10 x 106 Class II - Depleted 810.BR 

10 x 106 Claes II - Depleted 810.BR 

10 x 106 Cla•• II - Depleted 810.BR 

10. x 106 Class II - Depleted 810.BR 

s x 106 Cl••• II - Depleted 810.BR 

s x 106 Cla•• II - Depleted 810.BR 

5 x 106 Claae II - Depleted 810.BR 

5 x 106 Claaa II - Depleted 810.8R 

1 x 106 Claaa II -· Depleted BlO.BR 

1 x 106 Class II - Depleted 810.BR 

1 x 106 Claaa II - Depleted 810.BR 

1 x 106 Claea II - Depleted 810.8R 

Animal 
Ro. 

130 

131 

132 

133 

138 

139 

140 

141 

142 

143 

144 

145 

146 

148 

149 

150 

151 

152 

153 

154 

Repopulation 

Mixed 

Mixed 

Mixed 

Mixed 

syn9eneic 

Mixed 

Mixed 

Mixed 

Completely 
Allogeneic 
Syngeneic 

Syngeneic 

Completely 
Allogeneic 
Syn9eneic 

Syngeneic 

Mixed 

Syn9eneic 

Mixed 

Mixed 

Mixed 

Mixed 
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These data demonstrate that the facilitatory 
cells are not lysed by antibodies specific for CD4, 

cos, a tandem CD4 and COS, NKl.l, Mac-1 or B220. 
Therefore, negative selection of cells possessing 

s these markers would remove the GVHO producing cells 
and enrich for the FC. Following this procedure, at 

·least eighty percent (80%) of total cells would be 
removed. Negative selection of cells possessing these 
markers would be a clinically viable approach to 

10 preserve and enrich for the FC while eliminating the 
GVHO-producinq cells. Subseque~t ·studi~~--,u~·ing 

positive selection demonstrated that the FC are cos+ 

(see Section 7, infra). These seemingly contradictory 
results are probably due to incomplete elimination of 

15 cos+ cells in the negative selection method, ~, 

there are not enough CDS molecules on the surf ace of 
the FC for a cytotoxic effect when treated with 
antibody and complement. Thus, it might not be an 
ideal approach to use anti-CDS antibody to remove 

20 GVHO-producinq cells in an attempt to preserve FC, 
unless the antibody is first screened for its 
activity. Moreover, mouse FC were.also not removed by 
anti-CD3 depletion but were shown to be co3+ by 

25 

30 

35 

positive.cell sorting. The rat FC were not removed by 
anti-CD3 +c• treatment in rat ~ mouse bone marrow 
transplantation. Thus, experimental data disclosed 
herein show that antibodies specific for MHC Class II 
antigen, cos and CD3 may not completely eliminate FC 
by complement lysis but such markers are in fact 
present on the surf ace of FC when cell sorting and 
add-back studies are performed. 

This 'observation is particularly important in 
regard to the expression of CD3 by FC. Since CD3 is a 
marker that is expressed in high levels by T cells 
which are the primary GVHD-producing cells, it is 



. WO 94/01534 PCT/US93/06S06 

- 54 -

possible to use anti-CD3 antibodies to selectively 
deplete T cells, which preserving FC which express 
lower levels of CDJ. However, in order to use anti­
CDJ in.this manner, it must be pre-screened in vitro 

5 and in vivo for this selective activity prior to its 
use. 

10 

7. EXAMPLE: ADDITION OF FACILITATORY 
CELLS ENHANCES ALLOGENEIC 
BONE BARROW INGBAFTMENT 

7.1 •. MATERIALS AND KETHODS 

7.1.1. POSITIVE SELECTION OF FC 
Bone marrow was harvested from BlO mouse donor 

and BlO.BR donor in the fashion previously described 
15 Example 6, supra. The BlO bone marrow was depleted of 

T-cells utilizinq RAMB and quinea piq complement as 
previously described. The BlO.BR bone marrow was 
resuspended in Hanks Balanced Salt Solution (HBSS) 
with 5 ml Hepes (1 molar) per 500 ml at 70 x io6 

20 cells/ml to which 2' FCS was added. 'rhe cells were 
centrifuged and subsequently fluorescein-conjugated 
(FITC) anti-Class II monoclonal antibody was added at 
1:10 dilution in MEM + res to treat 50 x 106 cells/ml.-

25 

30 

35 

The cells were incubated for 45 minutes at 4°C, then 
washed twice at 1000 rpm for 5 minutes in HBSS + 2t 
res mixture as sort medium. The cells were then 
resuspended in medium and f i"ltered through nylon mesh 
and analyzed by the Fluorescence Activated Cell Sorter 
(FACS). The dual laser system allowed for 4 
fluorescent parameters and two light ~catter 
parameters to be recorded for each analyzed cell. 
Residual erythrocytes and dual cells and debris were 
excluded by light scatter and propidium iodide 
staining. compensation for spatial overlaps_of 
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fluorescein and phycoerythrin, and fluorescein and 
propidium iodide, was adjusted. 

For cell sorting, the stained samples were 
maintained at 4°C throughout the sorting procedure. 

s Sorted drops were collected in MEM with 10% FCS. 
Following isolation of a cell population by FACS, the 
sample was diluted 1:1 in MEM, centrifuged at 1000 rpm 
for 10 minutes, the supernatant decanted, and the cell 
pellet resuspended in o.s ml Of MEM. The suspension 

10 was counted and the concentration adjusted for 
intravenous· injection into lethally irradiated 
recipients. In these studies, irradiated BlO mice 
received 5 x 106 RAMB-treated BlO bone marrow cells + 

15 

20 

25 

30 

35 

5 x106 RAMB-treated BlO.BR bone marrow cells + 

positively or negatively sorted BlO.BR subsets. 
Titrations were performed to determine the ratio of 
syngeneic to alloqeneic bone marrow cells in which the 
majori~y. of recipients would populate as syngeneic or 
<10' alloqeneic. When the ratio of RAMB-treated 
syngeneic: RAMS-treated alloqeneic bone marrow cells 
was 1: 1 ( 5 x 106 RAMB-treated BlO + 5 x 106 RAMB-

treated BlO.BR ~ B.10) 57' of the recipients 
repopulated as syngeneic and the overall mean for 
alloqeneic PBL chimerism was 17t. 

. 7. 2. . BESULTS 

From the negative selection experiments described 
in Section 6, supra, it was demonstrated that (1) 
removal of the Class 11+ population from the 

allogeneic bone marrow inoculum removed the 
facilitating effect, and that (2) administration of 
the Class lI+ population· alone did not result in 

engraftment of alloqeneic bone marrow, indicating that 
the stem cell is not.Class 11+. In contrast with 

antibody .plus complement depletion of undesired cell 
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types, in which at most 70-80% purity of the 
facilitatory cell plus stem cell fraction can be 

obtained, the cell sorter could be used to select 
fractions containing about 96-99% purity and cell 

5 viability of >95%. Data from positive selection and 
add·back studies showed that the facilitatory cell was 
Class II+ but not Class II briqht. Simultaneous 

morphological studies by electron microscopy 
identified Class II briqht cells as lymphocytes, 

10 probably mature B-cells; while the FC exhibited a 
unique non-lymphoid morphology. (See FIG.1) Thus, 
Class II brightness may also be used as a further 
neqative selection marker. 

Facilitation of alloqeneic stem cell enqraftment 
15 occurred reliably and reproducibly if Class 

11dimfmtermedia~, co4s+, CD45R+, or cos+ donor-specific 

sorted cells from the intermediate forward scatter and 
low side scatter ("lymphoid") gate were administered 
in a recipient (Table 5)~ However, donor specific 

20 Class IIdimtmtermedia~ cells from the forward and side 

25 

30 

35 

light scatter profile which characterized the myeloid 
qate did not facilitate enqraftment, nor did.the 
putative neqative fraction. Moreover, MllC-disparate 
BAUJ/c (H-2d) third party cells sorted for the same 

putative markers did not facilitate alloqeneic stem 
.cell enqraftment in 4 of 4 experiments. On the other 
hand, ens+ /CD45R+ /TCR.a(J FC isolated from H-2kxff-2d Fl 

mice were able to enhance the enqraftment of 
RAMB-depleted BlO (H-2b) and BlO.BR {H-2k) bone marrow 

in BlO mice resulting in 100' H-2k allogeneic 

chimerism, indicating that haploidentical, i.e. half 
matched, FC are sufficient to facilitate· the 
engraftment of bone marrow stem cells. The~efore, the 
FC must be genetically matched, but only partially, to 
the donor cells. 



... -. 

W094/01534 PCT/US93/06506 

5 

10 

15 

20 

25 

30 

35 

- 57 -

TABLES 

Effe1:1 of Poailivc Sclcelioa And Add-Back Of CcUulllr SublCU On Facili'81ion Of Ea,nftment: Cell Sonina 
Expcnmcn&a (5 1t 1~ RAMB BIO + 5 x l~ RAMB BIO.BR + Soncd Frac\ion)1 

" AlloScncic
3 Soned 

Group Son.eel Fraclioa N Gaie2 Caimeriam Allogcaeic' Cell 

Dote x ·~ 
Al Clall~ 7 Moac II (0-51) 0.6 (0.1-1.9) 

aw udim. .__,:=:, 7 Noac 99 (9&-100) 12.9 (4-15) Al ....-
Bl au.n4i-- ... r I 3 Nam 94(19-99) 2.1 (1.9-3. 7) 

Cl au. IJllCllili¥e 1 L,....a.aw 99 (9&-100) 3.15 (1.M.7) 

C2 au.~ 2 L,....a.aw 39 (0-75) 1.4 (0.5-2.3) 

DI au. .... -..11·11 2 L,....a.aw 91 3.4 (1.7-4.ll. 

D2 a...~ 2 L,....a.aw 42 (0-IS) 3.45 (l.2-5.7) 

El au. JIPGlilift 2 M,..&aid 20(0-39) 4.4 (4.5-4. 7) 

E2 aw~ 2· Myeloid 25 (2-49) O.SI (0.47-0.69) 

Fl 8220+ 2 L,....a.aw 49(3U6) 4.1 (3-5.1) 

F2 B220'" 2 L,....a.aw 97 (95-100) 1.2 (6.3-10) 

GI MK-1+ 2 LJllllllboid 35(23-46) 3.7 (3.6-3.9) 

G2 ·w.c-r 3 LJlllllbaid 99 (91-100) 6.S (S .6-1.5) 

HI C04+ 1 LJlllllbaid S0(4&-51) 0.29 (0.2.Q.36) 

H2 CD4" 2 L,....a.aw 91 (97-99) 1.1 (0.62-0.36) 

It coa+ 2 L,....a.aw 97(95-99) o.os (0.01-0.09) 

12 a>r 2 LJlllPbaicl 49 (15-13) 3.1 (3.7-3.9) 

JI C045+ 3 L,....a.aw 96 (93-100) 5.4 (4-1.7) 

J2 CD45" 2 LJlllllbaid . '20(10-13) 0.45 (OA-Q.5) 

ICI CDUR+ 1 LJlllPbaid 97(96-99) 1.6 (1.4-1.7) . 
IC1 CD45r 2 LJlllPbaid .-0(»61) 5.4 (4.4-6.5) 

Comal No Cella Added 117 NIA 17(0-30) Nam 

All mice .,... ooadilioald wida Tacal Boc1J kndilrioD ('l'BI) IDll reoeivecl 5 x 1~ JtAMB.........r BIO + S x l~ 
~ BIO.II. lloac a.now oella plu lbe poliliw or Deplive IOlced hccioa of lloac ..maw ccD 
(RAMii BIO+ RAMB BIO.BR+ Sol'9d FIKtioa- BIO). To oomal for cell mnabcr, OOlllroll -=eived a 
malCbed muaber or eddilioaal RAMB-4Nlted BIO.BR lloac mrrow cells (5 JI: l~ RAMii BIO + 5 JI: I~ RAMB 
BIO.BR + l RAMii BIO.II. - BlO). A lipi6cu& fac:Ukaliat ctr.el d"wl Dell°""' ia aay of lbeee OOlllroll 
(a• 163). Purily for cell aortias nllpd hm 17S to 99.l S. E.acb expccimea& WU npcat.ecl at leut two limes. 
(N rcfcn to the mmber of times Ill expaane.. wa• pcrfocmecl.) Tbe ~ cell de-= rcpraea11 the aYCftlC and 
tup (miaimum • maximum) of cells Umillillcred ia au operimeda. 

2 Gaie rcprcacau lhc claalic bwald IDll liclc 8Clller profile of ia&ermediaie f'orwarcl ICIUCI' IDll low liclc acaacr 
c·1ympboid pie•) and laigb focward and lido saacr C-111ycloicl ptej. 

3 Pcrcc111.are of PBL cbimcdlm WU nonnalized to IOOS u previously clcrcribcd. Tbil rcpraca&ll mean <rurc> or 
alloScaeic cbimerinn for aU aperimea&s performed. 

4 The avcrare IDd reap (millimum - maximum) are repraeated. 
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These data indicate that a cos+, co4s+, CD45R+, 
Class IIdim/intennediate, but not Class IIbright allogeneic 

bone marrow cellular population with size and 
qranularity characteristics of the "lymphoid qate" is 
responsible for facilitating engraftment of the 
allogeneic stem cell. This could represent a single 
cell type or a small but heterogeneous cell 
population. Although the facilitating effect was not 
removed by depletion of CDS-positive cells using 
antibody plus complement, the use of the same mAb xor 
cell sorting and add-back experiments revealed that 
the cell population did indeed express· cos but was 
apparently not lysed by antibody plus complement 
treatment. It is well known in the art that antibody 
depletion of cells requires the presence of a hiqh 
density of the corresponding antiqen on the cell 
surface and thus, cells expressing low levels of the 
antigen may not be eliminated by an antibody 
effectively, while the same antibody may be used to 
bind and positively select for the same cell 
population much more readily. 

In order to obtain further purity of the 
facilitatinq cell(s) population, two color cell 
sorting and add-back experiments were performed 
combining the above putative cell surface markers in 
various combinations. As in the neqative selection 
and add-back experiments, 5 x 106 RAMS 810 plus 5 x 106 

RAMB 810.8R bone marrow cells were infused with the 
putative positive or neqatively selected- 9ell 
population (Table 6). Additional controls prepared 
which received a matched number of RAMS-treated BlO.BR 
bone marrow cells reliably and reproducibly did not 
have a facilitating effect (n=196). Using this 
approach, a cell fraction of purity ranging from 87 to 
99% was obtained. The facilitating cell fraction 

..... 



• WO 94/01534 PCT/US93/06506 

5 

10 

15 

20 

25 

30 

35 

- 59 -

resided in the CD4SR+ cos+, Class II+ co45+, cos+ 

co3+ fractions in the "lymphoid" gate. In (E) of 

Table 6, the cells were stained with anti-C04-FITC 
plus anti-CDS-FITC, thus, the results included co4+ 

cos-, C04 + cos+ , and co4- cos+ cells. In several 

three color sorting studies, the facilitatory cell was 
shown to be CDS+ , CD4 SR+ and o:/j-TCR-. As few as 

10,000-so,ooo sorted cells were sufficient to mediate 
the facilitating effect. Moreover, the purified 
fraction of this phenotype was morphologically similar 
to the Class II dimfmtennedia~ fraction by transmission 

electron microscopy and by ilDlllunocytochemical 
analysis. These cells display a unique appearance and 
contain abundant granules filled with granulocyte 
macrophage colony stimulating· factor, IL-3 and IL-4. 

-.. 

.. 

-· ~ 
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TABLE6 

Two and Three Positive Selection Son and Add-Back Studies 
to Characterize the Cell Surface Phenotype of the Facilitating Cell 

~ I Saned 
Allogeneic Cells Added 

Group Sorted Fractions1 Chimerism (x 1<>6) 

A 

10 B 

c 

D 

15 E2 

p3 

G 
20 

H 

1 
25 

2 
30 

3 

35 

B220-/CD4SR + 99 0.54 
8220+ /C~SR + s 2.4 

ens+ /CD4SR + 95 0.85 
cos-1CD4SR + 30 3.7 

CD4 .. /CD4SR + 97 S.1 
. CD4 + /CD4SR + 3 0.2 

11iY1.2 + /CD4SR + 96 0.29 
mv1.2-1CD4SR+ 77 4.2 

c04+ or cos+ 99 o.os 
CD4·1cns- 34 4.9 

ens+ JCD4SR + treRatr 100 0.0525 
CDS-/CD4SR + ffCRa/T' 60 1.S 

cos+1co3+ 98 0.0707 
cns+1co3· 52 0.025 

CD4SR +/CDS+/~- 99 -
TCR. from (k x d) Pl - -

The dclip for dlil ICC of apcrimeats ii c:adly u for Tate 5 (S lit tfl' ~B BlO + 5 x 
lo' RMB BIO.BR + aorud fracllioa - BIO). All ION ~performed using Ibo f'orwud and 
lidHcener propcrtiel cbuac:tcrilCic of the lymphoicl gate. Two fndioftl wae oollocted: a 
double podiYe IDd a IOCOGd aiag1c podivc or aeptive fncliaa. Eacb value n:prcllCllll one 
ncipicnt. Each c:xpcrimcnl wu performed • leut 2 limel. To ClOClllOl for allogcacic cell 
Dumber, addmoaa1 oontn>k naceiwd a metdaed Dumber of RAMIMlafod 810.BR bone 
marrow cella. As in Tale 5, Mibdoa of cqratbneat did eat occur in any of cbcle oantrols. 

CD4-F1Tc and COS.Fn'C were utDmad for ltliniag. 1becefo~. the posldve hetion oauld 
rq>raent ceUa which were c04+co1+ or CD4+coa- and e04-co1+. 

In Ibis 3 oolor IOI\, «8-TCR+ ccUs ~a.eluded, thca the following two fluciou oollcxUd: 
CD4SR+ _cog+, CD4SR.+ cos-. A IOtal of 4' cxpcrimcnts bave yielded similar results. 

--
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The facilitating cell and dendritic cells share 
some phenotypic markers but differ in others. The 
co-expression of Class II and C045R on the 
facilitating cell suggests that these cells may 

s represent a subset of cells of dendritic type lineage. 
However, dendritic cells exhibit a classic histoloqic 
morphology of elonqated interdiqitatinq processes and 
cell'surface phenotype which are clearly distinct from 
the FC described herein. Further, mature dendritic 

10 cells are distinct from FC in being Class xxbright and 

. 15 

20 
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cos·. Most importantly, ·dendri.tic cells which are 

potent antiqen presenting cells are not able to 
facilitate stem cell engraftment. Propagation of 
mature bone marrow-derived dendritic cells according 
to the conventional methods (Steinman, 1991, Ann. Rey. 
Immunol. 9:271) did not facilitate bone marrow stem 
cell enqraftment in the mixed syngeneic/alloqeneic 
model u~ing s x 10S or 1 x 106 dendritic cells. 

The positively sorted Class xxdimfmt.ermedia~ cellular 

population was analyzed for morpholoqy using 
transmission electron microscopy (FIG.1). A very 
homoqeneous popuiation of cells which were 
approximately s-10 microns in diameter was present. 
The cells contained a pericytoplasmic skirt relatively 
free of granules and a large population of more 
centrally placed and densely packed granules. The 
majority of those granules had a dense core 
reminiscent of platelet alpha granules. The lobed 
nucleus was indicative of the myeloid lineage but the 
qranules were unlike the homogeneously dense granules 
of neutrophils or the paracrystalline granules 
characteristic of eosinophils. The presence of large 
numbers of hiqhly dense qranules and the horseshoe-
shaped nucleus makes it hiqhly unlikely that this cell 
is a T-cell or B-cell population, since lymphoid cells 
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have a rounded nucleus with scant granular cytoplasm 
and a high nuclear:cytoplasmic ratio. Moreover, the 
facilitatory cell did not resemble precursor dendritic 
cells from bone·marrow or mature dendritic cells. The 
sorted Class IIbright population exhibited the classic 

morpholoqy of the mature T/B lymphoid cell population 
which is clearly distinct from the FC. Because mouse 
T cells do not express Class IIbright I the Class II 

popu~ation most likely represents mature B­
lymphocytes. 

In order to demonstrate that the FC of the 
invention were not stem cells capable of giving rise 
to hematopoietic cells and that stem cell engraftment 
required the presence of FC, purified stem cells and 
FC were used for alloqeneic reconstitution. In this 
experiment, BlO.BR stem cells having a phenotype of· 
sea 1 + and Lin· (B220·, a/J 'l'CR-, GR-1-, MAc-r and cos·) 
were isolated to greater tha~ 95% purity by cell 
sorting. These cells are believed to be equivalent in 
biologic function to the co34+ human stem cells. 

so,ooo of Sea i+, Lin· stem cells were injected into 

irradiated alloqeneic BlO mice with or without so,ooo 
BlO.BR FC positively sorted for their dual expression 
of cos and CD45R (a/J-TCR-) •. Table 7 shows that the 

stem cells or FC alone did not reconstitute the 
recipient mice, whereas the combination of FC and stem 
cells led to alloqeneic chimerism. While stem cells 
alone engrafted in syngeneic recipients due to the 
presence of endoq~nous FC, the FC alone.did not 
engraft, further confirming that FC are not stem 
cells. 
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TABLE 7 
Facilitatory Cells Are Required For 

Allogeneic Engraftment of Purified stem Cells 

Donor Cell Populations Recipient Engraftment 
(810.BR) 

sea l + /Lin·+cos+ /CD4SR+ I Allogeneic (810) + 
cz~-TCR-

(Stem cells) (FC) 

Sea l +/Lin· (Stem cells) Allogeneic (810) -
ens+ /CD4SR+ (FC) Allogeneic (810) -
Seal+ /Lin· (Stem cells) Syngeneic (810.8R) + 

cos+ /CD4SR+ /cz~-TCR- (FC) Syngeneic (810.BR) -
In summary, by usinq positive selections and 

add-back experiments, FC were characterized by beinq 
THYl+, co45+, CD45R+, CD3+ Class IIdiinrmtermedia~ and 
cos+. These cells are required for stem cells to 
enqraft in allogeneic and xenogeneic recipients. 
Morphologically, the cells do not resemble lymphocytes 
or any other cell types previously described. Thus, 
the FC are a distinct cellular population that 

25 · expresses a unique combination of leukoc:yte markers. 
It would appear that MHC specific:liqand interaction 
contributes to the success of the allogeneic 
enqraftment. By contrast, B-cells, 
macrophage/monocytes, NK cells, co4+ and Class IIbright 

30 
cells do not exhibit facilitatory activity. 

35 
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8. EXAMPLE: DEPLETION OF OF SPECIFIC T CELL SUBSETS 
DONOR BONE MARROW DOES NOT DIMINISH 
ALLOGENEIC CELL ENGRAFTMENT 

8.1. RESULTS 

s Results obtained from studies described in 
Examples 6 and 7, supra, clearly demonstrate that the 
FC of the present invention are a distinct cell type 
from T cells, although certain markers such as '?hy-1, 
CDJ, and CDS are commonly expressed by both cell 

10 populations. The recoqnition that T cells may be 

selectively and specifically depleted by antibodies to 
markers only expressed by T cells, and not by FC 
indicates that TCD of donor bone marrow cells may be 

used to eliminate GVHD-producing cells without 
15 jeopardizing donor cell engraftment in bone marrow 

transplantation, if the appropriate T cell-specific 
reagents are used for TCD. In fact, in light of the 
-present. invention, findings in the art showing the 
reduction of donor cell engraftment as a result of TCD 

20 using RAMB or anti-Thy-1 antibodies may now ~ 
interpreted to mean that those reagents used at the 
time depleted both T cells and FC. 

Table 8 illustrates results of alloqeneic bone 
marrow transplantation performed in rats~ Unmodified 

25 alloqeneic rat bone marrow cells were shown to engraft 
in all09eneic rats to give rise to mixed chimerism 
when adoptively transferred with TCD synqeneic. rat 
bone marrow cells. Although this approach was able to 
establish donor cell engraftment, it has not been a 

30 clinically viable protocol because of the high risk of 
GVHD. on the other hand, TCD of rat donor bone marrow 
cells with RARB failed to induce enqraftment in 
alloqeneic recipients, presumably due to the 
simultaneous elimination of both FC and GVHD-mediating 

35 T cells. However, most importantly, when donor cells 
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were depleted with a T cell-specific reagent such as 
anti-CD3 or anti-QP-TCR antibody engraftment of donor 
cells was established. It should be noted that while 
FC might be co3+, certain anti-CD3 antibodies may be 

5 able to selectively remove T cells without 
significantly eliminating FC. 

Furthermore, it is well known in the art that 
lymphohematopoiet~c chimerism generally correlates 
with donor-specific tolerance of a recipient. When 

10 rats reconstituted with aCD3-depleted alloqeneic cells 
were implanted subsequently with heart transplants 
from the donor rat strain, they were shown.to retain 
the transplants for over 3 months. on the other hand, 
heart transplants from an irrelevant third party rat 

15 strain were rejected by the recipients within about 10 
days. Similar results were also observed for skin 
qrafts where donor-specific qrafts were accepted and 
genetically disparate third party qrafts were 
rejected. 

20 Taken together, these results indicate that donor 
bone marrow cells may be treated with a T cell­
specific reaqent to deplete only T cells with the 
retention of FC for use in bone marrow 
transplantation. This approach eliminates most of the 

25 cells responsible for GVHO, without reducinq the 
ability of hematopoietic stem cells to enqraft in a 
recipient. GVHD-producinq cells may be further 
eliminated by treatment of _the cellular preparation 
with antibodies specific for B cells and NK cells. In 

30 addition, the enqraftment of donor bone marrow cells 
establishes chimerism in the recipient, inducing a 
state of donor-specific tolerance in the recipient so 
as to allow the transplantation of any cell, tissue or 
organ fro~ the donor to establish long-term or even 

35 permanent engraftment. Thus, the presence of FC in a 
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donor cell preparation for bone marrow transplantation 
may be used as a tolerizing agent without the risk of 
GVHD to facilitate solid organ transplantation. It 
should be noted that the induced tolerance is donor 

5 specific, thus it would not immunocompromise a 
recipient's ability to mount an immune response to 
other antigens. 

10 

15 

20 

DBLB 8 

Alloqeneic Rat Bone Harrow Transplantation 

Treatment of Donor Bone Engraftment 
Marrow Cells 

Untreated + 

RARB-treated -
anti-CD3 treated + 

9. EXAMPLE: FACILITATORY CELLS ENHANCE 
XENOGENEIC BONE MARROW 
EHGRAFTMENT 

25 9 .1. MATERIALS AND METHODS 

9.1.1. XENOGENEICALLY RECONSTITUTED 
AHIKALS CA + B ~ Al 

' 

30 

In mouse + rat ~ mouse chimeras, mice received 5 
x 106 T-cell depleted mouse bone marrow cells plus 4 x 

107 untreated rat bone marrow cells unless otherwise 

specified. TCD performed with anti•TCR a~ antibodies 
and complement, or with antibody-coupled 
immunomagnetic beads achieved similar results. In 
mouse - rat chimeras, rats received 250 x 106 

35 untreated or treated mouse bone marrow cells~ 
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Under these conditions it has been demonstrated 
that the majority of rat T-lymphocytes in mouse + rat 
- mouse chimeras were derived from the rat bone marrow 
stem cell precursors and not contaminating 

5 T-lymphocytes in the bone marrow inoculum, since 
T-cell maturation proceeded in a developmentally 
regulated fashion in the thymus. _In addition, most 
T-cells in mouse + rat ~ •ouse chimeras were mouse 
derived. Radiation controls were prepared to confirm 

10 adequacy of the radiation. 

9.1.2. HUMAN MARBOW HABVEST 

Human bone marrow was obtained from vertebral 
bodies from cadaver donors. The vertebral bodies were 

15 transported in nutrient rich medium (Ex-Vivo; 
Whitacker Company) supplemented with soo,ooo units of 
polymyxin, 500,000 unit of bacitracin, and 1ot human 
serum albumin. The vertebral bodies were split into 
four pieces each. All processing was done at room 

20 temperature. The soft cancellous bone was chipped out 
using rongeurs and the bone marrow cells dislodged by 

gentle shaking for a total of 90 minutes. At each 30 
minute interval, the supernatant was strained through­
a double layer mesh sieve (pore size 420 microns; 180 

25 microns) and 500 ml of fresh media was added. A11. 

fractions were combined, centrifuged at 1000 rpm for 
10 minutes, counted, and resuspended to a 
concentration of 20 x 106 cells/ml. With this 

30 

35 

technique, 40 x 109 to 60 x 109 cells per 5 vertebral 

bodies were obtained. Flow cytometry analyses were 
then performed as described in Example 6, supra, to 
determine their phenotype. 
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9.2. RESULTS 

The f acilitatinq cell has a similar effect on 
enqraftment of bone marrow across species barriers, 
for example, rat - mouse, mouse - rat. When 4X106 rat 

5 bone marrow cells and synqeneic mouse cells were 
transferred into mice after TCD usinq rabbit-anti-rat 
brain (RARB) or anti-Thy, lethally irradiated 
recipients failed to be reconstituted (Table 9). In 
addition, if rat bone marrow cells were transferred 

10 into lethally irradiated mice after TCD usinq RARB or 
anti-Thy 1.1 in the absence of synqeneic mouse.cells 
as donor cells, 100% mortality of the recipients 
resulted due to failure of rescue from radiation -. . 

induced aplasia and failure of enqraftment (Table 10). 
15 This result closely resembles the outcome of human 

alloqeneic bone marrow transplantation, in which TCD 
of donor cells would generally result in no 
enqraftinent and therefore a high mortality rate (up to 
70t). on the other hand, if untreated rat bone 

20 marrow, or rat bone marrow depleted of co4+ + cos+ 

25 

30 

35 

cells or cn3+ cells or a/J-TCR+ cells or a/J-TCR+ cells 

plus B cells or a/J-'l'CR+ cells plus HK cells was 

administered, enqraftment was achieved and >90t of 
recipients survived for more than 180 days. It sho~ld 
be noted that rat FC may be cos+, similar to the 

·phenotype of the·correspondinq mouse cells. Thus, the 
results observed with neqative selection using anti­
CDS miqht, a~ain, be due to their incomplete removal. 
The FC for xenoenqraftment was a/J-TCR-, co3· and co4· as 

the facilitating effect was not removed by depleting 
these cells using imm.unomagnetic beads or complement­
mediated cytotoxicity. Again, the rat FC miqht also 
be co3+ but they were not completely depleted by the 

antibody. 

-.. . ... .... 
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TABLE 9 

Xenoqeneic Bone Harrow Transplantation 
~rom Rat into Mouse Recipients (Rat + aouse ~ House) 

Treatment of Donor Cells " Rat Tolerance 
Chimer ism 

untreated 5-60% 

anti-a/J-TCR 12-69% 

anti-CD4/CD8 52-76% 

anti-Thy 1.1 no rat cells 

RARB no rat cells 

TABLE 10 

Xenogeneic Bone Harrow Transplantation 
(Rat .. Mouse) 

Treatment of Donor Cells outcome 

anti-Thy 1.1 All dead 

RARB All dead 

anti-a/J-TCR Engraf tment 

anti-CD4/CD8 Engraftment 

anti-CD3 Engraftment 

+ 

+ 

+ 

-
-

It was also observed that animals ·showing 
xenoqeneic chimerism were tolerant to the donor cells, 
as measured by a lack of reactivity in mixed-leukocyte 
reaction as well as acceptance of heart, skin and 
islet grafts. Therefore, the retention of FC in the 
donor cell population not ·only enhanced xenogeneic 
bone marrow engraftment, it also induced a state of 
donor-specific tolerance, rendering it possible to 
perform subsequent or simultaneous xenogeneic cellular 
or solid orqan transplantation from a different 

- .. 
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species. It is important to note that these tissues 

function properly in a xenogeneic environment. 

A technique has been developed to isolate large 

numbers of bone marrow cells from human vertebral 

5 bodies. Monoclonal antibody staining of the bone 

marrow was performed using techniques similar to that 

for rodents to identify corresponding populations of 

cells. Analyses of the forward scatter and side 

scatter profile of human bone marrow by FACS 

10 identified cells similar in phenotype to FC in rodent 

bone marrow. 
Two color staining was performed to examine 

whether similar populations of cells were Class II 

bright, Class II intermediate and dim, B-cell lineage 

15 (LEU 12) negative, various CD45 isoforms and T-cell 

marker negative. In one of these studies, density 

gradient separation of the bone marrow was utilized 

prior to the staining to enr~ch for cell populations 

of varying density. It was demonstrated that human 

20 bone marrow contained a population of Class XI 

positive, B-cell lineage marker negative cells similar 

to the rodent bone marrow FC. Xn addition, a Class II 

bright, B-cell population was also seen. 

To determine whether the cell fraction present ·in 

25 human bone marrow which shared cell surf ace marker 

similarities with the rodent FC could enhance 

engraftment of human bone marrow stem cells, a model 

for mixed xenogeneic chimeras (mouse + human ~ mouse) 

was used. Chimeras were prepared in which TCD 

30 syngeneic (BlO mouse) plus untreated human (80 x 106 

cells) were administered to recipients conditioned 

with 950 rads of total body irradiation. At l week 

following reconstitution, two animals were sacrificed 

and their bone marrow, spleens, and thymic tissues 

35 analyzed for the presence of human cells bearing the 
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cell surface markers HLA-DR (Class II), CD4, cos, 
C019, ·and CD14. Evidence (<10%) of mixed human 
chimerism was present in __the bone marrow, and <5% 
chimerism was present in spleens. Animals followed 

· s for as long as .four months continued to have low but 
detectable levels of human cells in the bone marrow. 
The low levels of chimerism observed and the absence 
of mature human blood cells in mice might be due to 
the inability of human blood cells to respond to mouse 

10 cytokines in the host. Thus, the co-administration of 
specific growth factors such as interleukin-1 and ~. 
various colony-stimulating factors, stem cell factor 
and erythropoietin might be able to support the growth 
and maturation of human cells in mice. Alternatively, 

15 other animal hosts such as baboons which are 
phylogenetically closer to humans than rodents, have 
also been used to examine the facilitating function in 
xenogra~tment of human bone marrow cells in the 
presence of the putative FC. studies involving the 

20 transfer of untreated human bone.marrow cells (6 x 108 
cells/kg) into baboons treated with 2200 Rad of 
radiation showed a low but detectable level of 
engraftment of human cells of mixed lineages in 
baboons. 

25 

30 

10. EXAMPLE: Ml:XED ALLOGENEIC CHl:MElUSM 
PREVENTS AUTOIMMUNE DIABETES 
AND REVERSES XNSULITIS 

10 .1. MATERIALS AND METHQDS 

10.1.1. MOUSE AUTQIMMUHE MODEL 
Non-obese diabetic (NOD) mice were obtained from 

Taconic Laboratories and housed in a pathogen-free 
facility at the Pittsburgh cancer Institute. In the 
animal facility, female NOD mice developed spontaneous 

35 acute onset diabetes at a rate of 65% by six months, 
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and 80% by ei~ht months of age. All animals tested 
had insulitis by six weeks of age. For establishing 
mixed allogeneic chimerism, lethally irradiated NOD 
mice were transplanted with syngeneic bone marrow 

· s cells plus allogeneic bone marrow cells from BlO.BR or 
AKR mice. Immunohistochemical analysis of these 
animals was performed at specific time points 
following reconstitution. 

10 10.2. RESULTS 
The mixed allogeneic chimerism model described 

herein was used to prevent the development of diabetes 
in NOD mice. Such mice enqrafted with allogeneic bone 
marrow cells, exhibited mixed allogeneic chimerism up 

15 to seven months and the onset of diabetes was 
prevented in all tested animals. Immunohistochemical 
analysis of the mice at five months following 
reconstitution showed that the islets were free of 
insulitis. In contrast, four of 13 mice reconstituted 

20 with only synqeneic bone marrow cells developed acute 
diabetes and all mice had insulitis. These results 
suggest that the ability to selectively eliminate T 
cells responsible for GVBD and preserve FC to enhance­
allogeneic bone marrow engraftment may allow the 

25 extension of bone marrow transplantation to a variety 
of disease conditions which are not currently amenable 
to this modality .because of GVHD. The co­
administration of hematopoietic FC and stem cells may 
also perm.it less aggressive cytoreduction of a 

30 recipient to allow engraftment. Diseases that can be 

treated by this modality include, but are not limited 
to, autoimmunity, immunodeficiency and viral infection 
such as AIDS .. 

The present invention is not to be limited in 
35 scope by the exemplified embodiments, which are 
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intended as illustrations of individual aspects of the 
invention. Indeed, various modifications of the 
invention in addition to those shown and described 
herein will become apparent to those skilled in the 

s art from the foregoing description and accompanying 
drawings. such modifications are intended to fall 
within the scope of the appended claims. 

10 

15 

20 

25 

30 

35 

All publications cited herein are incorporated by 
reference in their entirety. 
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WHAT.IS CLAIMED IS: 

1. substantially pure mammalian 
hematopoietic facilitatory cells capable of 

s facilitating engraftment of bone marrow cells without 
producing graft-versus-host disease. 

2. Substantially pure mammalian 
hematopoietic facilitatory cells having a phenotype of 

10 THYl+, coa+ and MHC Class II+, the expression of MHC 
Class II being in the dim to intermediate range as 
determined by antibody staining and flow cytometry. 

3. Substantially pure mammalian 
15 hematopoietic facilitatory cells having a phenotype of 

THYl+ and MHC Class II+, the expression of MHC Class 
II beinq in the dim to intermediate ranqe as 
determined by antibody staininq and flow cytometry, 
which cells are capable of facilitatinq enqraftment of 

20 bone marrow cells. 

4. The hematopoietic facilitatory cells of 
Claim 3 which are cos+. 

25 s. The hematopoietic facilitatory cells of 
Claim 2 or 4 which are co4s•. 

6. The hematopoietic facilitatory cells of 
Claim s which are CD45R+. 

30 

7. The hematopoietic facilitatory cells of 
Claim 6 which are .co3+. 

a. The hematopoietic facilitatory cells of 
35 Claim 7 which are afj TCR", -y6 TCR·, co4·, cos·, CD16", 

co19·, co20·, cos6· and co14·. 

SUBSTITUTE SHEET 
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9. A cellular composition comprisinq an 
enriched concentration of mammalian hematopoietic 
facilitatory cells capable of facilitating engraftment 
of bone marrow cells without producing graft-versus-

5 host disease. 

10. A cellular composition comprising an 
enriched concentration of mammalian hematopoietic 
facilitatory cells having a phenotype of THYl+, cos+ 

10 and MHC Class II+, the expression of MHC Class II 
being in the dim to the intermediate range as 

, determined by antibody staining and flow cytometry. 

11. A cellular composition comprising an 
15 enriched concentration of mammalian hematopoietic 

facilitatory cells having a phenotype of THYl+ and MHC 
Class II+, the expression of MHC Class II being in the 
dim to· intermediate range as determined by antibody 
staininq and flow cytometry, which cells are capable 

20 of facilitating enqraftment of bone marrow cells. 

12. The cellular composition of Claim 11 in 
which the cells are cos•. 

25 13. The cellular composition of Claim 10 or 

30 

12 in which the cells·are co4s•. 

14. The cellular composition of Claim 13 in­
which the cells are C045R+. 

15. The cellular composition of Claim 14 in 
which the cells are co3•. 

16. The cellular composition of Claim 15 in 
35 which the- cells are afJ TCR", -yG TCR", co4·, cos·, CD16", 

CD19", CD20", CD56" and CD14". 

SUBSTITUTE SHEET 
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17. A cellular composition comprising 
mammalian bone marrow cells, which are substantially 
free of graft-versus-host-disease-producing cells, 
with the retention of mammalian hematopoietic 

5 facilitatory cells capable of facilitating engraftment 
of bone marrow cells. 

18. A cellular composition comprisinq 
mammalian bone marrow cells, which are substantially 

10 free of graft-versus-host-disease-producing cells,. 
with the retention of mammalian hematopoietic 
facilitatory cells having a phenotype of THYl+, cos+ 
and MHC Class rr+, the expression of MHC Class II 
being in·the dim to intermediate range as determined 

15 by antibody staining and flow cytometry. 

19. A cellular composition comprising 
mammalian bone marrow cells, which are substantially 
free of graft-versus-host-disease-producing cells, 

20 with the retention of mammalian hematopoietic 
facilitatory cells having a phenotype of THYl+ and MHC 
Class 11•, the expression of MHC Class II being in the 
dim to intermediate range as determined by antibody 
staining and flow cytometry, which cells are capable 

25 of facilitating enqraftment of bone marrow cells. 

30 

20. The cellular composition of Claim 19 in 
which the hematopoietic facilitatory cells are cos•. 

21. The cellular composition of Claim 18 or 
20 in which the hematopoietic facilitatory cells are 
co4s+. 

22. The cellular ·composition of Claim 21 in 
35 which the hematopoietic facilitatory cells are CD4SR+. 

111111111111111111111111111111 
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23. The cellular composition of ~laim 22 in 
which the hematopoietic facilitatory cells are co3•. 

24. The cellular composition of Claim 23 in 
5 which the hematopoietic facilitatory cells are a~ TCR", 

-y& TcR·, co4·, cos·, co16·, co19·, co20·, cos6· and co14·. 

25. A method for obtaining mamma.lian bone 
marrow cells substan~ially free of 

10 graft-versus-host-disease-producing cells with the 
retention of mammalian hematopoietic facilitatory 
cells comprising subjecting the bone marrow cells to 
negative selection using antibodies directed to C03, 
a~ TCR, CD56, CD19, or CD20 or a combination thereof. 

15 

26. A method for obtaining a cellular 
composition having an enriched concentration of 
mammalian hematopoietic facilitatory cells comprising 
subjecting the cellular composition to positive 

20 selection using antibodies directed to THY-1, MHC 
Class II, cos, CD45, CD45R, or CD3 or a combination 
thereof. 

25 
27. A method for obtaining a cellular. 

composition having an enriched concentration of 
mammalian hematopoietic facilitatory cells comprising 
subjecting the cellular composition to negative 
selection using antibodies directed to a~ TCR, -y6 TCR, 
CD4, CDS, CD16, CD19, CD20, CDS6, or CD14 or a 

30 combination thereof. 

28. The method of Claim 26 or 27 in which 
the cellular composition is first separated by density 
gradient centrifugation to obtain cells in the 

35 mononuclear cell fraction. 

SUBSTITUTE SHEET 
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29. The method of Claim 26 or 27 in which 
the cellular composition is derived from bone marrow. 

30. The method of Claim 26 or 27 in which 
s the ·cellular composition is derived from thymus~ 

10 

31. The method of Claim 26 or 27 in which 
the cellular composition is derived from peripheral 
blood. 

32. The method of Claim 2·6 or 27 in which 
the cellular composition is derived from fetal liver. 

33. The method of Claim 26 or 27 in which 
15 the cellular composition is derived from embryonic 

yolk sac. 

34. A method of partially or completely 
reconstitutinq a mammal's lymphohematopoietic system 

20 comprisinq administerinq to the mammal a cellular 
composition comprising mammalian bone marrow cells, 
which are substantially f~ee of 
graft-versus-host-disease-producing· cells, with the· 
retention of mammalian hematopoietic facilitatory· · 

25 cells capable of facilit~ting engraftment of the bone 
marrow cells. 

35. A method of partially or completely 
reconstitutinq a ma~al's lymphohematopoietic system 

30 comprising administering to the mammal mammalian 
hematopoietic stem cells and mammalian hematopoietic 

. facilitatory cells capable of facilitating engraftment 
of the stem cells. 

35 36. The method of Claim 34 or 35 in which 
the mammal is conditioned by total body irradiation. 

11111111 111111 1111111111111111 
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37. The method of Claim 34 or 35 in which 
the mammal is conditioned by an immunosuppressive 
agent. 

' ; 

I 

5 38. The method of.Claim 34 or 35 in which 
f 

the mammal is conditioned by a cytoreduction agent·~ 

39. ·The method of Claim 34 or 35 in which 
the cells are administered intravenously. 

10 

40. The method of Claim 34 or 35 in which 
the mammal is a human. 

41. The method of Claim 34 or 35 in which 
15 the mammal suffers from autoimmunity. 

20 

25 

30 

35 

42. The method of Claim· 41 i.n which the 
autoiJllJl)unity is aiabetes. 

43. The· method of Claim 4~ in which the 
; 

autoimmunity is multiple sclerosis./ 
/ 
' ' 

44. The method of 
i 

Claiai 41 in which the 
.. 

autoimmunity is systemic lupus e~hematosus. 
I 
I. 

45. The method of c~~im 34 or 35 in which 
' the mammal suffers from immuno'3.eficiency. 

mammal is 
virus. 

I 

' 

46. The method of /Claim 45 in which the 
I 

infected with a hqman immunodeficiency 
i 

i 

47. The l'liethod!of Claim 34 or ·35 in which 
the mammal is infected w*th a hepatitis virus. 

48. The method of Claim 34 or 35 in which 
I 

-... 
. ,l 

. . -

the mammal suffers from a h~matopoietic maliqn~a~n~c~Y~·=---~~~~~~ 

I lllf Ill llllll lllf J JllJI fl 1111 
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49. The method of Claim 34 or 35 in which 
the mammal suffers from anemia. 

so. The ·method of Claim 34 or 35 in which 
the mammal suffers from hemo9lobinopathies. 

51. The method of Claim 34 or 35 in which 
the mammal suffers from an enzyme deficiency state. 

52. The method of Claim 34 in which the 
mammal is human and the mammalian bone marrow cells 
are obtained from a non-human animal. 

53. The method of Claim 52 in which the 
15 non-human animal is baboon. 

54. A method of inducin9 donor-specific 
tolerance in a mammal in order to facilitate lon9-term 
en9raftment of donor cells, tissues or or9ans 

20 comprisin9 administerin9 to the mammal a cellular 
composition comprisin9 mammalian bone marrow cells, 
which are substantially free of 
qraft-versus-host-disease-producin9 cells, with the 
retention of mammalian bematopoietic facilitatory 

25 cells capable of facilitatin9 enqraftment of the bone 
marrow cells, accompanied or followed by 
transplantation of the donor cells, tissue or orqan. 

SS. A method of inducinq donor-specific 
30 tolerance in a mammal in order to facilitate lonq-term 

engraftment of donor cells', ti.ssues or organs 
comprising administering to the mammal mammalian 
hematopoietic stem cells and mammalian hematopoietic 
facilitatory cells capable of facilitating enqraftment 

35 of the stem cells, accpmpanied or followed by 
' 

transplantation of tq~ donor cells, tissue or organ. 
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56. The method of Claim 54 or 55 in which 
the donor organ is heart. 

57. The method of Claim 54 or 55 in which 
the donor organ is skin. 

58. The method of Claim 54 or 55 in which 
the donor organ is liver. 

59. The metnod of Claim 54 or 55 in which 
the donor organ is lung. 

60. The metnod of Claim 54 or 55 in which 
the d·onor organ is heart and lung. 

61. The metnod of Claim 54 or 55 in which 
the donor organ is kidney. 

62. The method of Claim 54 or 55 in which .. 
the donor tissues are pancreatic islet cells or whole 

20 pancreas. 

25 

30 

63. The method of Claim 54 or 55 in which 
the donor tissue is an endocrine tissue. 

f 
! 
; 

64. The method of Claim 60 in which the 
endocrine tissue is a thyroid gland. 

65. The method of .Claim 60 in which the 
endocrine tissue is a para~yroid gland. 

i 
66. The method df Claim 60 in which the 

endocrine tissue is a thymus. 

67. The method of Claim 60 in which the 
35 endocrine tissue is adrenal cortex. 
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68. The method of Claim 60 in which the 
endocrine tissue is adrenal medulla. 

69. The method of Claim 54 or 55 in which 
s the donor cells are neurons. 

10 

15 

20 

25 

30 

35 

70 •. The method of Claim 54 or 55 in which 
the donor cells are myocytes. 
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34. Use cf a cellular composition comprising mammalian 

bone marrow cells, which are substantially free of graft-

versus-hot-disease-producing cells, with the 

mamalian hernatopoietic facilitatory cells 

facilitating engraftment of the bone marrow 

retention of 

capable of 

cells in the 

manufacture of a medicament for partially or completely 

reconstituting a mammal's lymphohematopoietic system. 

35. Use of mammalian hematopoietic stem cells 

mammalian hematopoietic facilitatory cells capable 
facilitating engraftment of the stem cells in 

and 

of 

the 

manufacture of a medicament for partially or completely 

reconstituting a mammal's lymphohematopoietic system. 

30 36. Use according to claim 34 or 35 · in which the 

35 

mammal is co~ditioned by total body irradiation. 

37. Use according to claim 34 or 35 in which the 
mammal is ccr.ditioned by an immunosuppressive agent. 

111111111111111111111111111111 · 
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38. Use acco!:'ding to claim 34 or 35 in which the 

mammal is cc~ditic~ed by a cytoreduction agent. 

39. Use a~cord~ng to claim 34 or 35 in which the cells 

5 are administered intravenously. 

10. 

15 

40. Use according to claim 34 or 35 in which the 

mammal is a ~uman. 

41. Use according to claim 34 or 35 in which the 

mammal suffers from autoimmunity. 

42. Use according to claim 41 in which the 

autoimmunity is diabetes. 

43. Use according. to claim 41 in which the 

autoimmunity is multiple sclerosis. 

44. Use according to claim 41 in which the 

20 autoimmunity is systemic lupus erythematosus. 

45. Use according to claim 34 or 35 in which the 

mammal suffers from immunodeficiency. 

25 4 6. Use according to claim 45 in which the mammal· is 

30 

infected with a human immunodeficiency virus. 

4 7. Use according to claim 34 or 35 in which the 

mammal is infected with a hepatitis virus. 

4 8. Use according to claim 34 or 35 in which the 

mammal suffers from -a hematopoietic malignancy. 

49. Use according to claim 34 or 35 in which the 

35 mammal suffers from anemia. 

111111111111111111111111111111 
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50. Use a::::::::ording to claim 34 or 35 in which the 
mammal suffers from hemoglobinopathies. 

51. Use according to claim 34 or 35 in which the 
5 mammal suffers from an enzyme deficiency state. 

10 

52. Use accordin-g to claim 34 in which the mammal is 
human and the mammalian bone marrow cells are obtained 
from a non-human animal. 

53. Use according to claim 52 in which the non-human 
animal is baboon. 

54. Use of a cellular composition comprising mammalian 
15 bone marrow =ells; which are substantially free of graft­

versus-host-disease-producing cells, with the retention 
of mamalian heir.atopoietic facilitatory cells capable of 
facilitating enqraftment of the bone marrow cells in the 
manufacture of a medicament, this use being accompanied 

20 or followed by :ransplantation of the donor cells, tissue 
or organ, for inducing donor-specific tolerance in a 
mammal in order to facilitate long-term engraftment of 
donor cells, tissues or organs. 

25 55. Use of mammalian hematopoietic stem cells and 
mammalian hematopoietic .facilitatory cells capable of 
facilitating engraftment of the stem cells in the 
manufacture of a medicament, this use being accompanied 
or followed by transplantation of the donor cells, tissue 

30 or organ, for inducing donor-specific tolerance in a 
.mammal in crde::- to facilitate long-term engraftment of 
donor cells, tissues or organs. 

56. Use according to claim 54 or 55 in which the donor 
35 organ is· heart. 
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57. Use a::cording to claim 54 or 55 in which the donor 
organ is sk:.:-~. 

58. Use according to claim 54 or 55 in which the donor 
organ is li~.rer. 

59. Use according to claim 54 or 55 in which the donor 
organ is lu::.;. 

60. Use according to claim 54 or 55 in which the donor 
organ is hea:::t and lung. 

61. Use according to claim 54 or 55 in which the donor 
organ is kid::ey. 

62. Use according to claim 54 or 55 in which the donor 
tissues are pancreatic islet cells or whole pancreas. 

63. Use a::cording to claim 54 or 55 in which the donor 
tissue is ar: endocrine tissue. 

64. Use according to claim 60 in which the endocrine 
tissue is a ~hyroid gland. 

65. Use according t.o claim 60 in which the endocrine 
tissue is a parathyroid gland. 

66. Use according to claim 60 in which the endocrine 
tissue is a -=nymus. 

67. Use according to claim 60 in which the endocrine 
tissue is ad=:enal cortex. 

68. Use according to claim 60 in which the endocrine 
tissue is ad:::enal medulla. 
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69. Use a=cording to claim 54 or 55 in which the donor 
cells are ne~rons. 

70. Use a=cording to claim 54 or 55 in which the donor 
5 cells are myocytes. 
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