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“ Abstract
éomploto'hemopoietic takeover betieen oomiallogoneic adults

can- be occomplished‘by the'administra:jon of antihost major

hiotocomallkbi!‘;y complex {MHC) monoclonal antibody (mAb)

and'donor stem célls. The recipients of such froatﬁoﬁf\argn w

ﬁtermed ant1body-fac111tated (AF) chxmeras, and they have
“been produced in BALB/cCR » (BALB/cCR x C3H/HeJ)P, and
BBA/ZJ - (DBA/ZJ x C3H/HeJ)F, stra1n combinations. Donor
stem cells can be derlved from spleen bone marrow, or T
cell-depleted_bong\marrow. Engraftment by donor hemopoietic

cells-can‘ﬁe facilitatea by mAbS directed toward Class I

(anti-H-2K*)} or €lass 11 (antx—H 21-A*) MHC ant1gens og the

host. By mon1tor1ng 1sozymes of. glucose phosphéte 1somerase,
1t can be shown that the-establishment of donor hemopo1es1s
“is s;able, persxst1ng for more than two years w1thout“““mmk

raft-versus-host d1sease.

between pgr1phe' blood chimerism and/the stem cell

o T~ ro
constitution of both sple nd bone marrow. The peripheral

blood chimorism also corfelates with\thg level of chimerism

—

"in peritomeal exudate macrophages. - —

'Tho development of thoso stable long-tertd Af\éﬁiﬁ;Fiséx\

.across MHC barriers in the absence of irradiation or
immunosuppressive aéeﬁts may suggest a new approach to
olinical bone ma(row.transplantation for certain conditions,

su¢h‘as>aplasia‘and immunodef iciency syndromes.

!
s

ination of these AF ch1meras reveals a correlatlon



Preface

Parts of the work described in this thesis have previously
been published in Transplantation Proceedings and
Transplantat fon. ‘
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1. Introduction f

Attempts to transﬁIan£ hemopoietic tissue across major

ﬁistocompatibilxty barriers, h;;;\met\!iph a certain degree

‘of success. Despite extensive efforts in\;ofﬁ\th& . _
experimental and the clinzcal models, however, a var;;zi\bf\\\\\\\
problems stxll exist that must be overcome- before bone \\\wg\\\

marrow transplantatxon can achieve its full potential.

‘ The objective of this chapter is,to review the

— \ | -

literature pergaining to the history of bone marrow
.traﬁsp}antation, fts usé, and its present drawbacks. In

" addition, a review of hemqpoi;sis as it applies to the
trénsplant model and a look at some of the pasﬁ, present,

.,and future aniﬁ#l models of bone marrow transplantatiqh will
be presented. Togethét, these topics will proQide an

overview of the current state of the art in cellular

hemopoietic transplantation.



11, Clinical Bone Marrow Trnnnpf;ntetion

Bone marrow transplantation (BMT) has, within the last |
20 years, become the treatment of choice for a vat1ety of
hematologic diseases. Mathe et al., in thevlate 1950's,
described the use of unrelated donors in the treatment of
individuals accidentally eibosed to radiation. Althouoh
eventual teject1on of the grafts occurred the treatment
mallowed for enQogenous repopulation by the host hemopoietic

\ ~~~~~

tissue to occur*LMa\hef”TQSQL. Reports of controlled studies
\\\

relat1ng to the clinical appl1cat10nrof transplantatxon,

T

using thymic, fetal liver, and bone marrow cells, began‘“w«\lvw

" appearing in the 1950ls and 1960's (Uphoff et al., 1958;
Pegg 1960; Hong, 1968a; Gatti et al., 1968; Cleveland et
al., 1968; August et al., 1968). Since those initial days, a
considerable degree of success ‘has been seen in the
treatment of severe aplastic anemias (Gluckman et al.,
1981), some leukemias (Thomas et al., 1977a, 1977b, 1979),
certein immunodeficiency aiseaseS'(Pahuaaet al., 1958),7and
'even in genetic diso:ders of hemopoiesis (Tnomas et al.,
1982). Despite these recent advances, several drawbacks
still exist, including graft-veneus-nost disease  (GVHD)
(Storb et al., 1983a; Gale, 1982)[‘oppo;tunistic infections
(Meyers} 1982a, 1982b, 1984; Sullivan et alt, 1984; Winston
et al., 1984; and Buckner et al., 1984), and the lack of
complete immunological reconstitution (ﬁitherspoon et al.,
1984a, 1984b). Several.of these problems are a direct result

of the 1rrad1at10n and 1mmunosuppressxvé reglmens used in



the preparation of the patient prior to engraftment. It will
soon become apparent, that to date, no acceptable means of
host preparation prior to transplantation has béen achieved.
The effects of the irradiation and the ¢ytotoxic agents
. used, are still far too nonspecific in their mode of action.
Our results suggest a new approach to circumventing these
problems. Let us now consider certain éonditionsvin which
some degree of success has been achieved.
A. Severe Combined Immunodeficiency Dis;ase

A little over a decade and a half ago, Good and his

colleagues reported the successful correction of a X-linked

form of severe combihééiigépﬁddeficiency disease (SCID)
(Hong et al., 1968a; Gatti et ;;., 1968) .-Although the
marrow engrafted and subsequently corrected the state of
immunodeficiency, an immunologically based aplastic anemia
‘ ernsued as a result of a mismatch at the HLA-A locus (Gatti.
et al., 1971a). This was corrected by a second marrow
transplantétion‘using an HLA-matched sibling as a donor
(Gatti et al., 1971b).

In patients with SCID, an immuqosuppressive regime is
not réquired since these patients are already
immunodeficient. Therefore, the success rate is very high if
HLA-identical sibliﬁgs are used as donors (Meuwissen et al.,
1969). A seQere GVH ‘reaction occurs if donor and recipient
are not HLA-matched (Biggar, 1973; Park, 1974). Recently,

Reisner et al. have attempted to remove or inactivate T

»
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cells in the donor marrow responsible for tﬁe GVH reaction
bj means of fractionation technigues, and their results look

promising (Reisner et al., 1983).

B. Aplastic Anemia

A somewhat more complicated situation exists in the
case of aplastic anéhia. Aplastic anemia is an example of a
major hypoproliferatiﬁe disorder of the bone marrow. It
should be noted that the marrow is not truly 'aplastic' but .
hypoplastic. Areas of normocellular as well as hypercellular
marrow can be found in certain cases, although 2/3 df‘them
are apparently idiopathic (Beck, 1982). Some causative
agents have been associated with the onset of éplastic
anemia. Most noticable among these are ionizing radiation,:
benzene and its derivatives, va}ious cytostatic agents, some
clasges of drugs and viral infections like hepati%is-B. The
onSet of symptoms is usually insidious. The individual'
presents with anemia, thrombocytépenia, and an increased
incidence of infection, as a résult of neutropenia.
Therapeutic modalitiés include supportive transfusions,
stéroids, stimulation of the marrow with androgens, and
possible splenectomy. It has been shown that transplantation
can lead to a significantly better survival rate than
supportive measures alone (Camitta, 1979). Although the
marrow in these patients is partially hypoplastic and, in a
sense, an ideal site for donor marrow to éﬁgraft,.méjof

problems must be overcome. One must find a HLA identical



donor -as defined by antigenic HLA identity and non-reactive
MLC and even in such case the rejection of the donor marrow
cells can still occur by the immunologically competent host.
Currently the preparative immunosuppressive regime consists
of the administration of cyclophosphamide (CY), 50 mg/kg for
4 days.'Some centres also include 750 rad total lymphoid
irradiation (TLI) in the regime (Storb and Thomas, 1983a;
Ramsay et al., 1980; Kersey et al., 1980).

Graft rejection and secondary immunodeficiency can
”occur, and can be directly related to the regime of
immunosuppression used in the transplantation. On the one
hand it is possibl: to reduce the rate of graft rejection by
inéreasing the severity of the immunosuppreséive régime,
while on the other hand this will probably increase the risk
of iatrogenic complications such as infeétions.

Several factors have been identified which enhance
graft féjection. For instance, multiple-transfusion and
- hence sqnsitization of the patients prior -to graftiﬁq; a low
number‘;}‘transplanted marrow cells (<3 x 10*/kg); and
.mafrow grafts from male donors (Storb, 1977, Storb et al.,
1983b). The'Seattle:Martow Transpiant Team hés performéd 39
transplénts in patiehts who héd not previously been
transfused. Thus far, 83 % of their patients have survived
between 2 and 9.5 years bost grafting (Storb et’al.; 1980).

"In patientshﬁhs?yad previously received
multiple-transfusions, the transplant protocol included the

addition of donor buffy coat cells. This modification



improved the 2 - 6 year survival rate from 45 X in patients
not receiving buffy coat treatment to 75 %X suryival in those
receiving these additional cells. It was postuiatod that
these findings were analagous to the enhancement of
allogeneic marrow engraftment seen experimentally in mice
and dogs. One must bear in mind that this modification also
increases the incidence of chronic GVHD, while not affecting
the mortality rate (Storb et al., 1982a).

Several recent studies indicate that the use of
Cyclosporin-A (CSA) can reverse transfusion-related
sensitization and lower the likelihood of the marrow graft
being rejected (Storb et al., 1982b; Hows et al., 1982).
Attempts to prevent sensitization by ABO-and HLA-typiAg the
patient and‘trying to find suiﬁébly matched donors has been
.instituted in some centres. Ideally, patients identified as
being likely candidates for BMT should be transplanted as
soon as possible in light of the success of the Seattle
‘Marrow Transplant Team and other centres around the world
that use this principle (Storb, 1980).

éinaliy, Ildstad and Séchs (1984) have used an animal
model to sho; that reconstitution of irradiated hosts with T
~cell depleted bone marrow, containing both syngeneic (host)
as well as aliogeqeic (donor) cells, leads to long-term
survivai of the réconstituted animals as well as
prolongation . of donor skin grafts. Interestingly, these
recipients are able to mount normal .immune responses to

third party antigens and Shov‘no signs of. GVHD.



C. Acute Ludkout‘

Bone marrow transplantation in leukemic patients is
somewhat similar to the situation in aplastic anemia,
although graft rejection is rarer. This is no doubt due to
the wse of high doses of total body irradiation (TBI) to
destroy the leukemic cells., It has been noted that the
occurence of GVHD Also exhibits a peculiar
graft-versus-leukemia effect, to ?e discussed 1gter.

Hobbs (1983) and Bortin (Bortin et al., 1982) reported
that BMT is the treatment of choice for acute myelogenous
leukemia (AML) as compared to chemotherapy alone, providing
the patient is under 40 years of age, is engrafted with an
adeguate number of cells (>* x 10* nucleated cells/kg body
weight) from a éompatible sibling donor while in first
complete remission, and before he has been
multiple-transfused (<22 times). In children, a long-term
survival rate of 70 ¥ has been the experience of Good (Good
et al., 1983). In acute Monlymphocytic leukemia in first
remission, Thomas reports survival rétes in unmaintained
first remission of 55 %; similar findings are also reported
in other centres, where rates of apparent cure range from 35
%¥ to 65 %, depending on the age group (Thomas et al., 1982; ,.
Thomas et al., 1984; Forman et al., 1983; Blume et al., -
1980). Patients presenting with chronic granulocytic

)
leukemia in blast crisis and undergoing marrow grafting show

survival rates of approximately 30 % (Thomas et al’., 1984).



D.'OtherrHematégenous and Génetic Disorders i

qucent articles summarize the many other diseases in
which BMT can bé used as an effective thérapeutic modality.
These include WlSkOtt Aldr1ch syndrome, Blackfan-Diamond
syndrome, Fanconl anem1a, severe neutrophll dysfunctlon,
Jchronlc granulomatous disease of childhood, severe
(Kéétman-type).agranulocyfosis, infantile psteopetrésis, O
Burkitt's lymphoma, Hodgkin's disease,Amyelofibrosis,-
preleukémia, and multiple myeloma (Good et -al., 1983; Thomas
et al., 1984; Appelbaum et al. 1984';iriondo et al., 1984).
However, Thomas notes the need for more organlzed studies
béfore the full potenplal of BMT can be reallzed in these
papiénts. |

Recently, bone marrow transﬁlantation hasg@gen used
with some success in‘tréatihg the twiﬁcher mouse, the animal
model of galactosylceramidase deficiency (Krabbe's disease).
Prolonged survival and gradual reﬁair‘of_demyelination’in
peripheral nerves is seen, although improvements in the CNS
-were not noted. The latter observatlon is most likely
related to the inyolvement of the blood-brain barrler,'which
may'be acting as an imper;ious barrier (Yeager et al.,
1984). | ]

An exciting,recent~d%veldpment has been the advent of
éene transfectlon and its potential appl1cat10n to defective

stem cell therapy.. Thls subject will be con51dered later in

the Conclusion.



Despite the advances in BMT for ‘the treatment of the
various disorders just reviewed, several problems still

exist and will be considered next.

E. Complicatipns of Bone Marrow Transplantation

Deeqg et al., (1984a) have recently reviewed the delayed
complicat;ons of BMT, such as problems associateq with
engraftment, like acute Qr/chronic GVHD, immunodeficiencies
and associated infections. They also discuss the inherent
 complications of chemotherapy and irradiation when.these are
used as immﬁnosuppressive preparatory regimes, for example
pulmonary fibrosis and occlusiveldisease of the liver. One
also finds neurologiqwcomplications, endocrine d&sfunction
and infertility, the appearance of cataracts, and the
developmeﬁt of secondary malignancies. Reoccurrence of the
disease being treated is also a frequent complication. The
ove;all theme of this review is one of qautéon. BMT has
significantly improved the chances of surviving a variety of
disorders but the preparative regime is still far too to#ic
for more widespread ﬁse. As one of the principal

complications is GVHD, I now consider it:-in more detail.



I11. Graft-versus-Host Disease
e bccurrence of either acute br chronic
graft-versus-host disease (GVHD) post-transplantation has
been at;ributed to donor T lymphocytes in‘the marrow graft,
These T cells recognize'host histocompatibilify antigens as
being foreign and subsequently mount an immune based assault

v

(sprent and Miller, 1972; van Bekkum, 1980; Sto;b, 1984 ;

‘Tsoi et al., 1982, 1983; van Bekkum et al., 1979; Pals et

al., 1984a, 1984b; Micklen and Loutit, 1966; Elkins, 1971;
von Boehmer et al., 1975a). GVHD is seen primarily in
situations where the host is unable to»reject thengrafted
donorﬂcells. These si;uations exist in immunologicaily
immature'individuals, in immunodeficient‘patients, and in
thosé who have-undergone'an.immunosuppressive treatment (for
example TBI or cytotoxic drﬁgs); |

| GVHD has a prefereﬁce fof certain targét organs: in’
both animals and humans,‘the skin, gastrointestinal tract,
and liver seem to be pa;ticularly suscéptible. In addition,
some studiés have {ndicatéd‘that in dogs, the invplvementiof
the brénchiai glands, the salivary glands, and the prostate
is evident (Thqmas ef‘al., 1975; van Bekkum and de Vries,
1967; Glucksberg et al.,. 1974; érébe and Streilein, 19f6;

van Bekkum et al., 1979).

10



A. Acute GVHD | | ) )

The cause of acute GVHD has been assumed to be the
présence of immunocompetént T cells in the marrow graft
(Grebe and Streilein, 1976; Sprent and Miller, 1972); This
has been borne out by studies in which.immunosuppressiVé
agents, such as #enogeneic antiFl§mphocyte serum, anti-theta
monoclonal éntibodies, methotrexate, cyclophosphamide, and
cyclosporin, have been shown to prevent or reduce the
severity of the GVHD (Rodt, 1974, 1981; Korngold; 1983;
Prentice, 1982; Filipovich, 1982; Storb, 1980) ., -The presence
~of thesé cells varies between species, being.few in number
in mouse bone marrow, intermediate in. the dog bone marrow,
and abundaht.in'monkey and human bone marrow. The degree of
MHC‘ﬁismatchihg betwéeh donor and recipient has been shgwn
to be directly related to the degree of severity of the
ensuing acute GVHD (storb et al. 1973; 1976). Pritchard and
others have also suggested that the host's genetic |
background, for example, non-MHg‘éeneS'and/or'antigehs, mgy'
play an imﬁbrtant role in modifying the sevérity of a |
graft-versus-host (GVH)'reéctidn (Cantrell and Hildemann,
1972; Pritchard and Halle?Pannenko, 1981; Halle—Pannek§4et
al., 1980). Ihdeed,'Pritchard and her colléagues'now have
direct evidence for the involvemeﬁt of the MLS locus in‘
death from GVHD in mice (Pfitchafd et al., persohal
communication 1984)f,rn‘the dog model, Storb has shown that
the probability of survival of marrow grafts between |

. : -
DLA-identical littermates is far superior to
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DLA—haploidenticalmmatching. Similar findings have been
reported in man, where HLA- 1dent1cal siblings show a higher
‘rate of successful engraftment when compared to the .
‘haplo1dent1ca1 situation (Storb et al., v1983b)
The clinical appearance of acute GVHD in man manifests
itself as an initial involvéﬁeﬁt of the skin, withQ
subsequent involvement of the liver and intestines. Acute
GVHD has been classified into four different stages,
débgnding on the severity:of involvement of the target organ
systems. In'addition, Thomas et al.,.(1975) has proposed a
"clinical grading scale from 0 to IV, which takes the staging
classification a step further (Glucksberg et al., 1974). The
histopatholggy associated with acute GVHD has been
extensively réViewed (Thomas et al}, 1975; van Bekkum and de
vfies, 1967; Sale et al., 1977, 1979; Simonsen, 1962; Hansen
et al., 1981; Bescho;ner.et al., 1982; Gleichmann et al.,
1976,1982; Rolnink et al., 1982, 1983a, 1983b; Rappard—van
der Veen et al. | 1983). Sk1n changes can include basal
vacuolar degeneratlon or necrosis; locallzed
dermal-epidermal separation; infiltration and damage by .
eosinophils and other types of cells. Lymphocytic
infiltration may oécur in a vériety of aréas{ §uéh as ﬁointS'
or salivary glands. A full blown Sjégrehs syndrome may
appear. A number of other disease-like syndromes can occur,
resembling such things as scleroderma, perlarterltls, and
. systemic lupus erythematosus w1th immune complex

glomeruloqephr1tls, Lymphoproliferative syndromes may occur



e | . A B 13

and can encompass the spectrum from benign lymphoid
hyperplasia £S malxgnant lympfioma. An alternative may be the
appearance of a lymphoid hypoplast c syndrome_with thymic
aplasia; pancytopenia, and disap arapce'of plasma cells
from the gut. ' |

One can read1ly apprec1ate that while all these
pathologic events are occurring, the likelihood of the
recipient succumbing to opportunlstlc infection is very
high. In a clinical review, Thomas found that in the flrst 3
to 4 months post—transplantation, recipients were prone t? a
variety of‘bacterial, viral, and fungaliorgaoisms (Thomas et‘
al., 1975). Manegement of the bacterial and fungal
“infections 1nvolved the use of appropriate ant1b10t1cs,
including amphoter1c1n B, and whenvdeemed necessary,
granulocytic transfusions vere administered. Pneumonia'due'
to pneumocystls caPInll, a previously ser1ous
. post- transplantatlon complication, has recently_been
effectively prevented by the prophylatic ose of =
tr1methopr1m-su1famethoxazole. Interstltzal pneumonlas,
appearlng one. to three moneys post- transplantat1on, rema1q§
a major problem.

Meyers and Storb separately reported that the use of
cyclophosphamlde as. compared to TBI reduces the 1nc1dence of
interstitial pneumonia from 40 - 50 % to 16 % (Meyers and
'Thoﬁ;sf*\gozii,srorﬁ et a].,'1982b), Approximately 60 % of
the pneumonias are associated with cytomegalovirus |

. ! .
involvement;'UTVthese, 50 % are fatal. However, O'Reilley

1
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and Meyers have recently reported that the use of
cytomegalovirus hyperimmune gldbulin can influence the
'outcome of these highly fatal viral pneumonias (0'Reilley et
al., 1§83; Meyers ef al., 1983). The Seattle Marrow |
Transplant .Team has found that decontamination of the normal
flora of the'recipient in conjunctibn'with'the use of
laminar air flow rooms has deCreasea the incidence of ' GVHD
and increaseaAiﬁe surviwal rate (Storb and Thomas, 1983a;
Deeg, 1983; Thomas et al. 1975; Solberg, 1971). |

The occurence of GVHD can be pred:ic-ted'neit;hez‘bf'1 the
basis of semeatching the donor and recipient nor on the
number of marrow cells or buffy coat cells 1nfused Vallera
et al., (1983) have attempted to remove T cells from the
donor 1noculum using ricin linked to a varlety of mADS
specific for differentiation antigens on the surface ©of the -
T cells lympﬁocytes. They found that by uéing‘mixtures of -
these immhnotoxine, tﬁey could significantly kill T
lymphocytes. ‘Current therapy for established acute GVHD
consists of the use of methylprednisone, (Kan031a et al.
1984}, apt1jthymocyte globulin, and, recently, murine
monetlonal’anti—Tfadtibodies (Remlinge; et al., 1984). Using’
a new moanlenai rat anti-human lymphocyte antibody [N
vitro, Waldmann et al),a(4984) were able to prevent the
development of GVHD in 11 high-risk patients who had
rece:ved treated marrow from HLA matched 51bl1ngs. T cell
levels post-depletion, as measured by both

erythrocyte—rosette'fdrmation and immunofluoresence with a
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monoclonal anti-T cgll antibody, were less than 0.5%. Martin
et al., (1984) were not as successful with their protocol,
which involved using murine monoclonal anti-T cell
antibodies without complement; graft-versus-host disease
remained a problem in their studies.

The immunological recovery’of patients id‘which
cyclosporin (CSP), in contrast to methotrexate, is used for
the prevention’of GVHD, has been compared (witherspbon et
al., 1984a). Evaldatio'f various immunological parameters,
such as Ig levels and’cell médiated_immunigy, suggests that
recovery islcomparablé between the two treatments. Although
CSP is useful in reducing the‘incidencé and severity of
GVHD, it has deleterious sidé;éffects such as

. hypetttichosis, gum hypertropﬁy, a rare but serious
"capillary leak" syndrome, and serious neurological
illnesses, such as motbr spinal cora syndrdme, a
cerebellar-like syndrome, and mental confusion (Atkinson et
al., 1984; Witherspoon et al., 1984a; Morris, 1984; Deeg et

- al., 1984b; Harper et al., 1984). It should be notéd that
‘the neurological disorders were successfully controlled by

* either reducing the dosage or eliminating the CSP from
therapy. Let us now look at another form of GVHD.

B. Cﬁronic GVHD

Even if HLA-identic i @mar:row is used in BMT, chronic

GVHD still occurs in s:ouw ;e for unknown reasons,

’_ presumably related t¢ mino stocompatibility mismatching
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(Storb, 1983). Of 130 patients transplanted with HLA
identical grafts for aplastic anemia, 45 % developed chronic
GVHD between 3 to 15 months post—transplantation.‘Reports
from several centers indicate that the main clinical
findings include epidermal disease, obliterative -
bronchiolitis, severe buccal mucositis,
keratoconjunctivitis, gastrointestinal invoivément, and
liver dysfﬁnction, among others (Glucksberg, 1974; Saurat et
él., 1975; Gleichman et al., 1984;,Graze and Gale 1979;
Sullivan et al., 1981; Weiden et al., 1980; Ralph et al.,
1984; Shulman et al., 1980). The likelihood of developing
éhronic GVHD is related to whether the patient previously
manifested'acute.GVHD.‘An increase in the severity of acute
GVHD is directly correlated with tﬁe oécurence;of chronic
GVHD (Storb, 1983c), The incidence of chronic GVHD is higher
with increasing age@ It has been suggested that this\is
related to.thymic epithelial function.

Chronic GVHD can be controlled in a third of all'qases
by the administration of prednisbne, either alone or in
combination Qith pfoqarbazine, cyclophosphamide, or
azathioprine (Storb, 1984). Efforts to prevent the
development of chronic GVHD by using steroids have yielded
conflicting results (Forman et al., 1982; Ringden et al.,
1982). | ” |

Conéidering the morbid complications associated with
GVHD, it soon becomes obvious that protocols must be

developed which will prevent or reduce the likelihood of the
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occurrence of GVHD.

In contradiction to what has just been said, there is
some specﬁlation that a certain degree of‘Gng may be
beneficial in the promotion of hemopoietic activity
post-transplantation. Equally interesting is the finding
that GVHD may, in somé unique way, also effect an

anti-leukemic response , our next topic of discussion.

C Graft-versus-Leukemia Effect

Barnes and Lou1tt (1956) and Bortin (1979, 1981)
reported the observation that marrow cells transplanted into
irradiated mice could destroy any radioresistent leukemi;
cells. A similar situation has been noticed in humans, where
Weiden (Weiden et al., 1979; 1980) has found that both acute
and chronic GVHD exert an antileukemic effect. Analysis of
163 recipients with acute nonlymphoblastic leukemia or acute
lymphoblastic [eukemia transplanted while in remission or:
relapse revealé that the likelihood of achieving and/or,
maintaining a remission is greatest in patients whé had
either acute or chronic GVHD and lowest in those &1thout any
evidence of GVHD. The survival rate also increases, with
those having undergqne chronic GVHD showing an 80 % survival
rate, 50-55 % for those with acute or acute and chronichVHD
and 25-30°% for those patients without GVHD. These results
have stimulated a great deal of interest in the
graft- VePSUS‘leUkemlc effect. Studies almed at modlfylng the\

effects of GVHD to maximize its ant11eukem1c effect are in

H



progress.

.
rs Qg

We will now consider the role of hemopoiesis as it

—

relates to the transplant model.
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1V. Hemopoiesis
Bone marrow transplantation per se is a relatively
simple and straightforward procedure. The inherent. problems
associﬁted with it are post-transplantation GVHD, pbssible
incomplete reconstitution of the immune system, development
of subseéuent‘opportunistic infection, and the failure of
the marrow to engraft. The requirements for hemopoiesis play

a key role in engraftment.

A. Fetal Hémopoiesis

In the mone it is knownlthat blooa islands arising
from mesenchymal cells during the mesoblastic period of
hemopoiesis are the 5§te of erythropoiesis in the yolk sac
(Metcalf and Moore, 1971). These cells, incidentally, have
been successfully transplanted into lethally irradiated .
animal recipients. In the human, thé séeding of the liver
occurs at six weeks and that organ then becomes the chief
site of. hemopoiesis in the embryo. As time progresses, the

“

hemopoietic potential shifts to'the spleen and fiﬁally to

. ¢
the bone marrow (Zucker-Franklin, 1981).

B. Hémopoietic Concepts
| Circulating and fixed blood cel%s such as platelets,
fixed and free macrophages; erythrocy&es, granulocytes, and
lymphocytes are constantly turning oer, hence the

requirement for a constant renewal and replenishment of

their numbers. Renewal is achieved by means of a pluripotent

19
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stem cell compartment which responds to the demands for
replenishmeﬁt of the various cell lineages. This can best be
simplified into a three-tiered structure where th ultimate
stem cell, ag/yetfnot identified, is a totipotent cell
capable of giving rise to a varie;y of pluripotent cells as
well as having the unique potential of self-renewal. The
second level represents thé progenitor cell compartment: it
is here that we start to see differentiation into the
various lineages. A common lymphoid progenitor is believed
to give rise to either B or T cell precursors. A pluripotent
myeloid stem cell can differentiate into BFU-E,
burst-forming unit, erythroid; CFU-E, colony-forming unit,
erythrbid; CFU-EOS, colony-forming unit, eosinophil; CFU-GM,
colony-forming unit, granulocyte-macrophage; or CFU-MEG,
colony-forming unit, megagaryocyte-plateiets. Finally, the
last tier represents the mature or so-called effector cells
such as polymorphonuclear cells, monocytes-macrophages,
erythrocytes, platelets, eosinophils, basophils, various T
lymphocytes subsets and B-lymphocytes.

Two important concepts have been establishea with
regards to the first two tiers. Microénvironmental factors
blay a key rple in determininé the commit?ent of
multipotential stem cells to a particular differential
pathwéy,.and the proliferation of the progenitor cells is
greatly influencéd by.specific humoral factoré; for instance
the effect of erythropoietin on erythropoiesis, or CSF-GM on

granulopoiesis.



21

C. Hemopoietic Microenvironment

Undoubtedly, one of the most important and interesting
aspects of hemopoietic transplantation is the concept of the
"microenvironment”, the proposed site of stem cell
induction. Unfortunately, it is very difficult to study the
microenvironment /N vivo and until recently, no assay
existed which would allow one to better understand exactly
what goes on at this unique site of cellular interaction.
Keller (1979) in an elegant set of in vivo experiments-.
showed that both granulocytic and erythrocytic colonies
could develop on the chick embryo choricallantoic membrane.
He showed, quite conclusively, that a stromal cell
population of the chick embryo spleen, represented the
hemopoietic microenvironment. In a set of jn vitro
experiments, Dexter and Moore (1977a) demonstrated the
direct involvement of this so-called microenvironment in the
maintenance of hemopoiesis. They established, in long-term
bone marrow cultures, an adherent environmental monolayer
consisting of phagocytic mononuclear cells, f ttened
epitheloid-like cells, endothelial cells, retiRular cells,
and giant fat-containing cells. (Incidentally, Spooncer et
al. (1981) showed that the presence of certain
glycosaminoglycans such as heparin sulphate, chondroitin
sulféte, and hyaluronic acid wefé important factors that
contributed to the growth of these cultures). Using the
anemic W/Wv and S1/S1d mouse strains, which have,

respectively, either defective stem cells (and a competent
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env%ﬁgnment)oor a defective environment (and competent stem
cells), Dexter showed that adherent layers derived froﬁ the
W/Wv strain bohe marrow could support?stem cell acfiyity'of
the S1/51d strain, while the S1/51d adherent layéf faiieé.to
develop. This strongly suggested the importance of cellular
interaction between the stem cells and the |
microenvironmental compartment, in this case represented by
the monglayer of adherent cells.

Mooére and his colleagﬁés then exténded this concept to
see if adherent layers of a particular genetic strain could
indeed support the growth“of allogeneic hemopoietic cells.
Using semiallogeneic or allogeneic bone marrow combinations:
CBA/Cum (H-2k) = C57Bl/6 (H—Zb) or in the oﬁposite
direction; CBA/Cum » (CBA/Cum x C57Bl/6)F,; C57Bl/6 -
(CBA/Cum x C57Bl/6)E1;‘CBA/Cum’* CBA/Cum and C57Bl/6 -
C57B1/6, they reported that bone?marrow_derived adherent
cells couid stimulate the gro§é£ of both syngendic and
allogeneic hémopoietic cells. In tﬁeir summary, they clearly
indicate that the cells responsible in vivo for
transplantation‘resistance and GVHﬁ may simply not exist in.
the in vitro,culyure conditions and that ﬁhese results
should not .be overinterpretéd.\The guestion as to Qhethe;
the marrow stfoma is a transplantable element is addressed
in the Discussion. A

" Schofield (1978) talked of a hemopoietic concept known
as "niches", which represented a clusterlng of various

microenvironmental support‘gg%iiwjniassociation with stem

o
A
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cells. This proposed model of a close interaction network
would allow for cell-cell communication to occur and allow
short-range factors to be effectlve. This concept has been
supported by studles wilch have shown thalxhemop01et1c

tissue 1s not a randomly distributed arrangement of a

mixture of various cells but in fact the opposite (Trentin
1970, 1978). Examination of the morphological arrangements

of cells within the mouse femur have shown that an orderly

pattern does indeed exist, quite similar to the "niche"

concept (Weinbeck, 1933 Lord and Hendry, 1972; Frassoni- et

al., 1982; Hendry and ta}d, 1982; Xu and Hendry, 1981),
" The implicatiga.of thymua-derived cells in the
promotion and maintenance of hembpoigtic activity has been
proposed by several groups (Lord and Schofield, 1973;
Goodman'and Shinpock, 1968, 1972; Dexter et al., 1973;
Vallera et al., 1982). These fiﬁdings are of particular
interest given the extensive effqrts being made to remove T
cells from the donor innoculum, in an attempt to reduce the
incidence of GVHﬁ. This interesting obaervation suggests
that T cells may not be required, aespiae reports of their

involvement in hemopoiesis.

D. Hemopoietic Assays
Since the initial CFU-S assay described by Till and
McCulloch (1961), a variety of equally useful in vitro and

in vivo culture systems have proven to be extremely

beneficial in determining the origin of various cell
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linéages post—transplantation. As mentioned prev?ously, ;
Dexter's introduction of in v}tro long-term bone marrow
cultures allowed for the investigation of not only the stem
cell (nonadherent) popul?tion but mbre importantly the
' microenvironmental (adhereﬁf) cell population as‘well
(Dexter et al., 1973, 1977b).

This culture system allows for both the establishment,
in vitro, of an environmenf which prohotes selfrtenéwal of
the stem cell ‘population, as well as commitment of | ]
progenitor celfs to occur. Inwvitro assaYS’which.allowed the
committed cells to be ideﬁ?ified,'provided’the»mUCh needed
link to hembpézngE‘investigation of Qarious cell lineagesl
contéining the méjor’cell'types (Wolf &nd Trentin, 1968;
fauser and Messner,-1979; Pluznik and Sachs, 1965; Bradley

 and Metcalf, 1966; Metcalf, 1977; Metcalf ana Johnson, 1978;
Metcalf et al., 1979; Dorshkind and Phillips, 1983). By '
\using these assay systems, it is .also now possible to.

| investigate the origin of related marrow derived cell

v

lineages. Examples include Lanéerhéns' cells in the
epidermis, osteocytes in the bone, and a variety éf tissue
macrophages. |

The rapid recent develqpmeﬁt in these hemopoietic
assays has been directly associéged with tﬁe discovery of
various humoral factors that promote thejin‘VitPo“growth of
hemopoietgc cells. The most ektensively studied factor,
'éolony—stimulatiné—activity (CSA), is made by~conditioning

"'medium with peripheral blood leucocytes in the presence of
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phytohemagglutin (Fausnerkand Messner, 1979),

| These assay systems'have been used e#tensively in this
thesis to show that once_engraftment has been established in
our. model, it remains a permanent phenomena.

Our eérlier discussion of BMT concerned itself
primarily with various aspects of the‘clinical model. Let us
now review the préduction of animglibone marrow chimeras. by
means of irradiation, cytotoxic,drﬁgs, a combination of
both, and by a novel épproach that utilizes anti-host

monoclonal antibodies (mAbs). \



V. Experimental Bone Marrow Transplantation

A. Radiation Chimera Model

Earlier studies on radiatién-induced'bone marrow’
transplantatioﬁ were extended by voﬁ Boehmer et al., (197Sa,~
1975b), who realized the potential of this in vivo hodel for‘
studying‘T-B cell 'interaction. They successfuliy reduced the
detrimental effect of the graft-versus-host reaction by
eliminating_maturefperipheral blood T cells, ﬁtilizing
anti-Thy 1 antibody and complement. This does not prevent
‘normal stem cell develobment in the irradiated recibient.x
The basic modei employéd was‘fo fepopulate 800-900 rad
irradiated (P, x P,)F, hybrids with either P, and/or P,
‘donor cells. Subsequent development of either P1 or P, donor
stem cells in the chimeric environmgnt rendered them
mutually tolerant of each othér.

Several groups then reported that chimeric T cells of
P, origin which had differentiated in the (P, x P,)F,

environment could cooperate equally well with B cells

originating from either P, or P,: the same applied to the P,

cells differentiating in (P, x P,)F; environment (Waldmann
et al., 1978; Kappler and Marrack, 1978; Spreht and vo;
%oehmer, 1979;.Singer et al., 1979;Wzihkern;éel et al.,
1978; Santos et al., ﬁ979; Bevan, 1977; Longo and Davis,
1983); Restriction specificity therefore, appears to be
learned during the antigen—independent*differentiation of T

~cells in the F, environment (Tada, 1984).

26
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Kappler and Marrack (1978) and Longo et al., (1981)
used then}adiatioh chimera model to.study whether T cell‘
precursors of non—respondef‘lype could respond to‘antigen'
presented by‘antigen-preﬁenting cells of the responder type.
They'found that when non-responder T cells, which had
matured in aﬁ (respondér'x nonrgsponder)F, enQirénment and
which'weré tolerant of responaer MHC antigens, were then
primed in the presence of (responder x nonresponder)F,
antigen-presenting cells, they ;esponded;'Paul (1984)
summarizes these findings by stéting that: "....
unrespénsivenéss to énfigen is not an innate property'of T
cells from a;non—requnder animal; in the p:éper setting,
such T cells can respond - bﬁﬁ what they»resbond to is the
pair of anﬁigen §na responder Class I1I molecuies."

In terms of the hemopoietic makeup of radiation
chimeras,'Cudkowicz and,Stimpfling (196;), and Lotzova and
Cudkowicz (1973) found resistance and deficient growth of
‘bone marrow grafts. This_resistance has beén referred to as

"hybrid;resistance", a topic we wi;;,nbw considér; Many
reports have appeared with respecdt to the abilify of various
strain combinations to successfully engraft following
irradiation. Daley and Nakamura (1984) showed that the
natural fesistancevof Hbe/d and H-éb/k F, hybrid mice
against parental H-2b bone marrow grafts Qés mediated by
effectors restficted by the H—2Db/Hh—1b gene(s). This |
confirmed that the natural-killer (NK)-like effectof cells,

thought to mediate natural resistance in the P - F,
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irradiation model, are reétricted, and this contrésts yith
reports of unrestricted NK cell activity against a wide
range of tumors and normal cells. This :eétriction was
previously postulated'as being under the control of a set of -
unigue noncodominant genes'denotedvas Hh (hemopoietic
histocompatibilify) (snell, 1976); |

| Lotzova and her colleagues have shown that
natufalfkillef (NK) cells are actively involved in the
mechanism of allogenéic bone marrow graft rejection.(Létzové
and Savary,‘1977; Lotzova and Gutterman, 1979; Lotzova,
1980; Lo;zové et él., 1983). They showed that tﬁe in vivo
treatment with an antiserum’spécific against the NK-cell
surface antigen NK 1.1, as previously_descfibed by Pollack
et al., successfully prevented the réjection of allogeneic
bone marrow transplants (Pollack et al., 1979).
| , ~Using a cloned cell;line with NK activity, Warner ana‘
Dennert (1982) were able to show that this line, when
injected into syngeneic NK-deficient mice had an effect‘in
vivo. The abiiity of the NK-deficient mice to reject

. 5

allogeneic bone marrow was shown to be”speciifc, in that
identity at the H-2 locus precluded rejection while H-2
disparity was associated with rejectiondiUsiné congenics and
recombinants they were able to narrow the target antigens to
the H-2D region primarily. Fu:ther implications of the rolé
that NK cellé play in hemopoiesis and allograft marrow

transplantation comes from studies by Hénsson et al., 1982.

They reported that human NK cells have the ability to

P
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'§nhibit in Vltrb granulopoiesis of autologous and allogeneic

bone marrow cells. This strongly suggests that NK cells may
possibly play a role In vivo as a regulatory of certain
aspects of hemopoiesis.

- Using various congenics, recombinants,“and F, hybrids,
b;izlikh et al., (198&) report that both Class I (K -and D)

and Class LI\(I—A and I-E) MHC genes, rather than “

hypothetical Hh genes, are actually responsible for the

.phenomendn of hemopoietic resistance. They examined the

ability of irradiated (H-2b x H-2k)F, and (H-2b x H-24)F,
recipiéﬁts to prevent the growth of H-2b parental Bﬁ cells,
without impeding the engfaftment of non-H-2b parents. The
authors expléin that the Hh restriction phenomenon 'is only
seén in certain strain combinations because "... there(eXist
parental determinants that are not formed in some F, h;bfids
due to preiéreﬁtial association of either Ia aiphé chains
with allogeneic beta chains or of Class I antiéens with

allogeneic or hybrid Class II restriction elements." Their

results cannot be accepted as conclusive, since their use of

- congenics and recombinants does not necessarily prove that

Hh genes'do not-exist.

Carlson and Wegmann (1977) foung,that by monitoring the
eii%igation and metastatic potential of
'?'I-iododeoxyuridine prelabeled H-2¢ leukemia éells,\they
could study /n vivo models of hybrid and allogenéic_

resistance. Using an ingenious technique of whole-body gamma

counting along with colonization of the spleen, they were
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able to describe that although all nonirradiated mice showed
early recognition and elimination of cells which yefe‘nOt
H-2 identical with self, as one would expect; irradiation
had varying effects on different strains of mice in their
ability to reject the labelled leukemic cells. They ‘
concluded that although dissimilarities at the H-2 locus »
‘'provided the targets fér recognition, non-H-2 genes playea a
role in the susceptibility of the rejection process to
itradiation.‘

When the role of irradigzzsn was previously considerea
as a means of;preparﬁng pétients prior to BMT, its drawbacks
were not discussed quite adequately. Van Bekkum (1980)
showed quite clearly that GVHD is enhancedkby TBI, but this
has not been confirmed by others. In addition Deeg et al.,
(4983) have found that canine.radiation éhimeras prepared
with TBI havg an estimatedvrelativg risk of develéping'a
malignancy that was 5-fold higher than in control doés.

In light of these difficulﬁies, new methods were‘
introduced which'attemptgd to address these problems. Slavin
énd Strobeg, in animal mgdels, éelectively‘irradiated areas
that were rich in lymphoid tissue while shigqlding the rest
of the body (Slavin et al., 1979a; Slavin a Strober,
1979b) . They delivered the raaiation by means of multiple
~small fractionated dosgs,‘for example, 200 rad x 17. Using’
-this approach, they found that they were capable of

transplanting across allogeneic barriers without any sign of

GVHD. As well, they showed that immunological tolerance was
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induced and that both nonspecific and specific suppressor T
cells appeared:

Slavin and Seidel, (1982) examined the hemopoietic
status 6f these TLI bone marrow chimeras and found the
following. TLI did not cause irreversible damage to the
marrow. I;'fact,'the procedure allowed a larger total
cumulative radiation dosage to be admihistered. This
advantage of TLI has successfully Seen used in the clinical
situation, in radiotherapy prior to bone marrow and organ
transplantation, and also in attempts to ;reapjgarious
aﬁtoimmune disorders (Strober et al., 1979; Slaviﬁ et al.,
1979b) . | &

It has been reported that no ﬁéoplasms were detected in
an ongoing study of drug-induced chimeras prepared with
cyclophosphamide or aimethyl busulfan, suggesting that the
ergﬂregime may be a better preparatory protocol~than '
irradiation (Deeg et al., 1983). o

Several classes of drhgs\may be used in the preparation
of a‘recipient prior to ﬁMT.'The following are

representative agents.

B. Drug-Induced Chimeraﬂuodels

Alkylating agents, such as cyclophospﬁamide (CY) and
buéulfan (%U),«és well as other drugs such as 5-fluorouracil
(FU), hydroxyurea (HU), and L-phenylalanine mustard (L-PAM)
have been studied in terms of their short- and long-term

effects on hemopoietic tissue (Fried and Johnson, 1968;
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Fried et al., 1977; Hays et al., 1982; Santos and Owens,
1969, Santos and Tutschka, 1974; Tutschka and Santos, 1977;
Morley and Blake, 1974; Boggs and BOggs,l1980; Sensenbrenner
et al., 1968; Botnick et al., 1978; Brown and Carbone, 1971;
Van Zant, 1984; Hodgson_et al. 1975, 1982).

The majority of these reagehts can be classified as
antineoplastic, chemotherapeutic drugs, and fherefore‘we
should be aware of their potential to cause late
complications in therapy. They have been shown to have
severe adverse effects on the stem cell compartmeﬁt'if not
administered in therapeutic doses. It is this very effect,
on th§ hembpoietic tissue, that has stimulated their use in
host preparation, as a means of replacing or reducing the

requirements for irradiation.

Busulfan (BU) Treatment

BU is used almost exclusively for the treatment of
~myeloproliferative disorders, éspecially chronic myelogenous
leukemia (CML)., Its use requifes‘judicious care since, if
overprescribed, it can lead to irreversible bone marrow
failure. Busulfan waé originally discovered when the effects
of sulphonic acid esters on tumor growth were being A
evaluated. At low déses, BU acts by selectively depressing
granulocytopoiesis. In slightly higﬁer doses, platelet and

erythroid elements may be affected, with a resultant

pancytopenia developing.
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Udupa et al., (1972), ugi J'a murine model suggested
.that the target cell populations of BU treatment are
noncycling cells, thus péssibly explaining the observation
of a slow recovery raté of CFU-S after BU administration.
Morley et al. (1976) concluded from their studies that the
effect;of BU is primarily on the CFU-S and not the stromal
cells. When BU was given-repeétedly at short intervals for a
limited time, it resulted in marrow aplasia and subsequent
peripheral blood pancytopenia several months later. Hays and
her colleagues (Hays et al., 1982) reported that BU
treatment causes a "prolonged and apparently permanent
iﬂjury to the bone marrow". In addition, they foundsa
moderate to marked reduction in marrow CFU-S and CFU-GM that
remained for as long as 18 months post treatment. Morley et
al., (1975) and Hellman et &J., (1978) concluded‘ghat BU .
affécts stem cells directly, as evidenced by failure of
CFU-S from BU-treated mice to self-renew and reconstitQte
hemopoiesis in irradiated.normal-;ecipients. Inferéstihgly,
however, irradiated BU-treated mice.wbpld nét allow normal
hemopoietic celis to fully ehgraftJ suggesting damage to the
microenvironment. Hays and colleagues postulated that the
repopdlation of irradiated BU-freated mice, evidenced by
Morley, was due’ig part to the outgrowth of stromal,eléments
within the donor'inoculum. Research in this area is still
ongoing. Side effects offBU treatment include increased risk
of cataraét'fofmation; pulmonary fibrosis, and premature

»

graying as a consequence of damage to melanocytes (Botnick
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et al., 1978).

" Cyclophosphamide (CY) Treatment

CY (5 mg/kg), if given intermittently, appears to cause
damage to hemopoietic stromal function to the extent that
there is no significant recovery for as long as six weeks
post—administratién (Fried et al., 1977). CFU-S potential in
these same hosts, after an initial decline in numbers,
returns to pretreatment levels by six weeks. The major ,
broblem with this study is the ggrealistically high dosage
used Qhen compared to the typicél human dose of 60-120 mg/kg
of body ;eight. In the latter, no‘:evidence of\cumulative
effects on stromal elements was fohnd. However, Buckner et
al. (1974) reported of adverse effects of CY on

thrombopoiesis.

5-Fluorouracil (FU) Treatment

FU appears tovselectively kill rapidly dividing cells
in various hemopoietic lineages until the surviving cellé
are those with.a pluripotent potential and hence slower
'turnover. This view, advocated bkaédgson et al., (1982), is
supported by Van Zant (1984), who proposes that the reason
for "... the delay in spieen colony growth caused by
Fﬁ—treated cells is that primitive stem cells surviving FU
. ére unable to directiy initiate colony growth. Rather, the
population unaergoes,developmental maturation, giving rise

to a cohort of cells capable of spleen colonization and
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growth"., Van Zant then provides evidence that this is,
indeed, correct. FU, it appears, is selectively more toxic
to a population of older stem cells, than to younger ones,
The sparing effect on the more primitive subpopulations is
evidenced indirectly by a 100-fold increase in CFU-S
colonies derived from FU-treated marrow cells. This effect
on stem cells was shown to be dose dependent, both in vitro

and in vivo.

Hydroxyurea (HU) Treatmenf

Studies qygﬁodgson et al., (1975), support an initial
observation by Sinclair, (1967) that HU affects cycling
CFU;S, by acting as a synchronizing agent. This allows CFU-S
in the S (synthesis) phase of their Yrowth cycle to be
collected in vivo. Hodéson assumes that HU kills ce}ls,in S
phase by inhibiting DNA synthesis while permitting cells ig
other phases to continue in cycle andxcumulate at % G,/S
boundary. When the HU concentrations drop, the accumulated ~
cells move into S. |

The drugs cited in the above section, therefore, have a
variety of effects on the proliferative capacity of various
stem cell lineages and stromal microenvironments. Recently,
the clinical use of alkylating agents has been associated
with tumor indugtion (Botnick et al., 1978).

So far we have examined two different means by which
one can establish hemopoietic engraftment across MHC |

barriers. The first, the radiation model, although

&
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successful under certain conditions, still is attended by a
varlety of compl1cat1ons. Most notable is the fact that TBI

increases the 1nc1dence of GVHD and also gives rise to the

‘subsequent development of mallgnanc1es. Secondly, the

cytotoxic drug approach is far too nonspecific in its mode

of action, inflicting, in-some situations, irreversible

damage to the hemopoietic &pv1ronment.

Perhaps the 51mplest approach to solving or reducing

the compllcatlons inherent in the above mentioned models,

comes from studies which will be considered next.

C. Parabiont Model |
" Drell and Wegmann (Drell et al., '1979a,1979b; Wegmann
et al., 1980)‘describe, in scme detail, their find;ngs ot a
parabiotic model of hemopoietic engraftment. Basica'lly,~
these authors confirmed and extended an initial observation
by Rubin (1959), of an unexpected 50% swrvival.rate-in
parabtosed mice differing in their MHC haplotypes. They

mpatible strain comb1nat10n of

showed that®in the H-2 {ﬁﬁp
DBLX ‘mice, parabiosed to (R?A x C3H)F, hybrld mlce, after an

initial ghimeric state, both parental and E,.hybrld partners
displayed a complete takeover of their red and'white blood

cell tompartments by cells of the DBA phenotype.

Interest1ngly, if spleen cells from e1ther of the parablonts
are removed and reexposed to C3H or third party
alloantigens, either in vitro.or upon adoptive transfer in

vivo, theyésho& V1rtually normal react1v1ty (Shaw et al.
Vé:é@
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1974; Drell et al., 1979a, 1979b). Later, these
investigators tound that an antibody present im the DBA mice
parabiosed, to the (DBA x C3H)F, hybrid, was specific for
éntigens present on cells of some hemopoletic lineages. This
‘antiboay was cytotoxic in vivo and in vitro and‘reacted with"
an antigen encoded by a gene(s) linked tO\khi\fEft hand
(K-1) end of the H-2K* haplotype (Drell et al.»\3979a).
These observations are reminiscent of a particular set of
earlier experiments. Fox et al., (1962) reported on a
chromosome marker study that suggested that 10* C57BL spleen
cells inﬁected lnto (C57BL-x CBA(T6))F, hybrids repopulated
the spleen completely, and remalned for a period of at least
60 days. In contrast chlmerlsm in the marrow.was only
temporary. Qf.further interest was the finding_that if the
CBA(T6) partner was used‘as the source of donor cefls, no
splenic takeover was seen, Later, Batchelor‘and Howard
.}(1965) found that hemopoietic chimerism?gould be achieved by
the pretreatment “of (C57BL x A)F, hybrids with
uncharacterized C57BL anti-A antibody followed by 10® CS57BL
spleen cells. Taken together, these findings support the
possibility that GVHD could possibly be avoided by somehow
‘selecting the proper combination of not only the donor cells

but also the anti-host antibody.

D. Suppressor Cell Involvement in the Maintenance of
Tolerance

-

. | ! | oy
In their parabiont studies, Drell ét afl’., (r979c) Could

not,find any evigence ‘for the presence of suppressor cells.
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However, other investigators using allogeneic bone marrow
chimeras prepared with total lymphoid ;rradiation have shown
these cﬁimeras to be specifically unresponsive when
subsequently tested against both recipient and donor strains
in an MLR assay (Slavin et al., 1977). They postulated and
went on to show the presence of antigen-specific donor-type
suppressor cellsvthat-were'able to inhibit the MLR of rormal
donor-type spleeq cells against recipient-type and
third-party stimulator cells (Okada et‘al., 1983). Waer et
al., (1984) reported of an apparent association between
TLI-irradiation protocols that gave rise to the successful
engraftment of allogeneic bone marrow and the presence of
nonspecific suppressor cells in the spléen. It must be
meﬁtioned, that it would be difficult to draw any

conclusions between these studies and Drells' work, since in

further evidence existes which describes a

o

. & ‘ . . . i
occurring suppressor cell population in th Ak marrow of
1 #

normal adult mice (Bennett et al.; 1978; Beﬁwéf;';ﬁd '
Mitéhell@ 1980). An intefestingmpbservation that Strober
(1984) made with regards to this population of suppressor
célls,_is that they have'also been identified in other sites
of "intense hematopoiesis in the rodent", for example in |
spleens of adult mice which had received TLI, Sr*', BCG, or
Eyélophosphamide. Incidently, these suppressor cells are not

found in the spleens of normal adult mice, unless the mouse

has undergone one of the above mentioned hemopoietic

0TI
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stimulating treatments (Oseroff et al., 1984).

Strober (1984) in a recent review, proposeé that a
population of non-specific suppressor cells in'the spleens
of adult mice given TLI before marrow transplantation are
capable of preventing the development of cytotoxic T cells,
while 'allowing the emergence of a population of -
antigen-specific suppressor T cells after marroQ
ﬁransplantation. These latter suppressor cells,’of host
" origin, are presumed to block thé generation of cytolytic T
cells directed against host cells. In a similar manner,
dohor—derived antiggn-épecific'suppressor cells may possibly
prevent graft-versus-host disease Sy pre;eﬁting the
,devélopment of cytolytic -cells directed against the host.

- Let us now consider the research project.

g

E.‘Antibody—Facilitated Model: Introduction to The Research
Project

AF chiheras are a nafural extension of the ideas which
weféugenerated out of the parabiont studies of Drell and
Wegmann (Drell et al., 1979, 1979b; Wegmann et a].,.i980).
‘Their discovery of compiete hemopoietié"takeover of both
barabiont partners, and'the.subseqﬁent appearance and
persistence of a circulating anti-host antibody, suggeséed
that this could be simulated by the injection of F, hybrids
- with parental doﬁof spleen cells along with a monoclonal
anti-host antibody. Preliminary\résults did indeed reveal

this hypothesis to' be correct.



40

This project involved determining the optimallcellular
and mAb requirements for obtaining a successful hemopoietic
engraftment of the recipient, while avoiding or minimizing
the effects of GVHD. The cellular requirements involved
determining both the cell type, bone marrow or spleen, and
cell numbers, while the mAb requirements concentrated on
amoﬁnt, class, and specificity. Equally impoftant was the
éstablishmeht'of a protocol for the administration of cells
and mAb.

The lack of adequate quantitation of hemopoietic
takeover by means of an existing qualitétive Gpi
electrophoretic assay'was resolved with the introduction of
a far more sensitive, rapid andjreliable methoa.

" Analysis of the effects of tge mAbs on the recipients
hemopoietic tissue were addressed in a variety of both in
vitro aﬁd in vivo assays. Similarly, hemopoietic

i

reconstitution of long-term AF chimeras was examined\using

both in vitro long-term bone marrow cultures ana met‘yl
ce§iulose colony cultures and in vivo by means of thé CFU-S

assay.

The findings, that complete hemopoietic takeover.

between semiallogeneic adults can be accomplished by the \
' ' ‘ : \

administration of antihost MHC monoclonal antibody and donor

stem cells, as well as the chimeric characteristics of these

animals once engrafted will now be preéented,



V1. Materials and Methods

Mice .

BALB/cCR(BALB, H-27,Gpi-1a), DBA/2J (DBA, H-29,Gpi-1a),
C3H/HeJ (C3H, H-2%, Gpi-1b), CBA/CAJ (CBA, H-2%, Gpi-1b),
(BALB/cCR x C3H/HeJ)F,, ((BALB x C3H)F,,H-2% ,Gpi-1a/b) and
(DBA/2J x C3H/HeJ)F,, ((DBA x C3H)F,, H-2° ,Gpi-a/b) were
6riginally obtained from‘Jackson‘Laboratory, Bar Harbor,
MAINE, and maintained a;‘pedigree lines at the Laboratory
Animal Breeding Unit of the University of Alberta |

(Ellerslie, Alberta, Canada.) The H-2 haplotypes of these

strains are shown schematically in Table 1.
. * : -

Honoclonal‘Antibodies e .
Anti-H-2K* (11-4.1) and anti-H-2I-A% (10-3.6)
hybriaomas were‘obtained from the Salk Cell Distribution
Centre, La Jolla, CALIFORNIA, and from Amefi&§%3Type Cultuie
Collection, Rockville, MARYLAND. These hybrid;ﬁés griginated
in thE'}aboratory of Dr. L. A. Herzeriberg (0i et 51,197Q).
Monocighal antibodies produced are of the IgG2a subclass and
were - produced as ascites fluid frbm.hydridoma—bearing BALB
mice. Each batch of mAb-containing asciﬁes fluid was tested
in an in vitro competitivé binding assay with the
appropriate "2:1-labeled antibody. '**I-mAb (10°® cpm) was
mixed with graded amounts of the ascites and added=to 2 x

107 C3H (target) and/or BALB (control) spleen cells

(Raghupathy et al., 1981). The 50% inhibiting dose of the

41
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Table 1

H-2 and Gp/ genotypes of mouse strains and the regions of
the H-2 major histocompatibility complex recognized by the
monoclonal antibodies used in these studies.

STRAIN' 1 K I-A 1-E D -Gpl’

DBA/2J , .d/d d/d d/d d/d ‘a/a
BALB/cCR , da/d  ‘d/d . 4/d a/d a/a
VCBA/CAJ k/k k/k k/k  k/k b/b
C3H/HeJ : k/k k/k k/k  k/k b/b
(DBA/2J x C3H/HeJ)F, d/k d/k d/k d/k a/b

(BALB/cCR x C3H/HeJ)F, d/k d/k a/k . d/k a/b
MONOCLONAL ANTIBODIES?

Anti-H-2K* (11-4.1) k - - -

Anti-H-2I-A% (10-3.6) - k - -

'Reference: Klein, 1982.
*IgG2a subclass.
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ascites was compared with a reference batch of ascites of
‘known acfivity.

The procedure used to determine the -amount of specific
mAb ngcessary to produce AF chimeras is as follows: Ascites
fluid was\put thrdugh a Protein A-Sepharose column, and the
eluted antibody was labeled with *2*I, and then purified by
adsorption and elution from glutaraldehyde-fixed target‘CBH
spleen cells. Labéling resulted in 600 ug of'spégific 1gG
containing 3 x 10’ cpm. In competitive inhibition studies,
the addition of 0.3 microliter'(ul)‘of ascites resulted in
50%.inhibiffon of binding of 5 x 10* cpm of the '?*I-mAb
preparétion.on target C3H spleen cells. Therefore, 0.3 ul of
ascifgs_equals 0.5 ug of_specifié IgG. This was related back
to the amount (0.25 ml) of ascites used to produce AF
chimeras. The subsequenf estimate of specific'IgG injected

.is 416 ug/mouse.

Radioiodination of Immunoglobulins

The antibodies used in the competitive binding
radioimmunoassay were '2**I-labeled by the chloramine T
- method of Greenwood et al (1963). Labeling was performea at
a molar ratio of one iodine atom to one IgG molécuie.
5-millicuries of radiolabeled sodium iodide (New England
Nuclear, Lachine,'QUEBEC) was added to a % mjlligram (mg)
solution of the immunoglobulins in PBS. 50 ul of chloramine

T (2 agjml) was subsequently added to this mixture and the
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oxidation reaction allowed to continue for two minutes (min)
at room temperature. To prevent further oxidation, the
mixture was neutralized with 60 ul of sodium metabisulfite
(6 mg/ml). 10 ul of 1% potassium iodide was then added and

"the solution dialyzed against saline to remove free iodine.

Ammonium Sulphate Precipitation

MAbs used in the prepafation of AF chimeras in later
experiments were precipitated with ammonium sulphate. 200 ml
of raw ascites was added to 100 ml of cold pbosphater
buffered saline (PBS), mixed, and allowed to stand on ice.
300 ml1 of a cold, supersaturated solution of ammonium
sulphate (Fisher Scientific Co. Cat; No;-A—7023, Fair Laﬁh,
NEW JERSEY) was then slowly added. The complete.mixture was
allowed to stand undisturbed on ice for a minimum of 1 hr.

The cooled mixture was‘spun for 30 min in 250 ml
polycarbonate bottles at 7500 - 9000 rpm in a Sorval
' Superspeed Model RC2-B refrigerated centrifuge. The
suberhatanf was disqarded and the pellet resuspended in 60
-ml PBS. Exactl? 40 ml of a 100% saturated ammonium sufphate
solution was then added slowly with continuous stirfing and.
~the mixture allowed to stand on ice for a minimum of one
hour. This mixture was then centrifuged at 7500 - 9500 rpm
for 30 min, The supernatant was discarded and the pellet
resuspended completely in 50 mi'normal saline. This was then

dialyzed in three changes of normal saline, spun at 9,000 -
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10,000 rpm to remove fibrin clots, aliquoted and stored at
-70° C. Specific activity was tested in an in vitro

competitive binding radioimmuynoassay, described above.

- Preparation of Antibody-Facilitated (AF) Chimeras

AF chimeras were prepared by the intravenous (iv)
administration of donor parental stem cells accompanied by
antihost mAb into otherwisé untreated F, recipients (Figqure
1). (Wegmaﬁn et al, 1980). Adult BALB or DBA mice provided
donor stem cells, de;ived from either spleen, bone marrow
(BM), or T cell-depleted BM. Spleens were excised,‘pressed
through a stainless steel screen;'and washed in Leibovitz
medium. BM cells were obtained by flushing Leibovitz media
through tibias and femurs of donor mice.

( To obtain T cell—depléted‘BM cells (aBBM), single cell
suspensions from the BM were treated for a one hour period
in a two-step cytotoxicity assay with a 1:5000 dilution of
monoclonal anti-Thy 1.2 (New England Nuclear, Boston,
MASSACHUSETTS) , followed by a 1:6 dilution of-
agérose-adsorbed guinea pig complement (GPC),(Flow
Laboratories, McLean, VIRGINIA).

AF chimeras were produced by the injection of donor
stem cells (spleen, BM, or a®BM) accompanied‘by anti-H-2K*
or anti-H-2I-A* ascitic mAb (approximately 416 ug of
specific IgG). Depending on the specificity éf mAb, AF

chimeras are referred to as anti-H-2K* AF chimeras or



ANTIBODY- FACILITATED CHIMERA PROTOCOL
H‘

s

Figure 1. Antibody-Facilitated Chimeras protocol.
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anti-H-21-A" AF chimeras. AF chimeras were maintained on 325
mg/liter Terramycin (Pfizer Canada, Montreal, QUEBEC) in

their drinking water.

C )
] J
i

" Hematocrit determinations . j
Mice were placed under light anesthesia with Penthrane
(Methoxy flﬁo:ane, N.F., Abbott Laboratories, Montreal,
QUEBEC) and gled from the retro-orbital sinus through
‘heparinized microhematocrit tubeé (Dade B4415-30, Miami,
FLORIDA). These tubes were thén pluggeq at‘éne end with
Critoseal‘(Clay—Adams,_NEw JERSEY) and spug in a hematocrit
centrifuge for 10 min (Model MB, Internatiohal Equipment

Co., Needham, MASSACHUSETTS). The percent hematocrit was

deterz . < using a microhematocrit capillary tube reader

L
Quantitation of Chimerism by the Gpi assay

(Lancer, St. Louis, MISSOURI).

ety

Héparinized blood, collected from normal P, and F,
mice, was spun at 300 g for 10 minutes, and the cell pellets_
resuspended in phosphate buffered saline (PBS) and the cells
. washed three times in PBS. Artificial mixtures were prepared
by mixing varying numbers of P, and F, cells. Cell lysates
were run in starch gel electrophoresis and GPI activity
visualized using the nitrocellulose overlay staining
technique of‘Peterson (1978) . GPI is a dimeric molecule and

is expressed in inbred strains of mice in eithet of two
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V .
"electrophoretically distinct forms: a slower migrating

protein encoded by the glucose phosphate isomerase - 1la
(Gpi-1a) gene and a faster migrating protein encoded by the
(Gpfi-1b) gene. Genetic hybrids between these two types
(Gpi—1a4p) express both parental forms of the enzyme as well
as a het;rodimer protein with intermediate mobility (Figure
2). Donor GPI content of the artificial cell mixtures was
measured by scanning the nitrocellulose filters with a
densitometer (Camag, Muttenz, .SWITZERLAND.). A
Hewlett-Packard Model 3390A Reporfing Integrator (Palo Alto,
- CA) was used to obtain a gquantitative value for each sample,
which was converted to a ratio of fast band to slow band
activity. Theée values were plotted to generate a standard
curve (see Figure 3). that was used to determine the donor
GPI content of unknown samples. Using this protocol, as few -
as 5% P, cells can be detected in an artificial mixture of

P, and F, cells.

.\‘

Separat1on of Per1pﬁe:al Red°and thté*Blood Cells
. o
htéd that,red“ahd whxte cell

. ﬁj«r
_'/essentlally ‘equivalent

Stud1es hawe 1ﬁ

\I

chlmerlsm in# thg perlpheral’b oodgy

to. each otheerGambel et “at.

~“~,

cases &he percentage of chlmerism;reported reflects

.498&) Therefore, in most

unfracglopéted peripheral blood sampllng In addition,

perlphépé wred and whlte cell chlmerlsm was monitored

separate@yhln some ggoupsﬁ A murine white cell density

gradigggﬁﬁépe¢ffic gravity 1.09) was prepared using Percoll
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GLUCOSE PHOSPHATE ISOMERASE

E.C.53.1.9
BALB/cCR . Gpi -1°
C3H/ He \ Gai -1°
(BALB/c CRx C3H/HeJIF, Gai 1%/°
- -
* -
+ - . -
. .a ~
G.pi. -1 G.pr _19/b

Figure 2. Electrophoretic migration patterns of glucose
phosphate isomerase isozymes.
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" an artigicial mixtyre of P, and F,; cells using the ratio of
fast to'slow band. For details of the Gpi assay see
Materials & Methods. Results are given as mean * standard
deviations. 5 different samples of each mixture.
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(Pharmacia, Uppsala, SWEDEN). Peripheral blood was obtained

from the tail Vein'and collected into heparin-containing PBS

(1%.v/v).rThe cell suspension was then washed twice in PBS
;aﬂg;}ayered on the Percoll gradient in 15°ml conical tubes

¥ centrifuged at 300 g for- 30 min at room temperature. The

Y .
Yiite cells at the interface and the red cells in the pellet
were collected independently of one another, ‘ashed, and

prepared for GPI isozyme analysis.

&

¢

Effects of mAbs on Pluripotential Stem Cells
The spleen coloﬁy forming unit (CFU-S) assay of Till
and McCulloch (1961) was utilized to determine the effects
of'anti—H-zKk and anti-H-2I-A% mAbs on pluripotehtial stem
cells. Briefly, fecibient mice were irradiéted with 950 R
(Cesium'?®’ source, éamma Cell‘40,'AtomiclEnergy of Canada,
‘Ottawa, CANADA) 6n;&ay -1, and injectéd iv with 103
syngeneic donor éﬁécells on day 0. Donor BM:cells were
pretreated with mﬁ£s either in vitro or in vivo before
injection into}syﬁgeaeié; irradiated récipients, as
described below.;hFU—S were counted as macroscopic‘spleen
colonies 11-12 d?ys later. | ‘
- For in vitnb pretreatment, -107 BM cells from BALB, C3H
or (BALB x=C3H)F1 mice were incubated with a 1:10 dilution
of either anti-H-2Kk, anti*H—ZI—A*,_or control P1,1 mAb , an
IgG2a mAb of no known Specificity, for 60 min;at'4°-C.'The

cells were washed and then incubated with a 1:6 dilution of

GPC for 30 min at 37° C and finally washed twice.
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For in vivo pretreétment, BALB, C3H or (BALB x C3H)F,
ﬁwn@ce were injected iv with anti-H-2K", anti—H—ZI—Ak or
‘\coqtrol P1.1 mAb. The amount of mAb injected was equ1valent
;& that necessary - for the production of AF chlmeras. After
/48 hours (hrs), single cell suspensions were prepared from
‘the EM of each treatment group and then:fO5 Bchells were

injected into irradiated syngeneic recipients and CFU-S were

cou@ted as described above.

Ve
/

Bone Marrow Fractionation
Femurs from long- term AF chlmeras were fridctionated to
yéfld three distinct subpopulatlons of bone marrow cells
(Allalunis et al,\1983)xas shown in Figure 4, Femurs were
excised and subsequen;iy treatea as‘follows; initiglly, they
were flushed with 3 ml of Leibovitz medium twice and the
resultant cells, representing fraction 1I (meduilary cavity),
were collected énd stored on ice. Crude coilagemase Type 1A
(Sigma. Cat. No. -C—§891 St. Léuis MISSOURI) was then added
§§§ the medium (1 mg/ml vol) and the'femur flushed
contlnuously for 10 - 12 min; the resultant cells, fraction
11 endosteal fraction) were then resuspended and stored on
ice. Fraction III or thé compact fraction was obtained by

i
I

breakingfkhe femur into little pieces, less than 2

millimeters (mm) in size, in a petri dish containing media

with collagenase. The mixture was vigorously agitated every

"2 min over 3 15 min period. The bone fragments were allowed

|

i

/
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Figure 4.

BONE MARROW FRACTIONATION

FEMUR Q

FRACTION 1 l FRACTION TT I FRACTION IO
(MEDULLARY CAVITY)  (ENDOSTEAL REGION) {COMPACT BONE )

b r

GLUCOSE PHOSPHATE ISOMERASE ASSAY

Bone marrow fractionation protocol.
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to settle and‘the supernatant transferred to a tube and
centrifuged. The resultant cells were saved. Cells of all
three fractions were then analyzed in the Gpi assay to

determine their origin.

Long-Term Bone Marrow Cultures

Long~-term bone m;rrow’culguxes were established using
the method described by Dexter&et al., (1977b) and modified
by Greenberger_(1978). The contents of . a single.fe%ur were
flushed with 10 ml of RPMI 1640 céntaiﬁing 20% horse serum
(Flow Laboratories, McLean, VA), 10°7 M hydrocortisone

sodium succinate (Upjohn.Company, Don Mills, ONT.), and’

PRAR
o

penicillin plus streptomycin (1ml/L v/v; Gibéo Lab&ratories,
Grand Island, NY). Cﬁltures were maintained in 25 cm? tissue
culture flasks (Corning Glass, Corning, NY) at 33° C in 5%
CO.. They were fed wéekly by replacing 5 ml of oldimedia
with 5 ml of fresh media. The non-adherent cell population
was collected by centrifuging the supernatants of the
culfure flasks; the aéherent cell_iaye:-Was recovered after
a 5 minute incubation of the contentgaof the flask at 37° C
with stock trypsin ethylenediamine tetraacetic écid

(EDTA) (Gibco). Adherent and nonadherent cells were then

analyzed in the Gpi assay see Figure 5.
' \
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GENOTYPE ANALYSIS OF
DEXTER CULTURES =

~
ANTIBODY - FACILITATED CHIMERAS ‘:,

Lo

RPMI 1640 .
HYDROCORTISONE 1077M
HORSE SERUM 20%

b

7\

ADHERENT . NON-ADHERENT
. CELLS CELLS

GLUCOSE PHOSPHATE
ISOMERASE ASSAY

Figure 5. Gpi analysis of long-term bone marrow culture
adherent and nonadherent cells.
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kMethyl Cellulose Cultures

:%Stem and progenitor cell activity of BM or.spleen cells
was tested in a methyl cellulose colony assay (Worton,
1969). Briefly, 7.5 x 10* bone marro; (BM) cells/ml or 10°¢
spleen cells were suspended in a final\volume of 1. ml
containing 0.4 ml of 2.1% stock methyl cellulose (4000
Centipoises; Sigma Chemiéals, St. Louis, MO), 0.3 ml of
stock fetal calf serum (Flow), 0.2 ml Alpha medium (Gibco)
or Iscove's modified Dulbecco's medium (Gibco)and 0.1 ml
pokeweed mitogen-stimulated spleen conditioned medium (SCM),
~a source of‘colony stimulating factor (Johnson, 1977).
Erythropoietin (EPO), prepared as described in
Erythropoietin Production, was added to each culture at a
concentration of 20 pl/dish. The cell suspension was layered
in 35 x 10 mm culture dishes (Lux Scientific, Catalog No.
5221—R, Miles Laboratories, Naperville, IL) at 1 ml/dish and
incubated at 37° C in 10% CO, for 8 to 12 days. Colonies
were individually picked by midropibette, frozen overnight
at -20° C and loaded directly onto a.star;h gel and analyzed
in the Gpi assay to determine their Gpi phenotype anq/hence
P, or F, defivation; 60-90 randomly picked colonies were
analyzed from each culture of spleen or bone marrow cells iﬁ
order that chimeric ratios could be calculated, see Figure.

6.



GENOTYPE ANALYSIS
OF HAEMOPOIETIC COLONIES
ANTIBODY - FACILITATED CHIMERAS

GLUCOSE PHOSPHATE ISOMERASE ASSAY
OF INDIVIDUAL COLONES

\

'

. i T l & .
Figure 6. Technique for genotyping individual in vitro
methyl cellulose bone marrow/spleen hemopoietic colonies.
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2.1% Methyl Cellulose W/W

Stock methyl cellulose was prepared as follows: B84 gm
of methyl cellulose was weighed and autoclaved in a six
litér flask. A large four inch magnetic stirring bar and 2.5
L of double distilled water were also autoclaved. The water
was heated to 90° C before use. To the 84 gm of autoclaved
methyl cellulose powder 1.958 L of-autoclaved double
distilled water was added. The flésk was then placed over
the burner and alloﬁed to boil until all the powder
dissolved. This mixture was then stirred for approximately
three hours or until it had cooled to room temperature. At
that time 1.958 L of double strength alpha medium at room
temperature was added. The flask was sealed and inverted
several times to ensure good hixing, then placed in the cola
room and immersed in ice. Stirring was continued overnight
or until the solution was.clear. The solution was then
aliquoted into 100 ml bottles and allowed ﬁo sit at room
temperature for eight days. Contaminated bottles were

discarded and the remainder frozen at -20° C.

PRAETEY
TR

3

Spleen Conditioned ﬁédfum
SCM-used in the methyl cellulose assay was prepared as

follows: 2 x 10’ spleen cells from 10 week old (BALB #

C3H)F, m%@g were washed three times in RPMI 1640 media and

g ) .
00 ml RPMI 1640 containing Penicillin-Streptomycin

Aantibioidcs, 50 ml of a 1:15 dilution of“pokeweed mitogen

i
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(Gibco Laboratories, Grand Island, NEW YORK) and 50 ml
heat-inactivated fetal calf serum (Gibco LaLoratories, Grand
Island, NEW YORK). The cultures were placed in large 1 1
glass flasks and incubated at 37° C in 10% CO, for one week,
after which time the supernatant was harvested and
‘concentrated ten-fqld through an Amicon Diaflo YM10 76mm
ultrafiltrétion membrane (Amicon, Oakville, ONTARIO). The
SCM was then aliquoted and frozen at -70° C. Prior to use in
the colony assay the SCM was filtered through a 45 u
Millex-HA ultracleaning filter unit (Millipore Corporation,

Bedford, MASSACHUSETTS) and diluted to a final working

concentration of 1:1,

!

¥

Erythropoietin Production

EPO used in the methyl cellulose assay was either
produced in our laboratory or purchased from The Terry Fox
Cancer‘Résearch Institute, VancouQer, BRITISH COLUMBIA. It
was produced in our laboratory by irradiating 10-16 week old
(BALB x C3H)F, mice on day -1 with 700 radsléﬁd injecting
them intraperitoneally on day 0 with 60~mg/kg beody weight of
phenylhydrazine hydfochloride (Sigma P-7126, St. Louis(
MISSOURI) in saline. Blood was collected, in heparinized
tubes on day 10 and the plasma aliguoted and frozen a§‘—70°
C. Prior to use it was passed through a 45 u Millex-HA
ultracleaning filter unit and titrated to determine which

concentration best supported erythroid colony growth.
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Peritoneal Macrophages

Macrophages were harvested from the peritoneal cavity
of AF chimeras similarly to previously described techniques
(van Furth, 1968, 1970; Thompson, 1970). Mice were killed by
gentle cervical dislocation in such a manner .as to prevent
contamination of the peritofeeal cavity with blood. Three ml °
of Puck's saline were injected into the peritoneal cavity
using a syringe. The abdomen was gently massaged to ensure
adequate lavage of the peritoneum. A tiny hole was cut in
the peritoneal wall and the fluid removed with a Pasteur
pipette and centrifuged at 450 g for 10 minutes at 4°C. The
resulting pellet was tesuspended in 5 ml of Dulbecco's
medium (Gibco) containing 0.5 ml of a lymphokine solution
and 3 ug of lipopolysaccharide (Difco). (The lymphokine
solution was prepared by culturing popliteal lymph node cell
“suspensions (2 x 10¢ cells/ml) with protein purified
derivative (100 ug/ml; Difco); the lymph node cells were
recoyered from{micethat had been injected in the footpads
7-9 days previdusly with complete Freunds adjuvant (Difco)
emulsified 1:1 in saline.) This mixture was transferred to
100 mm cultuge plates (Corning) and incubated at 37°C in 10%
CO; for 6 to 8 hours. After the nonadherent cells were
removed, the adherent cells were recd&ered by vigorous
pipetting of the plate with PBS-EDTA.(Gibco). The harvesﬁed
cells were lysed by freeze/thawi and subsequéntly analyzed

in the Gpi assay.



VII. Results

A. Production og Antibody-Facilitated Chimeras
\
Production of anti-H-2K* Antibody-Facilitated Chimeras With
Spleen Cells or Bone Marrow Cells or Both
DBA -+ (DBA x C3H)F, Hybrid Strain Combination
Previously it had been shown that semiallogeneic
chimeras could be produced By the injection of B.25‘ml
of anti-H-2K* mAb one day before the injection of 10°*
untreated DBA/2J spleen cells into (DBA x C3H)F, hybrid
mice (Wegmann et al. 1980). Injection of irrelevant
antibody or of cells alone did not lead to any takeover.
In an attempt to redﬁce the cell dosage required
for takeover, we decided to use bone marrow as a source
of stem cells, since the hemopoietic. potential of bone
marrow tissue 1s much greater than that of the spleen
(Lord, 1983). The simultaneous injection of 2 x 10~
untreated DBA BM cells along witHVC.ZS ml anti-H-2K* mAb
into age- and sex-matched (DBA x C3H)F, hy5rids leads to
> 95% takeover by donor cells, étveight weeks, as
i .
measu;eq.in a Gpi assay of the peripheral blood (Table
2). A§ before, injection of cells alone did not give
rise to takeoveg.
To examine if any synergistic or additive effect

would be seen, a combination of 2 x 10’ DBA/2J BM cells

plus 10* DBA/2J spleen cells were administered

61



Productlon of Antz H- 2

~*A:\f” wmuez

%Py"b
L

AntlbOQy Facllatated Chimeras with

Spleen and/or Bone Marrpw Cells.,*“PBA/2J -~ D2C3F1.

LI

i

’%{ !hu Y
3 2

- ) h‘(’ \ -; “‘.‘ﬁ %, ":: ) - M’m ’ A %DONOR
DONOR CELL SOURCE' %%; gAD ' 'RECIPIENT? N CELLS*
. 1“‘1‘ ) %’
DBA/2J 10* SC™ "~ aK*X D2C3F, 6 >95
DBA/2J 10* sC - D2C3F, 3 0
DBA/2J 2 x 107BMC ak¥ D2C3F, 3 >95
DBA/2J 2 x 10"BMC - D2C3F, 3 o0
DBA/2J 10*SC + 2 x 10’BMC aK* D2C3F, 25 >95
DBA/2J 10*°SC + 2 x 107"BMC - D2C3F, 5 0
, /
/
'Spleen cells (SC) or bone marrow cells (BMC).
2416 ug of anti-H-2K* (aK*) (11-4.1) monoclonal antibody
(mAb).
3D2C3F, = (DBA/2J x C3H/HeJ)F,.

‘Percentage of DBA/2J donor cells in D3C3F, host peripheral

blood
assay.

<z

as determined by the glucose phosphate isomerase
Determinations were made B weeks postinjection.
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aEf;imultaneousiy with the mAb. The kinetics of takeover
showed no difference as compared to groups which

received spleen cells and mAb or BM cells and mAb.

BALB -~ (BALB x C3H)F, Hybrid Strain Combination

After having w?ﬁked out the minimal cellular
requirementéynecessary for takeover, we decided to
extend the mo®el to another strain combination. The BALB
- (BALB x C3H)F, combination was chosen, since attempts =
to parabioge ‘these strains leads to parabiosis
intoxicat&on an%ydeath (Drell, 1979a).

5 x 10" spleen cells or 2 x 10’ BM cells from BALB
mice were injected along with anti—H—2Kf mAb into (BALB
'x C3H)F, recipients (Table 3). The glme course of donor
engraftment was similar to that seen in ﬁhg %ﬁA/2J >
(DBA/2J x C3H/HeJ)F, model. This time course Qés also
comparable to the takeover seen in control radiation

chimeras. Once again, injection of cells alone did not

lead to any chimerism. '

Production of anti-H-2K* and anti-H-2I-A* Antibody-
Facilitated Chimeras with anti-Thy 1.2 Treated Bone Marrow

To determine the optimal dosage of anti-Thy 1.2 treated
BM («8BM) cells needed for producing donor chimerism in the
host, various numbers of BALB a®BM cells and a constant
amount (approximately 416 pg of specific I1gG, subclass
I1gG2a) of ar;_ti—H—zxk ascitic mA@werefinjected into (BALB x

C3H)F; recipients.
£t
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Table 3

I

*Productlon of Anti-H-2K* Antlbody Facilitated Chimeras ‘with
Spleen and/or Bone Marrow Cells. BALB - CC3F,.

DONOR CELL SOURCE' - mAb*® RECIPIENT® N #%DONOR CELLS*..

BALB/cCR 5 x 107 SC aK* CC3F, 5 >95
BALB/cCR 5 x 107 SC .- CC3F, 5 0o
BALB/cCR 2 x iqv BMC ~ aK*  CC3F, 5 >95
BALB/cCR 2 x 107 BMC < | CC3F, 5 0

'Spleen cells (SC) or bone marrow cells (BMC).

2416 ug of anti-H-2K* (aK*) (11-4.1) monoclonal: antibody.
*CC3F' = (BALB/cCR x C3H/HeJ)F,. i .
‘Percentage of BALB/cCR donor cells in CC3F, host perlpheral
blood as\ determined by the glucose phosphate isomeérase
assay. Determinations were made 8 weeks postlnjectlon.

‘0
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2/x_ipj aBBM cells injected aloAg with anti-H-2K* mAb
leaas to > 95% takeovér by 10 weeks (Table 4). The injection
of 3 x 10° «BBM cells and antibody -could producevonly a
stable, partial chimerism. The use of 10; a®BM cells plus
antibody, 2 x 10’ «®BM cells alone, or with a non-specific
mAb (P1.1) did no£ lead to any deteééable chimerjsm. %

‘In contrast to anti-H-2K* AF chimeras , afti-H-2I-A% AF
chimeras exhibit only a partial chimeric state when a

similar a®BM cell dose of 2 x 107 is used (Table 5).

Doubling the do&%r E@ll inoculum to 4 x 10’ a®BM cells, gavu'
Qo p . . | .

a compafabfz >g§gﬁw%éhe3vef pattern as seen with our
anti-class £ mAb. increasihg further the 'donor cell numbers
to 6 x 10’ «®BM cells did not alter the degree of fakeover,
as monﬁéored ab‘1Q weeks. If «®BM donor cells are injected
alone or with control non—speéificDP 1.1 mAb no éhimerism
could be detected.

w#

TiWF.FrAme for Dompr Inbculum |
” Donor cells and antihost mAb do not need® to bé”%ﬁ%écted
simultaneously to produce AF chimeras. In an effort to
establish a time frame for the donor inoculum, we injected
cells either two or five days before the mab (day 0), or mab
five or seven days before cells (Figﬁre 7). In these
experiments>(BA£B x C3H)F, recipients were injected with 10°*
spleen cells plus 2 x 107 BM cells from BALB doAErq‘together
with anti—H-2K“‘mAb. The reasongihat spleen cells were uséd,

is' related to the, fact that initially AF chimeras were
Sy, «3‘# ~

oo

w
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Table 4 ©

Production of Anti-H-2K Antibody~Facilitated Chimeras with
anti-Thy 1.2 Bone Marrow (a«8BM) Cells.

/

TREATMENT | . % DONOR CELLS/WEEKS'

«©BM? mAb? 4 8 10

1 x 10° aK* 0 .0 0

3 x 10¢ ak 54(10) 63(15) 69(13)
2 x 107 aK* 75(10) 86(5) >94

4 x 107 K" 82(16) >95 >95

2 x 107 None 0 0 //u 0

2 x 107 P1.1 0 o |/ 0

‘Percentage of BALB/cCR donor cells in (BALB/cCR x

C3H/HeJ)F,
-glucose phosphate

host peripheral blood as determined by the
isomerase assay. Each value represents

the mean (standard deviation) of ‘5 mice.
*BALBYcCR bone marrow cells treated with anti-Thy 1.2+

complement.
(BALB/cCR x C3H/HeJ)F,.

*CC3F,

*“416 pug of anti-H-2K* (aK*) (11-4.1) monoclonal antibody.
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“Table 5

Production of Anti-H-2I-A* Antibody-Facilitated Chimeras
with anti-Thy 1.2 Bone Marrow (a®BM) Cells,

TREATMENT % DONOR CELLS/WEEKS'
«©BM? mAb° g A 8 10
2 x 10°  aI-A* 16(13) 58(6) 83(7)
4 x 107 . al-Ak 58(11) >95 >95
6 x 107 al-Ak 73(14) ‘ >95 ‘ >95
2 x 107 None 0 0 0

2 x 107 P1.1 o - . 0- 0

'Percentage of BALB/cCR donor cells in (BALB/cCR x
C3H/HeJ)F, host peripheral blood as determined by the -
glucose phosphate 1isomerase dssay. Each value represents
the mean (standard deviation)) of 5 mice.

*BALB/cCR bone marrow cells treated with anti-Thy 1.2 +
complement. » :

416 pug of anti-H-2I-A* (aI-A%) (10-3.6) monoclonal
antibody.
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TIME FRAME FOR AF CHIMERA PROTOCOL
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Figure 7. Variation in the time frame for the establlshment
of Antibody-Facilitated Chimeras.

<
(,1

e,
.\}-7



69
K . : wh , )
produced using spleen cells alone. Donor takeover was seen

by 8 weeks post—-injection of the cells, irrespective of
whether the mAb was injected before or after the donor cell
inoculum. The perceég?gg.of takeover as measured by the Gpi
assay was greater tﬁan 95% in all mice (10 per group)

tested.

B. in vivo and in VItPo Effects of mAbs on Hemopoietic
Tissue

atocrits and Buffy Coatsy .

;:gcég%f the intravenous administration of an
anéi“é~§éé IT1 (anti-H-2I-A%) mAb into untreated recipients
of various H-2 haplotypes is shown iﬁuFigufe 8. Strains '5§m,
bearing the épprbpriate target?antigens, namely the H—2k§

hapletype, undergo a transient drop in their buffy coat
levels. These levels return to normal by about 7-8 weeks.
Their ﬂematocrit levelqgalso experience a transient decline

igwith full recovery by 8'weeké. F, hybrids do not undergo as
marked a drop in levels. BALB mice - a’F not ~affected.
Exam1nat1on of mice prepared by the AF chimeras protocol, in
this case using an anti-Class I mAb (anti-H-2K*), reveals
that a similar‘period of tranéient anemia exists, with
recovery %0 nbrmal pre—injéction hematocrit levels by 6

weeks (Figure 9). o .
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EFFECTS OF ANTI-H-21-a% oON
HEMATOCRITS AND BUFFY COATS

*
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Figure 8. Effects of in vivo intravenoyssiadministration of |
anti-H-2I-A* (10-3.6) monoclonal antibody on hematocrits and
buffy coats of various strains. Valueg.represent mean +~
standard deviation of 10 mice/group. M#B = BALB/cCR; C3H =
C3H/HeJ; CBA = CBA/CAJ. o
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Figure 9. Hematocrit determinations of AF Chimeras (BALB x
C3H)F, . 2, 4, 6 and 8 weeks post-injection of anti-H-2K*
(11-4.1) mAb plus varying numbers of BALB donor BM cells.
Each point represents mean + SD of 5 mice /group.
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Effects on the CFU-S Assay

in vitro and in vivo Effects With anti-H-2K* and
anti-H-2I-A* mAbs

Since anti-H-2K* and anti-H-2I-A* mAbs assist donor
cell repopulation, their effects on pluripotential stem
cells were evaluated by the C‘y S assay. The presence of
class I and class 11 molecules on CFU-S was exam1nedu¥
directly by incubating BALB, C3H, or (BALB x C3H)F , BM
cells with mAb and complement in vitro, then using the
treated cells to repopulate 1rrad1ated syngeneic mice.
Repopulation was attempted with 105 treated or control
cells (Table 6). Compared w1th‘&pntrol mAb (P1.1)
anti-H-2K* mAb pretreatment butjaet anfi-H-ZI—Ak mAb
pretreatment reduced the number of CFU-S in recipient
spleens. To determine the in vféb effects of these mAbs,
BALB, C3H, ef (BALB x CBH)F1 mice were inoculated iv
with anti-H-2K* or anti-H-2I-A* mAb at a dose equivalent
to that requirea for AF chimeras production. After-”48
hr, 10° BM cells from the treated mice, which‘had
recelyed the mAb, were harvested and transfered to
%Efadiaeed'syngeneic recipients (Table 7). Both control
mAb (P1.1)-t+ w=:ted and untreated mice served as control
donor BM cell sources. In support of the in vitro '
findings, anti-H—2K* mAb in_viyo could almost completely
inh;Lit the CFU-S potential of target BM from C3H or
(BALB x C3H)F, mice. In contrast to the anti—H—ZIQAk mAb

pretreatment jin vitro, the in vivo administration of

\
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Table 6

In Vitro Effects of Anti-H-2K* and Anti-H-2I-A% on CFU-S.

CFU-S COLONIES/TREATMENT GROUP

Target Untreated P1.1 ak* al~-Ak
BALB/cCR 21(3) - 19(3) 20(3) 21(4)
C3H/Hed N 15(3) 15(2) 2(1) 13(2)
(BALB/cCR x C3H/Held)F, 18(2) | 20(3) 3(1) 17(2)

2

10®* bone marrow cells were pretreated jn vitro with 1:10
dilution of 1gG2a monoclonal antibody (untreated, P1.1,
anti-H-2K* (aK*) or anti-H-2I-A* (aI-A*) and complement and
then were injected into syngeneic irradiated (950 rad)
recipients (e.g. BALB/cCR BM » BALB/cCR 950 rad).
Macroscopic spleen cell colonies (CFU-S) were counted 12 *>
days later. Each value represents the mean (standard

deviation) of 10 mice.
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Table 7

In Vivo Effects of Anti-H-2K* and Anti-H-2I-A% on CFU-S§.

CFU-S COLONIES/T?EATMENT GROUP

Target # Untreated P1.1 aK* al-A*
BALB/cCR : 29(1) 29(1)  29(3) 20(1)
C3H/HeJ 15(1) 14(1) 2(2) 2(1)
(BALB/cCR x C3H/HeJ)F, 21(2) .22(2) 1(1) 11(1)

10® bone marrow cells pretreated (48 hours) with 416 ug
IgG2a monoclonal anti®ody (untreated, P1.1, anti-H-2K* (aK*)
or anti-H-2I-A* (aI-A*) were injected. into syngeneic
irradiated (950 rad) recipients (e.g. BALB/cCR BM » BALB/cCR
950 rad). Macroscopic spleen cell colonies (CFU-S) were
counted 12 days later. Each value represents the mean
(standard deviation) of 10 mice.
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anti-H-2I-A* mAb resulted in a marked_decEEaEe i; the
CFU-S capacity of reéflevant C3H or (BALB x C3H)F, mice.
In all cases, the CFU-S capability of control BALB BM
cells was not inhibited in vitro or in vivo by either
mAb, which would be expected, because this is a strain
which does not.react with the maAb.

Ability of Lohg—Term Antibody-Facilitated Chimeras Sera
to Inhibit CFU-S Appearance .

Initial parabiont studies showed the presence of
circulating cytotoxic antibodies ditected against one of
the parental haﬁlotypes (Wegmann et al., 1980).
Therefore, we decided to examine the serum of
established AF chimeras to determine if a similar
antibody was preseﬁt The serum of (DBA x C3H)F, AF
chimeras, 56 weeks post- transplantatlon of DBA BM cells
along with anti-H-2K* mAb, was used in an attempt to
inhibit CFU-S colonies. Unlike the situation in the
parabiont model, these sera had no effect on the
reduction of CFU-S colonies when compared to the control

qpti-H—ZK“ mAb’(Table 8).
A\

C. Hemopoietic Analysis and Genotyping of
Antibody-Facilitated Chimeras

Red and White Blood Cell Chimerism ‘ ‘
: |

Examination of petipheral red and White cell chiﬁerism

" 4

S5€ Vﬁfumbersa Th1s
"“ 4‘ . :' v g " B ) %ﬂ,’ ) ‘ .

" was evaluated in severkv_j%‘



Table 8

*

Ability of Long-Term Antlbody Fac111tated Chlmeras Sera to

Inh1b1t CFU S Appearance.

76

TREATMENT OF C3H/HeJd BMC ' ' " CFU-S?
AF Chimeras' sera (poolw;?m” 14.0(3.4)
Anti-H-2K* mAb | | | | 2.2(1.1)
DBA/2J normal mouse sexﬁi 15.4(1.2)

'"DBA/2J +(DBA/2J x L£3H/HeJ)F, AF chimeras at 56 wks
post-transplantation.

*Mean number of colonies at day 12;~n=121/mean/f5b).
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peripheral red and white blood cells on a Percoll gradient.
AF chiméras produced using either anti-H-2K* or ﬂ
anti-H-2I-A%, as well as radiation chimeras, éxhibited > 95%
donor isozymes in both red and white cell fractions by 90

days postinjection of donor «®BM cells (Table 9).

Long-Term Bone Marrow Culture$§

Primary, long-term, bone marrow cultures were
established from AF chimeras showing greater than 95% donor
cells in their peripheral blood and bone marrow.,TheSe ﬁ
cultures were not reseeded with fresh bone\marroQ.AEight
weeks after the initiation of culture, the adherent and
non—adhe;ent cells were analyzed by the GPI assay. A; Seen 
in Table 10,‘the nonadherent cells were greafgr than 95 %
donor type, while the adherent ééﬂls were between 73 - 77 %
of donor Qrigin. This was unexpedted, since the initial bone
marrow inoculum used ‘to start th%se cultures had been typed\
as being greater thén 95 % donor. Thé host liﬁely\
explanation is that a differential outgrowthiof host
connective tissue cells in the marrow is rifbonsible for the
appearance of the residual host populationi

. ' : // h | {
Genotyping of Peritoneal Macrophages S

Macfophages deriyed froh~th? pq£&56neal exudate of AF

chimgras‘showing greater than 95‘% peripheral donor /blood

. cells were typed for GPI. It can_be seen from Table}10;that

the peritoneal exudate cells were approximately 90% donor.
\ A

—
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T r&ble 9.
Per1phera1 Red and Whlte Blood Cell Chlmer1sm in Antxbody-
Facilitated and Radiation. Chimeras. .

TREATMENT . PERCENTAGE OF DONOR -

. A | . CELLS'
 a©BM:? mAb? ° IRRADIATION RED WHITE
5 x 107 aK* - None | >95 - >95
4 x 107 aI-A*  None - >95 - '>85
2 x 10" ° None -~ 900 rad | - '>95 - >95

‘Percentage of BALB/cCR donor cells’ in (BALB/cCR x .

C3H/HeJ)F; host peripheral bl@od separated on a percoll
dens1ty gradxent as determined by the glucose phosphate

- isomerase assay. Bach value represents 5 mice examined >90 .

. days, post-injectionh of «a®BM cells.

: zBALﬁ/cCR bone marrow -cells treated w1th anti-Thy 1.2 +

- complement.

3416 ug of anti-H-2K* (aK*) (11-4. 1) or antl-H ZIA* (aI A*)
(10-3.6) monoclonal, antibogdy.
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‘.' /- S . Tablo 10 ‘
Percent .Donor Phenotype of Adherent and Nonadherent Cells in

Long-term Marrow Cultures and of Per1toneel Macrophages in
, Antxbody-?acxlxtated Ch1meras.~ .

X ﬁbﬂen_rgksovzg OF ANTIBODY-FACILITATED CHIMERAS '
# PERIPHERAL-BONE MARROW PERITONEAL NONADHERENT® ADHERENT®

,BLOOD ~  CELLS  MACROPHAGES  CBLLS ' ~ CELLS

//‘ ‘ ) . " ) ’ ’ | ) i
1 >95* (10)* >95(10) ~ ND* >95( 10) 75¢2(10) -
2 >95 (7) . >95(7) 90£9(7)  ND ND

]

~
~.

'Mice at 16 months post transplantat1on.
*Using the Gpi assay. :
'Prom 8 wéek long-term bone matrow culture§~
+*Mean * standard deviation. , =
*Number. of m1ce/exper1ment. -
‘Not determined.
N s : v -
A Y . .
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Contam1nat1on by host fxbroblasts could account for the

res1dual host component..

R331dual Host 5pleen, Lynph Node and Thy-us Cell Populatxons

Gp1 analys1s of AF chlmeras, 8 weeks to two years

o

post transplantat1on, revealed > 95 % doénor takeover.of both
the per1pheral blood (red and white cells) and bone marrow
hemopoietic tissue. In contrast to these Tindings,‘_ ,
examination of AF ¢himeric épleen, lymph node and thmymic
tissue revealed'the~existence'of a'subStantial residual host

s

‘cell population. Residual host cells cohstituted as much as

Y

55 % of the spleen, 45 % of lymph nodes and 60 % of the
thymus. These ‘values are 1n sharp coptrast to findings in
rad1at10n ch1meras , which showed > 95 % takeover {n the
spleen_andilymph nodes (Table 11).'These studies were done
» in oollaBotation with sA McCarthy, Ph.D.. K

~ N
~

'

Correlation Betwhen Propottxons of Donor Cells in the
Peripheral Blood and the Bone Marrow .

"Long-term (1-2,yr§) stable AF chimeras were analyzed
for‘hemopoietic.takeover. A oomparison of the percent donor
cells in the peripheral blood to the percent oonor cells in
\&*\\ bone marrow plugs shows a close, linear correlation (r value

O}Qj see Figure 10). ThlS 1ncludes AF chimeras in the
process ‘of takeover and fhose wh1ch d1d not ach1eve

complete takeover as a result of the use of subopt1mal

tredatment with mAb.‘
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v : Table 11 |
Donor Cell Contrxbutidns to SpIQJn Lymph Nodes, and Thymus .

% BALB Cells?®

o~ A?'Chimergs' Peripheral Blood Spleen-iLymph‘Nodes ‘Thymus _,f

B | | .>95 7% nd* 80"

2 >95 70 - nd’ 80
-3 >95 - s 58, 68
' >95 70 60 40
.« - | ' ; . \
RAD Chimeras?® o : \\
. . na  >95 - >95  'na
2 . ha . >95 . >95 nd
. R B 5 ‘ .
3 B nd >95 > ~ ~ nd

B | nd ~ >95 >95 - nd

©

‘Individual BALB -+ (BALB x C3H)F, AF Chlmeras.’

*Individual BALB + (BALB x C3H)F, Radiation (RAD) Ch1meras..

‘Calculated from Gpi isozyme ratios, as descr1bed in
Matefials and Methods. . AP -
‘Not done. ' L ' ‘

‘
!

&
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Figure 10. Compar1son of the percent of donor cells in
‘peripheral blood and in the bone marrow of AF chimeras at

various times post-transplantation. EBach. po1nt represents
values for 1nd1v1dua1 anzmals. ) | ,
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rison. of the Percentlge nouor Cells iu;roriphorcl Blood

- With the Percentage Donor Bone uerrow ‘and lpleen—neriqu
uothyl c.llulone chonios

Huvlng entablished”thot a correl:Qion exicts between
~ the percentage of donor celln in the peripheral blood and
whole bone marrow of AP chimeras, we e;amined ‘the chimeriem
o£ bone marrow colonies grown in methyl oellulose cultures.

This vas done in order to test the possibility %hat a‘\'

<v'resxdua1 populatxon of host hemopoie;zc cells may exxst but

at levels too low to be detected in a direct assay of. bone
marrow or spleen The test.xs espec1ally important in view
of the ex1stence of a substantxal res1dual host population>
in the spleen of AF chxmeras wzth greater then 95% donor
cells in peripheral blood (McCarthy et al., 1985). Between
60 and 90 colonles per AF chxmere, con€hxn1ng ‘
.‘granulocyte-monocyte, erythroid, megagar;ocyte, and mixed
lxneages, -were randomly picked 7 to 9 days after the
1n1tlat10n of culture and 1nd1v;dually analyzed in the Gpit
assay. Tn; results are presenred in Figure 11, Anélysis
reveels a §1rect correlatron betveen the percent of .

: donor-der1ved colonxes and the percent of donor cells in the
| pernpheral blood. Spleen cells were also cultured in methyl
cellulose. The spleen-derxved colon1es shovrd a 81m11ar
correlation with the ch1mer1sm of the per1pheral blood cells ’
;(Fxgure 11; spleen colonies r value = 0.93; bone marrow 3

colonies r value‘ff0.98).
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"peripheral blood and bone marrow-derived or spleen-derived -
methyl celiulose colonies. Bach point represents the average
percent donor chimerism of approximately 70-90 colonies of.

an AF chimera at various times post-transplantation.

Determination by the Gpi assay.

1



Bone Marrow Fractionation ‘
When the bone marrow of tholi AF chimeras was

tra;tionatohand analysed in the Gpi assay, > 95 X donor
takeover was found in all three compartments. rrlcgibn 1,
representative of the medullary cavity contents, GPI typed
as >'95f% dqdof éype. Fractions II and III, the endosteall
aﬁd combact compartments respectively, were also found to be
> 95 % of donor origin; These results are comparable to the

complete/repopulation seeﬁ in radiation chim&tas (Table 12).

ntibody-rvl{ het-himeras Production

| | AN
Using anti-H-2K* mAb

éAttempts to produce fully allogeneic.AF chimeras (BALB
f'CQH) by administering various numbers of BALB «OBM cells
together with anti-H-2K* mAb failed (Table 13). After 8
wééks (;hé time by which donor cell engraftment jn radiation
chimeras or P + F, AF chimeras cohld be detécted), there vas '
no‘evidenée of donor ‘cells in the allogeneic host's
pefiﬁhetaliblood, even.ﬁhen the number of donor ceils used
was increased to 6 x 107. Increasing the amount of mﬂb
given, while maintaining a constant number of_donor BALB .

a®BM cells, also did not give rise tb chimerism (Table.14);

Using anti-H-2K* and anti-H-21-A* mAbs
Eveniwhen anti-H-2K* and anti-H-2I-A* mAbs were used

simultaneously, chimerism could not be established across

13



Table 12

GPI Analysis of Peripheral Blood and Bone Marrow Practions
I, 11, and II1 of AP _Chimeras and Radiation Chimeras.

-

N _ ~ PRACTION TESTED
_ 1 I1 © 111
Exp Treatment Blood Medullary  Bndosteal Compact

b

1 anti-H-2K*'  >95¢  >95 >95 ©  >95 .
2 anti-H-21-A**  >95  >95 595 - >95
3 900 rad®  >95  >95 . >95 >95

'2 x 10" BALB BM cells into (BALB x C3H)F,.

4 x 10’ BALB BM cells into CC3F, along with anti-H-2I-A*
‘mAb. ° :

2 x 10" BALB BM cells into CC3F, (900 rad).
‘Values represent percentage of BALB donor cells in CC3F,
recipients as determined by the Gpi assay. Each value

represents analyses as performed on 10 animals.

- .
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Table 13
Attempts to Produce Pully Allegeneic Anti -Pacilitated
Chimeras with Bone Marrov Cells Qund anti-N-2R* Monoclonal

Mtiw]. *

: . : . }
CELL SOURCE' MAD’ RECIPIEBNT® N XDOWOR CBLLS®
2 x 10°BMC «X*  cc3, 10 >95
2 x 10"BMC Mone CC3P,(900R) S >98%
2 x_10"BMC . None C3H(900R) ~ 5 >95
2 x 107BMC K" " C3H. 5 0
6 x 10"BMC ~ aK* C3H 5 0

10°SC + 2 x 10"BMC aK* C3H 5 0

.

'BALB spleen cells (SC) or bone marrov cells (BNMC).

2416 ug of anti-H~-2K* («K*) (11-4.7) monoclonal antibody.
3CC3F = (BALB/cCR x C3H/HeJd)PF.

‘Percentage of BALB donor cells in CC3F, host peripheral
blood as determined by the glucose phosphate isomerase
assay. Determinations’ were made 8 veeks postinjection.

i
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Attllft s to Produce Completely All ic Antibody-
t.tod Chimeras. ( / °g;3;oa), ;
TREATIENT | X OF DONOR

. \ CELLS/WEBK * :
gome' |mAD* RECIPIRNT 6 8 12
¢ x 10 .6ml ot C3H o o Yo
¢ x 10"  .45ml eK* 3 0 0 0
¢x 10"  .iml eK®  C3HM 0 o 0

¢ x 10" 900 rad C3H >98  >95 >95

lALllbono marrov cells treated with anti-thy-l 2 +
ement.
anti-H-2K* («K') t11-4.71) monoclonal antibody.
"Porccntago of BALB donor cells in C3H host peripheral blood
as determined by the glucose phosphate isomerase assay.
Each value represents the mean (standard deviation) of 10
mice pcr group. ‘ . .
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fully sllogeneic barriers. 8 x 10° BALD «OBM cells, along
vith both anti-H-2K' and nnti—u-u-h" sAbs, 4id not produce
any éot;ctcblo hvoi of chimerisd (Table 18). '
E. Nealth Status of Aatibody-Facilitated ‘Chiurn

- Thui'tnr, stable AP chimeras have been maintained in
good health for ;pnq periods (>‘2 years) without mortality.
in no in:tanc, have any‘of‘tho AP chimeras exhibited overt
clinical signs of GVHD, such as veight loss, diarrhea, skin
lesions, or ruffled or dull gut.'Thc histopathologic status
of two groups of long-term AP chimeras was evaluated. Group
/1 (BALB x C3H)PF, received 2.5 x 10’ BALB BM cclli plus
anti-H-2K* nAb and were cxanined > 90 days later. Group 2
(DBA x C3H)F, recexved 10°* spleen cells and 2.5 x 10" BM
1celks from DBA donors plus antx-H—zx‘AnAb and were examined
more than a year later. Both of these AF chimeric groups
were compared with normal, age-matched controls. All groups
consisted of five mice.

No pathological cﬁﬁnges ass&éiated with acute or
chronic GVHD vere discernible in AP chimeras that wvere
produced w1th mAb and untf:ated BM cells alone (Group 1).
Recipients! kidneys did not show sigps of chronic,
progressive glomerulonephritis, the hallmark of GVHD (Plate
1). In addition, the liver (Plate 2) and lungs (Plate 3)
appeared guite normal. -

In contrast to group 1, group 2 mice exhibited some ‘

evidence of localized tissue injury, particularly to the.
v .



Table 1§

Attempts to Produce Pully Allogensic AF Chimeras with Bone
Marrow Cells and Anti-H-2K' and Anti-N~21-A'mAbs. ‘

CBLL SOURCE' BAD’ . RECIPIENT® " XDOMNOR
. CRLLS*
— g
2 x 10° BMC - ak* ccir, - >98 ¢
¢ x 10" BNC al-A* e, >9%
.4 x 'm' BNC '-x~A* - C3H/HeJ - 0.
8 x 107 BMC al-A' C3H/HeJ 0
¢ x 10" BMC ak* +al-A" C3H/HeJ 0
8 x 107 BMC ak*+al-A* . C3H/ed o
2 x 10" BMC  None C3H/HeJ (900 rad) >95

.

'BMC - BALB bone marrow cells. .

'aK* - anti-H-2K* (11-4.1) monoclonal antibody; al-A* -
anti-H-21-A* (10-3.6) monoclonal antibody

*CC3F, - (BALB/cCR x C3H/HeJ)F,

‘Percentage of BALB/cCR donor cells in CC3FP, and C3H/HeJ

host peripheral blood as determined b¥ the glucose

phosphate isomerase assay, determinations made 8 weeks

post-injection. - Bach value represents the mean (standard

deviation) of 10 mice per group.
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Plate 1. Photom1crograph of kldney from long- -term AF

chimera. Tissue structure appears normal
GVHD (H&E X200). .

no evidence of
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Plate 2. Photomicrograph of liver from long-term AF Chimeraw
Tissue structure appears normal, no evidence of GVHD (H&E
L3
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Plate 3. Photomicrograph of lung from léng-te;m AF chimera. -
Tissue structure appears normal, no evidence of GVHD (H&E
X200). . :



lymphoxd tissue. The lymph nodes and thymii were markedly
~atrophied and could not be clearly defined. The. spleens vere
'>sma11er than thqse of control mice and, in some instances,
nodular.’ The spleen'cel;acount (87”¢4O x 10¢) was S
approximately one?half'thet of controls (179'114fx 10¢) . The )
most striking feature wes éranulom&tus pannicdlitis leaaing
to the pronounced thickenind of the subcutis. In contrast,
“the kidﬁey (Plate 4), iiver (Plate 5),‘and lung (Plate 6)

t

appeared normal except: for occasional’ lymphocyt1c

1n£1ltrat1ons around vessels. This 1nf11trat1on was also
seen in the mice which rece1ved bone marrow c¢ells and pAb

-

but to a lesser extent.
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Plate 4. Photomicrograph of section of kidney from a Grdup

2, anti-H-2K* AF Chimera. Some ev1dence of lymphocyte
1nf11trat10n is seen (H&E X200).

"\‘a
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Plate 5. Photomicrograph of section of liver from a Group 2,
anti-H-2K* AF Chimera. Some evidence of lymphocyte
1nf1ltrat10n is seen (H&E X200).

14
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'Plate 6. Photom1crograph of section of lung from a Group
anti-H-2K* AF Chimera. Some evidence of lymphocyte
infiltration is seen (H&E X200).
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Discussion

-

| Antibody-tacilitsted (AF) chi&eras dsmonstrste that the
administration of anti~MHC mAbs can give rise to the
engraftment and subsequent generat1on of donor-type _
vhemoboieti cells in a host env1ronmént These chxmeras are
' established by repopulatxng F, hybt:d teciplents with
uparental hemopo1et1c cells derived from bone marrow or
spleen, - or both, in conjunct1on wvith an 1gG2a mAb dlrectgd
'aga1nst host Class I or Class II MHC antigens. Under
appropriate comd1txons, tﬁis can lead to complete host
hemopoietic takeover by donor cellsin a semiailogeneic
model [DBA + (DBA x C3H)F, or BALB - (BALB x ésH)F,]
(Francechtti et al?, f983). Eiectrdphoreiic ana}&sis of Gsi
isozysss indicates that‘sncevtakeover has been established,
usually by 8 to 10 weeks, it is stablé and persists for more
than 24 months post-tfansplantation without any signs of
oviD. . : : .

‘The role of tgé mAb 1sotype, IgGZa (complement
,blndxng), that is used 1n the AF ch1mera model is of
1mportance and yarrants,further-discussxon.'Carlson (Carlssn
and Terres,>1976: pérsohal'communicstion) have shown"thst'
this pafticular'subclass«of immunogiobuliﬁ has marked In
-vlvo effects as compared toxothsr’imhunoglobslin suBCIASSss .
tested, Recently, Wégmann (data npt‘shcwn) has found thaf hs
" vas unable to facilitated hemopoietic engraftment in a P -
vF,'model if he used an anfibodi of IgG1 (non-coﬁplemqnt“
binding) subclass. These fihdihgs suggest‘that combfement,
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may possibly be involved in the esteblilhmentltf a
successful marrov transplant. B

J Initially, AF chimeras were prepared utilizing the
spleen as a source of stem cel%®s. In an attempt to reduce
‘ our.dongr cell 1noculum5 ve decided to use bone marrow
instead. BM cell dose-response studies suggested that a
threuholdﬂsumber of donor cells is’requlfed to achieve
engraftmentNand another, létget; threshold number is’
' tequired for complete takeover. It is interesting to note,
‘that,the donor cellular requirements for engraftment using
the anti-Class II, anti-H-2I-A*, mAb are double that needed
Cif the mAb wes'instead directed against Class 1 MHC target
. antigens. This{tinding may be relate? to the role that the
various mAbs plaf in their preparation of the host prior to
engraftment. The anti-Class I mAb may 51mply be more
effectzve in prov1d1n; "space" for donor stem cells-to

d1fferent1ate in, whereas the k1net1cs 1n the case of

antz-Class II reconstztut1on nece851tates an 1ncrease 1n the -

Uenumber of donor stem cells requxred The donor cell 1nocu1um

used as a source of stem cells can be derzved from
anti-Thy-1. 2- treated or untteated BM cells. MAbs directed
against both Class I or Class 11 MHC ant1gens are able to
‘ufacllitate hemepoietlc reconstitptl?n of the reelﬁients by
‘donor stem cells. u ‘

. Waldor et al., 1984 have shown that the 1nJectxon of
anti-I-A monoclonal antlbody (ant1-H 21—A*(10 -3.6)) 1nto

SJL/J mice rep1d1y depletes B cell.levels.,They noted that

A -
: RS
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ohe day after the mice vere treated with the mAb, a
Vsignificaqt drop in splenic IgM positive, IgD positive B
. cells was obéerv&d. Recovery to rélativeiy normal levels of
B cells took approximately 33 dﬁys. These yalues correlate
v?th the transient drop in the buffy.cqat values that we
found in thelire&tment of our chimeras..
. The'in vitro treatment by anti-Class 1I mAb may be
causing the destruction of committed progenitors which have
been shown to bear appropriate Class II antigens while
lacking‘an effect on pluripotentiQI stem celis. In vitro
hemopoiesis is not dependent on viable Ia positive cells. In
c&ntrast, In vivo tréatment by anti-Class II mAb may be
inducing aplasia b} the killing of committed stem cells
and/or by possibly having an effect on monocytes, Ip-i or
\GM4CSF production? The’ability to induce immune suppression
in the hosts by these mAb's‘haé‘never been addressed
directly. Althodgh one can envisage that this indgction of
immunosuppréssion may actually be occurring in the P » F,
model, in contrast to the P, + P, model where resistance to
immunosuppression has prevented us.ffom achieving any degree
of chimerism. - o
| Class I mbleculgs are thoudht to'be present on almost
all somatic cglls, glbeit at varyiné concentrations _
(O'Neill, 1984; Parr and Kirby,~1979; Daar et al., 1984).
However, Clasé‘II molecules a;e'chara;teriétic of cells of
the immune system but ho; necéssarily of all hemopbietic

progenitor cells, although these determinants may be
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expressed on bone marrow stromal cells (Moore et al.;.1980:
Fitchen et al., 1981f; Thele stromal cells are thought to he
intimately involved in the self-renewal and difterentietion
of stem cells (Dexter, 1982a). Reticular or related,
branched stromal ceils, in adéition to macrophages and

; lymphocytes, are closely involved with~the maxntenance of
hemopoietic activity (Wezse, 1980), Van Bwiijk (1980), has
eh;;n‘that these aecessory or supportive cells bear both
Class I and Class II MHC antigens.'u -

Our findings that the anti-Class I mAb (anti-H-2K*) was
able to sxgn1f1cantly reduce the ‘numbers of CFU-S in -
appropriate target mice are in agreement vith those of
.Fxtchen et al. 1982 In addition they went on to show that
the antx-H 2K* mAb also 1nh1b1ted the development of myeloid

(CFU-C) and erythroid (CFU E) stem cells’ as well. They used
Vvtresh frozen normal rabbit serum as a source of eomplement\
in the treatment of the marrow. They also reported that the
addltxon of thymocytes to the marrow cells, after they had-
been antlbody treated, did not overcome the 1nh1b1tory
. effects of thefant1body treatment.
| CFU-S are 1nh1b1ted by anti-H- -2K* mAb pretreatment in
vitro but not by anti-H-2I-A% mAb pretreatment. The In vlvo
adm1n15trat1on of anti-H-2K* or anti-H- ZI—A' mAbs results in
a marked decrease in the CFU-S capacxty of reLevant C3H and
(BALB x C3H)F, bone marrow, Therefore, it is likely that the
‘action of anti-Class II mAb in viyo is to interfere vith the

maintenance of hemopoiesis, while enti-Class I mAb /n vivo



s

102

possibly affects stem cells and/or regulatory cells. Taken
togothet, these observations suggest that interference with
host regulatory cells can lead to the elimination of host

stem cella and the replacement of the hemopoietxc system by

. donor cells. The action of/pyr anti-host MHC mAbs may

tacxl1tate donor engraftméﬁ% by suppressxng host resistance
to marrow grafts, as described by Cudkowxcz (1978) for
rabbit anti-mouse bone marrow or thymocyte se;um; aﬁdlby
Pollack and colleagues in which they euccessfully ptevented
che,rejectiOn of allogeneic bone marrow transplants by the
in vivo pretreatment of the host with an antiserum specific

against the NK-cell surface antigen NK 1.1 (Pollack et al.,

-

1979).

Other aspects of these AF chimera studies further
implicate the important regulator; role cf the local
cellular microenvironment for stem cell groith. Our
doseftesponse‘studieé indicate that the conditions favoring
donor’cell repoculatioﬁ depend on the number offlnfueed |
cells and on the type of mAb Fceatment. The establishment

and the extent of donor cell engraftment probably reflecfs

“the avallab111ty of stem cell nlches and competltlon between

donor and host hemopo1et1c cells for such s1tes, a concept
introduced by Schofield (1978). Success in establxsh1ng
semiallogeneic AF chiﬁe:as and the'inabilicy/to facilitate

engraftment in the fully allogeneic model reflects the

- necessity for compat1b111ty between donor ‘cells and the hosE//;

m1croenv1ronment Possxbly, this reflects inadequate .

s
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immunosuppression by mAb of the fully allogeneic recipient
particularly in viev of the demonstration by Dexter (1977¢,
1978) that long-term bone marrow cultures do not require
histocompatible adherent cell layers.

It is of interest to note that donor cells and antihost
mAb do not need to be injected simultaneously to produce AF
chimeras. We found that cells could be administered either 2
-or 5 days prior to the mAb (day 0) or the mAb may be given 5
or 7 days prior to the cells. This suggests that the donor
cells can be successfully maintained in the untreated
recipient prior to the administration of the ﬁAb at day 0.
Likewise, the effects of the mAb on the hést remain stable
Qver'a:short‘period of time in that a subsequent ‘injection
of stem cells 5 or 7 days post mAb ﬁfeatment stifl permits
donor takeover of the recipient to occur. Bone marrow or
spleen stem cell colonies grown in methyl cellulose cultures
were. examined to detprmine if any host hemopoietic precursor
cells were still present in fully (>95%) or‘pqrtially (<95%)
repopulgted AF chimeras. It was felt that this jin vitro
assay would allow thé detection of host precursor cells,
even if an in vivo regulatory control prevented their
differentiation. The sensitivity of the Gpi asééy'is such
that coloﬁ&es as small as a few hundred cells can be quickly
afd accurately phenotyped. We found that close correlations
" exist between the degree of donor colonies derived from
either spleen or’bone marrow and the level bﬁ donor cells in

the peripheravalbod (Francescutti et al., in press, 1985) .
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These findings are of particular interest in view of the
fact that residual host cell population among difterentiated
ycells of the spleen, thymus and lymph nodes are of
substantial size in AF chimeras that have complete donor
engraftment of peripheral blood, bone marrov and spleen stem
cell c;mpartmonts (McCarthy et al., 1985). This demonstrates
that although the hemopolietic stem cell compartment of the
spleen is comparable to that of the bone marrow and is
reflected in the red and white cells of the peripheraé
blood, an independent population of long-lived host cells
remains in secondary lymphoid organs. McCarthy speculates
that this could possibly be due to the differential
expression of target antigens on leukocytes recognized by
the mAb's;lalso, residual cells may be long-lived memory
cells that have somehow escaped the effects of the mAb ///\\\
treatment. Alternatively, the microanatomical location "
within the organs in question may protect the host cells
from antibody. These possibilitieg are the subject of
current investigations in Wegmann's laboratory.

Conflicting reports exist as to whether thp marrow
stroma is a transplantable element. Keating et al. (1982)
have shown that the hemopoigtic microenvironment following
marrow transplantation in man is of donor origin. In
contrast Bentley (1982) could not find chromosomally-marked
donor cells in long-term cultured adherent cell layers
derived from the bone marrow of repopulated irradiated mice.

Dexter (1982b) notes that the two models differ‘in that
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cyclephosphamide was used in additign to the frfadiation'
tréatment in thefhuman'stqdy. He postulates that )
cyclophosphamiée possibly creates "space" in thezhemeboietic
tissue, theteby allowing donor stromal‘eell.precursors an
Kfoppbrtunity to establish’tﬂemselVes; The mAb treatment used
ih‘establfshlng the AF chimeras may be‘acting in a similar
faé%ioh.vExamination of the stem-cell enriched non-adherent {
layer arising from long~term bone marrow ;tleufes lndicates
that gt is ag least: 95% doror derived. On the other‘hand,

the microenvironmént-associated adherentelayer, which
epnsists oﬁ‘macrophage—like; flbroblaste}d, epithelioid and
fat-containing cells; is. enly 72 - 17% éenor origin. The
host cells in thlS partlcular populatlon may be an outgrowth
of flbroblast cells from the original bone marrod@blug used
to 1nnoculate the cultures, a finding similiar to that
reported by Freidenstein et al. (1978) and Golde et'al.
(1980) ln.theirrtespeCtiVe studies. Gpi analysis of the AF
chimera bone”marrowfplﬁg priorltolthe'long—term bone marrow
cultute‘indicates\thét the cells are >95% of donor origin. A
minority (<5%) host cell population with the'potential to |
repopulate as much ae 25%qoffthe adherent layer in long—term
bone marow cultures therefore seems to per51st in AF
'chlmeras. The Functional 51gn1f1cance of thlS cell

- population remains to be determ1ned.AThe flndlngs with the
AFvchimeras are similar to those of Marshall ét al., (1984)

who report that reciprocal bone marrow tranSplantation

between irradiated CBA/H(T&) Gpi congenics yields a similar
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70 or so percent takeover: of the adherent layer of long-term
bone marrow cultures by donor cells.
It has been shown that peritoneal exudate macrophages

originate from bone marrow stem cells (Thompson, 1970). The

>

_extent of donor takeover in peritoneal exudate macrophages

was examined and found to bé similar to the level of
takeover'in béth‘the peripheral blood and marrog?stem.cell
compartments, with a small amount of residual host cell
contamin;tion.

Hemopoietic analysis' therefore shows that the amount of

donor éngraftment seen in the peripheral blood and

a

peritoneal macrophages of the AF chimeras is a true
r;flectibn of the degree of hemopoietic stem cell
reconstitutién; These findings also indicate that once
hemopoietic takeover by donor cells has occured in AF

chimeras, it is permanent and that the level of chimerism in

the peripheral blood is an accurate indication of the

"hemopoietic stem cell mixture in both the bone marrow and

the spleen.

-

The immunological competence of our AF chimeras has

been tested tﬁroughly by Wegmahn's group (McCarthy et al..,

submitted). Immunocompetence of T aﬁd Bhlymphocytes'Was
examined in both proliférative and effector celi assays. The
AF Chiméras‘showed normal responses to a Qariety of
mitogenic and antigénic challenges, and were capable of
mqgnting normal céll—mediatedvimmune responses. In addition,

splenic lymphocytes (Py cells in a (Py x P;)F, host) were
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found to be hyporespons1ve or nonrespons1ve to host ant1gens

~of parental donor haplotype in in VItPo assays of

X

cell-mediated 1mmun1ty, As in the earlier parabiosis modei,
no direct in vitro evidence for active suppression of the

anti-host cytotéxic‘tesponse was found. Fﬁrthér, no

detectable‘anti—Pz'antibodieS could be found in the serum of

the AF chimefas, as tested by both a CFU-S assay and a

\

. ~
competitive radioimmunoassay.

' AF chimeras are healthy mice that can survive for more

than 24 months post-transplantation. Both male and female AF

chimeras demonstrate npnmai reproductive functions (Gambel
et al., 1985i Long-term AF chimeras, when comparedbto ’
normal controls, do not show: any increased 1nc1dence of

mallgnanc1es. When BM is used as a source of donor cells,

there is no clinical evidence of any tissue injury

“cha:acteristic of acute or chronic GVHD. When spleeh and BM

' ce;is are used in the donor‘inoculum, the histopathologic

picture of fﬁesé~long~term AF chimeras (> 1 year) indicates
' \

‘'some minimal signs of chronic but nonlethal GVHD. In
"particular,'there is*ho évidence*for glomerulonephritis or

advanced scleroderma. However, atrophy of lymph01d tlssue

and granulomatous pann1cu11t15 1s quite - ev1dent. This
destructlon,of lympheid tissue leads to generallzed
"

hickening of the subcutis has been
L Y

immunosuppression. The
associated with a phase of repair in chronic GVHD, .as

described by Elkins (1971).

P
PRV
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. Tﬁo‘requirements for lndnotion of the symptoms of )
chronic GVHD are the presence of 1mmunocompetent T cells in
the donor inoculum and the ab111ty of these cells to react
to an 1ncompat1ble recipient (Rappaport, 1979) However,
GVHD—1nduc1ng capacities of different mouse stralns vary
The poor capability of DBA cells to induce lethal GVHD has
been described for parabionts and radiation chineras (brell
et al., 1979b- van Elven et al., 1981). BALB mice however,'
‘d1ffer from thelrJDBA counterparts in their stronger ab111ty
to 1nduce GVHD.

In summary, these findings demonstrate an 1mportant new
concept in the productlon of hemop01et1c chlmeras-
immunosuppressive: agents ‘and irradiation are. not always
necessary forsavsuccessiul hemopoietic engraftment at least
in the particular~strain combinations that we have testedvto.
date. We hope these" studles will play a role in the search
'“for a new and better means of perform1ng cl1n1c;1 bone
marrow transplantat1on approprlate for certaln hematologlc

d1sorders. ' A : @
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'Bone marrow transplantetlbn has‘the potential of
becoming a cornerstone modaljfy of therapy for~egreatv£“//n
variety of hemopoietic and netically inherited disorders.
One only has to imagine .the speéctrum of genetlc disorders
that hold promise of being amendable to genetlc'englneer1ng.
As mentioned in the 1ntroduct10n, the defects 1n the
thalassemies, the hemoglobinopathles, the anemias,

Lesch-Nyhan»disease,vpnrine nucleoside phosphorylase
ldeficiency.leading to a severeaimmunodeficiency disease, and
adenosine deaminase deficiency nhich.causes‘a severe
conbined inhunodeficiency disease (Sondel et al. 1983'
Anderson, 1984), can all theoret1cally be repaxred via
sophlstlcated gene therapy (Good et ai., 1984) . There are
currently four broad groups of technlques for transferrlng
‘cloned genes 1nto cells. First, there is the use of viruses
as agents of gene dellvery These can be elther DNA or RNA
.v;ruses (retrovzruses) (Joyner et al., 1983; Risser et al
1983),-Secondly, Wigler eg‘al., (1977) describe a mod1£1ed

version of calcium'phcsphate-mediated.DNA uptake originally

‘reported‘by Graham and van der Eb (1973). A th1rd means \is
by the fusion of DNA-loaded membranous vesicles to cells
v (Anderson, 1984) Fxnally, phy51cal means, such as |
m1cr01nject1on (Anderson et al. 1980a) and electroporat1on,
or the transﬁer of DNA directly across the cell membrane
us1ng an electrlc current (Neumann et al., 1982)y/ can be
exp101ted Experlﬂents 1n various animal models strongly

* 108
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suggest that gene insemtion tan sucessfully be done (Hammer A
et al., 1984,‘Mercola”et al., 19805° 1980h; Skov et, al.,
11983} Cline et al., 1980; Miller‘€} al., 198¢; Williams et
al., 1984). - A ﬂ

Proper host.preparation will consist primarily of the .

removal of the defective cell populations in a selective
fashion,'ensuring'that‘the supportive structural,stromal
environment is not destroyed angd, finally, successfully
reintroducing.the corrected stem oell population'back into

 the recipient. A common factor in these requirements is the

. ) . .
specificity of cell destruction and replacement. Specificity

iS«stressed since presEht modalities of host preparation
and selective cell removal are nonspec1f1c, 1nclud1ng the

‘use of total body 1rrad1ation and variousfcytotoxlc drugs,

such as alkylating agents. These agents have beéen 1mp11cated

lin a- variety of unwanted 5{9@ effects, 1nc1ud1ng the
_1ncreased incidence of subsequent malignancy and the
possxbility of permanent damage to hemop01et1c tissue. 5

The spec1f1c1ty 1nherent in- our AF chimera model 1s a’
major step towards eliminating these unde51rable 51de e
effects. One can envisage extensions of our protocol for -
instance, utilizing a wlder spectrum or comblnation ofkmAbs
with varying spec1f1c1t1es directed at unique target
antigens. These targets maf involve abnormal hemopoietic‘
cells, leukemic cells, ‘'or any cell population bearing

-

appropriate markers. This method of selective removal would
v
create "space” in a manner likely to encourage subsequent

|

~ . ' - . \

\
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engrattment by the corrected stem cella._ha indicated by our‘

- rtime trame studies, it. may be feaeible to create a 'window

effect", thua allovzng us a certain time frame in vhich we
could control the hemopoxetic reconstitution of the hosts.
| Anderson (1980b' 1984) thcroughly rev:evs the proepects
5£or.human gene’ therapy in a recent article. He states quite
emphatically and-logxcally that "eeait should be shown in
animal studies that’ (TW the. neq gene can be put 1nto the
‘correct target cells and wxli remaxn there long enough to be
:“effective- (11) the nev gene will be expressed in the cell
- at appropr1ate levels and (iii) the new gene will not harm
the cell or, by exten51on,‘the ‘animal."
| Syngeneic studies wzth tKEse goals in mind are the

subject of current 1nvestigations by Wegmann s group.f.

N
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