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Specific Allogeneic Unresponsiveness in the Adult
Hosi—Present-Day Experimental Models

F. T. Rapaport, R. J. Bachvaroff, E. Cronkite, A. Char.ana, T. Sato, H. Asari, and W. C. Waltzer

HE FEASIBILITY of irducing allo-

gencic unresponsiveness in adult animals
as welt as in fetal life or in the newborn'? was
heralded by the classic studies of Main and
Prehn’ in 1955, with the induction of toler-
ance to skin allografts across non-H-2 barriers
in irradiated mice reconstituted with allo-
gencic bone marrow. This experiment marked
the onset of a lJong-term intensive cffort to
apply similar mcthods to the transplantation
problem in a wide varicty of mammalian
species. The approaches used for this purpose
range from chemical immunosuppression® o
conditioning regimens with various alloanti-
gens and alloantibodies,” 7 1o the study of
idiotypic antibodics.® A number of other stud-
ies have aimed at optimizing the genceration
and balance of host suppressor cells,” and
altering the immunogenicity of transplantable
tissues in vitro."

In this context, three principai categories of
cxperimental models have cvolved for the
induction of specific states of allogeneic
unresponsivencss in the adult host, The first,
involving thc combined usc in rodents of
immunosuppressive agents (such as ALG or
ATG), prospective donor strain cells or anti-
gens, and/or oacterial adjuvants, was de-
scribed originally by Michic and Woodruil,?
Lance and Medawar" Monaco and asso-
ciates,” ™ and Brent, Kiishaw, Pinto, and
their associates.' ” A sccond model was based
upon a combination of total body irradiation
and host reconstitution with allogencic, syn-
gencic, and cventually, stored autologous
marrow, as described by the NYU-Coopers-
town Group,” " Jirsch and associates,’ and
Dittmer, Bennett, and Moran."”” *' The third
approach, which has recently aroused increas-
ing interest, is {ractionated total lymphoid
irradiation, as pioncered by Henry Kaplian for
the treatment of Hodgkin's discase and
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applied to transplantation by Strober, Slavin,
and associates.” %

1t is interesting that all thrce models share a
number of characteristics, and probably aim
at the same general host mechanisms. In each
instance, some form of immunosuppression is
required for adequate preparation of the hast;
bonc marrow transplantation (i.c., thec.
implantation of immature hemopoictic cells
into a pretreated host milicu) is a prerequisite
for optimal results; thc outcome is exquisitely
dependent upon the precise sequence and tim-
ing of each step in the procedure; and suppres-
sor cclls have been implicated as the key
mediator of the observed cffects by a number
of investigators, including Brent ct al.,” Wood
and Monaco,” Dittmer, Moran, and Bennett,?'
and Strober et al.”? Taken together, the data
suggest that the broad principles listed by
Murray ct al.” over two dccades ago for
successful application of the models to clir ieal
problems may already have been metin exper-
imental animals, and will soon be tested
widely in humans. As noted by Murray ct
al.,” “The original requircments for adapta-
tion of the experimental design of irradiation,
marrow and homografts to man appear to be a
heavy dose of X-irradiation to the entirc host
to destray its immune mechanism, a source of
hemopoictic cells capable of self-reproduction
and i subsequent graft.”

This goal cxpressed by Murray et al.¥’ has
thus far been achicved with greatest success in
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the canine species, lurgely through the devel-
opment by the Bassett Hospital, in Coopers-
town, N.Y., of a unique colony of sclcctively
bred lines of dogs of preciscly known DLA-
A.B,C, and D genotypes,”” whose restricted
genetic pool has also pernitted the assessment
and quantitation of the biologically active
non-DLA histocompatibility antigens that
also condition bone marrow and organ allo-
graft survival.”* ' As a portion of these stud-
ics,””'® prospectively scleeted Cooperstown
dogs underwcent supralcthal total body irra-
diation, and were reconstituted with allo-
gencic marrow cells obtzined from a genotypi-
cally DLA-identical donor. The use of bonc
maccow from such donors regularly resulted
in engraftment and complcele reconstitution of
the host without any evidence of graft-versus-
host diseasc GVHD.'* These data were in
marked contrast with the results in dogs
obtained from morc outbred colonies, and
constituted a key difference permitting a rou-
tine and relatively cffortless extension of the
system of Main and Prchn to the canine
species. For this purpose, dogs reconstituted
with allogencic marrow were given a kidney
allograft obtained from the marrow donor and
their own _dneys were removed. Permaneiit
allograft survival ensued in every instance
without any lurther treatment.”® * The tech-
nique has been shown to induce specific unre-
sponsivencss 1o allografts of skin, kidney,
heart, Jung, pancreas, liver, and small intes-
tine obtained from the marrow donor, while
rctaining the host’s capacity to reject fully any
tissuc or organ allografts otiained from other
sourees. '’

Further studies have demonstrated that the
specificity of the induced unresnonsiveness
was broadened, and the latent period between
bone marrow reconstitution and kidney trans-
plantation could be shortened if the recipient
was given a kidney allograft within 12~15 hr
after transplantation of bone marrow.'* ' One
of the key conclusions derived from this model
was that replacement of immature hemo-
poictic cells into the host’s irradiated milicu
could trigger an evancscent cycle of selcctive
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cell replication recapitulating the cvents of
immunologic entogeny, with particular refer-
cnce to the generation of a temporary seppres-
saor-ccll preponderance in the rapidly pro-
liferating ccli populations. The demonstration
by Alter ¢t al™ that this phase in human
subjects is associated with a transient fetal
crythropoiesis and the production of newborn-
type gamma chains, as well as the report by
Haot and associates™ ol the reappearance of
fetal- and newborn-type lymphoid cells in
irradiated mice, have provided further sup-
porl to this nation. A logical corollary to this
hypothesis was that once a cell milicu favor-
able to induction of uarcsponsivencss was
cstablished, it might actually not be necessary
to use allogencic bone marrow, but that
immature marrow cells of autologous origin
could be equally effective in the implementa-
tion of unresponsiveness. In a series of experi-
mental tests of this possibility, bone marrow
was removed {rom prospective allograft recip-
icnts and was stored while cach dog under-
went a standard course of supralethal total
body irradiation. The animals were reconsti-
tuted with their own marrow, and werc given a
kidncy allograft obtained from a genotypi-
cally DLA-identical donor.'” This method was
associated with the developmient of long-term
allogencic unresponsivencess o renal allogralts
with no requircment for further treatment in
27 of 44 (61%) of the dogs given their kidney
transplants within 12~28 hr after bone mar-
row replacement.'” The resulting unrcspon-
siveness was specific for the kidney donor, and
did not gencrally extend to other organs from
the same dog, with the possible cxeeption of
the pancreas.”® The successful establishment
of unresponsiveness required genotypic DLA
identity of donor and recipicat, and was
clearly mediated by one or more populations
of immature or precursor stem cells present in
the retransplanted autologous bone marrow.
The phenomenon was also exquisitely time-
dependent; in order 10 achieve optimal results,
at least one cycle of replication by the retrans-
planted cells in the host’s irradiated milicu
was needed before exposure of the recipient Lo
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renal alfoantigens.'” Adaptation of autologous
marrow ‘o this model also had the additional
virtue of climinating the risks of GVHD com-
plications associated with the use of allogene.c
marrow in other caninc populations."”

Onc of the intriguing features of the experi-
mental models described here has been the
obscrvation that ncither the canine experi-
ence'™ " nor the results of Bennett, Dittmer,
and Moran' ' in a very similar system using
heart transplantation in irradiated rats given
syngenei¢ marrow, have reported success
rates in inducting allogeneic unresponsiveness
exceeding 75% of animals treated in similar
fashion. This factor has introduced an omi-
nous caveal o consideration of such modecls at
the clinical level. It also suggests that the
methads used herctofore may not have been
adcquatc to stimulatc the gencration of a
temporary preponderance of suppressor cells
in all recipicats, possibly as a consequence of
variability in the persistence of immunoiogi-
cally competent postthymic cells in the
treated host and/or the inoculum of autolo-
gous marrow returnced to the recipient after
irradiation. An alternative possibility is the
continued survival of varying concentrations
of immature precursors of such cells in the
marrow of some of the dogs.

The first cffort dirceted at control of this
variable has consisted of exposing the periph-
cral blood of prospective recipients to a 5-
week course of  extracorporeal irradiation
(1=:C1B). a technique long known Lo selectively
abliate the host™s small recireulating lympho-
cvie population ' For this purpose, the neck
vessels ol the reciprents were cannualated, sind
blood wias passed  through a radioactive
cesium source S times weekly for 4-5 weeks,
unhd o total dose of 20,000 30,000 rads was
given. This dose produced a prolound lympho-
penie, but had no b effect apon erythrocytes
or their precursors. Such treatment also had
no detectable effect upon the capacity of
marrow obtained from treated animals to
repopulate these dogs after supralethal total
body irradiation.

An alternative techmique consisted  of

135

Fig. 1.
bone marrow.

Distribution of cell clusters in normal canine

cxposing the stored autologous marrow sched-
uled to repopulate a given recipient to methyl-
prednisolone (MPd) and DNasc for 30 min
prior to rcinfusion into such dogs. This
approach was prompted by the finding of
Tutschka, Santos, and their associates™ of a
differential and highly sclective elTect of MPd
against lymphoid cells, in contrast with other
hemopoictic stem cells. Preliminary results
indicatc that cither trecatment may provide
some significant improvement (up to 80°%) in
the capacity of irradiation and autologous
marrow replacement to establish in the canine
host a milicu conducive to the development of
adult allopencic unrcsponsiveness in dogs.
This result did not, howcver, provide any
information on thc nature or identity of the

Fig. 2.
aftor in vitro chemosaparation by mothyiprednisolone.

Alterations in bone marrcw coll populations
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Fig. 3. Appearance of normal bane marrow cefl
popuiations after purification by the Ficoll-lron method.

cells that appear to modulate aliograft respon-
siveness under these experimental conditions.
Further data on this important question were
sought through a scrial analysis of bone mar-
row cell samples at various intervals belore
and after ECIB and/or MPd treatment. The
samples were studied in an Ortho 50-11 cell
sorler, using green luorescence for DNA in
the X axis and red uorescence (for RNA) or
a narrow forward scatter (for cell size) for the
Y axis. Whole marrow cell suspensions and
Ficoll-iron purified preparations of marrow
cclls, which were predominantly of the lym-
phocytoid and monocytoid series, were also
studied in this manncer. The appearance of
normal caninc bone marrow is shown in Fig. 1.
Normal marrow cclis appear to be distributed
in six main groups or clusters. Three of the
clusters carrespond to myeloid cells at various
stages of differcntiation; a smaller cluster of
normoblasts and small lymphocytes appears
in the far left aspect of this photograph. The
(ifth and sixth clusters are located slightly
below and to the left of the principal clusicr of
myecloid cells. The (ifth and sixth clusters arc
most likely monocytoid in origin and are par-
ticularly rich in cells corresponding to the size
and shape of canine blood monocytes. As
shown in Fig. 2, these two clusters are climi-
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Fig. 4. Alterations in Ficoll-Iron-purified bone mar-
row pogpulations after in vitro chemoseparation by
mett.ylprednisolone.

. pated alter chemoseparation of bone marrow

cells with MPd."” Parallel results were
obtlained with a S-week course of ECIB.*
Afler trcatment of normal marrow by the
Ficoll-iron method, the predominant cell pop-
ulations remaining in the suspension were of
mononuclear origin. As shown in Fig. 3, such
cells could be divided into o tower portion rich
in DNA and an upper cluster containing
larger cells and a greater concentration of
RNA. Addition of MPd to such preparation
resulted in completc climination of this popu-
lation of larger mononuclear cells (Fig. 4).
The disappearance of a particular popula-
tion of mononuclear cells from the celf clusters
in adult bone marrow upon trcatment with
ECIB or MPd, and the assaciation of such
disappearance with increased success in the
induction of allogeneic unresponsiveness, may
be interesting with regard Lo further studics of
the precisc role of the monocyle and/or
macrophage in the modulation of adult immu-
nclogic reactivity. The apparent improvement
in Lthe capacity 1o develop allogralt wlerance
obscrved after climination of cluslers of such
cells from the host’s immunologic armament
may also be useful in the development of new
techniques for the induction of this 1ype of
unresponsivencess in the adult host.
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