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¢ ~ ABSTRACT

Donor-~specific immurological adaptive mechanisms are -
believed .to be important’ in the‘long term functioning of HLA

mismatched grafts. To assess this phenpmenoﬁ, the

r

" e .. .
immunological responsiveness!of a panel of 30 renal ‘
. . .

allograft recipients (R), was studied against the cells of
3 ; ‘ . ) \

the specific donor (D). Fifteen recipients had rejected

their transplants (Tx) within one year, while the other 15

had& good function’ at the same period.

»

Serial samples were obtained from all the patients, pre
. *" : .
Tx ﬁR;),‘postuTx zero to thirty days (R,), thirty-one to
‘ninety days (R,) and hinety46ne days td one yeér (R;)..Two
' donor specifig immunological systems weré use%. In the
i ~first, the cell médiated 1ympholysis-(CMLf-inducibility of
preiand-post Tx R cells to stimulation by irradiated D or
healthy:conFrols (Y) wére compared (R,Dx, R,Dx, etc.). In
the second, the suppressive capacity bf~irradiated post Tx R
iymphocytes on CML‘inaucibility was assa§gd (ReDPX + R,X,
etc.). These two assays were run simultaneéusiy'on all the
samples in *individual patients. |
’ < : .
In the fifteen patients with rejected allografts, the
mean 'CML specific lysis of R,Dx was 47% post Tx R,Dx
rémainéa elevated at 37%, aﬁd R,Dx at 41%. Control vaiues,
R,¥x, R,¥x and R,¥x werev55,‘52 and 50%, reSpectively.
Suppressor cell studies in this grou%‘?Fowed no signifiéant

difference between patients and.contr&is, i.e., no



&

donor;specific suppréssion.‘ln the otqsr 15 patients"with
good function R,Dx was 40%, all the post Tx samples dropped
to 20% or less (P<0.005) with no drops in tAe controls.
Suppressor cell studies in this group showed a gmall but
'statlstlcally s1gn1f1cant suppre551on (p<0 02). Further
characterizétion of the suppresggr cell population suggested !
that they were radiosensitive and.belonged to the T
' suppressor/cyt&%o*ic«enriched populatioﬁg Kinetic studies
performed wiﬁh the CML assay showed no evidence of
accelerated.kinétics. : '

These results suggest thaﬁAthe CML indueibility post Tx
may bejuséful,as a predictive index of ultimate transplant

outcome.
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I. INTRODUCTION AND LITERATURE REVIEW .

A. Introduction ' t

Twenty six.years have elapsed eince-the first
successful renal transplant between.non—idenrical twins.
Early in 1952, John Merrill{and his group performed a renai
transplentqbetween non-idehrical twins after irradiating the
recipient (Merriil et al., 1960), the allogreft survived
more than four years. A few months later, Hamburger's group
at the Necker Hoébital, performed a similar proceddre
(Hamburger et al. 1962). Since those initial successes,
over 80,000 renal transplants have been performed worldw1de
This dramatlc explo$1on has resulted prlmarlly from two
major developments in the transplantatlon fieldry (]) the
developmenﬁxofﬁefﬁectlye.1mmunosuppre551ve drugs and (2) the
disooverygofﬁrﬁe‘QEATSyetem |

The 1mportance of HLA matching for living related donor;
transplants has been ‘well documented, but there i8 some
controversy on 1tsrvalue in cadaver donor allografts.
However,‘with longer follow-up*periods and matching, fof‘the
DR antigen, 1its 1mportance in cadaver allograft surv1val has
been aoce;ted (Moen ' eE&!i;, 1982). '

Over the laet'two’decades a sizable number of long-term
survi&ors have accrued. A large majority of these recipients
have oormally éhnctioning aliografts_despite a HLA
‘nonidentity between the donor ano recipient in most:cases.

A

The gquestions raised'by these obserqftions are: why are



these non-identical grafts not rejected? What are the
‘mechanisms involved in the production of this state of
' qppareﬁt-tolérance?

The purpose of this study was to assess the importance

s

. of donor-specific cell mediated responses in the survival of

an allograft, and in individuals who have achieved a certain

S

degree of tolerance to the allograft, to define the role of

suppressor cells in the p:oductionvof this phenomenon.

3,

xﬂghe“hypothesis at the outset of the study was that cell.
médiSféd;cYﬁotoxicity as detected by the cell“ﬁediated
lympﬁgljsis-éséay does sﬁow a correlation with the function
of the allograft, and in addition suppressér cells are an
important part of the hechanism of_tole;ance'to‘allografts.

The primary assay used in this study is the mixed
lymphocyte reaction, specifically assaying the function of
cytotoxic lymphocytes.in_this reaction. This in vitro model
of antiallogeheié reaction appéars to correlate with the
sequenéé of events following an in vivo éllograft.
D
B. Mixed lymphocyte culture (MLC)

Thé sfudy of MLC with lymphocyteipopulations of two

different individuals in the same test tube was firse

e

suggested in 1964 by Fritz Bach»in the’United States (Bach
et al., 19é6) and Barbara Bain in Canada (Bain et al.,
1964). They shbwgdathat contact of one pobulati?n with thé
other triggers a profound transformation of the lymphocytes.

3



’ S
In order to study separately the reaction of one o
population against:the other,"one of the lymphocyte ’
populations was inhibited by irradiation or treatment with
m1tomyc1n This procedure was termed the one way MLC‘ .
| The flrst stage of the reatt1on is the recogn1t1on of
histocompatibility antigens of the stimulator cells by the
responding cells. These responding cells are T lymphocytes,
as demonstrated by the absence of any MLC if lymphocytes are
{taken from T cell deprlved animals, for‘examplefjanlmals
‘thymectomized at blrth. The presence of cells from the
monocyte—macrophage series in thekcultureyis‘also necessary'h
for this initial step of allogeneic recognition.

" The second stage of the react1on is the transformation
and p}ollferatlon of the stlmulated lymphocytes The
transformatlon‘;s often termed blastogene51s, since the
cells are simllar to immature lymphoblasts:\These

. , I .
transformed blasts are large cells with abundantxhasophlllc ],
cytoplasm and a nucleus with increased synthetic act?yity
measured by the incorporation of tritiated thymidine. \\\\\\\\,

The other main element of the mixed lymphocyte reaction
is the production of cytotoxic lymphocytes, whose |
ytotox1c1ty is spec1f1cally directed agalnst cells bearlng
hlstocompat1b111ty antlgens of the stimulator cells. These
cytotoxic properties of the lymphocytes are evaluated by the
cell mediated lympholysis test (CML).

The sequenceloﬁ'the MLC described is under the control

~

of both requlatory cells as well as soluble mediators termed

“



lymphokines. Some cells can enﬁance‘the reaction, the T cell

subset described as T helper cells may considerably increase
4 ‘»'%\'Wﬁ;}b}‘ .

the development of cytotoxib*ceﬁﬁﬁﬁhSuppressor T cells may’

inhibit. the reaction, and can be found in the initial few

s

days of the MLC.

Hence, the MLC appears to be a complex process
involv;ng"Various types of cell subsets and soluble factors,
some of wHich enhance and others depress the-reaction. The
finai result depends on the balance between opposite forces.
bfhis image 1s quite applioeble fo the in vivo situetion of a
renal allograft where the balance Metween rejection'apd

antirejection forces'deoides whether the allograft is

destroyed or tolerated.

C. In vivo Correlation of Mixed Leucocyte Reactionwand
Cytotoxicity Assay
The e;teht to which the above phenomena desoribed in
in-vitro models actually>ocoﬁr in vivo in the allogreft-
recipient has been studied. Here too, a series of stages cen
be defined, recoonition of the graft antigens, stfmulationb
of the host immunocompesent cells, proagciioﬁ]endxw”%

& Lo e

prollferatlon of cytotox1c lymphocytes 'f »g.{~*_,».vei'

Alloantigen recognltlon is thought to 1nvolve’pr1mar11y
the T lymphocytes of the'rec1p1ent and the -
histocompetibiaity antigens of the donor. The poor allograft
response of animals thymectomized at birth supports ‘the o

importance of T cells in this response



-

The recognition séaée is believed to kctur locally in
the graft.and implies‘ciose contatt between| the host and
élidgepeic cells.&The phenomenon of spontaneous rosettes
suggests that coétact accompaniing recognition does occur;
for example, "lymphocytes from species A when mixed with
RBC's fromAspecies B will form spontaneous rosgttés, i.e.,
without preimmunizaﬁion, and.depleting a spleeﬁ'population

of rosette forming cells to a specific antigen,(induces

~ unresponsiveness to that antigen (Bach, 1970).

Blast transformation takes place in vivo in ‘allografted

animals., Evidence for this has been produced in kidney

§

allografts in shgep (Pedersen and Morrié, 1970). Lymphocytes

leaving an a lograited kidney cén be collected b
. & 2 ! .

catheterizing the renal lymphatics, during rejection th
normal cells have been transformed into numerous blast
cells. This finding has been confirmed in human renal

allografts (Hamburger et al., 1971).

Cytotoxic cells directed against cells of the specific

- donor have been demonstrated. In rats following renal

]

allografts donor-specific cytotoxic lymphocytes can be found

in the lymph nodes and the spleen’ (Biesecker, 1973).

_In human renal allpgréfts undergoing rejection,

infiltrating cells in'the graft show specific cytotoxicity

" (Strom et al., 1975). In addition, in vivo generated

cytotoxic cells against the donor cell target are frequently

detected in the lymphocyte mediated cytotoxicity (LMG) test

(Dossetor et. al., 1978). These correlations would suggest

e



tnat‘cytotoxic lymphocytes are an important element in
cellular rejection.

Macrophages probably have multiple roles in the
allogeneic reagtion. They probably facilitaté antigen
- regognition by T lymphocytes, they acquire‘; nonspecific
thotoxicity under the effect of lymphokines, such as
macrophage activation factor, released by sensitized
lymphocytes; and finally they may control, to some extent,
the intensify of the lymphocyte reaction (Norkh et al.,

. 1978) .

The importane role of macrophages in vivo 1s suggested
by the high percentage of host macrophages invading
allografts during rejection (Dy et al., 1979). |

In short, the in vipro assay of the generation of
cytotoxic T cells in mixed leukocyte culture (MLC;induced
CML) does seem to show a good correlatson w1th cellular

%,,1
mechanlsms operating in vivo follow1ng allograftlngs‘q o

o
D. Induction of Specific Tolerance,to Allografts

Most transplant centres have some patients who have
stopped immunosuppression for various reasons, but still
retain.a functioning al‘ograft Murray et al. (1964) found
that -some dogs did not reject a kldney after
1mmunosuppre551on was stopped One of the 1n1t1al renal
transplants in man has tolerated his k1dney for over twenty
years after the initial total body radiation (Bach et al.,

1981). However, results of this sort are uncommon and

-



difficult to predict. There have been numerqQus studies, and
our.knowledge in this area has inéreased significantly, but
it has also given rise to some of the most hotly debated
fundamental guestions in the whofe of t;ansplantation
immunology. There is still no practical method available for
inducing specif}c tolerance to an ailogfaftéd organ,
nevertheléss there 1s a strong likelihood that the. final
solution to the problem&of organ transplantation will lie in

the creation of a state of specific tolerance.

E. Immunological Tolefancs

folerance is a ;peéific}lackhof reactivity to an
antigen despite prior exposure to the same antigen. There
are various factors which influence development of tolerance
to an antigén, these include the doée, qatufe'and
persistente of the antigen, the route of immunization, as
well a%s the ége of the individual.

Some of the initial experiments that led to the concept
of immunological tolerance we}; performed by Medawar-and'
Billingham (1956). They showed thét administration of ah
antigen immediately before or soon after birth renders the
animal incapable of subsequent response ﬁo Ehat antigen.
Prior to this, Owen in 1945 first noted transplantgtion
tolerance by way of blood group chimerism in dizygotic
cattle twins. Each twin contained permanently its own blood

type and that of its twin. Later, it was shown that kidney

‘grafts from the dizygotic twin were tolerated by eight out
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of twelve such animals for more than ten months (Craigle et
[
4

al., }968).

Burnett and Fenner (1949) developed the idea" that

\

recognition of self is.acquired in embryonic life and

_/ . N N
further exploration of this Ydea led Burnett to postulate
[N e

-
§

his ﬁamoué cﬂ%hai»selection hypothesis.

Triplett”(1962ﬂ~took the pituitary from an embryonic

¥ $

' T 4 \
tree frog, p%fked it*fbr 10 days in another embryo, and then
(R By . )
returned it @%f the donor. The original donor turned black in
glhe'release of melanophore stimulating

f%glblno again as the graft was rejected in
5 n.‘?‘\“ i

L
‘days ¢>:@m the same experiment was done with half a

pituitary, no rejectlon occurred. Rejection in the first
instance, he felt,'was due to-.deprivation.of the tissue
aﬁtigen. This led to the concept that tolerance had%%o be
learned and the learning process required the presence of

3

antigen.

F. Development .of Allograft Tolerance
Cultured allpgrafts of both tﬁyroid and pancreatic

islet tissue carry recognizable antigen and are promptly

‘rejected if recipient animals are challenged with donor

leukocytes at the time of transplantation. However, animals
carrying allografts for prolonged periéds (>100 days) become
progressively more resistant toachallenge w;th donor cells
(Bowen et al., 1981).}This pheﬁomenon might develop as the

result of the slow leakage of free antigen into the”immune

*
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system of the recipient, leading to tolerance induction.

In pancSFatic iélet transplantation, it was observed
that when transplanted animals are injected with
uv-irradi;ted donor spleer <wlls, around thirty day§
post-transplantation, graft réjection is not stimulated;
administration of viable donor celis at this t#me promptly
activate a rejection reaction. When d&imalérthat regeibed uv
irradiated cells were subsenghtly challenged withiviqble
donor spleen cells, the allografts were not rejected. The uv
ifradiated cells, which provide a source of antigen alone, |
have étimulated the development of éolerance in the

N}

allografted animal.

G. Mechanisms of Immuné Tolerance

There are several postulated mechanisms in the
production of allograft tolerance. The primary ones are
enhancement, antiidiotypic immunization,; suppression by T
cells and clonal deletion.
: H.éihhancement

There have bee; many reports of considerable
proldngatidn of kidney'allbgraftvsurviQal in experimental
animals by passive or active enhanﬁeﬁent. Monaco (1966) |
showed that the rat is‘particularlyyﬁuitablevfor successful
enhancement of kidney grafts. HoweJ;r,'dogs in enhancement

experiments show prolonged survival only'with the addition

of small doses of azathioprine or prednisolone (Wilson et

f



al?, 1971). The mechanism and site of action of enhancing
antibodies is not definite. They could Intervene by
preventing recipient sensitization or by opposing the action
of‘cytdthic T cells. In addition, they could act cn
regulatory mechanisms by stimulating suppressor cells

(Voisin et al., 1980), or“by antiidiotypic antibody (Binz et

al., 1979).

-1, Antiidiotypic Immunization
The antigen binding sites of antibodies express
antigens, the idiotypes, that are characteristic of the

antibody,gpecificity. The injection into an animal of
() ]

-

anﬁiidiotypic antibodies will suppress, if adequate
protocols are used, the production of antibodies showing ‘the
corresponding idiotypes (Cosenza, 1972). The demonstration

of the presence of common idiotypes on both T énd B cells

»

receptors suggests that these antibodies could also act at

the T cell level and inhibit cell mediated immunity.

oy “

Binz and Wigzell (1979) demonstrated that they could

, , o
induce a certain degree of transplantation tolerance in the

 Tat ‘using the principle of antiidiotypic immunization.

They inoculated T cell molecules of the Specifiecity Lewis
anti-DA, which were isclated from nérmal;Lewis serum, into
nésmal Lewis rats. The response in the MLC of such
autoimmunized animals against DA stimulator cells was
drastically redbced, while the respoqfe against the third

party alloantigens was unaffected. In addition, other T cell

Ve
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functions such as CML and graft vs host (GVH) reaction were
also shown to be inhibited specifically. Autoimmunized Lewis
rats that were shown to be specifically suppressed in the
MLC were tested for their ability to reject DA skin grafts.’
The survival tiﬁe ip these rats was prolongea to
two-and-one-half times the control time.
More recently, Suciu-Foca (1983) and hér group have
shown a rolekof antiidiotypic antibodies in down-regulation
i of alloimmunity, following donor-specific transfusions (DST)
and transplantation. Their experiments sugge;t ?hat
allosensitization occurs in allnpaﬁients who .receive DST and
trénsplants; but responsiveness or'non—respénsiveness aré
"merely a reflection of the idiotype-antiidiotype antibody
ratio (Reed et al., 1985). , o
J. Clonal Deletion
The_origiﬁél notiPn of the mechaniém of tolerance was
clonal»deletioﬁa It waé thoyght that antigen reacted with a
lymphocyte sﬁrface receptor, and because of the form of the
ahtigen or the state_of the lymphocyte, either -induction of

an immune response or induction of tolerance occurred. It is

not known if specific antigen reactive clones of/cells are

all deléted in tolerance or if they are present whether
they are functionally unable to Q‘Ehg~iﬂggffgffjf;\\‘
antigen. | '

Evidence supporting the view that functional clonal

deletion does occur among antiallogeneic'T lymphocytes was

i
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provided by Nossal and Pike (1981). To estimate the number
of T cells active against a given ahtigen, they enumerated
the frequencies of precursors of cytotoxic T lymphocytes
(CTL-P) which developed from single cells, by appropriate
stimulations witﬁ irradiated allogeneic cells acting as the
antfgen source. They applied this method to the classical pﬂ
tolerance model‘ﬁ newborn mice receiving semiallogeneic
spleen cells,

CBA (H-2k) mice were rendered tolerant to H-2d antigens
by injection of (CBA x BALB/c) F, spleen cells on the day of
birth, At intervals of two days to twelve weeks, the
frequencies of anti-H-2d and CTL-P in the thymus and spleen
were determined by limiting dilution technigue. A profound
and long lastingﬂfunctional:clonal deficit was noted. The
functional clonal ‘deletion reduced the observed proportion
of anti-H-2d cells in adult spleens from a normal level of
about 1 in 500 spleen cells (1 in 150 T cells) to 3% of that
figure. Evidence to support this functional clonal deletion
has been provided by Streilein's group who failed to detect
lymphocytes reactive with tolerated H-2 alloantigens in a
wide baftery of tests including MLC, CML, GVH reactions.
Suppressor cells were not foqu in these studies, and the
inference was of an active process achieving“specific clonal
deletion (Gruchalla et al., 1982).

’ To asse§s whether supprésso: ce’lls could be responsible'
for thisyfpnctéonal clonal ;deletion, Nossal and Pike

investigated the effects of anti-1J serum on tolerance

» ‘ .
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inductioﬁ in their model;‘i?ey féund-that'répeated high
doses of anti—IJ'inje¢teé_into néwbgrns‘paftiallf inhibited
clonal deletion. Though ;he;pqenomépon was reproducible, if
; depended on a'pérticular:batch.Of anti—li,serum, which so
;;fgf has not been reproduced yitﬁ okhér bthﬁes (Nossal,
'1§83)} The role of suppressor cells in functional Clqnai
deigtion thefefore remains obscure. |
In human renéiﬁtrénsplantation, Pfeffer andvThérsby
(1983) reached the conclusion that the weak donor-specific
ICytqtoxic response is caused by a depletion of cytofoxic
‘clones Qith high lyti;‘effi;iency. They coq&d not find
evidence forLSU§préésor Eellq‘imithe majqfity of their
'kpatients with reduced CML, and élso foung that addition-ifa
 exogénous‘intgrleukin—2;(lﬁ—2)'did not improve Cypotbxicity
against the donor. | : S ‘ .

K. Suppressor Cells -

‘History

The initial condebtﬁ%&”suppresSor cells was introduced
by Gershon: and Kondo in 1970. They found that lymphoid cells
may play an,important‘rqle in the induction of immunological
,pq;erance. In éheir studies, toleranée»induction.was‘studied
in two groups of micé; both‘éroupé were thymectomized,
lethally’irradiated and bone marrow grafted. One group was
also.given thymocytes along with the bone'marrow. Both

groups were then given a large number of sheep red blood

o
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cells (SRBC) over a thirty day period. Followiqg termination

of this tolerance induction schedule, neither group of mice

could respond to an immunizing dose df antigen. Ho&evef, if
normal thymocytes were inoculated at the time éf
immunization, the mice that had been pretreated in‘the
absence of thymocytes could respond as well as
n%P%Pretreated‘controls; On the other hand®, mice pretreated
i;gthe prgsencé‘ofjthymocytes were’ otally unable to réspond
to an fmmunizing'dose of antigen e&én after the'addition of
further thymocytes. Thus the preéeaggfof ih{muf derived |
lymphocytes during the course Qf tolerance induction had
created a milieu where normal tﬂymocytes could not coobe;ate
with pretreated bone marrow cells. :
In é subsequent study (Gershon and Kondo, &g71), the
immunosuppressive effect of the presence of,thyﬁocytes
during antigen pretreatment. was étuéied by édoptively'

-éfahsf@rring the spleen cells of the antigen pretreated mice

.to thymus-deprived chimeras. These spleen cells not only did

nbt cooperate- with Pormal £hymocytes in thé secondary hésts
Jbut theybalso prevented the cooperation of normal Ehymocytés
;}ith normal bone marr&w cells. The abrogation of the :
cooperétion in the secondary host,was specific in that the
addition of spleen cells did not affect the anti-horse red
blood ceil response. : -

The first descfﬁption of suppressor cellé in neonatal
toleraéce to antigéns of thevmajor histocompatibility

complex (MHC) was provided by Dorsch and Roser, 1974. In

'
4
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their experimental system adult rats were exposed to a
sublethal dose of 1rrad1at10n that reduced but did not "
'eliminate reactivity to Sklﬂ allografts. The inoculation of
syngeneic lymppoid cellsvfrom normal rats restored normal
reactivity, but the same number of cells from'classically
tolerant rats resulted in the essentially permanent
dcceptance of the test’ grafts in over 60% of the recipients.
Third party- allografts were rejected indicating specificity
of the suppre551on, and all of the: suppre551ve act1v1ty of
spleen end lymph node cell suspen51ons were_found in
primarily T cell suspensions obteined by thoracic’duct
csnnuletion (Dorsch end Roser, 1975).

. Since these initial reports, there has been a flood of
reports of'suppressor Cell involvement in most modalities of
alloreact1v1ty both in v1tro and in vivo. Adoptive transfer
experlments have now been repeated by many laboratorles
SOmetimes with minor\technical modifications, and have amply
confirmed that suppressor cells are of major importance in
the maiutenamce phase of»transplandation tolerance (Roser et
al., 1983). |

>
In vitro generation of suppressor cells
MoSt experimental systems have utilized the mixed
lymphocyte culture reaction (MLC) for the generation and
'.detection of suppressor cells. Some of the methods for
.inducing and assaying in vitro ‘generated suppressor oells

&
A

are shown in Table I. The one way MLC reaction employed
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TABLE I.
Induction and assay of in vitro generated suppressor cells.
A S o S .

Induction in ‘ As in secondary
Author Primary Culture - Culture "

shou - 1976 . Mitogenic: ConaA MLC
Kurnick - 1976 ‘Mitogenic: PHA | MLC
Hirschberg - , a. Autologous MLC MLC
1977 . -b. Allogeneic MLC MLC
Ferguson - 1977 a. Unstimulated culture MLC-CML

b. Allogeneic MLC MLC-CML
Smith - 1979  Autologous MLC MLC, MLC-CML
Frey - 1980 Allogeneic MLC |, MLC

e
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for the generation of suppressor cells, usually referred to
as primary MLC, consists of two allogeneic cell populations,
responders and stimulators. The stimulaﬁor cells are
inactivated by treatment with eifher mitomycin C or
 x—irbadiation. At the end of a given period of incubation,
'the cells arerhafvested, washed, irradiated and aéded to a
fresh one way MLC,vwhichvis referred io as the secéndafy
MLC. The secondary culture, therefore cofisists 6f three cell
populations, responder, stimulator and regulator (cells from
the primary MLC). Usually, the;regulatory cells are
syngeneickto the responder cells and the stimulator cells
are tﬁe same in both primary and secondary culgﬁres. The
inhibftory activity of the regu;agof Or suppressor cel}s on
proliferative~br cytotoxic responses is assayed in the
LY . . .

secondary MLC- (Rich et al., 1975).

The criticish of this type of assay was that the
suppressof cells from the primary MLC were cytoﬁéxic cells
and hencelsuppression of the generation of cytotoxic
lymphocytes (CTL) was due té elimination of the stimulator -
celis. The experimental data, however;udoes not éupport
‘this., Sinclair et.al. (1976) has shown that preincubation of
cells from primary MLC cultures with stimuldtor cells prior
to the addition of responder cells gave lessvsuppfessﬁoﬁ of
the generation qf CTL in the secondary MLC, than the
preincubation of primary MLC cells with responder cells. In
addition, increasing the number of stimulator éells did not

reduce suppressor cell activity, whereas altering the



concentration of responder cells had an effect, with
sgrongpr~suppressiCﬁg seen with low nﬁmbers of reéponders \\
(Triutt et al., 1977) .

Though cytotoxicity does not eﬁplain the suppression

\
seen, the exact mechanism of suppression in this system is
\ :

still not clear. The suppressor cells may intiract wﬁth
responder, stimulatog cells, or both. This interaction could
be a direct cell to cell interaction or it could be mediated
by a soluble féctor (Rich et al., 1975). Evidence to support
each of these mechanisms has been obtained by various
gfoups, suggesting that mbre tﬁan one type of suppressor
cell Eé'operafive in'this system (Ferguéon et al., 1977,
Hanes et al., 1978); | | - |

The characteristics of the suppressor cells have varied
with the method of inductipn. Those induced in autologous
MLC are nonspecific and require a proliferativeiphase in

ation and

®

seconaary cultures, and they are sensitive to radi
mitomycin C (Smith et al., 1979; Sakane et al;, 1979).
Suppressor cells induced by alloantigeneic stimulation are
fai?}y,well differentiated, have some specificity and are
less sensitive to irraaiation (Frey, 1980, Kovithavongs et .

al., 1982).

‘Suppressor cells in animal models of transplantation
tolerance

The suspicion that transplantation tolerance was not

due only to clonal deletion but involved positive
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suppfession of the rejection response came as the result of
the experiments of Dorsch and Roser in 197&: Using an
adoétive transfer model, theymshowed'thag inoculating cells
from syngeneic tolerant animals delayed or prevented skin

‘ *
graft rejection in irradiated recipients. With a similar .

type of assay, six otherflaboratories have also demohstrated
supﬁressor cells 1in classicélly tolerant mice and rats
(Table fI). |

Further research has concengrated on the phenofype and
functional attributes of the supﬁressor‘cells. Phenotype -
Roser and 6oddeﬁ (1983) have shown that potent suppfessiQn
is mediated by long iived, thymus derived radiosensitive
" cell populations, more than 99%. of which are T cells. One
useful marker that differentiates suppressor cells from
other peripheral T cells is their adherence to and |
recoverability from nylon wool (Hélan et al., 1978). The
monoclonal antibodies for helper and cytotoxic/suppressor
subsets in the rat,bhowever, were not found to be useful .as
markers in the suppressor cellg of transplantation tolerance
(TT) . E&idence from more than one laboratory suggésts that
there méy be se§eral tYpes of -suppressor cells invblved in
TT. Gorczynski (1979) ha§ presented evidence for a
suppressor which prevents maturation of cytotoxic precursor
cells (CTLP) to cytotoxic effector ceils (CTL) and also for

another suppressor that prevents the generation of CTL

from bone marrow stem cells.
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Suppression in Animal Models of Transplantation Tolerance:

4

(1981) °

S.G.

Authors ’ ‘Species Recipient Assay of
' Treatment Suppression
et )
Dorsch (1975) Rat 750 rads S.G. survival
Holan (1977) Rait 400 rads §.G. survival,
MLR
Gorczynski Mouse . 950 rads CML
(1978) -
Smith (1980) Rat a 750 rads S.G. survival
Vegh (1980) Mouse ALG S.G. survival
Streilein Mouse 250 rads survival

S.G. - skin graft
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Specificity

In general experlments that have successfully
demonstrated suppressor cells from transplant donors  have
found that the specificity of the suppressor cells is
identical with the speci%icity of the toleragen (Smiﬁh et
al., 1980), (Streileiﬁ et al., 1981). Exceptions to this,
however, have been reported b% Holan et al. (1981) who
showed that B10.A(5R) mice tolerant to B10 showed cross
reactive tolerance to B10.A(4R) skin grafts, and Epaﬁ,ths
tolerant cells whéh cultured released a.soluble factor that
suppressed all MLR reactions tested, even where both
responder and stimulator cells were‘fplly ailogeneic with
B10.A(5R).
Anfigeﬁ dependence

Since the initiai experimeﬁts of'ﬁubaroff'et al.
(1970) it appears convincing that transplant tolerance
persists only as long as the antigen per51sts Roser et al.
(1980) showed that elimination of chimeric cells bearlng
antlgen frok adoptlvely transferred inocula of toléerant
cells eliminates suppression, and conversely-the
limmunization of tolerant radiation chimera donors»wirh

R ]

antigen greatly enhances suppression.

Variability
Transplantation tolerance demonstrated by in vitro and

in vivo assays appears to be a highly variable state and
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this probably is partly the reason for disparate results
obtained by different workers. In certain strain
combinations, attempts at induction of tolerance ;esults in
a minority of injectea animals with COmplefe tolerance,
while the majority show failure of tolerance induction and
even immunity (Streilein et al., 1979).

Analysis of cells of tolerant animals by adoptive
transfer reveals considerable variation in suppressive
potency from one donor to another and analysis in MLC and
CML assays shows suppression in some hands (Hasek et 51.,
197§5 but not 'in others (Gruchalla et al.; 1982). Even where
tolerant animals are screened for both failure to reject
grafts and ﬁegative MLR or GVH responseé, individual animals
can be ei}her highly suppressive or nearly negative 1in
‘buppressor assays (Dorsch et ;;., 1982).

| This characteristic:of extreme variabiiity mayl of .
course, indicate that there is no single mechanism
underlying transplantation tolerance, but that the tolerant
‘state can result from a variety of mechanisms.
‘Alternatively, it may indicate that the suppressor mechanism
in transplant'tolerahce is a complex interacting netWO:k;

certain components of which remain to be characterized.

Suppressor cells in clinical transplantation
The long term survival of allografted kidneys in
patients receiving minimal doses of immunosuppressive drugs,

was initfaliy felt to be produced by enhancing antibodies.
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Experimental data supporting—this_concept has beeh published

by Hattler et al. (1972) and Bach et al. (1972). Since these
initial reports, there have been quite a few papers

. published, using various methods of assay, attempting to
delineate the mechanism involved in tolerance in clinical
transplantation. See Table III.

Hattler et al. in 1972, using the MLC assay, found that
_the MLC responsiveness of the recipient to'the donor in
these patie;Es was not depressed, howeyef, it could be
suppressed using the recipients' sera. They further
identifieéwthe inhibiting factor as beiné present in the IgG
fraction and it became progressively mo;e evident after two
months of uneventful post-transplaht follow up (Hattler et
al., 1973). No effect wés‘seen with indifferent 1gG or with
I1gG from other transplant patients. In additioq, in patients
whose sera demonstrated blocking activity, eluates from the
kidney biopsy were also found to show blocking.activity in
the MLC assay.

Bach et al.,“ih 1972,  also found some evidence for
blocking in the recipients' séra. Howevér, they found that
the recipient-donor MLC following Tx wés depressed even
after extensive washings to remove any blocking antibody.
Hence, they concluded that there existed a central tolerance )
of the host with depletion ofwspgcifically reactive clones,

and in addition, blocking antibodies facilitated the

tolerant state.

»
-
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TABLE II1.

““T“**suppre&sgnmCaLngggEEQ;s in Clinical Transplantation

Authors Experimental Model ~  ~Résults— -

Hattler (1972) MLC responsiveness Normal
: MLC suppression by serum Positive

Bach (1972) MLC responsiveness " Decreased
MLC suppression by serum Positive

Quadracci {1973) Cytotoxic activity

against donor =
fibroblasts Decreased
Suppression by serum Positive
: - . <
Thomas (1977) MLC responsiveness Normal

MLC suppression by serum Positive

CML responsiveness Decreased
CML suppression by cells Positive
. : (Nonspecific)

-

Liburd (1978) CML responsiveness Decreased

CML suppression by cells = Positive
Thomas (1979) CML responsiveness - ‘
by adherent cells . -Positive
Goulmy (1981) CML responsiveness Decreased

CML suppression by cells Negative

Charpentier . MLC responsiveness Decreased .
(1982) MLC suppression by cells Positive B
Pfeffer (1983) - CML responsiveness » Decreased

CML suppression by cells - Negative

MLC and CML responsiveness refer to response of recipient
against specific donor,
MLC and CML suppression refer to donor-specific tests
suppressed by addition of recipients' serum or cells.

i
!

)
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Quadracci et .al. (1973) used a 51fferent system which

measures the ability of specifically sensitized recipient

s

lymphocytes to kill donor target cells, and the blocking of

_the cytotoxic effect by recipiént serum. The target cells

used were donor fibroblasts obtaifiéd from-skin-biopsies at

the time of transplantation. Recipient lymphocytes and serum
were tested at various times in ‘the pos{*transplant course.
They observed a stéady decline ;n the number ané fFequency
of reactive l?mphocytes with a parallel incméase in blocking
activity, at various periods following transplantation. In
the majority of the samples the loss of cellular immunity
was preceded by the development of serum blocking factors.

Thomas and associates in 1977 investigated the
lymphocyte‘responsiveness of 1long term renal allograft
survivors in the MLC and the MLC-CML assays. Contrary to
Bach's findings, they demonstrated that recipient célls were
active in MLC against specific donors, inéicating that
donor-reactive clones were preSent. However, in the MLC-CML
assay, the ;ecipient cells were unable to generate donér
specific cytotbxic cells, although they were capab}e of |
producing effector cells which could kill third'pé;ty
targets. |

The majority of éhe recipients’ sgfa demonstrated
significanthLC,blocking aétiQity,‘evén with serum dilutions
of 1/5 to 1/500. In some preliminary experiments, ;hey

tested the effects of recipient lymphocytes on the induction

phase of third party CML responses to the specific donor,
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Their initial experiments showed a stppressive effeca of CML
non-responder iyﬁbhocytes, but in most cases they were not

'speéific for donor cells, depressing also the 'CML response
bet@een control‘ce;ls. In a'subsequentwstudy (Thomas et al.r
1979), they demonstrated donor—speciffg‘suppressor cgﬁls,

and that the suppressive activiéy could be abrogated by the
removal of adherent cells, mosg of which were monocytes or
macrophages.

Liburd et al., in 1978, were the initial workers to
demonstrate a aonor-specific supbréssion in the CML asSay
system. They coméared the in-vitro CML induced 1in norﬁal
célls to mitomycin treated aonor ceils, with and without
additional mitomycin ﬁreated recipiént‘cells. Thsy
demonstrated donér—specific'suppression in eight patients.

"Further studies suggested (Liburd et al., 1979) that the
supprgsspr'cells belonged the T cell subset rather than
the macrophages, &% suggési{! by Thomas et al. Suppressor .
cell activity has also been demonstrated despite well N
documented acute‘rejection c;ises, ;aiéing-the question'of
the role éf suppressor cells in determiniﬁg the clidicai

R » . -
outcome of the transplant (Dossetor et al., 1981). The

. consistent finding of suppressor cells En HLA identical live
donor transplants suggestg that HLA sensitization is not.

required for suppressor cells to emerge following

»

allografting, and it resembles the generation of suppressor-

cells in an autologous MLC reaction.



~ : . (“ ?j» )

Goulmy et al, in 1981, reported on their studies on

cytolytic potential (CML assay) and proliferative qbpacitj
in sixty-five donor-recipie-t combinations,. twenty of them
studied 1ong1tud1nally with pre— and post-transplant

l

samplesf They found that patients with functlonlng grafts
and.with adequate follow up, over two—thlrds became negative
(<10% lysis) in the CML assay"against the splenocytes of the
kidney donor, although they were positive in this test with
the lymphocytes from rahdom donors} In halfbthe patients
with e negative CML test'againSt specific dohor‘splenocytes,
60 days or more post—transplantatioh' earlier samples-were

] p051t1ve suggesting induction of donor specific CML
non-reactivity. Results of the MLC .assay showed that if

after transplantat1on antldonor MLC react1v1ty diminished,

it diminished also agalnst random donors This is in

® "

c@htrast to the antldonor CML react1v1ty after
transplantatlon, Wthh seemed to be donor- spec1f1c In five
patlents, a hlgh donor specific CML react1v1ty coincided
w1th a_rever51ble rejectlon crisis. They 1ooked for
suppressor cells in seVenvbatients, using a cocultu:egdf
pre- and poet-TX'recipient‘cells with irradiated donor
vcells, but were able'to‘demdnstrate ddhor—specific
suppression ih-only one out of the sevendstudied.
‘Agostihdxetbal (1982) reported on the suppression of
third party MLC assays using lymphocytes from normal
individuals, uremlc patlents and allograft re01p1ents as-

putative suppressqts\ They found that ‘lymphocytes from renal

!
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allograft recipients displayed the greatest ébbpressive
’activity, with the frequency of testsfdisplaying positiye
MDC‘suppression using 1x10° lymphocytes as putative .
suppréssors, was 90% for aPlograft recipients, 60% for ‘renal
faiiure patients and 28% for normal individuals. They also
found a higher frequency of positiveAMLC suppfession.in
_patients who were given more than five blood transfusions as
oppoSéa to those who received less. Their fractionation
experiments indiqgted that suppreésion of'thé MLC éppeafedv

to be mainly depéndént(on‘aiugsterase (+) adherent cell.

Charpentier et al. (195?5, using the MLC assay between

the recipient gnd donor, demonstrated a low responsiveness“
against the specific donor in cases of good graft tolerance,
but this was absent during rejection and in control samples.

For demonstrétioa of suppressor cells, they used

post—transplant’recipieht lymphocytes and added it to the

&

3 b
LI

'same person's pre—pransplant cells stimulated by the { [
specific donor cells. They observed a doﬁor—specific
suppression of thé proliferéti&e capacity of pre-transplant
recipient cells against the donor. Apparently, this.was the
initial study which demonstrated in a large éroup of
patients, that donor-épecific Suppressor célls could also

act at the proliferative cell“leVel. They also demonstrated
that there was no evidence of accelerated kinetics in_thé
%LclasSay to éxplain the..low reponse and that the putagive

' suppressor cells had to be added with;p the first 2 days of

, B v
culture for the suppression to be observed.
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'system using the HLA identical sibling as responder, the
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2

In a subseguént,study (Charpentier et al., 1983), .they
were able to isolate and characterize suppressor cells using

monoclonal antibodies and cytofluorometric separation. The
§ . 3 . B .

primary separation was into OKT8 reactive and non-reactive
¢

populations usifdg the murine monoclonal antibody antiOKT8
(Reinherz, 1980). In an MLC assay using Spedific,donor cells
as stimulators, the proliferation of OKT8+ cells was

depressed, whereas OKT8- cells showed a normal response,
With mixing experiments, they showed OKT8+ cells”efégtéd a

/

suppressive effect specific to the donoffrecipient p#it on
. ] X 5 .

the proliferative response of the pre-transplant

]

lymphocytes; conversely,5the OKTB%.cells‘exhibited an
enhancing effect in a simiiar‘sétup. |

Pfeffer et al (1983) carried out a series of
experiments in patients with well functioning kidney grafts.
They also aemonstrated a stroﬁgly reducéd donor-specific

cell mediated cytotoxicity 'in patients with normally
N _

functioning allografts from HLA-haplotype mismatqhéd related

donors. To explain the possible mechanisms involved in the

Specifically reducéd cytotoxic fésponse, they assessed, in

vivb and in vitro suppressof cells, Kinetics andlbarying

effector:target ratios in the CML'assz, the efodﬁction of-

lymphék}nes and the effggt of exogenous inferléukian (1L=2)
i B , ;

on #he' CML assay.

In vivo formed suppressor cells were assayed in a

specific donor as the :stimulator and fresh mononuclear cells
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from the recipient'es-the putetive suppressor. Pooling the
results for six patients tested, they observedha"mean
suppression of 20% in the proliferative assay (MLC system)
and- 4% in the‘cytoiytic assay (CML system) (Pfeffer et al.,
1983b).

' In vitro suppressor cells were induced by culturihg
responder and irradiated stimulator cells for six days, and
tested for suppressor activity by adding these cells to 5
fresh MLC and CﬁL induction cultures from the same cell
donors. After 6 days of culturing the MLC and.CML activity
were tested and compared with those of control cultures
without suo;ressor cells. The results showed that all the
recipients were‘able-to form moderate~to strong suppressoh
cells in vitro to the same extent as cohtrols wheh tested in
both proliferative and cgtotoxic assays. ’

s +

"Kinetic studies of the CML assay between the recipient

“and the donor showed no evidence of accelerated kinetics,

g he effector:taréet ratio.showed_that'the
reduced cytotox1c1ty persisted at varylng ratlos as’ compared
to the tontrol. Soluble growth factors were assayed in the
supern;tant of the rec1p1ent and donor cultures, by addition
to a third party autologous MLC or IL-2 dependent cell
lines., No correlation was found between the strongly reduced
CML - and productlon of growth factors. Exogenous IL-2 was
added to see if hlgher concentratlons would - increase the
cytotoxicfty of the recipient toward the donor. No clear

]

increase of the recipient toward donor cytotoxic response
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could be. found whiusﬁ;he cytotoxic fesponse of the sibling
toward the donor increased/}.5-2 times. With these results,

the authors conclude that the weak donor—épecific cytoz%xic

A
Py

response is caused by an in vivo depletion of cytotoxi N
cells. ‘ : N \\

Hehcé, thé variability of résults obtained in assaying
for suppressor CQlls in clinical transplantation is similar
to the reéults in“the animal experiments, and is difficult
to explain other than by saying multiple mechanisms of
varying deéree are‘operaﬁive.in the production of

transplantation tolerance.



II.YMATERIALS AND METHODS

A. Preparation ¢f Peripheral Blood Lymphocytes (PBL)

)

The method of Boyum (1968) with modificafions, was used
to prepare mononuclear cells from éeripherél blood. SeQen mlﬁ'
tubes of heparinizéd venous blood were collected and
chhtrifuged'at 1500 rpm (500xg) for 7 minutes. The plasma
was removed and 1-2 ml of buffy c;ét was collected, pooled
and diluted with approximately equal volumes of RPMI 1640.
Five ml. of this buffy coat susbension in RPMI was léyered e
over 5 ml of Ficoll-Hypague (F-H). (S.G. 1Q77) in 17 x 100 mm
clear Falcon plastic‘tﬁbgs and centrifuged at 2000 rpm
(800xg)vfof 20 minutes‘at 18-20 ;C. The layer of ceilg‘at
.the inﬁébphése was collected with a pasteur pipette.and
transferred into another plastié tube, washed 3 times and
resuspended iq RPMI. Viability was estimated by dye
| exclgsion with trypan blue (0.01% mixed in 1:1 ratio with a
cef& suspension) and counting in a hemocytometer. The cells
were»résuspended in RPMI with 10% pooled human serum)(PHS)
at the reqﬁired cell concentration, and kept at 4 °C until.

use.

I

B. Sebaration,of'Different Subpopulations of PBL

Preparation of T Lymphocytes by Shéep Erythrocyte(SRBC)
Rosetting :
Y The method qf_PelLegfino et al (1975) was used with

14 - _
modifications. This technigde requires the preparation

32
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of amino ethyl isothiouronium hydrobromide (AET) treated

SRBC and SRBC absorbed fetal calf serum (FCS);

.

Preparation of AET Treated SRBC

‘SRﬁc collected in Alsever's so}ution and stored
less than 2 weeks in the cold were used. 2-5 ml of
SﬁBC in Alsever's solution is washed.twiée with '~
normal saline, removing the supernatant fluid and
the top layer of cells with each wash till 0.2 ml of
packed SRBC is left a the end of the washes. To
this was added 8% AETl(Sigma Chem). This mixture was
incubated at 37 °C for 20 minutes in a shaking water
bath. These cellsivere then washed‘3 times with RPMI
1640. 0.2 ml of th& SRBC Qere'resuspended in\8;0 ml

of RPMI-1640 and 2 ml of FCS which had been absorbed

" with SRBC.

Preparation of SRBC absorbed FCS

FCS was absorbed with SRBC for use im rosetting
to remove naturally occurriqg anti-SRBC antibodieé
(F§gci and Pratt 1976). FCS was first dé%bmplemgnted
at 56 °C for 30 minutes then mixed with  SRBC at a
ratio of 2:1. The mixture was incubated at roém
temperature overnight. The tubes were sbun at 1500
rpm (500xg) for 10 minufes, tﬁe serum separated and
stored at -70 °C for future use. “

Rosetting technigue and separation of rosetted cells

PBL were prepared as described above and
- <+

adjusted to a concentration of 5.0 x 10¢/ml. Equal
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volumes pf these PBL and AET.treated SRBC were
mixed. The suspension was spﬁn at 1000 rpm for 5
minutes and then stéred at 4'°C for' 30 minutes. The
cells were resuspended genfly and then layered on
Ficoll. The tubes were spun for 29 minutes at 2QOO'
rpm at 4 °C. Rosetted f cells and free SRBC settled
to the bottom of the tube while B cells and
. monocytes remained at the interphase. The cells at
the interphase were aspirated into a separate tube
" and the' T cells in the pellet were recovered by
hypotonic lysis.‘9.0 ml of 0.84% NH,Cl was added to
the‘pellet of rosetted T cells mixed and the tubes
then spun at 1500 rpm for 7 minutes. The procedure
is repeated till all the SRBC undergo lysis. The T
cells are washed twice with RPMI-1640 and suspended
irr 10% PHS.
kY
Preparation of T Cell Subsets
Mgnoclonal Antibodies (MAb) which mediate complement
dependent cell lvsis were used to prépare T cell subsets
(Kovithavongs et al., 1984). Theée.mohocloﬁal antibodies
were produced in Dr. John Han;én‘s gaboratory at the Fr;d
Hutchinson Cancer Research Centér i; Seattle,. Tﬁe'spécifiéqu
Abs used and their reactivity are
1. MAb 35.1 - pan T

2. 6°.1 - T helper

3. 51,1 -

+3

suppressor/cytotoxic



(Hansen JA, 1982).
Preparation of T helper and suppréssor/cytotoxic subsets

T cells are brepared by SRBC rosetting, fé an aliguot
of 5 x 10* T cells are added 0-1 ml of M.Ab. 51.1 (1:100
diln) and 0.1 ml of 50% Low-Tox-H rabbit complement
(Cedarlane, Hornby, Ontario). The mixture was incubated for
2 hours at 37'fC in 5% CQ2 after which the cellé were washed
twice with RPMI then counted with Trypan blue. The viable
cells remaining are the T helper‘enriched population.

A similar procedure was carried out( substituting M.ADb.
66.1 for 51.1 to obtain a T suppressor-cytotoxic enriched
population. | R

The purity of each subpopulation was assessed usinggfb
complement dependent cytoxicity in a *'Chromium releaée
asséy.AThe percent killing obtained demonstrated a 90% pure

population of T helper and T suppressor/pytoﬁoxic cells,

C;(Cultdre Medium ° Y R
Medium RPMI 1640 (Gibco) supple%ented with 100 u of
penicillin per ml, 100 pg of streptomyin per ml, 0.25 ug
Amphotericin per ml, and 10% pooled human serum (PHS) was
used routinely for culturing. N ' ‘ ‘ '
Thé pooled human serum was obtained from méle
nontransfused donors selected for nonreactivity for HbsAg,

absence of atypical ‘Red Blood Cell antibodies and absence of

cytotoxic HLA-ABC locus antibody. (Medical specialities
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Laboratory Inc. Boston). The PHS was decomplemented in a 56°
water bath for 30 minutes before use. Washing procedures

were performed with RPMI 1640 without the addition of serum.

D.vFreezing and Reclaiming of Lymphocytes

PBL was first prepared as described; and suspended at a
concentration of 20 x 10* per m}. The cell suspePsion.is
placed in the freezer for at least 15 minutes po cool it
down to 4 °C. A 20% solution of dimethylsulfoxide (DMSO)
(BDH Cﬁemicals) in 15% PHS in RPMI media is prepared; The
DMSO is added to the media and_not?thé’other way around, and
the final.solution is cooled in the freezer for 15 minutes
at 4 °C prior to use. /

The 20% DMSO solution is added drop by drop to an
equivalenf volume of the cell suspension over a period of
7-10 minﬁtes“ After gentle resuspension 1 ml aliquots are
placed in Nunc freezing vials. (InterMed, Roskiide Denmark) .
These vials are immediately placed in an uncovered rack in a
-80 °C deep freezer. After one hour or for convenience the
next day,bthe tubes are trénsferréd for storgge‘in the vapor
phase of a nitrogen freezer (-190 °C).

For reclaiming of frozen‘lymphocytes, the vials are
placed in warm water and the cells thawed. The cell
suspension is transferred to plastic tubes and an equal
volume of 'RPMI added. More RPMI is added.with,mixing over a

period of 7 minutes to reach a final volume of 12 ml. The

cells are then washed twice and then resuspended in 10% PHS
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in RPMI at the desired concentration, prfior to use in both

the assays described below (Figure 1).

E. Cell Mediated lympholysis inducibility (CML) assay in
Microtitre Plates

The technigue of Hir: rg, Skare and Thorsby (1977)

was used with minor modification

Culture Protocol o .

Lymphocytes from responéer and stimulator populations
were prepared as described above. After washing, they were
culgbred in culture medium at 37 °C in 5% CO,.

The effects of culture period and numbers of
lymphocytes were investigated to establish optimal
cohditions. . ’

The sensitizing mixed lymphocyte cultures were
established in the wells of round bottomed micro culture
plates (Linbro IS MRC 96, New Haven, Conn.) employiﬁé 1 x
10 responding lymphocytes in combination with an equal
number of irradiated (3000 rad) autologous or allogeneic
stimulating cells in a.total volume of 0.2 ml. Triplicate

cultures were set up for each combPhation. These cultures

were incubated for 6 days.

A
Target cells SR,
S

5-7 x 10¢ lymphocytes were incubated in tissue culture

tubes with 9 ml of 10% PHS in RPMI and 1 ml of 10% PHA.



FIGURE -1 | iq

Principle of * @GML and -Suppressor cell assay

Ry to stimulation by D or

1. CML responsivehess of RO’ Ry, Ro,
y "CML assay"

ML inhibition by post transplant cells, j.e. inhibition of

RoDyx by Rixs Roxs R3x: “Suppressor cell assay"

RoDy o RODX’RCIX

X N
(ML Assay “Suppressor Cell Assay
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The PHAjtreated target cells were incubated for 72 hours in
5% CO,, 90% humidity at 37 -°C. Eighteen hours before the
target lymphocytes were harvested, 200 microcuries *'Cr
Sodiusm Chromate (Na, *'Cr0,, Amersham Lab) was added to eacﬁ
culture in the original volume and the cell pellet
resuspended. After the 18 hour pulse, the cells were Qashed
3 times in RPMI 1640 énd'reéuspended at a concentration of 8

x 10* lymphoblasts/ml.

Effector-target incubation,

After 6 days of incubation of the sensitizing culture,
the supernatant in/eacb well of‘the microplate is aspirated
with a multiple aspiration unit (Hamilton microsyringe Co.,
Cal. U.S:A.) so that approximately 0.15 ml remains {n each
A well. Twenty-five lambda of the térget cell suspension (8 x
10¢ lymphoblasts/ml) were injected using a 1 ml syringe and
a'HamiltonudispénSer. The targets were injected directly-
into  each culture, the force of the jet resuspending the
cell pellet at fhe bottom of the well. After all the targets
were injected, the microplate'was lightly spun at 600 rpm

for 1 minute and then incubated for an additional 6 hours.

Supernatant collection

_ The supernatant collecting system (Skatron A/S,
Lierbyen, Norway) consists of a plastic holder containing 48
celliﬁhse acetate absorptioﬁ cartridges and 48 glass fiber .
filter discs. The pattern of the car#ridgés‘and filter discs

v
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‘ y ! N o
in the frame corresponds exactly to the pattern of the wells

in the microplates. Using a simple press, the cartridges-are
§ - S
aligned and pressed into the wells, the supernatant is

absorbed into the cartridge and the cellular elements in the !

bottom of the well are trapped under the filter. The

o s L

B ‘1 . g‘ ! v‘(’w%.:
in a Gamma scintillation counter. . A g
: : & R
'I'J ‘\“" 3 ¢
: 4 .'%‘_"
Controls RO
In every experiment negative control wells with ‘media
alone or aq;ologous'cultures were set up for each target
used. Positive controls were obtained by using 1% Hemolyte
4
in the wells for éach target. N
. B b ¥
v . . &
Calculation of results . ‘ ,
: X v
The spontaneous release was determined by adding i'f“V“

targets to the media alone or the autologo& culture wel}'s
and the maximum release from the hemolyte we?&s. .

The percent specific 5:Cr release was calculated from
£he following formula: |

% Release = cpm Exp. - cpm Control X 100 (Table"1IV)
"~ cpm Maximum - cpm Control .
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. TABLE IV o

' CML and Suppressor Cell Assay - Technical «Aspects

CMLASSAY. A

Microtitre _blates, triplicate cultures set up

o
-_105 responders: 105 stimulators-(x 5 : supernatants
. ‘ J -
6 days o 7/ L Ghrs. harvested
PHA treated * 9% specific lysis
)1Cr targets . calculated
; E:T,650:1 i
' (x) — 3000r - , | R
_S.!J_F_’_P_B_E.S.S_QB_Q_E_L__L.___A_S_iS:A.Y "
RoDxBax : % specified lysis
. / / > v : .
. _ ‘ 7/ > calculated
1:1:05 -~ R 6 days T 6 hrs. . .

PHA treated
51 Cr targets

p,—30000 o
Ry — 10001 ;
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1 ‘
F. Suppression of CML Assay (Suppressor Cell Assay) in

Microtitre Plates ’ o

>
The technique of Dossetor et al. (1981) with minor
modifications was used in this project.
The effects of culture period, numbers of lymphocytes,

radiosensitivity of putative suppressor cells were

investigated to establish optimal conditions.

Culture protocol

The principle of this assay is to determine the amount
of suppression théinedﬁ.by adding irradi%ted-post
transplant recipient cells, to a CML set up between the
stimulato; donor;cells;and responder pretransplant recipient
cells. The suppressiQe activity of tHe post transplant -
recipient ceilé was tested primarily ﬁsing unseparated PBL
suspensions, though in limited experiments, T cell
subpopulations separated as described earlflr were used.

The sehsitiZing culture was set up Yith responder,
stimu;ator and putativg.suppréssop cells in a ratio of
41:1:0.5, 10% responders and 10° irradiated stimulators (3000
rads) with 5 x 10* irradiafed suppressors (1000 rad) were
incubatedlin a microculture plate for 6 days. Triplicate
culturés‘were set uplfdr each cbmbinatioh. The various ceil
combinations used in both the CML assay and the suppressor
cell assay are shown iﬁ Table V. -

The method of preparation of targets, effeétorftarget‘

.incubation and collection of supernatant was identical to

Y
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that described under CML assay methodology.

~

Calculation of results
The percent specific chromium release was calculated
for each cell combination as described earlier. Percentages

of suppression were calculated with the formula.

percentage suppression = = 1- —-=—----- x 100
. RoDx . Rox

(for explanation of‘letférs, see Table V)

G. Patient Population

A total of 30 recipient-donor combinations were

studied. Fifteen of these’ had normal renal functions at one

year and they comprised Group 1. The remaining 15, Group Iy

had severe rejection during the first year post Tx,

requiring graft nephrectomy and/or maintenance hemg

within the one year period. - o

Lymphocyfé s?mplgs

Serial ﬁémpies were obtainedvf;o@ all the recipients,
both pre- angkpost—transplant (Tx) and were desighated
accopdingly{ pre/{x (Rb), post Tx 10 to 30 days (R1), 31 to
90,days (R2),\a5d 91 to 365 days (R3). Samples were also

obtained from the specific donor (D) and a heélthy control

(Y).



TABLE V

Experiments
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&

Combination

CML Assay

and Controls Set Up For Each Recipient—Donor

o Suppressor Cell Assay
Exp's Controls Exp's Controls
R,Dx Ro¥x RoDx.Rox R.YX.RoX
R,Dx R,Yx R,Dx.R, X R,Yx.R, X
R.,Dx \ R,¥x R,Dx.R,x R, YXx.R,; X
R.,Dx R,Y¥x R,Dx.R,Xx Ro¥x.R; ;X
A » _
R,Dx.Yx.

R, - pre-transplaht recipieht cells
' 5 . ] :

4)“

R,., - post-transplant recipient gells

D - ‘Donor

Y - unrelated normal

%%
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In a few exper1ments where pretransplant cells were

 “1nadequate, a normal control (A) was used. All the samples .

were cryopreserved in llqu1d nitrogen and reclaimed at the

time of the study. The rec1p1ent samples tested were all
from patients with the graft in 51tu, and for an individual

patient all the samples in both the assays were run

. simultaneously. The numbers of samples tested at the various

time intervals, in both the groups are shown in Table WI.

- A
L&

Patients with normal repal‘function at one year-Group I

Fifteen(donor—recipieht pairs were investigated, with
at least 3 post?transplapt samplés‘being studie@ perv
patient. FiVe patients received renal allograﬁts from HLAU
haploﬁdentical living related donors and the other 1Q'from
cadaver aonors. All the transplants were. functioning at the
time of the study and the renal function, as assessed by the
serum creatinine, was normél at'the end of the 1st post
transplant year. Eleven patients were treated with '
cycl@sporlne and the other 4 with azathioprine. The patient

-"h‘
group characteristics are shown in Tables VII a and b.



TABLE VI

Patient Population and Samples .

Patients  Total of 30 recipient-cdonor combinations::
Groupl = 15 — normal renal function at one per year

Group Il 15 — severe rejection, requiring nephrectomy/HD
within one year ‘ - -7

Patient Samples Tested

Post Transplant (days)

Pretransplant (Ro) | 10-30 (R,) | 31-90 (R,) ' 91-365 (Ry)

Group | 15 15 20 20
Group Il 15 - 15 15 6




TABLE VII

a). Patient Grbup Characteristics
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(Patients not on dialysis)

- GROUP 1 GROUP 11
bonors ) HO‘CD, 5 LRD 15 CD
Mismatched 1 - 7
DR AQg's 2 5
IthnosuppreSSion : |

- CyA 9
- AZa 6
2nd " Grafts 6
Mean time to graft'failur%% 4 menths
Graft Nephrectomy - | 11
s ‘ . .
b) Patient Group Characteg&stics - Renal Function
GROUP I GROUP 11
R, R, R, | R,
No. on Dialysis : 0 0 5 8
+ Grafts in situ 15 15 15 15
Serum Creatinine N N 354 436

(n=10) - (n=7)
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Patients with poor renal functibn at one year - Group .II

The 15 reciﬁients in this gréup had all rejected their
'grafts.wiihin one year post-transplant. Two to 3
post-transplant samples were obtained from these patients,
the,;hird post¥transplant sample was not tested in all the
patients, since some bf them would have had a graft
nephrectomy prior to the sampling date. All 15 patiehts had
received cadaver donor kidneys, 9 of ﬁhem were receiving
cyclosporine and the other 6 azathioprine.

Five of the patients were oﬁ intermittent or‘regular

L v

dialysis at the time of the R1 sample and 8 were on dialysis
a; the time oﬁ the R2 sémple, however all - the samples tested
were with the graft in situ. The details of the patient
characteristics in this group are shbwn in Tables VII a and
b.
Statistical methods

Tests for significant differences (p values5 were
performed using the students t—tesé. Unless specified

otherwise these tests were paired. In all cases all the raw

‘data (each of the 3 triplicates) were used.



"111. RESULTS'
A. Cell Mediated Lympholyis Assay

ginetiés'

The kinetics of the varicus &ell combinations used 1in
the CML assay were assessed by using responder ;ells‘f:om
recipients with normally functioning grafts and stimulator
" cells from the donor or the control. The cytotoxic effector
cells were tested agéinst appropriate targets on Day 3 and
Day 6 of the primary CML.

‘ Six recipient samples, both pre and post transplant,
were assayea against cells of the donor and the control, ana
the results are gréphically‘fepresented in Figure 2.

Pretransplant recipient cells when mested against cells
of the specific don&r or the control, showed a negative CML
response at Day 3 and >30% specific lysis on Day 6.

. Post transplant reciéient cells when tested against
‘cells of the specific donor showedia negative CML on Day 3
‘and only a 15% response on Day 6; however when tested
against a normal control the Day 6 response was greater than
30% specific lysis., |

These results suggested'that there was no evidence for
changes in the kinetics in either the pre or post transplant
samples.~The ;educed cytotoxic response of the post

transplant recipient cells against the specific donor,

49
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could not be explained by accelerated kinetics, since the
recipients' maximum cytotoxic response against both the

donor and the control were observed on Day 6.

Varying effector:target ratio

The effect of vary;ng the effector target ratio on the
CML response was assessed usiqg both'pge and post Tx
recipient cglls. Responder cells from the recipient were
titrated from 2 x 10®* to 2.5 x 10* cells/well while ghé
number of donor or control target lymphoblasts was kept
constant at 2 x 10° cells,well. ?hese combinations éave
effector: target ratios of 100,m%0, 25, and 12.5.

The results as shown in Table VIII, demonstrated that .-
there was an increase in the percent specific lysis Qith
increasing efféctor: tardeq ratios for all the combinations
tested. Howevef, the po t/transplaht recipient cells when
tested against celis ofathe specific donor, showed a reduced
cytotoxic response at all-effector target raios when
compared to all the othef combinations.

For all the experiments performed subsequently, the
ratio used was 50:1, since this ratio gave adequate lysis

and was convenient for use in respect to cell volume and

numbers.,



TABLE VIII

o
oa

CML Assay - Varying Effector:Target Ratio

% Specific Lysi§

52

E:T ratio R,Dx R,Dx . R,¥x R,¥Yx
100 “ 38 23 40 34

50 33 R 32 23

25 21 14 25 19

12 9 T 13 10

- Mean values from three separ experiments.
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B. Suppressor Cell Assay

Radiosensitivity of suppressor cells
The optimum dose of radiation to be given tc the

putative suppressor cells was assessed in a series of

‘ Ul;“{ -~ . .
nexperimenﬁ%; In 5 patients,sthe post transplant re%;plent

cells were given various doées_of radiation, from no
irradiation to 4000 rads, added to the primary CML culture
and the percentage suppression calculated.

The individlial results from the experiments are shown
in Table IX. On pooling the results, the ma#imum suppreesion
was seen with no radiation and progressively decreasing |
amounts of suppression are seen with hibher doses of
radfatﬁon, suggesting that these cells are radiosensitive.
For all the subsequent experiments‘the.putative suppressor
cells ;ere\irfadieted to 1000 "rads prior;to use, on the
premlse ‘that thlS dose of radiation would prevent .

prollferatlom andepossably cytotox1c1ty against the donor

AR ?p_L 3

Tt suppressor
. SUppress
The number of

stlmulaﬂA ‘ell§ wés the same as the responder cells in all

&
the expgrxképts.~The results of these experlments are shown
& “,‘ . E

Y
"

in Tablg ﬁl;The 1»0 5 ratlo of responder to suppressor

“a
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TABLE IX

Radiosensitivity of suppressor cells

-
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No
Samples radiation 1000r 2000r 3000r 4000r
1 o -6 -6 -8 ND* -6
2 S ND -18 -9 +10 0
3 a -19 -7 +4 +7 ND
4 -39 =31 -17 -20 ND
5 ‘ : =21 +6 -8 0 -15
Mean suppression -2 -13 -8 -1 -7
Control -4 +7 +7

"

ND*x -"not doéne

- Negative values denote suppression, positive values,

enhancement.
{



Suppressor Cell Assay - Varying Responder: Suppressor Ratio ™y

N

"Ratio . . % Age Suppression
Resp:Stim:Sypp. FC RG. - RL DS .  MEAN'
\
1t 1:0.25 . -4 43 -12 +2 -4
1:1:0.5 L -2 -16 -16 -12 -14
1 1 1 -14 -12: -18 +1 -11

' - Best suppression seen with 1:1:0.5 ratio.
, 5 | |
R

- Negative values denote suppression.
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4

appeared to give the most con51stent suppression, though the
other 2 ratios also showed evidence of suppression. Subseguent
suppressor cell assays were performed usipg a'responder:

suppressor ratio of 1:0.5.

Evidence for accelerated kinetics with the suppressor cell

. B L]

assay wetre looked for in a similar manner as for the CML assay.
. : o

The results are shown in Table XI.

All.combinations tested showed a negative CML on Day 3 and

al

the maximum cytotoxic response was on Day 6. These results
- suggested that there was no ev1dence for accelerated kinetics

in the suppressor cell ‘assay.

r‘

The data shown 1in Tables IX X and XI for

L

radlosen51t1v1ty, ratio of responder to suppressor and

)

kinetics are llmlted in numbers, primarily because of the
/

Adifficulty in obtaininq/adequade samples of postftransplant

: , . . .
lymphocytes. Hence, no statistical conclusions can be drawn

from this data. ) . _ ‘.

C. Results of CML Assay in Patients with Normal Rehal Function’
. / . . . .

- Group I - o / ' .

In the 15 patlents with normal rgnal functlon at 1 year,
CML assays were set up between the recipients pre and post Tx
cells (R;-RJ) and the specific donor (D) or the Control (Y);u

(Table V).



- No evidence of accelerated kinetics.

g

“
/l \?
2
éf ¢
TABLE XTI
Suppressor Cell Assay - Kinetics
% Specific Lysis 9
Cell Pt., 1 Pt. 2
combination ) . -
; Day 3 - < Day 6 Day 3 V S@§f6
"RoDx.RoX 6 27, 7 38
R,DXx.R,x 3 21 7 29
R,YX.R,x 0 52 5 44
RoYX.R,x 3.5 o 48 3 42
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The‘pretransplant donor specific CML (R,Dx) aVéraged‘40%1¢m
- . ‘ a“h:‘v:\ 4

Ll “l'

specific lysis, whereas the post transplanf samples showed a
re§u§§d.éytotoxic resp&ﬁse with the mean specific lysis for

R, Dx being 20%, R,Dx '18.5% and R,Dx 15%. Whén teSted/against
normal controls no significant difference 1in séecifié lysis,
betwen pre and posf transplant_ samples (Ron_Qs.‘R,‘JYx)[@Quid

' be demonstrated. . , : o,
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These resplts are shown in the form of a bar diagram in
‘Figuré 3, and demonstrates a donor-specific hyporesponsiveness
in the post {%ahsplaht samples. |
Statistical analysis of the difference in responsiveness
betweén therdonor—specific pretransplénﬁ and'the_post
transplant éémples,.by the students t test gave a t value of
5.81 and p < 0.001. Between the control pre and pbst transplant

samples, no significant difference could be demonstrated.

D. Results of CML Assay in Patients with Poor Function - Group

The CML assays b;tween recipient, donor and control
samples wefe“sét up as described earlier. In this group, the
mean CML specific‘lysis of R,Dx was 47%, post Tx R,Dx peﬂ%ined
elevated at 37, and R,Dx at 41%. Control values; R,¥x, R,Yx and
R,Yx were 55%, 52% and 50% :espectivelyf These results are
depicted in a bar diagram in Figure 4.

Statistical analysis by, the students t test, for the

-difference between the pre-aﬁgwpostmtransplant samples, -gave-a -

.q ey
;

ey
p value of < 0.05 between R,Dx and R,Dx, 'whereas between R,Dx
and R,Dx, as well as the control samples (Bo¥x vs. R,.¥x),

there was no significant difference.

-
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i

E. Drop in CML Responsiveness Post Transplant, - Comparison of -

/
/
it !

Groups I and II

"The percentage drop in CML responsiveness between the pre-

and post-transplant donor-specific CML was compared in both t%e‘
groups (Figure 5). |

Group I patients showed a 50% or greater, drop in the mean

CML respbnsiveness for all the post transplant samples at the 3

time periods. Group 11 patiénﬁé‘on the other hand showed only a

» : ‘

20% drop at the time of the first post-transplant sample, and a

13% drop at the second post-transplant sample.

-F. Results of sﬁppressor Cell Assay in Group I

The suppressor cell assay was set up using pré‘and poét
transplant récipient cells as the putative suppressors.

Statistical.analysié was performed between the experiments
and controls, using bo;h the specific lysis values bbtained as
well as with the percentage suppression values calculated.

"With the pretransplant recipient cells used as putative

- suppressors in the CML assay i.e. R,Dx . R,x, the percentage

specific lysis was 58%, with post transplant cells as’

SUppressors the specific lysis showed a drdp, %ODX . R,x 50%
4 ‘ o _

and R,Dx . R,x 49% (Figure 6). Test of differénce (t) between

the\pre— and post-transplant samples gave p values of < 0.01,
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Percentage suppression calculated using the formula, [1 -
Ro,Dx . Rnx / R,Dx . Rox] X 1db, gave a 12% sﬁppreSSion with the
R, sample, the control showing i% suppression (R,¥x . R,x). R,
showed a 15% suppression, with the control showing a 2%
enhancement (Figure 7).

Hence, in Group I patients‘? statistically signiﬁicaﬁt

degree of suppression could be demonstrated.

G. Results of Supprgssor Cell ASSR{ in Group II

Figure 6 shows the effect of pre and pést transplant
recipient cells on the percent specific lysis of the CML set up
asldescribed earlier. The control pretransplanf valﬁe R, Dx
R,x was 43.5%, compared withvthe post trahsplant values for
" R,Dx . R,x, 41% and R,Dx . R,x, 37.5% (p < 0.025).

: «

Percentage suppresson calculated uéing the formula showed
a 2% and 10% suppression for R,Dx . R,x and R,Dx . R,x,
respectively. Control values R,Y¥x i\R,x and R,¥x . R,x were 8%
and 5% respectively. There was no statistically significant
difference betwéen the expefimental and control values in this

N

group.

H. Comparison of Suppressor Cell Assay in Groups I and I1I
Figure 7 shows a comparison of the percentage suppressibn

in the 2 grdups at the various time periods. Group I sﬂoWs a

significant suppression at all the time periods tested. In

Group II, patients there was no
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- showed a 31gn1f1tant Buppre%§1bn

the pretransplant sﬁmple, Ho“even, ovygamparlng the R, sample

RS

)

- “ A .
with another control (R,Dx § X Vs, R, Yx . R;x) the«perﬂentage
[« ] g }

+

~ R
suppression was not 51gn1f1can§%dp gﬂ% 4y, T @@

b
N ; )

+ LN .
) .&\"ﬁ
T CE

1. Suppressor Cell Assay inhéLA—Iééntical Renal Allografts -
S.C. assay was carried out in 8 post transplant samples
from 2 patiénts with normally functioning grafts. One of the
patients range of suppression was from 3 to 26% and in the ﬁi
other from 4 to 11%. This was not significantly different from
patients with non-identical grafts, sﬁgge;tihg that suppressor
cells are not HLA restricted, and HLA sensitization is not
required for suppressor cells to emerge following allograft:ing.
J. Experiments with Lymphocyte Subsets . o T o
Lymphocyte subsets were prepared as éescribed earldaf,andﬁ'
assessed for suppressive activity on the prlmary CML. “\  ey
The results in 4 patlents are shown 1anablé XII the meanv“j'
suppress;?e capac1ty of PBL was 9%, which 1ncreased o 12% when_;
T cells were used and 19% when T, cells were used. B cells amd o

Lt 3

T. cells gave only 2 and 3% suppression reSpectively. 1heSe wfmg‘w

experiments though limited, suggest that the suppr3551vg j_:?g?
capacity lies in T cells and more specifically in the T, ' gfp‘ﬁ
subset. However, the control experiments also showed 9% =

suppression when the T, subset was added, suggesting that these

cells do have some non-specific suppressive activity.

o
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o % «
o Here too, the number of experiments are limited because of

the diffgg%lty in obtaining adequate numbers of post-transplant
L]
lymphocytes for these experiments. Hence, no statistical

£l

“%onclusions can be drawn from this‘data.
' el



TABLE XI1
A8 V.

. /4 ;
Percentage

suppression obtained using lymphocyte subse

suppressor

g

cell @ssay.
/

ﬁ Suppression / Subset Added

P¥tient

PBL T B T, T, T, . Control# L

L&

DS
LM

GP

-1 =13 -5 -1 -22

. . 2 : )

-18 -8 . -13 - -10  -23  -- =10

=20 -13

-1 +14 ‘¥20ﬁ 10 - -6 48 -6 7

&

(- .Negative values denote,suppgession” = - - . o %
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. ’ @ - R b3
.o \
“ . '- 53
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TABLE XII

.

70~

. .
Group Il

*R,Dx

' Rsz

<0.05

N.S.

lf“\k ‘ \ \'; “Wl
CML'Assay - Statistics .
) - . %r T "™ 5
E) i - . Qﬁﬂ. A
'Test of dlffereﬁgg t%z aﬁ t@ basellne
RoDx ' ' p-. _
, o
~ Group I R,Dx <0.001
R,Dx <0.001 )
y : ’ .5‘7 -
P ' ;



TABLE XIV
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Suppressor Cell Assay - .Statistics
N N -
\\ .
Test of difference (t). cf to baseline, S
~ RoDx:Rox p. -
LI . ' * . *:‘i:'\.
Group I RoDx.R,x <0.01
’ - gwRqu.R,x <0.01 ///’**§f
a ‘)‘ .
 Group I1 RoDx.R;x ° N.S.
: " R S L
M RODX.R, X <0.025
" ' /
| \% J - .
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IV. DISCUSSION

The concept of immunological monitoring evolved shortly
after clinical transplantation became accepted as a mode of
therapy, with the recognition that graft rejection was due to

an immune response and that agents respohsible for the

antidonor immune response might be detectable in vitro.
| over the last twenty years, four types of immunologic
moﬁitoring have developed;: | o
| 1. assessment of the general level of host
@‘. immunocc‘)‘mpetence; ‘J

'2. evaluation of the adequacye of immunosuppreséive

therapy;.

2 ]

vy

’ o By . -
3. search for secon?ary,non—spec1f1c mediators of the.
4 : -
immune response,”@;g.,rfibrin‘degradation products;
[&] ) a, . .

41"" detection of specific ,immun,ore'acit_:ivify toward donom

# . ‘cells, ggéluding the discriminatjon‘of donor-specif¥ "
! &7 & - S
unresponslvenegg. s ﬁ4w$@

Assessment of the general level of - host immpnbcdmpetence
¢an be done both pre-trarsplant, bﬁ%marily as a predictor of

graft function, and_post—transplant:g,vgn indicator of .

:e}ection. Rolley et al (1978) noted that patients whg wefel

. 5 TN o
‘anergic to sensitization with dinitroc¢hlorobenzene (DNCB) & - v P

i . ; s o
displayed better allograft survival than immunoreactive ,
o, . . . R IR . -
individuals. In addition, chronic pre-transplant Hepatitis B
surface antigenemia appeared to improve one year reénal graft

survival, Kerman et al. (1980, using a battery of cell

3

: ?3i';f”

3
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mediated{immunelindices"inclﬁdind tne‘percentage'of circulatingv
actiVe T cells, spontaneous blastogenesis and proliferative

_ respoqse to a panel of donors in one way MLC,  found that strong.
responders dlsplayed orily a 39% -one year cadaverlc graft
surv1val 'compared with 7jgﬁlﬂ weak responders. Both groups
were treated with azathloprlne However, the 1mpact.of
pre-transplant immune status was matlgated by cyclosporlne

(Kahan, 1985).

Post-transplant, serial evaluation of general'host’

vimmunocoh~:;' g as been used in an attempt to predlct immune
k . jéction JInitial studles eﬁ@mérated total T
thﬁBC rosettlng technique; w1th the advent of
B?“‘monoclonai antlbodles to quantltate lymphocyte types, numerous

[
E; studies have been published regarding theig utility and » 8%
11m1tatlons Increased ratlos of T, (helper-inducer T cells) to

Q

i
T, (suppressor cytotoxic) subpopulatlons were. correlated with |

alldgraft rejection by some workers (Cosimi et al. 1981, Ellis

et al. 1982), but not by others (Carter et al. 1983, Burton
) 11*}. . . ‘_ N S, R 1w ‘
. N BN

" % “ponor-specific assays ha" 16g15311Y'afffaCted'the'mOSt‘

.

attention in 1mmunologlcal monltorlng Various humoral .and cell
’medlated assays have been and are belng used These include
complement dependent cytotox1c1ty (CDC) antlbody dépendent
kcell medlated cytotoxicity (ADCC) LMC CML apd. MLC Bach of
these donor spec1f1c assays have thelr proponents and
: detractors as regards th61f usefulness in dlagn051ng rejectlon

B

Crossrmatch;ng.techn;QUes u51ngvdyeylnjectlon,‘F‘Cr release, -Or

. v
. - . : g .
‘ @ A g . .
“ . . . A LI : [N . :
. . 4 > S . .
@ 7 B - : B .
N .1 1
- .. : 5

N
% AN



o , - . L 75

'” /w P

“fluoregcence activated cell sorting (FACSl to measure CDC have

demonstrated a high incidence of false negative tests when used
with serlal post- transplant patlent sera. Howevet, rsome

¥ L
1nvest1gators have found the fDC assay helpful A more

sensitive measuré the ADCC, agaln has been found to be useful’

--,w L)

in some hands (GallUnas et al., 1978), but not in others
(Kovithavongs et al,f 192@ Detectionpof the effctor

destructive mechanism.by 1n vitro. lymphocyte mednated cytoly51s
.- .
'§§es length of kllllng t1me

:\.u

(LMC) is subject to numerous vari

, ; oo PR
\detectlon‘methods for tarqet lys;s effeq& rtarget cell ratlo

and type of target pre-treatment, e. g w1th PHA However¢ ﬁ% N%Tv’t”

.u B ,,Q @ -
under Spec1f1c condltlons, CMC. act1v1ty correlaned‘%ath )
o\

' ,cﬂgg}cal rejectlon eplsodes and appeared.to display fewer false

" posttive assays (stiller "1976 et al., Kovithavongs et al.

11978).
. This study has focuged on the last mentioned mode of
monitoring, ‘u%*'cell mediated donor-specific immunoreactivity
s ? : >

’ - ‘N< K ’ Te . . 3
.as the index. Two-assays have been used as descrpibed earlier:

the CML assay and the suppressor.cell assay. Both assays

involve perxpheral blood lymphocytes, long term preservation of
cells in llqu1d x‘ﬂrogeﬂ and raé‘\olsotope c&tﬂechnlques

~ but the latter assay 1is con51derably more complex. The objectsf §
. o " ' .

W of the research project were: . ;wﬁﬁﬁ -

1. to determlne if these two assays give the same C

information about donor-specific ,ﬂii;‘
. g ,
responsiveness/unreqponsiveness{

’ o A R ] ’ h

'2.':to‘determine,.in sequertial stddies, 1f serial

[
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measurements of responsiveness may predict rejection,
'égd if unresponsiveness could be used as a means of
“ reduéing immunosuppression to a safe minimum.
“At present, therskis no measure of adeguate immunosuppression(
onWy inadequate, the latter indicated by allograftvrejection.
If these &wo assays give essentlally the same 'nforma£ion about
donor- Spec1f1c respon51veness, the 51mpler one could be Ssed in
a clinical setting to determine if 1nadequate immunosuppression
and imminent'rejection can: be detected, and also if possible,
in nonrespon51ve patlen*s to reduce 1mmunosuppre551ve tnerapy,
a hlghly de51rable goal in long term 1mmunosuppressed patlents.
' As shown in the results and w1ll be d15cussed furthegmzw "

thhls sect1on Tt Ne CMhuassay appearsﬁto7g;ye mof%’c11n1cally
. B

relevant information, though the suppressor cell assay 1is

useful to dissect the mechanisms involved in the production of-

a state of allograft toleranc}?\>S _ . - o

o’

The patient population chosen for this study consisted Qf‘ﬂ Pl

fifteen patients with normal renal function at one year, aﬁa
fifteen patients who had totally rejected their allografts$gf9£*'5ﬁ
within”the year, and hence reflected two ends of the speéffdﬁ
of the.tr;nsplant populatiqm. The re;soﬁ for selecting these
patienﬁs is, if the tests were proven to be discriminatory_w B
between these tyo groups, they could be useful in én average"
transplant bophlat}on.'On tﬂé other hand,‘if these tests w%£§i>-f’
.not useful in these two groups, it would be unlikely that they

would show much4chaqge in an unselected traﬁsplant poﬁulation. -
G ! v
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The experimental assays for both of the tests done in this

project used the micromethod. Though the original
standardization for the CML assay utilized the macromethod
kLightbodf et al., 1972), the midrometnod has been weii
characterized (Zarling et al., 1976) and, in certain hands, 1s
even more sensitive than the macrometh (Hirschberg et al.,
1977). For this project, the microtecnééque offered several
advantages over the more conventional macro or bulk technlqueﬂt'l

1

The cell washlng and transfer steps are ellmlnated these are

e

time consuming processes which may also lose, some of the
cytotoxic cells under study. More 1mportantf¥‘ con51derably

less cells are requ1red whlch is a S1gn1ﬁ1cant cons1deratlon

a

in post transplant 1mmunosuppreSsed patle&%s.

A. CML Assay, Kinetics. and Cell Rat1os -
2

A persistently reduced recipient CML toward donor target

PAES
o~

cells in’patlents with normally functioning grafts raises the'-.

gquestion of whether this effect is due to acceierated kinetgcs
_of the response. Experiments to exclude this possibility tested.
recipient effector cells against the approbriate targets on -
days 3 and 6. As shcwn in Figure 1, the post*transplant
.rec1p1ent cells CML against donor targets was.negative on day 3
with only a sl1ght increase toward day. 6. The saﬁe recipient
cells agalnst a thlrd party control was also negatlve on day 3,
but showed a tenfold increase on day 6. These experiments
performed with six reglplent samples both pre- and |

post- transplant suggested that acc@lerated klﬂethS could not

<3,

BN
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explain the specifically reduced cytotoxic response against the

-

donor.
Varying effector:target ratios were assessed in the CML

assay to decide on the optimum ratio to be used in subsequent

v

assays as wellnathO'see if a functional clonal deletion is
responsible for the réduced CML response. The results in Table
VIII show an increase in Eysis with increesing effector:target
ratios, with the‘post—transplant recipient to donor CML showing

reduced ~¥totoxic response at all effector:target ratios

@

tested. To achieve a thirty percent lysis, more than twice the

number of post- t:ansplant qells would be needed as compared to

i

" the pre- transplant cells. This would suggest that there is agé;

depletion of functlonally active cytotoxlc pgecgrsors in they

post- transplant sample directed agalnst the donog However, | R
whether this functional depletlonjor donor- spec1f1c cytotorlc:
precursors is due ta a c;onal aepletion suppressor cells or :},

‘even antiidiotypic antlbodles is not lear.

\

1% hn*'subsequent studies was

Thevekﬁector:target ratio

50:1, since this ratio was convenient for use and gave adeguate

lysis. The responder to stlmulator ratio used was 1:1 for

-

51m11ar reasons. Details of various responder: stlmulator ratlos

used and the specific lysis have been exten51vely discussed by
. \ ”

" z .
Hirschberg et al. (1977). \v)
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B. Suppressor Cells: Characteristics
Experiménts were carried out to characterize the
radiosensitivity, dose and kinetics of suppressor cells in the
0
assay system (Tables IX, X and XI).

- There is a certain amount of information available on the
radiosensitivity of in vitro generated suppressor cells. In
general these cells, if induced by autoldbous MLC or mitogen,
are sensitive to radiation aﬁd mitomycin C (Smith et al., 1979)
and (Goeken et al., 1981); if induced by allogeneic stimulation
they*are less sensitive tggradiation (Feréuson et al., 1977).
However, phere is hardly any information on the
radibsensftivit? of in vivo generated suppressor cells in

clinical transplantation. Some authors have used irradiated or

mitomycin C tre@ted”cells as putative‘suppressors (Liburd et

(pfeffer et al., 1981), whereas others have used

cells witl ny pretreatment in the assay (Goulmy et al.,

1981) and (Chafpén;ieiset al%y, 1982). TﬁgAexperiments done in
this pfoject éuggest.gggﬁ xhgvputgg}yé'suppcessor cells are
radiosensitive. In.all the experiments subééquéngiy performed,
-.. 1000 rads weré given 2? the suppressor cells to p}e;ent J

proliferation and production of cytotoxic effoctor cells

~

‘against the donor cells. Whether a greater degree of

suppression would be obtained if nohirra@iated cells were used

-
£y

. . ]
: . . . & ) P < A
‘remains to be clarified. v e M o2 _ 1

. ‘ : ® L e : '
“Varying responder to suppfessiﬁmkﬁﬁgos have been used by
, 3

various authors. Charpentier et al: (1982) showed that ratios

¥

of 1:1 to 1:0.25 gave adeqguate suppression, but that reducing
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the suppressor cells further, the effect was lost ﬁkpburd %nd

Thomas used a 1:0.25 ratlo, wpereas Goulmy and Pféffer usedta

11 ratlo. The experlments done here gave equxvalent amouﬂts of

iy : » .

suppression with 1:1 and 1:7.5 ratios, the latter being uséd 1n"

N

subsequent experlments.

hlnetlc studies on the SUppressor cell assay showed no
evidence of accelerated k1net1 "% to explaln the observed
decrease in ly51s. |

, 5ﬁgr

C. CML Responsi&eness

Previous studies have indicated that most transplan{
patients with well functioning HLA mismatched kidney
allografts, either from living related or cadaver donors'have a
strongly reduced cell;mediated cytotoxicity toward thegdoqpr.

LN

The results presented here (Figure 3) confirm these studies and

in addltlon show the donor-specific redubed'cytotoﬁftity to

develop as 'early as one month post transplantatlon. The

~

‘recipient effector cells, taken one month after transplant,

after st;mqlation'fo: 6 days with donor cells, showed an
average cytotexicity of only 20%, whereas pre-transplant

ot

@‘-‘ N . B
recipient cells shawed a 40% specific lysis. This effect was

unlikely to- be due to"a genéral lack of cytotoxib precursors
e
~ chused by 1mmunosuppre551oﬁ* sinck f?e same post transplant

s -

‘rec1p1ent sample could generate strong cytotox1c1ty agalnst

1
\
‘,

thlrd party stlmulator cells. In add1t1on Goulmy et al. {1981),'

' v L
" have sooun that poSt<t“,

“ stimulatedlwithgéfpggl,

v .
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o . ¥ - . " ) . . .
twenty unrelated cells, cytotoxic-effector cells were produced
L ) b. ' = ’ “

against the pool target. These,recipient cells, however, failed

KA

to react with the respect?ve donor target, ,indicating a

selective 1natt1vatlon of the: tytOtOX1c precursor cells. A

y o

»

. correlation between the degr!.igf CML’ unresgpn51veness and the

_ llogpaft has been suggested

(Thomas et al., 1979) Pﬁp

3

all but one of the samplg ken after two Years

post-transplant showed <ﬁ0% lysis.®™n this study too, there is

the suggestlon that the: L unresponsiveness increases with’

sampling time post-transplant. However, samples afterwone’§ear

. post-transplant were not assessed to confirm this. It would
B : 4

appear tnat there is agreement from various centres, that
serial donor—specific hyporesponsiveness correlates well with
normal graft function and could signify graft acceptance. The
next step would aopear to be to see if the immunoSuppr%ssion

gﬁven to these patients coulo be gradually reduced; in fact

5

fhere is a preliminary report that one centre used the

emergence of donor—specific MLR;hyporesponsivenegs to tailor
: ; : )y N o ' :
the immunosuppressive regimen by withdrawinsg cortocosteroids

wfrom sixteen recipients of. riving related donor kidngys (Kahan,

Goulmy et al in 1981 tEStlng two post transplant/sample

1985) . e - '
. v &, ‘ .

In contrast to MLC/CML respon51veness 1n patients w1th

’ normally funft‘onlng grafts, there are hardly any Serlal

studles of CML respon51veness in patlents with poor f0~Ct10n<

per .

« ca';v“

‘pat1ent (though wlthout pre- transplant samples) observed thaﬁs

)
\‘L.r

et al. (1983)" demonstrated that

w#

&’1"
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CML,reactivity_over 35% rarely occurs after the first réd weeks
ofvtransplantation. In 9 out of 45 patients, 1t was fownd to be
substantiallyvhlgher, and in 5'of them this coincided with a
reversible.rejection orlsis Thomas et al (198l) studied the

¢ Sonor- Spec1f1c CML responses, pre- and post transplant in 25

-2

rec1p1en s. Pre- transplant, all *he rec1p1ents responded with

vy

significant in vitrc cytotcxic lymphocyte responses to the
. - N
specific donor. Post-transplant, two dlstlnct patterns “of CTL

reactivity were observed: in one group of 14 patients, the
cytolytic activity againsr donor cells had dropped to a less
than 25% of the pre-transplant value within six months ¢ whereas
the other 11 patients‘did not show a drop. In the first group

'Of 14 patients only one graft was lost\due to ‘acute rejection T
{

whereas over half of the graf*s in the second group Gereﬂlost
h | ;.
to, acute rejection and the dlffq;enCe was statlstlcally w

51gn1f1cant This suggested that the degree or post transplant:

in v1tro CTL reactivity could correlate thh!stateiwof :
/.

qulescence or acute rewectlon “In this study,,thls aspect was.
RN K]
assessed a bit dlfferently patlemﬁs who were known to have o

-

lost their grafts due to sevete rejection w1th1n the . f1 st year ¢ ’
* 1 AR

pest-transplant :sre assessed for donor - SpeCIflc CML :

inducibility both pre transplant "and at one and three monthspf
post—transplant. The,results show that,';n thlS group, the CTL
reactivity.remained elevated at the onefang\ohree month
- pést-transplant period.: HdweVer ‘16 corfelatlng the renal | -
funct1on with the time ﬁ?QSampllng, it was observed that the. :

" mearmn ;erum creatlnlnes was 354 umols/L at the ‘1rst month o

o -

-
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post- transplant, suggesting that there was probably ongoing

[N

‘re]ectlon in most of these in-4 patients who had serum

creatinines below 250 umols/L the mean post Tx spec1fic lyéls
was 28%, compared n@ a pre Tx value of 38%. Hence in thlS study
we dld find a correlatlon between high levels of CTL react1v1ty

" andg, rejectlon, but it could not be stated definitively,- due to
v *
the few patlents studled, that a high CTL react1v1ty post Tx 1s

predictive of an acute rejection.

’
[
S

D. Suppressor Cells and Transplant-Tolerance S o
- The issue of the role of suppressor cells and'transplant
- ) - . \ ' £ 4
tolerance is ‘one that is fraught w1th controversy. In fact, an
b ‘

extreme view by Moller (1985) states that he questions the
A
existence of suppressor T cells as a distinct T cell

Subpopulation*different from cytotoxic T cellsL_The reasons he
gives to support his view are: (a)-suppressor and'cytotOXic’T
cells canpot he‘distinguished by markers, (b) the gefle 1-J
governing suppressor T cell® function cannot be found at the DNA
level in the position where it has been mapS‘h by cla551cal,
genetic methods, (c) T cell clones have‘been 1dent1f1ed with a
yarietyvof properties which do not easily fit the concept of v
three distinct T cell suhsets.‘ln addition, he mentions'that in
some of the test systems used the results.may be’ due.to in

v1tro artifacts. In a series of experiments he has shown that .
the suppressive effect, of Con A activated T cells was totally
abolished by adding T cell growth factor (TCGF) suggesting that P/

deprivation of TCGF was the mechanism by which they exerted ‘



their effect. HowéVér, the concept of suppressor T cells has
beeh generally accepted by most workers, and has been ~
demonstréted to be operative in various mddels of

tfgpsplantation tolergnce. The reason for the controversy is

o , ' v - . . a .
,thg_dlsgarate results obtained-by various investigators working
with similar models. I \
: - : . ’ - ’ “
In this study, using the methodology described earlier, we

havé-demonstratqd the presence oa suppressor cells in bothy
Qroups»of Qatients,‘the'pa;ients with normal function showihg
it to'é gféateikdegree. HQWEver,ﬂéhe mean drop in the specific
lysis that coulé\Be\gemonstrated was/ not very striking. Ir well
fUnctioning patients,\ffom a control value of 58%, with the
addition of putative suppreséor’ce ls, the specific lysis
dropped to 49%. This was statistic 1ly significant with t;e~'

paired T test (p<0.01), but drops f'this degree are difficult

th«aS§9£; in individual patignts. : @ ng;ﬁ/~fﬂ’”
o n pdtients with poor funct.?n,'{n‘éomg of whom suppressor
ce}ls could be demonsffated, th ﬁean specific-lysis'in-the
'czntrol value was 43.5% which d opped to 37.5% pos;—transplént
(p < 0.025). N . ‘

TheSe:tésuItsbﬁould suégest'that suppressor Cells do "exist
in trgnsplant'toleranéeL but for an individual pat{ent the ’
demonstration of suppressor eils need not correlate with graft
function{‘This is quite understandable sihcé} as mentioned
earlier, the balance betwee rejection and antirejection forces

wouldvdghide whether an allograft is tolerated. This has been

. : : ¢
demonstrated by Dossetor gt al. (1981) in that suppreSsor cell

| ]
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activity could be shown in patients with acute and chronic
rejection. : : ‘ o ‘ y

Y : ] .
' In the experiments mentioned earlier, peripheral blood

lymphocytes were used as putat1ve suppressors ht is qul:e
plauS1ble that a low concentratlon of in vivo formed suppressor
cells 1n ‘the .peripheral blood is respon51ble for lowlded?ee of
spppre551on detec&ed. In llmlted experlments it was assessed
if by using subsets of lymphocytes the degree of suppression
detected would.increase.‘As sHown in Table XII there was an

\
increase in suppression when T cells and T suppressor/cytotoxic
enrichedlpopuletions were used, ‘and thlS would appear to be a

¥ e T T e 2
more sensitive method of detectlng suppressog cells, though

procedurally much more involved. An.interestiny finding was

that'suppression of the coﬁfrol culture,also show uahaincrease
wheo the suppressor/cytotox1c subset was used suggesting that
both donor- spec1f1c and nonspecific suppresSor mechanisms are
probably;ﬁé1hg detected. ‘However, Charpentier et al (1983) heve
demonstratéd/that OKT8+ and Fc gamma+ post—tragsplant
lymphocytes/exert a suppressive effeot specific to the
donor-recipient pair on the proliferative response of the |

pre*transplant,lymphocytesﬂ l. |

Using subsets of lymphocytes‘appears to_be/pne method of

detecting suppression. QAhother method would be to use cells *
\grom lymph nodes or the spleen instead of the perlpheral blood
‘ Th1s approach would nGU be appllcable in clinical
.transplantat;on but rather in anlmal models. Using cells

aspirated direcgly\from the allograft with the fine needle-

LY 3 ® . o -~
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technique and cloning the variOus‘cefls ohtarned would appeer
to be am ideal method in the future. : v

Another aspect of the loes of CML react1v1ty that was
explored in this’ study, though unsucceszully, was whether -
vantlldlotyplc antlbodles could be responsible for the depressed
CML reaot1v1ty The protocol. 1nvolved tryp51nlzat10n of‘%he
recipients' cells, both pre- and post- transplant and setting up
/CML induction studles against the specific donor thlS would be
\compared to non-trypsinized samples (Kedar et al., 1974). The
npr1nc1ple involved is, if thg T cell receptors of the reolpient

~
are blocked by antiidiotypic antlbodles, treatment with trypsin -

should strip off ‘the receptor and the blockxng antlbodles n
Fresh receptors -should regenerate w1th1n elght to twelve hours,
and if the CML,indJction post-trypsinization shows an increased
lysis, it would be suggestive that antiidiotypic antibodies
blocking the receptors, were responsible for the CML
_hjporesponsiveness.‘ |

Various doses'of trYpsin.were tried on'normal'celis and
petients' cellé,‘using both the lymphocyte mediated'
cytotoxicity assay (LMC) as well as the CML induction assay.
'However,'&ith-an occasional ‘exception, in.general the
trypsinized samples gave -less degrees of lysis (results not
shown). This suggested that trypsin, in this experimental
protocol, hed a non-specific depressant effect on the CML
inductionland!hence this aspect was not explored any further.

Finally, from this study, it appears that the

donor—specifiq CML hyporesponsiveness is most likely caused by
- “{ < -



87

-

multiple mechaniéms. Suppressor cells specific to the donor

haQe been demonstrated to a greater degree'in patients with

normally funct1on1ng grafts, and this would suggest that they
i

too are important in the production of the state of

donor—spec1f1c hyporesponsiveness. The relative contribution of

.y .

this mechanism, as well, as other posfulated'mechaﬁisms, such as
antiidiotypic antibodies and clonal deletion, however, cannot

‘be answered at this stage.



V. CONCLUSIONS®

The conditions for optimal detection of in vivo suppressor

cells using this techhique are: - . .

1. aeresponder:sﬁimulator:suppréssor ratio of 1:1:0.5;

. -

2. 6 days of in vitro culture.

.

In vivo suppressor cells ap ear to be radlosen51t1ve and .

'belong to the T cell subset.
éﬁre551on is’

A small degree of donor-specific su

‘demonstrated in the group with normally functioning grafts

as compared to eontrols.

Donor-specific CML.hype}esponsiveness develops in allograft
recipients with nermal renal fenctien and a smooth
pbst—transp}ant course, and can be Fetected as early as one
month'post—transplant. |

Allograft recipients who have lost tHeir graft due to
severevrejeetion retain CML reaetiyity against the donor at
one month post-transplant,

¢

There. appears to be some correletion-between high

donor-specific CML reactivity and poor allograft function

due to rejection.

A prospectlve study w1th a large number of unselected
patients would be requ1red to prove if the.donor-specific
CML reactivity at one month could beApredictive of ultimate

4

allograft outcome.

88, A
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