Transpl Int (1994) 7 [Suppl 1]: S559-S562
© Springer-Verlag 1994

Charles W. Hewitt
Ramon Llull
Mayuri P.Patel
Kenneth R.Beko 11
Kirby S. Black
Donald C.Martin

C.W. Hewitt (<)) - R. Llull - M. P. Patel
K.R.Beko II - K.S. Black - D.C. Martin
Division of Surgical Research,
Department of Surgery,

UMDNJ-Robert Wood Johnson Medical
School, Cooper Hospital,

3 Cooper Plaza Suite 411,

Camden, NJ 08103, USA

University of Pittsburgh, Pittsburgh, PA
and University of California, Irvine, USA

Supported in part by grants from The
National Institute of Health (no. DK-
36332-03); The International Association
of Fire Fighters Burn Foundation; The
Muscular Dystrophy Association; Sandoz
Ltd; EPIX Pharmaceutical Inc.; The
American Association of Plastic Surgeons;
an American Society for Hand Surgery
Fellowship; a Scholarship of Savings

Bank ‘Sa Nostra’ of the Balearic Islands,
Spain; a 1991 scholarship and grant of the
US Fullbright Commission and the
Ministry of Education and Science, Spain;
a 1992 fellowship of the Plastic Surgery
Educational Foundation; and The
National Kidney Foundation

IMMUNOSUPPRESSION

Mechanisms of unresponsiveness
associated with pretransplant blood
transfusion - cyclosporine-induced
mixed lymphocyte chimerism

Abstract Multiple pretransplant
blood transfusions while under
limited daily cyclosporine cover
(PTBT-CsA) induce extensive rat
renal allograft survival and antigen-
specific non-responsiveness. The
underlying mechanisms of this
extensive allograft survival are not
yet fully understood. We hypo-
thesized that one of the potential
contributing mechanisms to toler-
ance induction in PTBT-CsA-
treated kidney recipients is the
development of stable mixed
chimerism, putatively due to the
proliferation of stem cells capable
of haematopoiesis in the transfused
blood. BN rats served as whole
blood and kidney donors. LEW
rats served as recipients of the
PTBT-CsA protocol and BN
kidney transplants. Three weekly
transfusions were given under
concomitant limited CsA cover.
Following these multiple primary
sensitizations, antigen-specific
splenic cellular responsiveness in
vivo was normal in comparison
with naive animals. However, these
experimental splenocytes were non-
specifically suppressed against
third-party allodeterminants. At
100 days post-transplantation

(T, 40) following tolerance induction

to kidney allografts (secondary
challenge), in vivo adoptive transfer
experiments demonstrated the
existence of potent splenic suppres-
sor cells. In vitro suppressor cell
assays confirmed that these cells
were non-specific suppressor cells.
However, following chimerism
stabilization at T, splenic
antigen-specific suppressor cells
became exclusively expressed in the
tolerant animals, replacing the non-
specific suppressor cells. At this
time, splenic microchimerism was
at peak levels and remained stable
from T}, to Ty3,. In conclusion,
these findings demonstrate that
sequential mechanisms of suppres-
sor cell network expression are
induced within a chimeric enyviron-
ment by blood-CsA immune
modulation. Stable mixed lympho-
cyte chimerism and related im-
munomodulatory mechanisms
may, therefore, play an important
tolerogenic role in blood-CsA-
induced non-responsiveness and in
the beneficial effect of blood
transfusion.
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Introduction

Multiple pretransplant blood transfusions while under
limited daily cyclosporine cover (PTBT—-CsA) induce
indefinite rat renal allograft survival and antigen-specific
non-responsiveness [1]. We have previously reported data
suggesting that a donor-derived cell population is re-
quired for the beneficial effect of donor-specific blood
transfusions to occur in kidney transplantation [2, 3].
Progenitor immunocompetent cells capable of haema-
topoiesis are known to exist in the blood stream [4].
Recently, mechanisms of PTBT-induced specific non-
responsiveness in relation to the induction of mixed
lymphocyte chimerism and tolerance have been debated
[5, 6]. We hypothesized that, under appropriate im-
munosuppression, progenitor stem and immunocompe-
tent cells would be transferred by blood transfusion,
proliferate within privileged immune tissues such as the
spleen, and give rise to a chimeric immune system. This
would be a contributing mechanism to the immuno-
suppressive effect of blood transfusion. Our hypothesis is
compatible with data demonstrating that spleens and
lymph nodes from mice also develop chimerism under
similar experimental conditions [7]. '

Materials and methods

LEW rats served as recipients of BN kidney allografts and donor-
specific blood transfusions. The PTBT-CsA protocol consisted of a
separate 1 ml transfusion of whole blood given to each recipient at
— 3 and 2 weeks and 1 week prior to transplantation. Recipients
received prior concomitant CsA cover (subcutaneous, 5 mg/kg per
day) from day 28 to day 35 prior to kidney transplantation. This
PTBT-CsA protocol induces permanent renal allograft survival in
this genetic combination [8}. Ten long-term LEW recipients of BN
renal allografts were studied beyond 100 days post-transplantation.
In vitro assays were performed at the time of transplantation (73)
and at 100 and 130 days post-transplantation (T4, T130), When
development of splenic chimerism was observed. Levels of CsA were
known to be undetectable at these time-points.

Recipients underwent bilateral nephrectomy [8). Grafting in-
volved anastomosis of the donor renal artery to the recipient
abdominal aorta, the donor renal vein to the recipient inferior vena
cava and a donor bladder patch to the recipient bladder. Animals
were observed over the following 7 days for urinary output. Renal
function during the course of recipient survival was assessed by
blood and urea nitrogen levels at weekly intervals. T-cell-enriched
populations were isolated from spleen and peripheral blood by
gradient centifugation. Red blood cells were removed by hypotonic
shock and B cells (Ig*) were depleted by incubation with anti-rat
1gG (Fc)-coated magnetic beads. Quantitation of T-cell chimerism
was determined by experimental lymphocyte labelling of donor-
derived (BN™) populations with polyclonal LEW anti-BN rat
alloserum, flow cytometry, regression analysis of known chimeric
populations, and inverse prediction. For in vivo evaluation of
lymphocyte responsiveness, one-way popliteal lymph-node reactiv-

ity was evaluated following foot-pad inoculation of experimental
and control splenocytes. Following background substration, the
ratio of popliteal lymph-node reactivity between maximal and
experimental responses was quantitated (mean stimulation index,
MSI). Experimental and control splenocytes were adoptively trans-
ferred for in vivo suppressor cell studies. In vitro suppressor assays
were done by coculturing chimeric cells in naive mixed lymphocyte
reactions.

Results and discussion

The percentage of BN* splenic cells over sequential time-
points are depicted in the top panel of Fig. 1. At T, levels
of BN* chimeric donor T-cells were hardly detectable in
the spleen (1.7 % +0.9%, Fig. 1). Yet at T}, the level of
BN™ T-cell chimerism increased to 10.1% +3.8%. At
T, 3, the percentage of BN* T cells remained unchanged
with respect to chimerism levels at 7Tyq, (8.9% +5.4%,
Student’s r-test P values not significant). The peripheral
immune compartment, however, failed to demonstrate
levels of mixed allogeneic T-cell chimerism (data not
shown). It was thought that these levels of splenic
chimerims might develop graft versus host disease
(GVHD). However, clinical and histopathological
evidence of GVHD was not observed.

Immediately after transplantation (7), when levels of
splenic chimerism were not detectable, in vivo one-way
mixed lymphocyte reactivity was evaluated. The central
panel of Fig.1 shows in vivo reactivity as percent
suppression with respect to maximal response at T, 5 when
no chimerism was present. These results indicate normal
antigen-specific responsiveness at T, (MSI experimental
5.8+1.6, control 5.7+1.9; P value not significant).
However, when BN™* splenic T cells reached 10.1% at

Ti00, anti-BN alloresponses were found to be signifi-

cantly suppressed compared with both the control and the
T, values (P <0.05). Also, alloantigen non-specific cel-
lular suppressive mechanisms were effective at this time
within the chimeric spleen against irrelevant (ACI) al-
lodeterminants. In contrast, in vivo non-specific (anti-
ACI) cellular responses were suppressed at 7T, (MSI
experimental 6.3+4.9, control 13.442.8; P < 0.05) when
no detectable chimerism was found. These cellular re-
sponses did not significantly change during the post-
operative period of chimerism development (6.3 4-4.9 at
Ty, 5.743.7 at Ty4q, P values not significant). These in
vivo results suggest that BN * cells were not required for
this non-specific suppression to develop.

It was hypothesized that immunosuppression at Ty,
may be attributed to the development of non-specific
suppressor cell networks. Suppressor cells capable of
modulating donor-specific allogeneic responses were
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Fig.1 Levels of BN™ chimeric cells over time as related to
concomitant in vivo unresponsiveness and in vitro expression of
non-specific and antigen-specific suppressor cells. Error bars repre-
sent standard deviation. The top panel represents the percentage
of chimeric cells at different time-points (Th5, Ty, Tigo and 7}3,).
The central panel represents in vivo mixed lymphocyte responses at
—28, 0 and 100 days post-transplantation. Mean stimulation index
is represented as percent suppression with respect to maximal
responses (percent suppression of mean stimulation index = (1 —
experimental response/maximal response) x 100, following sub-
straction of appropriate backgrounds). In vitro coculture suppressor
assays of mixed lymphocyte reactions are represented in the bottom
panel. Percent suppression was calculated

shown by significant graft prolongation in secondary
LEW recipients of experimental splenocytes and BN
renal allografts (P < 0.01). Coculture of these chimeric
suppressor cells was undertaken to test the ability of the
splenic chimeric cells to suppress donor-specific and
third-party-activated mixed lymphocyte reactions of
LEW naive splenocytes (Fig.1, bottom panel). The
splenic chimeric immunocytes were characterized as
potent non-specific suppressor cells by their ability to
inhibit various cellular immune responses. Further inves-
tigations were carried out to determine whether these
splenic non-specific suppressor circuits remained effective
past 100 days and following secondary challenge with
donor-specific skin grafts. These grafts had undergone
antigen-specific prolongation and defined operational
tolerance. Surprisingly, following this tertiary alloim-
mune challenge, alloantigen-activated suppressor cell
assays demonstrated that only antigen-specific suppres-
sor cell circuits were now active at 7,4 (P <0.001).

In conclusion, we found convincing evidence in these
PTBT-CsA-tolerant animals for the development of
low-level mixed allogeneic immune chimerism. The ex-
pansion of splenic chimerism induced by PTBT-CsA en-
hancement is associated with development and matura-
tion of suppressor cell networks. Non-specific suppres-
sor cells, which have been ascribed to natural suppressor
cells [9], are known to occur in association with haemo-
poiesis, GVHD and tolerance. Consistent with these
findings, non-specific suppressor cells were identified
during the early phases of tolerance induction {10].
Interestingly, however, following tolerance induction and
tertiary alloantigen challenge past 100 days, non-specific
suppressor cells were replaced by antigen-specific
suppressor cells in the spleen at a time when donor T-cell

"chimerism was maximal. Further studies are underway to

investigate the role of stable immune T-cell chimerism in
suppressor cell circuit expression and tolerance induction.
Stable mixed alloimmune chimerist may represent an
important mechanism in blood-CsA induced tolerance
and the immunosuppressive blood transfusion effect [11].
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