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ABSTRACT
: The Ia-positive ratio of the immunocompetent cells in the spleen
and the mesenterial lymphnodes was measured after lung transplantation
on dogs
treated with cyclosporin A as the immunosuppressive drug and treated without CsA.
And Ia positive ratio of those cells in the peripheral blood was also measured after
lung transpl-antation with and without splenectomy.
At rejection, the Ia-positive ratio of lymphocytes and monocytes in the spleen
was increased significantly regardless the use of CsA. And when the rejection was
inhibited by CsA, Ia-positive ratio of those cells was decreased significantly.
However, when the rejection was inhibited or not, the la-positive ratio of monocytes in the peripheral blood has not indicated a significant difference.
Splenectomy after lung transplantation
did not influenced the Ia-positive ratio
of the peripheral blood immunocompetent cells.

INTRODUCTION
Clinical applications
of organ transplantations have been increased in accordance with
advances in immunosuppressive drugs. However
there are many problems to be solved about
rejection mechanism, monitoring and detective
methods for an appearance of immunologic
rejection. But it is clear that macrophages and
T and B cells play an important role in presenting the rejection response. On the other hand,
it is believed that the spleen also plays a key
role in exhibiting the immune response, and
splenectomy has been considered to be the most
valuable method to prevent the eventual rejection. 1-4 ) Needless to say, it is certain that
splenectomy is not necessarily a potent preventive procedure for rejection, 5,6 ) although the
spleen fills the key role in preventing allograft

rejection.
The aim of this study is to investigate the
response of the lymphatic tissues including the
spleen and the mesenterial lymphnodes to lung
allograft rejection by using OK lal-antibody,
and also to certify the effect of splenectomy
on mononuclear cells in the peripheral blood
on the basis of alternation
of Ia-positive cell
population.
MATERIAL

AND METHOD

(1) Lung transplantation
technique and procedure
Experimental studies were carried out in dogs
weighed from 8 to 13 kg, supplied from the
animal center of Nagasaki university school of
medicine, and anesthetized with pentobarbital
25mg/kg iv, intratracheally
intubated, ventilated with room air on the condition of 30m?/

kg of tidal volume, 12-15 rate/min.
with the
use of Harvard ventilator.
Left thoracotomy
was performed through the fifth intercostal
space. Immediately after taking out a left lung
from recipient, a donor left lung which received
general heparinization
was reimplanted.
The
steps of reimplantation
anastomosis was made
in the following order, the left atrium, left
pulmonary artery with continuous suture of
5-0 prolene,
and left main bronchus with
continuous suture of 4-0 prolene. Postoperative
antibiotics
of penicillin and aminoglycoside
derivative were used to avoid postoperative
infection.
The experimental dogs were divided into two
groups by immunosuppressive drugs postoperatively given. Group 1 without immunosuppressive drug were 6 dogs, and Group 2 with
immunosuppressive
drug of cyclosporine A
(CsA) of 20mg/kg/day
were 9 dogs which
contained rejected allograft (R (+))
in 5 and
nonrejected (R (-) ) in 4.
At the same time, splenectomized and nonsplenectomized dogs without immunosuppressive drugs were also prepared for a comparative study with the effect of splenectomy on
lung allograft rejection.
(2) Preparation of the spleen and the mesenterial lymphnodes and separation of mononuclear cells
The transplanted lungs were followed up by
daily chest X-P examination and sacrificed at
the time of function loss of a donor lung which
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corresponded to the appearance of allograft
rejection. A donor lung, spleen and mesenterial
lymphnodes were taken and also the spleen and
the mesenterial lymphnodes were taken from a
donor at the same time as the normal control.
The transplanted lungs were fixed by formalin
and stained by HE to examine microscopically.
The spleen was prepared by canulation into
the splenic artery and infusion of 5 0 0ml of
saline by hand. Thereafter, infused spleen and
mesenterial lymphnodes were minced in RPMI
16 4 0 medium without FCS (SIGMA Co. ),
passed through 50 g -nylon mesh and the supernatant was prepared. Mononuclear cells were
separated by the Ficoll-Hypaque density
gradient centrifugation, 17 0 0 rpm for 30
minutes.
(3) Measurement of the 1apositive ratio in
mononuclear cells
The separated mononuclear cells were washed
with PBS and were incubated with OK Ialantibody (ORTHO Co.) then exposed to FITCGAM (ORTHO Co.). And the Ia-positive ratio
of the fraction of lymphocytes and monocytes
were measured by flow-cytometry method. The
fraction of lymphocytes and monocytes were
shown in Fig. 1 by flow-cytometry (SPECTRUM
III, ORTHO Co.). In the suspension of mesenterial lymphnodes, the fraction of monocytes
failed to identify from that of lymphocytes.
And then the fraction of lymphcytes was
measured in the mesenterial lymphnodes.
They were also incubated with a bridging

by SPECTRAM
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III

antibody mouse IgG (SIGMA Co.) and FITCGAM as a negative control.
(4) Measurement of the Id-positive ratio in
the peripheral blood mononuclear cells
The peripheral blood was taken daily from
splenectomized and non-splenectomized dogs,
and erythrocytes were destroyed by means of
low osmic method, and mononuclear cells were
separated by Ficoll-Hypaque density gradient
centrifugation. They were also incubated with
OK Ial-antibody and the la-positive ratio was
measured by flow-cytometry method after
incubation with OK Ial-antibody.

CsA was 68.7 ±9.7 %. It was a significant
difference as compared with 48.5 ±6.3% (p<
0.01) in the control group. In contrast, in R(+)
of Group 2 with the use of CsA, the Ia-positive
ratio was 61.1 ±11.7% with, significant increase
(p<0.05) as compared with that of the control,
although in R ( - ) of Group 2 it was 30.1 ±6.9
% with significant reduction (p<0.01).
There
was a statistical significance between R (+ )
and R(-)
of Group 2. However, there was no
significant
difference
in Ia-positive
ratio
between R ( + ) of Group 2 and Group 1 as
shown in Fig. 2.

(5) Determination of lung allograft rejection
The lung specimens were stained with HE
and the rejection responses were microscopically evaluated according to Shirakusa's classification 7athat modified Veith's one.8) The lungs
indicating more than the 2nd degree of the
classification were determined as a rejected
one.

(6) Statistical analysis
The Ia-positive ratio was indicated as the
mean ±standard
error of the mean, and the
paired Student's
t-test
was used for the
statistical analysis.
RESULTS
(1) Histologic examination of a lung allograft
In the donor lungs taken from the dogs
without the use of immunosuppressive
drugs,
histologic
findings indicated
lung damage
more than the 2nd degree of SHIRAKUSA'S
classification.
On the other hand, in the donor
lungs from the dogs treated with CsA, lung
damage more than the 2nd degree was seen in 5
although there was no rejection response in 4.
The rejection responses were recognized in all
the donor lungs with or without splenectomy.
The lungs with histologic evidence of infection
were excluded in this study.
(2) 16-positive ratio of lymphocytes in the
spleen
The Ia-positive ratio of lymphocytes •in the
spleen in Group 1 which was not treated with

Fig. 2. Ia positive ratio of lymphocytes in spleen
(3) 14-positive ratio of monocytes in the spleen
The Ia-positive ratio of monocytes in the
spleen in Group 1 and R ( +) of Group 2 were
75.5 ±5.5% and 80.2 ±8.6 % respectively with
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slight increase as compared with the control
without statistical significance. Meanwhile, in
R (-) of Group 2, it was 52.9 ± 12.9 % with
significant decrease (p<0.05)
, and there was
a significant difference (p<O.O1)
between R
(+) and R(-) of Group 2, as shown in Fig. 3.
(4) Id -positive ratio of lymphocytes in the
m es en t er is l ly mphn odes
The Ia-positive ratio of lymphocytes in the
mesenterial lymphnodes was 91.3 ± 8. 0 % in
Group 1, 93.2±6.4% in R(+) of Group 2, and
91.7 ± 2.5% in R ( -) of Group 2, although a
decrease in R ( -) of Group 2 was seen when
compared with that in the control without an
apparent alteration, as shown in Fig. 4.
(5) 16-positive ratio of peripheral blood' mononuclear cells in splenectomized
and nonsplenectomized dogs
There was no significant change in the la-
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DISCUSSION
The rejection response in organ allotransplantation is complex in the genesis and it was not
yet clear. It is certain that rejection phenomenon is a sum of various immune responses. It
is believed that the sites exhibiting the immune
response are the lymph tissues which are divided
into central lymph tissues (primary lymph
tissues) and peripheral lymph tissues (secondary

in peripheral

in peripheral

blood

blood

after

after

lung

lymph tissues). The former corresponds to the
thymic gland and bone marrow which play a
role in differentiating
the stem cells, and the
latter is the spleen and lymphnodes which play
a role in producing antibody.
Foreign bodies are first trapped in lymphnodes and lymphnodules in the submucosa of
the respiratory, digestive and urogenital organs,
and also dealt with the spleen for the foreign
bodies in the bloodstream.
It is well known
that lymphnodes and lymp.hnodules are named

as local defensive organs, and the spleen is
regarded as a general defensive organ with a
role of the reticuloendothelial
system in
communication with the vascular system. The
recognition
of allotransplantation
antigen
depends upon the two ways.9) One is said to be
central
sensitization
that
transplantation
antigen released from transplanted tissues and
carried to the lymphnodes and spleen, there-.
after it is dealt with and recognized, the other
is called peripheral sensitization that lymphocytes and monocytes from a recipient are
transferred through anastomosed
vessels and
sensitized in the place.
Allotransplantation
antigens
transferred
into a recipient are recognized and treated in a
network and advances in rejection process is
established. 10,11)It is known that transplantation antigen is first phagocyted into macrophages
which is antigen-presenting
cells.
Macrophages come to present a class II antigen
on the surface of cell membrane and secret
interleukin- I (IL- I ) which activates helper-T
(TH) cells. TH cells recognize allotransplantation and macrophage-presenting
antigens, and
they are also activated by IL- I and secret ILII, B-cell growth factor (BCGF), B-cell differentiation factor (BCDF) and also differentiate
themselves.
Lymphokine liberated
from TH
cells activated Tx, TD, Ts, NK cells with a
formation of complex networks. At the time
presenting
antigens
correspond to class II
antigen
in which la antigen is the most
important one. Many reports confirm that the
la-positive ratio in the immunocompetent
cells
of allograft increases, 12, 13) in spite of some
debate about the Ia-positive
ratio
of the
immunocompetent
cells in the peripheral
blood. (14, 15) Ito reported that the la-positive
ratio
of macrophages
in bronchoalveolar
lavage fluids is increased at the time of lung
allograft rejection although that macrophages
is reduced in the peripheral blood. 16) In this
study, the Ia-positive ratio of lymphocytes and
monocytes in the spleen was increased despite
no remarkable change in that of lymphocytes
in the mesenterial lymphnodes even at the time
of lung allograft rejection. Furthermore,
the
la-positive
ratio
in the peripheral
blood
monocytes
was significantly
reduced
in

contrast to no significant change in the lapositive ratio in the peripheral blood lymphocytes.
In splenectomized dogs, the same tendency
was observed with no significant
difference
between splenectomized and non-splenectomized
dogs. At rejection, the population of Ia-positive
cells in the transplanted
organs and the spleen
is apparently increased although that in the
peripheral
blood monocytes is reduced and
lymphocytes was almost kept constant.
It is suggested that lung allograft rejection
provokes activation of immunocompetent
cells
in the sites of transplanted lungs, followed by
the spleen. It is a reflection that immunocompetent cells never carry from the spleen to the
lung via blood vessels on the basis of a result
no increase in Ia-positive cells in the peripheral
blood lymphocytes and monocytes.
It is contemplated
that high level and no
increase in la-positive cells even at rejection of
allograft
in the mesenterial
lymphnodes
is
associated with constant exposure to external
antigens via the digestive tract.
It is concluded that splenectomy is of no
benefit to suppress the immune response except
for clinically particular
conditions 1T 1s ), although some reports confirm the suppression
of cellular and humoral immune responses, 19-23)
and some indicate active production
of Ts
cells.24)
CsA is effective in inhibiting activation
of
Ia-positive cells in the spleen and it is a potent
drug to suppress the immune response in spite
of a side effect of nephrotoxicity and hepatotoxicity.25-27)
However, it is possible that CsA is not able
to suppress the rejection response in the case
in which the la-positive ratio in the spleen was
increased on the condition of the use of CsA at
rejection in this study.
CONCLUSION
(1) The Ia-positive ratio of the immunocompetnt cells in the spleen and the mesenterial
lymphnodes was investigated
at rejection of
lung allograf is on dogs.
(2) At rejection,

the Ia-positive

ratio of lym-

phocytes and monocytes in the spleen is remarkably increased regardless of with and without
the use of CsA.
(3) When the immune response is effectively
inhibited by the use of CsA, the Ia-positive
ratio of lymphocytes and monocytes in the
spleen is significantly reduced
(4) Splenectomy does not greatly influence
the Ia-positive ratio of the peripheral blood
immunocompetent
cells at lung allograft
rejection.
(5) It is certified that the spleen does not
play an important
role in conveying the
immunocompetent
cells to allograft in organ
trans-plantation
in which vascular anatsomosis is needed.
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