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Abstract

For induction of an immune response, T cells should have been activated by signals
mediated through costimulatory molecular such as CD80 (B7-1) and CD86 (B7-2)
which being expressed on the surface of antigen presenting cells (APCs). The pres-
ent study was designed to assess the rate of expression of CD80 and CD86 on re-
cipient Kupffer cells (KCs), which have the abilities as APCs, under the state of
both rejection and tolerance. For tolerant group, PVG rats received lymphocytes
from DA rats were prepared. For iso and control group, PVG rats were inoculated
by PVG spleen cells and phosphate buffered saline, respectively. After 1, 3 or 7
days, inactivated spleen cells of DA rat were re-injected through caudal vein. The
liver was extracted after perfusion. KCs were isolated by centrifugal elutriation.
KCs were analyzed using flow cytometry after reacting with anti-rat FITC labeled
CD80 or CD86 antibody. The expression rates of CD80 and CD86 in tolerant group
were smaller than those in control and iso group (p<0.05). The results indicate the
possibility that the immune hypo-responsiveness was contributed by downregula-
tion of the costimulatory signals on KCs, as a result of the intraportal inoculation
of donor lymphocytes.

Introduction

Induction and maintenance of tolerance
without aid of chemicals are the most prefer-
able goal in clinical transplantation.
Sultzberger” and Chase” showed that
pretreatment of a target organ with an anti-
gen could promote antigen-specific immune
suppression of delayed-type hypersensitivity
(DTH). Later, several investigators®* have
reported that donor lymphocyte inoculation
into the portal vein of a recipient could
induce donor-specific tolerance which, even-
tually, extended the organ allograft survival
in animals. Induction mechanisms for such
tolerance have been proposed by many
authors but remains yet unsettled. Some

authors® have suggested that KCs may par-
ticipate in immune reaction in the liver so as
to produce the donor-specific immune
hypo-responsiveness.

KCs are resident hepatic macrophages
which located in the hepatic sinusoids and
have the ability of not only phagocytosis but
presenting antigen (Ag) as antigen present-
ing cells (APCs) which activate T lymphocytes
in the initiation of rejection of allogeneic
grafts.” The stimulation of T lymphocytes is
believed to require activation of two groups
of intercellular signaling pathways. The first
signal is derived from the ligation of the
T-cell receptor (TCR) by Ag with class II ma-
jor histocompatibility complex (MHC)
molecules expressed on surface of APCs.
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The second signal is called costimulatory
signal and mediated by the interaction of
CD28 on T cells with B7 family ligands
on the surface of APCs. CD28 shares its
ligands (CD80 and CDS86) with a related
receptor (cytotoxic T lymphocyte antigen 4;
CTLA4), which has been found to play a crit-
ical role in T-cell activation.”® Inhibition of
T-cell responses was achieved by using a sol-
uble recombinant fusion protein of CTLA4
(CTLA4Ig) which blockades the CD28/B7
pathway. It was shown that costimulatory
signals are important factor to produce
T-cell-dependent immune responses.”

Recently, it has been proved that KCs ex-
press B7 family on the surface similar to oth-
er APCs.'” Therefore, we hypothesized that
the lack of costimulatory molecules on KCs
may play an important role in producing the
portal venous tolerance. In the present study,
we estimated the expression rates of CD80
and CD86 on KCs under the state of immune
hyporesponsiveness resulting from the donor
splenocytes administration via the portal vein.

Materials and Methods

Experimental Animals

Male PVG (RTlc) and DA (RTla) rats
(SLC Inc. Hamamatsu, Japan) weighing
225-250g were used as recipients and donors,
respectively. This strain combination is ful-
ly allogeneic and results in acute transplant
rejection. Animals were maintained under
standard conditions in sterilized racks and
received water and rodent chow ad libitum.
PVG rats were divided into tolerant, iso and
control group according to such the type of
treatment that they received DA spleen cells,
PVG spleen cells, and phosphate buffered
saline (PBYS), via the intraportal vein, respec-
tively (Fig.1). The study protocols were in
compliance with institutional protocols.

Preparation of Allogeneic Spleen Cells (SPCs)

Rats were anesthetized with ether and in-
traperitoneal injection of pentobarbital sodi-
um (35mg/kg), same as in the following ex-
periments.

After shaving and disinfection of the abdo-
men with 70% ethanol, an oblique subcostal
incision was made. Spleen vessels were
ligated before removal and minced in PBS.

Experimental design

tolerant group (n=13)
DA rat spleen cells

is0 group (n=135)
PVG rat spleen cells

control group (n=15)
phosphate buffer saline

{1x%10%) (1x10%)
pv. PV, 1 p-v.
PVG rat PVG rat PVG rat

!

Day 1 or Jor 7

DA rat spleen cells(1x10%) 1.v.

L

collagenase digestion

clutriation rotor

Kupffer cells isolation

FITC-conjugated mouse anti-rat
CDA0 and CD86 antibody

flow cytometry

Fig. 1 Experimental design
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SPC suspension was prepared by passing
through a nylon mesh after lysis of
erythrocytes with ammonium chloride-Tris
buffer and washed three times with PBS.
Cell viability assessed by trypan blue exclu-
sion test was always more than 90%. The
SPC concentration was adjusted to 1X10%/ml
in PBS for injection by intraportal route.”

Antigen Administration

All animals were anesthetized with ether
and pentobarbital sodium, as in the above.
To expose the visceral organ, the abdominal
skin was incised along the midline. SPCs
were then injected through portal vein by a
26-gauge needle for tolerant and iso group,
whereas control group received only PBS.
At the end of injection, the needle was with-
drawn while gently pressing the needling
point with a cotton wool swab so as to
achieve hemostasis without hematoma for-
mation. The abdomen was then closed in
two layers.”

Second antigen administration was per-
formed at day 1, 3 or 7 using inactivated
SPCs of DA rat. Before adjusting to 1xX10%/
ml, these SPCs were treated by 100ug/ml
mitomycin C (Kyowahakko, Tokyo, Japan)
for 30 minutes at 37°C and washed three
times by PBS'V, 1X10° inactivated SPCs
were injected through caudal vein under an-
esthesia. After an hour, the following experi-
ments were carried out.

Cell Preparations

KCs were isolated according to the meth-
od of previous studies.'®'*'®

The liver of anesthetized rat was perfused
through portal vein with Ca*" and Mg”*-free
Hank's balanced salt solution (HBSS) con-
taining 0.01% ethylene diaminetetraacetic
acid (EDTA) and 1000 units of heparin, with
a pH adjusted to 7.4. The liver was reperfused
with HBSS containing 0.05% collagenase
(Type-1; Nitta Zelatin, Osaka, Japan), 0.5mM
calcium chloride, and 0.2% bovine serum al-
bumin (BSA) (Sigma Chemical Co. St. Louis,
MO, USA) at a flow rate of 12ml/min at 37°C.
All the perfusates contained 20mM
hydroxyethylpiperazine ethanesulfonic acid
(HEPES). The liver was removed and teased
apart in ice-cold HBSS containing 0.2% BSA.

The cell suspension was poured through 70u
m nylon mesh and centrifuged at 45X g for 2
min. The nonparenchymal cells rich in super-
natant were collected. Centrifugal elutriator
(Beckman]2-21 centrifuge and JE6-B rotor,
Beckman Instruments, Palo Alto, CA, USA)
was used for separation of nonparenchymal
cells into fraction enriched for KCs. The cell
suspension of KCs was centrifuged at 500 X
g for 10 minutes. The pellet was regulated
1X10° cells/ml with PBS.

The purity and viability of KCs were more
than 90% according to morphologic observa-
tion, immunostaining with antibody to the
ED2 (Serotec Co., UK) and trypan blue exclu-
sion test. The antibody EDZ2 recognizes a
membrane antigen of tissue macrophages but
have no reaction with monocytos, lymphocytes,
granulocytos.'*”

Flow Cytometry

Ten micrograms of monoclonal fluorscein-
isothiocyanate (FITC) -conjugated mouse
anti-rat CD80 (B7-1) antibody or CD86 (B7-
2) antibody (Fujisawa Pharmaceutical Co.,
Osaka, Japan) was added to KCs. After 60
minnutes at 4°C, the cells were washed twice
with PBS and analyzed by flow cytometry
(EPICS XL System II). Five thousand events
per sample were collected and stored. The
expression rates of CD80 or CD86 on KCs
were analyzed.

Statistical Analysis

Results were expressed by mean*SE. To
analyze statistical differences between each
groups, Student's t test for equal variance
was applied. p-values less than 0.05 were
considered to be significant.

Results

The Expression Degree and Rate of CD80 (B7-1)

Fig.2 demonstrates four representative his-
tograms of KCs unstained (upper left) and
stained with anti-CD80 in iso (upper right),
torelant (lower left) and control (lower right)
group. The intensity of fluorescence is iso
and control group increased after stain-
ing with anti-CD80.

In Fig. 3, the expression rate of CD80
in control group (filled bars) was 14.28+
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Fig. 2 Flow cytometric analysis of KCs, in iso, tolerant and control group, arranged from
the upper left, to upper right, lower left and lower right, respectively. The histograms

show CD 80 at day 7.

|| tolerant group
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control group
(%)

20

* p<0.05

expression rate

Day 3

Fig. 3 Histograms exhibit the expression rates for CD 80 at day 1, 3 and 7, from left to right.
The percentage of CD80 positive cells in tolernt group (empty bars) is significantly
lower than those in iso (stripped ones) and control (filled ones) groups, when
compared within the corresponding day.
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2.92% at day 1, 13.89+1.90% at day 3, 14.02=
3.49% at day 7, whereas in iso group (stripped
bars) that was 12.91£3.73%, 12.51 £2.18%, 14.
06£2.33%, at the corresponding day. No sig-
nificant difference in the expression rate of
CD 80 between control and iso groups was
found. On the contrary, the expression rate
in tolerant group (empty bars) was 0.61=*
0.21% at day 1, 0.39+0.16% at day 3, 0.76 =0.
46% at day 7. Thus there exists little varia-
tion in the expression rates with regard to the
days after administration of antigen through
portal vein, though in tolerance group the ex-
pression rates of CD80 are significantly low-
er (p<0.05) than those in control and iso group
at each day.

The Expression Degreeand Rateof CIB6 (B7-2)
In Fig. 4, four representative histograms of
KCs are shown in the way similar to Fig. 2,
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but obtained with the use of anti-CD86 for
staining. It illustrates that the intensity of
fluorescence increased after staining KCs
with anti-CD86 in iso and control group when
compared with that of unstained. Note that
in tolerant group the histogram is almost the
same as that before staining.

As shown in Fig. 5, the expression rate for
CD86 in tolerant group was 0.63%+0.23%
at day 1, 0.35£0.18% at day 3, 1.62+0.44% at
day 7, whereas in iso group it was 12.79*2.
90%, 13.29+3.03%, 16.22+4.36% at the corre-
sponding day and, in control group, it was 15.
28+4.81%, 16.09%3.22%, 19.61+6.95%, respec-
tively. No significant difference was found
between control and iso groups in the expres-
sion rate for CD 80, though in tolerant group
it was significantly reduced compared with
the value in control and iso group (p<0.05).
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Fig. 4 Flow cytometric analysis similar to Fig. 2 but obtained from CD 86 at day 7.

Discussion

Donor specific-alloantigen transfusion
(DST) could achieve antigen-specific toler-
ance and induce long-term graft survivals of

heart, kidney, skin, small bowel and so on.
161718 The administration route of DST has
been known to be an important factor, because
the portal venous inoculation could produce
the tolerance more effective in extending the
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organ allograft survival than that resulting
from inoculation through intravenous route.

Yoshimura® reported intraportal adminis-
tration of donor lymphocytes to recipient rats
on the day of kidney transplantation, i.e. at
day 0, prolonged the survival of renal grafts,
while intravenous administration caused ex-
tension of the mean survival rate slightly
against untreated rats. The reason might de-
pend on the counts of allogenic cells captured
by the liver. In fact, Kenick et al.'”
demonstrated that all the cells administered
via portal vein migrated into the liver, where-
as 80% of the cells injected to the vein
reached the liver.

Although the mechanism of systemic im-
munosuppression after portal venous inoc-
ulation of Ag is not yet clarified, it is known
that after injection of radiolabeled allogenic
cells into the portal vein, they were trapped
by the hepatic component of reticuloen-
dothelial system (RES). It implies that the
process taken by RES in the liver is an ini-
tial requirement for the induction of tolerance.
219200 1n these previous studies, a most no-
table finding may be an existence of KCs
and their role on the torelance. An early re-
port suggests that KCs may be an essential
factor of immunoreaction within the liver®".
It was shown that portal venous tolerance
could be produced after intravenous ad-
ministration of gadolinium chloride, which
is known to be a rare earth metal and is
thought to prevent underlined tolerance by
blocking KC's ability.”” KC has been known
to have many such abilities that phagocytosis
of foreign material, presentation of Ag, release
of the immunosuppressive eicosanoid PGEZ,
which is known to inhibit IL-2 release by
lymphocytes and prevents the ability of Ag
presentation by KCs**** and express also
molecules such as class II MHC, B7 family.

Recently, it becomes evident that the im-
mune response depends on an efficient T cell
activation via the costimulatory molecules.
The interaction of B7-1 (CD80) and B7-2 (CD
86) on APC with its counter-receptors CD28
on T cell surface generates a potent activat-
ing signal which amplifies the T cells. Name-
ly the deficit of co-stimulation results in tol-
erance or anergy for specific antigen. CD80 is
a 44 to 60-kd member of the immunoglobulin

superfamily with a limited expression on pro-
fessional APC, and CD86 is a 75 to 115-kd
cell surface glycoprotein with 25% amino acid
homology to CD80 expressed on APCs, too.***®

Ourstudy showed CD80and CD86 were found
on the surface of KCsinisoand control groups,
both being expected to induce rejection, while
the tolerant group had little in appearance.
Nakagawaetal®” alsodemonstratedthatthere
existed a decrease in the expression of CD80/
CD86 and an increase in that of CTLA-4 an-
tigen in the recipient liver which had been im-
munized by donor splenocytes administered
via the portal vein.

This suggests that immune hypo-respon-
siveness by portovenous immunization can
be achieved by KCs which express a decrease
in CD80 and CD86. Futhermore because the
expression rates of both CD80 and CD86 are
decreased from the first day (day 1) after in-
oculation, the process should take place
within 24 hours. The preceding study'" also
indicated that intraportal injection of donor
native splenocytes on the day of transplan-
tation could prolong the cardiac allografts in
rats. Although the mechanism for this se-
quences is not yet clear, it is possible to ex-
plain in such a way, i.e., i), costimulatory
blockade leads to differentiate native Th cell
into ThZ subset that ii), releases some
cytokines such as IL-10, an inhibitory action
of which iii), on the expression of costimulatory
molecules such as the B7 family has been
well known.”® Because the cytokine mentioned
above is released not only by Th2 cells but
also KCs®”, it is possible that when KCs
were exposed initially by Ag mediated
through the portal vein, CD80 and CD86 on
KCs were consequently down-regulated by
secretion of IL-10 from KCs and Th2.

It is shown that, in the results (Figs. 3, 5),
a depression in the expression rates of CD80
and CD86 might occur within 1 day after the
intraportal inoculation, even though induction
of tolerance is considered to be accomplished
on the day 7, after injection of antigen. In
fact, Tanigawa et al.'” described that cardi-
ac allograft survivals were significantly pro-
longed when transplanted 10 days after in-
traportal injection of donor native SPCs, as
compared with the result obtained imme-
diately after transplantation on the day
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of administration. Prior to the present study,
we prospected costimulatory blockade may
promote gradually to cause the tolerance.
However, our results (Figs. 3, 5) showed a
marked decrease in the expression rates of
CD80 and CD86, the degree of depression be-
ing not apparently associated with timing of
the second antigen injection received within 7
days in tolerant group. The results (Figs. 2,
3, 4, 5) suggest that initial induction of toler-
ance may require some other factors in addi-
tion to depressing the expression rates of CD
80 and CD86 to a low level. Antigen-presenting
function and B7 expression are existed not
only in KCs but also in endothelial cells.'” It
is conceivable, therefore, that endothelial
cells also participate in the immune reaction
and tolerance together with KCs.

CTLA-4 was also considered to be one of
the factors concerning the mechanism for the
tolerance. The previous study demonstrated
an increased expression of CTLA-4 antigen
and a decreased expression of CD80 and
CD86 on APCs in the recipient liver by
splenocytes administered via the portal vein.*”

(%) %

257

20+

expression rate

CTLA-4 is expressed on T cell and has
stronger affinity for B7 family than CD28. If
T cells don't recognize antigens on APCs for
a low number of B7 molecules, CTLA-4 would
be predominant in the immuno suppression
by apoptosis induction or by reducing IL-2.*”

A question may arise that how long this
effect can continue. Bolling et al.®” reported
that, for blocking CD28/B7 pathway com-
pletely and for maintaing the tolerance, DST
alone is insufficient. However, they were
able to obtain a remarkable prolongation of
the cardiac allograft, when they utilized both
CTLAA4Ig and DST, the latter being mediated
through the portal vein. Probably because,
CTLAA4Ig had interrupted the second signal
by competitively inhibiting CD28 engagement
and, hence, blocking activation of CD28. In
short, DST itself may not be able to maintain
the down-regulation of CD80 and CD86 for a
long time. In further study, we have to con-
firm the duration of a decreased expression
of both CD80 and CD86 in connection with
the mechanisms for the portal venous toler-
ance.

D telerant group
iso group
B control group

* p=0.05

Day7

Fig. 5 Histograms similar to Fig. 3, but obtained from CD86. The expression rate in tolerant
group is significantly lower than other groups at day 1 through day 7.
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