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SUMMARY: Recent studies suggested that the vascular endothelial cells function as a resident antigen-presenting cell (APC) in
certain situations such as organ transplantation, and the ischemia/reperfusion injury, an inevitable event in organ transplantation,
leads to an enhanced biosynthesis of cell adhesion molecules. We have demonstrated that the hepatic sinusoidal endothelial cells
have potential ability as APCs by expressing the costimulatory adhesion molecule proteins, CD80 (B7–1) and CD86 (B7–2), of
which expression was enhanced by warm ischemia/reperfusion of the rat liver. In this study, we assessed the localization of
CD80, CD86, and intercellular adhesion molecule 1 in the rat kidneys and the influence of warm ischemia/reperfusion with or
without a hypercreatinemic condition on the expression of these adhesion molecules in the renal tissues. Wistar male rats
weighing 150 to 230 g were divided into group A, receiving a sham-operation (control), group B, receiving 1-hour clamping of the
left renal pedicle (temporary ischemia), and group C, receiving right nephrectomy and 1-hour clamping of the left renal pedicle
(temporary ischemia with hypercreatinemia). The left kidneys were submitted to immunohistochemical and molecular analyses
sequentially for the period of 14 days. We found that CD80, CD86, and intercellular adhesion molecule 1 proteins localized on
the glomerular and peritubular endothelium and were up-regulated after ischemia/reperfusion. The up-regulation of these three
proteins was enhanced by the hypercreatinemic condition. The relative mRNA levels analyzed by real-time reverse transcription
polymerase chain reaction showed that CD80 and CD86 expressions were constitutively observed and significantly increased for
14 days after the warm ischemia reperfusion with a peak level at Day 3 (6.7- and 20.8-fold increase for CD80 and CD86,
respectively). Our results suggested that the glomerular endothelial cells will play a pivotal role as a APC by expressing CD80 and
CD86 in the induction of renal tissue injury associated with the ischemia/reperfusion at renal transplantation surgery, as well as
the peritubular endothelium. (Lab Invest 2002, 82:1209–1217).

I schemia/reperfusion injury occurring secondarily
to organ surgery, transplantation, and trauma in-

duces vascular endothelial cell dysfunction (Carden
and Granger, 2000). Reoxygenated endothelial cells
produce more oxygen radicals, but less nitric oxide,
during the initial period following reperfusion (Grisham
et al, 1998). The resulting imbalance between super-
oxide and nitric oxide in the endothelial cells leads to
production and release of inflammatory mediators and
enhances the biosynthesis of adhesion molecules that
mediate the leukocyte-endothelial cell adhesion (Par-
vums, 1999). Intercellular adhesion molecule-1
(ICAM-1; CD54) plays an important role in the
leukocyte-mediated tissue injury after ischemia/reper-
fusion (Colletti et al, 1998; Poston et al, 1999; Rabb et
al, 1995).
Studies over the last decade have highlighted the

importance of the costimulatory pathway of B7-CD28-

CTLA-4, which is essential to the proliferation of T
cells (Sayegh and Turka, 1998). The costimulatory
signal is provided by cell surface adhesion molecules
after binding to their ligands on antigen-presenting
cells (APCs) (Mueller et al, 1989). CD28 is a potent
mediator for the costimulatory signal on T cells (Lins-
ley et al, 1991), and CD80 (B7–1) and CD86 (B7–2)
were identified as the ligands for CD28 (Azuma et al,
1993; Freeman et al, 1993). CD80 and CD86 were
reported to be involved as the costimulatory signaling
molecules on APCs in T-cell activation (Takada et al,
1997). Several studies reported that CD80 and CD86
expressions are up-regulated after ischemia/reperfu-
sion injury, and the blockade of the costimulatory
pathway by administering CTLA4Ig prevents the early
and late consequences of ischemia/reperfusion injury
(Chandraker et al, 1997; Takada et al, 1997). However,
the location of increased CD80 and CD86 in the
kidney after ischemia/reperfusion remains to be
clarified.
Our first question was: which resident cells express

CD80 and CD86 as activated APCs in each organ after
warm ischemia/reperfusion injury? Recently, we
showed that expressions of CD80, CD86, and ICAM-1
were up-regulated after warm ischemia/reperfusion
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injury on the surface of hepatic sinusoidal endothelial
cells (Kojima et al, 2001). Hepatic sinusoidal endothe-
lial cells have been found to be fully efficient APCs,
expressing costimulatory cell adhesion molecules. De
Greef et al (2001) have found B7–1 (CD80) expression
along the endothelial cells of the ascending vasa recta
in the kidney soon after ischemia/reperfusion injury.
Hauser et al (1997) showed de novo expression of
vascular cell adhesion molecule-1 and E-selectin and
overexpression of ICAM-1 in the glomeruli in allograft
recipients and patients with primary renal diseases,
suggesting that glomerular endothelial cells express
costimulatory adhesion molecules, as well as the
endothelial cells of vasa recta, after ischemia/reperfu-
sion injury. To investigate the location of costimulatory
adhesion molecules in renal ischemia/reperfusion in-
jury, we used dual immunofluorescence staining.

The second question was whether renal failure
(hypercreatinemic conditions) enhances the expres-
sion of costimulatory adhesion molecules, because
the renal allograft is transplanted in a recipient with
hypercreatinemia conditions. Azuma et al (1997) sug-
gested that early ischemia/reperfusion of a single
kidney was an important antigen-independent risk
factor for renal failure associated with up-regulation of
ICAM-1 expression. To investigate the influence of the
hypercreatinemic environment on the expression of
the costimulatory molecules, we employed an exper-
iment model using a combination of warm ischemia/
reperfusion and contralateral nephrectomy (nephrec-
tomy-ischemia/reperfusion). This model (animals with
a reduced renal mass in the hypercreatinemic condi-
tion by ischemia/reperfusion) mimicked the trans-
planted kidney in recipients with renal failure.

The third question was: what are the quantitative
changes in enhanced costimulatory molecule mes-
senger RNA (mRNA) after warm ischemia/reperfusion
injury? Takada et al (1997) reported that B7 expression
occurred within 24 hours and peaked at Day 3 during
7 days of observations after cold ischemia/reperfu-
sion. To investigate the quantitative levels of CD80
and CD86 mRNA until Day 14 after ischemia/reperfu-
sion, we used real-time reverse transcription polymer-
ase chain reaction (RT-PCR).

In this study, we examined the location and en-
hancement of the CD80, CD86, and ICAM-1 by immu-
nofluorescence staining and RT-PCR in the rat kidney
after warm ischemia/reperfusion injury.

Results

Serum Creatinine Levels after Ischemia/Reperfusion

We quantified the serum creatinine levels after 1-hour
ischemia/reperfusion (group B) and nephrectomy-
ischemia/reperfusion (group C) for up to 14 days
(Table 1). The serum creatinine level in group C was
significantly elevated on Days 1 and 3 and returned to
the sham-operated control (group A) level on Day 7,
whereas it remained virtually unchanged in group B.
These results suggest that the left kidneys of group C
were exposed to a hypercreatinemic environment for
at least 3 days.

Localization of CD80, CD86, and ICAM-1 Proteins

It was reported that CD80, CD86, and ICAM-1 pro-
teins are expressed in the B cells in the spleen tissue
as well as in other APCs (Maeda et al, 1997). There-
fore, the rat spleen tissue was used as a positive
control to verify anti-CD80, CD86, and ICAM-1 anti-
bodies for immunofluorescence staining. As ex-
pected, CD80, CD86, and ICAM-1 positive cells, prob-
ably APCs, were consistently detected in the marginal
sinus of the spleen tissues (data not presented),
suggesting that these monoclonal antibodies recog-
nized the corresponding cell-adhesion molecules in
tissue sections. The localization of CD80, CD86, and
ICAM-1 proteins in the renal tissues was evaluated by
indirect immunofluorescence staining using specific
monoclonal antibodies against CD80, CD86, and
ICAM-1, respectively. There were very weak signals
derived from CD80, CD86, and ICAM-1 proteins in the
endothelium of glomeruli (Fig. 1, A-a, B-a, and C-a)
and peritubular microvessels (data not shown) in the
sham-control rats. However, the fluorescence signals
of CD80, CD86, and ICAM-1 were obvious in the
endothelium of glomeruli and peritubular microvessels
after ischemia/reperfusion (Fig. 1, A-b, B-b, and C-b)
and nephrectomy-ischemia/reperfusion (Fig. 1, A-c,
B-c, and C-c), suggesting an up-regulation of these
cell adhesion molecule proteins. Localization of CD80,
CD86, and ICAM-1 in the glomerular endothelial cells
was confirmed by counterstaining with von Willebrand
factor, a marker protein of the endothelial cells. The
results from dual immunofluorescence staining of
CD80 and von Willebrand factor (Fig. 2, a, d, and e),
CD86 and von Willebrand factor (Fig. 2, b, f, and g),
and ICAM-1 and von Willebrand factor (Fig. 2, c, h,
and i) indicated that all CD80, CD86, and ICAM-1 were
located on the endothelial cell surfaces in the
glomeruli.

CD80-, CD86-, and ICAM-1–Positive Glomeruli at Day 3
after Reperfusion

Ischemia/reperfusion and nephrectomy-ischemia/
reperfusion enhanced the expression of these cell
adhesion molecule proteins (Fig. 1). However, there

Table 1. Change of Serum Creatinine Levels (mg/100
ml) after Ischemia/Reperfusion (Group B) and
Nephrectomy-Ischemia/Reperfusion (Group C)

Ischemia/reperfusion
(group B)

Nephrectomy-
ischemia/reperfusion

(group C)

Mean � SD Mean � SD

Control (n � 6) 0.20 � 0.01a 0.20 � 0.01a

1 day (n � 6) 0.38 � 0.06 3.60 � 0.96b

3 day (n � 6) 0.22 � 0.02 1.31 � 0.70b

7 day (n � 6) 0.20 � 0.02 0.38 � 0.11
14 day (n � 6) 0.22 � 0.03 0.28 � 0.08

a Values from sham-operated control (group A).
b p � 0.05, compared with the control values.
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was coexistence of glomeruli with and without expres-
sion of CD80, CD86, and ICAM-1, as shown in Figure
1A-b. The positively stained glomeruli by the avidin-
biotinylated horseradish peroxidase complex method
were counted among at least 100 glomeruli of each
kidney, as shown in Figure 3 for CD80, and the
percentage of positively stained glomeruli for each of
CD80, CD86, and ICAM-1 are summarized in Table 2.
The percentage of positive glomeruli for each of these
cell adhesion molecule proteins was less than 10% in
the control group, but it was significantly increased
after ischemia/reperfusion injury and further after ne-
phrectomy-ischemia/reperfusion injury in up to 83%
(Table 2). The order of staining intensity was ICAM-1 �
CD86 � CD80 in both the conditions. The tubular

epithelium was negatively stained for these cell adhe-
sion molecule proteins in both the proximal and distal
tubules.

RT-PCR Analysis of mRNA

CD80 mRNA was hardly or very weakly detectable in
the renal tissue in the control group (Fig. 4a, lane 2) but
was easily detected in the renal tissue 1 day after
ischemia/reperfusion (Fig. 4a, lane 3) by RT-PCR. The
obvious CD80 mRNA expression persisted for 14 days
after ischemia/reperfusion (Fig. 4a, lanes 3 to 6). On
the other hand, CD86 and ICAM-1 mRNAs were
expressed in all kidneys for the entire study period
(Fig. 4, b and c).

Figure 1.
Immunofluorescence staining of CD80 (A), CD86 (B), and intercellular adhesion molecule 1 (ICAM-1) (C) in the renal tissue of sham-operation (a), 3 days after 1-hour
ischemia/reperfusion (b), and 3 days after 1-hour nephrectomy-ischemia/reperfusion (c). The sections were stained in green for CD80 (A), CD86 (B), and ICAM-1
(C), respectively, and counterstained with propidium iodide. The long arrows indicate the positively stained glomeruli, and the short arrows indicate the negative
glomeruli. Scale bar, 50 �m.

CD80 and CD86 on Glomerular Endothelium
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To further evaluate the quantitative mRNA levels by
real-time RT-PCR, total RNA and then poly (A)� RNA
were isolated in triplicate from the renal tissues of rats
in each group, and then the first-strand cDNA was
generated against the poly (A)� RNA preparation,
followed by amplification for CD80 and CD86 mRNA,
as well as for �-actin mRNA as an internal control. The
PCR products for CD80, CD86, and �-actin were
characterized by melting-curve analysis and analyzed
by agarose gel electrophoresis. The CD80 and CD86
mRNA levels were normalized using the �-actin mRNA
level in each poly (A)� preparation, and the quantita-
tive data of alteration in CD80 and CD86 mRNA levels
by warm ischemia/reperfusion injury are summarized
in Table 3. The relative level of CD80 mRNA to the
�-actin mRNA level was approximately one third lower
than that of CD86 mRNA in the control, and both
CD80 and CD86 mRNA expressions were up-
regulated in the kidneys affected by warm ischemia/
reperfusion over the sham-operated control level. The
up-regulation of CD80 and CD86 mRNA expression
peaked at Day 3 (6.7- and 20.9-fold increase, respec-
tively) and persisted at least until Day 14 (4.6- and
17.6-fold, respectively) after ischemia/reperfusion.

Discussion

The localization of CD80, CD86, and ICAM-1 on
glomerular and peritubular endothelial cells was veri-
fied by dual immunostaining for each of these mole-
cules and von Willebrand factor in the present study.
The role of endothelial cells in initiating a primary T-cell
response is important in organ transplantation be-
cause the vascular endothelial cells of the allograft are
the first target encountered with the recipient’s im-
mune system (Marelli-Berg et al, 1996). In vitro exper-

iments showed that the vascular endothelial cells can
function as resident APCs to CD4� T cells (Maher et
al, 1996; Seino et al, 1995). However, the ability of the
endothelium to provide effective costimulatory signals
for full T-cell activation was controversial. The endo-
thelial cells were regarded to be incapable of inducing
primary T-cell responses due to the lack of costimu-
latory molecule expression (Kanagawa et al, 1991;
Marelli-Berg et al, 1996; Savage et al, 1991). Another
study suggested that the endothelial cells express
neither CD80 nor CD86 (Ma and Pober, 1998). How-
ever, CD86-dependent costimulation was demon-
strated in both the human umbilical vein endothelial
cells and a porcine endothelial cell line (Maher et al,
1996; Seino et al, 1995). De Greef et al (2001) found
the location of B7–1 (CD80) protein in the endothelial
cells of the ascending vasa recta. They mentioned that
postcapillary venules, but not arteriola or capillaries,
have a distinctive property of being sensitive to inflam-
matory mediators and are capable of presenting anti-
gen. However, several studies revealed that some
adhesion molecules induce the biosynthesis and sur-
face expression of ligands for their adhesion mole-
cules on the glomerular capillary endothelial cells
(Brady et al, 1992; Brady and Serhan, 1992; Hauser et
al, 1997; Nitta et al, 1995). Taking these and the
present results together, the glomerular endothelial
cells may have properties of APCs by expressing
adhesion molecules for the costimulatory signal as
well as the endothelial cells of the vasa recta.

A single kidney is an important antigen-independent
risk factor for renal failure after ischemia/reperfusion
injury associated with the up-regulation of ICAM-1
expression (Azuma et al, 1997). To investigate the
influence of hypercreatinemic environment on the ex-

Figure 2.
Colocalization of CD80, CD86, and ICAM-1 in the glomerular endothelial cells. The sections from the left kidney 3 days after 1-hour ischemia/reperfusion were dually
stained in green for CD80 (a), CD86 (b), and ICAM-1 (c), respectively, and in red for von Willebrand factor (a, b, c). Monochromic stains showed CD80 (d), CD86
(f), ICAM-1 (h), and von Willebrand factors (e, g, i), respectively. Scale bar, 50 �m.
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pression of the costimulatory molecule proteins, we
employed an experimental model in combination of
ischemia/reperfusion and contralateral nephrectomy
(nephrectomy-ischemia/reperfusion). In this study,
CD80, CD86, and ICAM-1 proteins were observed in
greater than 33%, 40%, and 41% of glomeruli at Day
3 after ischemia/reperfusion, respectively. On the
other hand, CD80, CD86, and ICAM-1 proteins were
observed in greater than 59%, 76%, and 83% of the
glomeruli at 3 days after nephrectomy-ischemia/
reperfusion, respectively. These results suggested
that the up-regulation of CD80, CD86, and ICAM-1
proteins by warm ischemia/reperfusion was further
enhanced by the combination with the hypercreatine-
mic condition. The hypercreatinemic condition may be
one of the factors that induce the biosynthesis of
humoral factors such as cytokines for the up-
regulation of these cell adhesion molecules. Further-
more, many factors other than hypercreatinemia, such
as glomerular hypertrophy, hyperfiltration, and shear
stress, may influence the expression of CD80, CD86,

and ICAM-1 in the remaining kidney after unilateral
nephrectomy. It was suggested that glomerular hyper-
filtration is one of the potential mechanisms of ICAM-1
up-regulation in diabetic glomeruli (Sugimoto et al,
1997) and renal ablation (Miyatake et al, 1998) in the
rats. It may be that glomerular hyperfiltration also
influences the up-regulation of CD80 and CD86 in the
rat with nephrectomy-ischemia/reperfusion injury.

This study also showed that the level of CD80
mRNA expression was constitutively lower than that of
CD86 mRNA. Both CD80 and CD86 mRNA were
up-regulated until Day 14 and peaked at Day 3 after
warm ischemia/reperfusion. The up-regulative levels
of CD80 and CD86 mRNA at Day 3 after ischemia/
reperfusion compared with the sham-control levels
were about 6 and 20-fold, respectively. De Greef et al
(2001) found that B7–1 (CD80) but not B7–2 (CD86)
was expressed on the endothelial cells of the ascend-
ing vasa recta 2 hours after reperfusion. They sug-
gested the B7–1 protein has a key role in renal
ischemia/reperfusion injury. However, the other stud-
ies showed that not only B7–1 but also B7–2 and
ICAM-1 have an important role in renal ischemia/
reperfusion injury because the blockage of these mol-
ecules prevents the damage to tubular function and
the glomerular filtration rate due to ischemia/reperfu-
sion (Chandraker et al, 1997; Dragun et al, 1998;
Takada et al, 1997). The up-regulation of CD80 and
CD86 mRNA until Day 14 after warm ischemia/reper-
fusion may delay recovery of the glomerular and
tubular function in renal transplantation.

An enhanced expression of ICAM-1 after ischemia/
reperfusion has been observed in several human or-
gans such as liver (Viebahn et al, 1998), heart (Poston
et al, 1999), intestine (Wyble et al, 1996), cerebral
microvessels (Lindsberg et al, 1996), and kidney
(Hauser et al, 1997; Schwarz et al, 2001). An enhanced
expression of CD80 and CD86 has also been men-
tioned in patients with fulminant hepatic failure (Leifeld
et al, 1999) and acute rejection of liver transplantation
(Minguela et al, 2000) but not in those with ischemia/
reperfusion injury. The up-regulation of CD80 and
CD86 after ischemia/reperfusion has been investi-
gated only in the animal experiments, including our
previous (Kojima et al, 2001) and present studies. In
the present study, we found that the location and
enhanced expression of CD80 and CD86 by ischemia/
reperfusion injury were similar to those of ICAM-1.
Further studies are needed to prove the evidence of
up-regulation of the costimulatory adhesion molecules
in human subjects affected by ischemia/reperfusion
injury.

Recently, Vasilevko et al (2002) suggested that the
CD80 and CD86 molecules can substitute for each
other in the initial activation of resting CD4 positive T
cells and in the maintenance of their proliferative
response. However, the biologic details of CD80 and
CD86 have not been fully clarified, and there have
been no documents showing how many molecules are
needed to produce costimulatory signals. Further
studies are also needed to elucidate these issues.

Figure 3.
Proportion of CD80 positive glomeruli in the renal cortex of sham-control rats
(a), 3 days after 1-hour ischemia/reperfusion (b), and 3 days after 1-hour
nephrectomy-ischemia/reperfusion (c). The sections were stained by avidin-
biotinylated horseradish peroxidase complex. Positively stained glomeruli, as
indicated by arrows, were counted among at least 100 glomeruli (see, Table 1).
Scale bar, 100 �m.
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In conclusion, the present study demonstrated that
the costimulatory cell adhesion molecule proteins, CD80
and CD86, are located on the surface of the glomerular
endothelial cells as well as on the endothelial cells of the
vasa recta. The expression of these adhesion molecule
proteins was up-regulated by warm ischemia/reperfu-

sion and further enhanced by the hypercreatinemic en-
vironment. CD80 and CD86 mRNA were constitutively
expressed in the rat kidneys and further up-regulated
until Day 14 after warm ischemia/reperfusion. These
results suggested that the glomerular and peritubular
endothelial cells play an important role as APCs by
expressing CD80 and CD86 in warm ischemia/reperfu-
sion injury similar to the hepatic sinusoidal endothelial
cells (Kojima et al, 2001), and that ischemia/reperfusion
and the hypercreatinemic condition can promote the
early rejection and/or inflammatory reaction in renal
transplantation. CD80 and CD86 might be a primary
target to prevent early rejection, inflammatory reaction,
and/or renal dysfunction after warm ischemia/reperfu-
sion injury in transplant surgery.

Materials and Methods

Animal Model

Fifty-four Wistar male rats with a mean weight of 168 g
(range, 140–190 g) were purchased from Kumagai Co.
(Sendai, Japan). They were maintained under free ac-
cess to conventional food and water in an air-
conditioned room. The rats were divided into three
groups: group A, sham-operated control; group B, left
renal ischemia/reperfusion (ischemia/reperfusion) group;
and group C, right nephrectomy and left renal ischemia/
reperfusion (nephrectomy-ischemia/reperfusion) group.
The animals were anesthetized by intraperitoneal injec-
tion of 50 mg pentobarbital per kilogram of body weight,
and then the left kidney was exposed via a left flank

Table 2. The Percentage of CD80, CD86, and ICAM-1 Positive Glomeruli 3 Days after 1-hour Ischemia/Reperfusion and
Nephrectomy-Ischemia/Reperfusion

Glomeruli expressing cell adhesion molecules (%)

CD80: Mean
� SD

CD86: Mean
� SD

ICAM-1:
Mean � SD

Control (n � 6) 4.0 � 3.6 6.3 � 1.5 10.0 � 2.0
Ischemia/reperfusion (n � 6) 33.7 � 5.1a 40.7 � 4.0a 41.7 � 2.5a

Nephrectomy-ischemia/reperfusion (n � 6) 59.7 � 4.5ab 76.3 � 1.5ab 83.0 � 2.0ab

The proportions of glomeruli expressing CD80, CD86, and ICAM-1 among at least 100 glomeruli are indicated as means � SD from triplicated analyses.
a p � 0.05, compared with the control group.
b p � 0.05, compared with the ischemia/reperfusion group.

Figure 4.
CD80, CD86, and ICAM-1 mRNA levels in the renal tissue of the sham-operated
control and 1-hour ischemia/reperfusion: CD80 (a), CD86 (b), ICAM-1 (c), and
�-actin (d). Lane 1, DNA size markers; lane 2, sham-control; lane 3, 1 day; lane
4, 3 days; lane 5, 7 days; lane 6, 14 days after 1-hour ischemia/reperfusion.
The arrows indicate the size of polymerase chain reaction (PCR) products: 520
bp for CD80, 426 bp for CD86, 1388 bp for ICAM-1, and 546 bp for �-actin.

Table 3. CD80 and CD86 mRNA Levels Analyzed by
Real-Time RT-PCR in the Kidneys with
Ischemia/Reperfusion

CD80: Mean
� SD

CD86: Mean
� SD

Control (n � 3) 2.5 � 1.6 8.2 � 1.8
1 day (n � 3) 16.1 � 6.2a 139.4 � 68.3
3 day (n � 3) 16.8 � 8.8a 171.7 � 10.6a

7 day (n � 3) 14.8 � 8.1 154.1 � 60.5a

14 day (n � 3) 11.5 � 3.2 144.7 � 33.2a

All numbers indicate mRNA levels (�10�5) normalized with the �-actin
mRNA level.

a p � 0.05, compared with the control values.
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incision. In group A, the flank incision was closed without
further operation, and the rats were killed 1 hour later (n
� 6). In group B, the left renal pedicle was occluded with
a microvascular clip for 1 hour (n � 24), and then the left
kidney was reperfused by removing the microvascular
clip. In group C, the rats received right nephrectomy via
a right flank incision followed by 1-hour ischemia oper-
ation on the left kidney as described above (n � 24). The
flank incisions were closed after those procedures. The
left kidneys, blood samples, and spleens were obtained
via an abdominal midline incision under the same anes-
thesia at 1, 3, 7, or 14 days after reperfusion (six rats per
experimental time). The protocols of the present exper-
iments were approved by the Animal Research Commit-
tee, Akita University School of Medicine.

Serum Creatinine Determination

An 1 ml blood sample obtained from the inferior vena
cava in each rat was centrifuged at 3000 rpm for 5
minutes, and the concentration of serum creatinine
was determined using an Olympus AU800 autoana-
lyzer (Olympus, Tokyo, Japan). Fisher least significant
difference method of ANOVA was used to assess the
statistically significant difference (p � 0.05) among
serum creatinine levels.

Immunofluorescence Staining

To avoid the intravascular blood cell reaction and to fix
the renal tissues, the descending aorta was occluded
proximally to the left renal artery and perfused with 10
ml of phosphate-buffered saline (PBS, 10 mM sodium
phosphate, pH 7.4, containing 0.15 M NaCl) via a
silicon tube (0.3 mm diameter) catheterized from the
distal aorta and then with 10 ml of 4% (w/v) parafor-
maldehyde in phosphate-buffer (PB, 100 mM sodium
phosphate, pH 7.4). The left kidney was removed,
further fixed in 4% paraformaldehyde in PB for 24
hours, and cryoprotected in 30% (w/v) sucrose in PB
for 24 hours. The tissue specimens frozen on dry ice
were cryosectioned at 10 �m in thickness. The sec-
tions were mounted on 3-aminopropyltriethoxysilane-
coated glass slides, air-dried for 1 hour at room
temperature, washed in PBS, and postfixed in 4%
paraformaldehyde in PB. After washing in PBS, the
sections were incubated in 1% (w/v) bovine serum
albumin and 0.1% (w/v) Triton X-100 (Sigma, Sigma,
Saint Louis, Missouri) in PBS (PBS-T), reacted with
primary antibody solution (1:100 dilution) for 60 min-
utes, and incubated in PBS-T containing secondary
antibody (1:100 dilution in PBS-T) for 30 minutes. The
tissue sections were stained with fluorescein isothio-
cyanate (FITC)- or tetramethylrhodamine isothiocya-
nate (TRITC)-labeled tertiary antibody (1:100 dilution in
PBS-T) for 30 minutes, and followed by washing with
PBS. Antibodies used in this study were as follows:
mouse monoclonal anti-rat CD80 antibody (Pharmin-
gen, San Diego, California), mouse monoclonal anti-
rat CD86 antibody (Pharmingen), mouse monoclonal
anti-rat ICAM-1 antibody (Pharmingen), rabbit poly-
clonal anti-human von Willebrand factor antibody

(DAKO Co., Carpinteria, California) (Pupilli et al, 1997),
rabbit anti-mouse IgG antibody (Sigma), goat anti-
rabbit IgG antibody (Sigma), FITC-labeled anti-rabbit
or anti-goat IgG antibody (Sigma), and TRITC-labeled
anti-rabbit or anti-goat IgG antibody (Sigma). Several
sections of each kidney stained using FITC-labeled
antibody were counterstained with 0.2 �g/ml of pro-
pidium iodide in PBS. Fluorescence signals were
analyzed using a confocal laser scanning microscope
LSM-410 and LSM system soft version 3.70 (Carl
Zeiss, Oberkochen, Germany).

Estimation of CD80, CD86, and ICAM-1 Positive
Glomeruli at Day 3 after Ischemia/Reperfusion

Cryosections were prepared 3 days after ischemia/
reperfusion from one third of the left kidney in sham-
control and nephrectomy-ischemia/reperfusion groups
and stained for CD80, CD86, or ICAM-1, as described
above, except for the use of biotinylated secondary
antibody and avidin-biotinylated horseradish peroxidase
complex in Vectastain ABC Kit (Vector Laboratories, Inc.,
Burlingame, California). Immunoreaction was visualized
by peroxidase reaction with diaminobenzidine tetrahy-
drochloride. The number of CD80, CD86, and ICAM-1
positive glomeruli was counted among at least 100
glomeruli in each section. A significant level was defined
as p � 0.05 by Student unpaired t eligible test among
experimental groups.

RT-PCR Analyses

A part of the left kidney was quickly cut into small
pieces and frozen and stored at �80° C until further
analysis. The expression of CD80, CD86, and ICAM-1
mRNA was examined by RT-PCR. Total RNA was
isolated from the frozen kidney specimens (30 mg)
using RNeasy Mini-Kit (Qiagen, Hilden, Germany) and
used to generate the first-strand cDNA using the 1st
Strand cDNA Synthesis Kit (Boehringer Mannheim
Inc., Indianapolis, Indiana). The first-strand cDNA was
amplified by PCR using a pair of the specific upstream
and downstream primers for CD80, CD86, ICAM-1,
and �-actin, respectively, whose sequences were as
follows: 5'-CTGTCTGTCAGAGCTGACTTCCCT-3'
and 5'-CCACAGGCCCTATGTAGAGGTTCT-3' for
CD80, 5'-TGCTCATCTAAGCAAGGATACCCG-3' and
5'-CGACTCGTCAACACCACTGTCCTG-3' for CD86,
5'-GGGTTGGAGACTAACTGGA-3' and 5'-CCTCTG-
GCGGTAATAGGTG-3' for ICAM-1, and 5'-TTGTA-
ACCAACTGGGACGATATGG-3' and 5'-ATCGGAAC-
CGCTCATTGCC-3' for �-actin, respectively. The PCR
conditions were as follows: 94° C for 5 minutes, fol-
lowed by 35 cycles of 94° C for 1 minute, 57° C for 1
minute, and 72° C for 1 minute, followed by a final
cycle of 72° C for 5 minutes. The PCR products were
electrophoresed on 1% agarose gel containing 1
�g/ml of ethidium bromide, and the product size was
evaluated using DNA size markers. The total RNA
preparation from the rat spleen tissue was used as a
positive control for the detection of CD80, CD86, and
ICAM-1 by RT-PCR, respectively.
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To further estimate the quantitative mRNA levels of
CD80 and CD86, total RNA was extracted using
TRIZOL Reagent (Life Technology Inc., Grand Island,
New York) from the frozen part of kidney specimens,
and then poly (A)� RNA was isolated using Oligotex
dT30 (Takara, Tokyo, Japan). The first-strand cDNA
was generated by reverse transcription reaction using
MMLV reverse transcriptase (Life Technology Inc.) and
the poly (A)� RNA preparation as templates. The
cDNA was amplified by real-time PCR using a Light-
Cycler (Roche Diagnostics, Indianapolis, Indiana) with
the specific upstream and downstream primers for
CD80 and CD86 mRNA analysis under the following
reaction condition: denaturation at 95° C for 2 min-
utes, and then 40 cycles of denaturation at 95° C for 0
seconds, annealing at 55° C for 5 seconds, and ex-
tension at 72° C for 15 seconds. The sequences of the
upstream and downstream primers for CD80, CD86,
and �-actin were as follows: 5'-GGCATTGCTGTC-
CTGTGATTAC-3' and 5'-ACTCAGTTATGTTGGGGG-
TAGG-3' for CD80; 5'-GCTCGTAGTATTTTGGCAGG-
ACC-3' and 5'-CGGGTATCCTTGCTTAGATGAGC-3'
for CD86; and 5'-TGAGAGGGAAATCGTGCGTGA-3'
and 5'-TCACGCACGATTTCCCTCTCA-3' for �-actin,
respectively. The product sizes for CD80 and CD86
and �-actin were 314 bp, 337 bp, and 546 bp,
respectively. The amplified products were analyzed by
the melting curve analysis and agarose gel electro-
phoresis using 1.5% gel and stained using ethidium
bromide. CD80 and CD86 mRNA levels were normal-
ized with the �-actin mRNA level in each poly (A)�
RNA preparation. Significant differences were evalu-
ated using the Student unpaired t test.
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