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BaAsic AND EXPERIMENTAL RESEARCH

Attenuation of Cross-Talk Between the Complement
and Coagulation Cascades by C5a Blockade Improves
Early Outcomes After Intraportal Islet Transplantation

Kazuaki Tokodai," Masafumi Goto,"*° Akiko Inagaki,” Wataru Nakanishi,’ Norihiko Ogawa,’
Kazushige Satoh,’ Naoki Kawagishi," Satoshi Sekiguchi,” Bo Nilsson,” Noriko Okada,” Hidechika Okada,”
and Susumu Satomi’

Background. Complement 5a factor (C5a) elicits a broad range of proinflammatory effects, including chemotaxis of
inflammatory cells and cytokine release. C5a is also linked to the coagulant activity in autoimmune diseases. Therefore,
C5a most likely plays a crucial role in the instant blood-mediated inflammatory reaction.

Methods. Intraportal transplantation of 2.5 islet equivalents/g of syngeneic rat islet grafts was performed in two groups
of streptozotocin-induced diabetic rats: controls and C5a inhibitory peptide (C5aIP)-treated group.

Results. The thrombin-antithrombin complex was significantly suppressed in the C5alP group (P=0.003), and both
the curative rate and the glucose tolerance were significantly improved in the C5alP group (P<0.05 and P<0.005,
respectively). Expression of tissue factor on granulocytes in recipient livers was up-regulated 1 h after islet infusion
(P<0.0001), which was significantly suppressed by C5alP (P<0.005). However, C5alP was unable to regulate tissue
factor expression on isolated islets. Furthermore, no differences were detected between the groups, regarding infiltra-
tion of CD11b-positive cells and deposition of C5b-9 on the islet grafts.

Conclusions. These data suggest that C5alP attenuates cross-talk between the complement and coagulation cascades
through suppressing up-regulation of tissue factor expression on leukocytes in recipient livers but not on islet grafts, a
process leading to improvement in islet engraftment. Therefore, C5alP in combination with conventional anticoagu-
lants could be a strong candidate strategy to control the instant blood-mediated inflammatory reaction induced in
clinical islet transplantation.

Keywords: Islets, Transplantation, Complement, C5a, Tissue factor.

(Transplantation 2010;90: 1358-1365)

slet transplantation is a promising clinical strategy for type
1 diabetic patients. Although the protocol, introduced by
Shapiro et al. (1), has greatly improved the clinical outcomes
using this strategy, islets derived from, on average, two to four
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donor pancreata are still needed to cure a diabetic patient.
The instant blood-mediated inflammatory reaction (IBMIR),
characterized by activation of both the coagulation and com-
plement cascades, is one of the major obstacles to successful
islet engraftment (2—4). We have shown that a low-molecular
weight dextran sulfate efficiently attenuates xenogeneic
IBMIR triggered by porcine islets (3, 5). However, it was also
found that low-molecular weight dextran sulfate alone was
less effective in inhibiting complement activity but effective as
an anticoagulant (5, 6).

In the complement system, complement 5a factor
(C5a) is well known to elicit a broad range of proinflamma-
tory reactions including chemotaxis, cell activation, and
cytokine release (7—10). However, few studies have been per-
formed on how C5a influences the IBMIR. Recent studies
have demonstrated that there is an interaction between the
coagulation and complement systems in several situations
(11, 12). Of special interest is that C5a, through its receptor
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C5aR, has been shown to mediate the exposure of tissue fac-
tor (TF) on neutrophils, and thereby significantly enhance
the procoagulant activity in them (I13). Therefore, in islet
transplantation, the regulation of C5a might contribute to the
suppression of the IBMIR through TF inhibition in the host
neutrophils or by preventing proinflammatory reactions.

It is well known that there are two types of receptors, C5aR
and C5L2, for C5a (14). C5a is known to mediate its proinflam-
matory effects through interaction with C5aR, which was
reported to be expressed by various cells (15). C5L2 has been
regarded as a default receptor for C5a (14, 16, 17). However, re-
cent studies have suggested that C5L2 is capable of mediating the
biologic activities of the complement anaphylatoxins C5a and
C3a through mitogen-activated protein kinase activation
(18, 19). Rittirsch et al. (20) reported that the role of C5L2 is
specifically linked to the release of high-mobility group box 1
(HMGBL1), which has been identified recently as a potent lethal
and procoagulant mediator (21-23). Furthermore, it was re-
ported that pancreatic islets contain abundant HMGBI1, which
can be released into the circulation soon after islet transplanta-
tion into the liver (24).

C5a inhibitory peptide (C5alP), a complementary pep-
tide (ASGAPAPGPAGPLRPMF: m.w. 1594 Da) against an
active region of C5a (RAARISLGPRCIKAFTE), has been
shown to inhibit the intracellular Ca’* mobilization in neu-
trophils and is effective to inhibit rapid lethal endotoxin
shock in two rat models (7, 25). C5alP, unlike the antibody to
C5a, seems to be free from detrimental side effects because of
its extremely low molecular mass and short half-life. C5alIP is
currently in a phase II clinical trial for the treatment of sepsis.

In this study, we sought to evaluate the effect of C5alP on
islet engraftment. To elucidate the potential direct effect of
C5alP on islet grafts, we also analyzed the expression of comple-
ment receptors on isolated islets. We found C5a-derived TF, in-
duced on the granulocytes of the recipients, as a novel target to
inhibit the IBMIR. This shows that attenuation of cross-talk be-
tween the complement and coagulation cascades improves early
outcomes after intraportal islet transplantation.

RESULTS

Inhibition of the IBMIR by C5aIP
The coagulation products, thrombin-antithrombin
complex (TAT), regarded as the key marker of the IBMIR,
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increased immediately, peaked at 1 h after the islet infusion,
and thereafter gradually decreased to the basal levels in the
absence of C5alP (Fig. 1A). Both the peak value and the area
under the curve (AUC) of TAT were significantly suppressed
in the presence of C5alP (peak: 9.9+3.4 vs. 19.2£9.0 ng/mL,
P=0.01; AUC: 1664%526 vs. 3487*1516 min ng/mL,
P=0.003; Fig. 1A, B). At any time points examined during
24 h after islet transplantation, significant differences were
not observed between the two groups for any of the cytokines
investigated.

Effect of C5alP on the Islet Engraftment

All diabetic rats used in this study were severely hyper-
glycemic (>400 mg/dL) before transplantation. Although
none of the animals transplanted with 2.5 islet equivalents
(IEQs)/g of recipients became normoglycemic, 4 of 6 rats
(66.7%) transplanted with the same number of islets in the
C5alP group became normoglycemic during the study period
(P<<0.05; Fig. 2A). The glucose tolerance response was signif-
icantly ameliorated in the C5alP group than that in control
group (AUC: 20,396+2683 vs. 25,940+2021 min mg/dL,
P<0.005; Fig. 2B). Furthermore, the insulin amount in the
liver of the recipients was considerably higher in the C5alIP
group (17.7+12.1 vs. 5.6 4.1 ng/IEQ, P=0.06; Fig. 2C). No-
tably, the body weight of the recipients was not affected by the
treatment.

CS5alP Suppresses TF Expression on
Granulocytes in the Recipient Livers After
Intraportal Islet Transplantation

To elucidate the mechanism by which C5aIP effectively
suppressed the coagulant activity, TF expression on granulocytes
in the livers of the recipients was examined using fluorescence-
activated cell sorting (FACS) analysis (Fig. 3A-D). Granulocytes
were separated from the hepatic mononuclear cells by both for-
ward scatter and side scatter in FACS analyses. The expression of
TF on granulocytes was up-regulated within 1 h after islet infu-
sion (P<<0.0001), and the up-regulation was significantly sup-
pressed by C5alP (P<0.005).

Expression of Complement Receptors on
Pancreatic Islets

Although C5a receptor (C5aR) was not detected in the
pancreatic tissues before isolation procedures, both C5aR and
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Contro!

Inhibition of the instant blood-mediated inflammatory reaction by C5a inhibitory peptide (C5alP) after intraportal

islet transplantation. The ethylenediaminetetraacetic acid (EDTA)-treated blood was drawn from a jugular vein catheter of the
transplanted rats treated with saline (square) or C5alP (diamond) at varying time points after syngeneic islet transplantation. In
addition, EDTA blood drawn from the rats to which the transplantation was not done served as a negative control (triangle).
Thrombin-antithrombin complex (TAT) levels were assessed (A). The pretransplant values were subtracted from all the values.
The area under the curve (AUC) of TAT levels was calculated (B). *Pless than 0.05; **Pless than 0.005.
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FIGURE 2. Effect of C5a inhibitory peptide (C5alP) on the islet engraftment. Pancreatic islets from Lewis rats were
transplanted into male Lewis rats that were rendered diabetic by streptozotocin (65 mg/kg intravenously [IV]). (&) Diabetic
animals received 2.5 islet equivalents (IEQs)/g of islets with saline (square: control group) or 2.5 IEQs/g of islets with C5alP
(diamond: CBalP group). Serial blood glucose levels were measured. Recipients whose nonfasting blood glucose levels at
less than 200 mg/dL on two consecutive measurements were considered to be cured (*P=0.038). p-glucose (1.0 g/kg body
weight) was infused IV at 4 weeks after islet infusion, and the blood glucose concentrations were measured before and at 5,
10, 20, 30, 60, 90, and 120 min after the glucose injection. The area under the curve (AUC) was calculated (B). After the
intravenous glucose tolerance test (IVGTT), the recipient livers were retrieved, and hepatic insulin content per transplanted
IEQs was evaluated (C). *Pless than 0.05; **P less than 0.005.

C5L2 were expressed on the isolated islets (C5aR:
7.91%*2.83%; C5L2: 2.45%*1.34%). The expression of
both C5a receptors on the isolated islets was markedly up-
regulated by proinflammatory cytokines (C5aR: 90% up,
C5L2: 75% up, respectively). In addition, most of the C5aR-
positive cells in isolated islets also expressed CD11b
(78.2%*5.4%). By contrast, C3a receptor was expressed
minimally on isolated islets (0.44%+0.38%).

C5alP is Unable to Regulate TF Expression on
the Isolated Islets

Because both C5a receptors are expressed on the iso-
lated islets, the relevance between C5a and TF expression in
the islet grafts was examined using FACS analysis. The expres-
sion of TF on the isolated islets was up-regulated by 1 h incu-
bation with syngeneic serum (P=0.01), whereas no difference
was observed by culturing with recombinant C5a. Further-
more, the up-regulation of TF induced by serum was not
inhibited by C5alIP (Fig. 3E-T).

Infiltration of CD11b-Positive Cells and
Deposition of C5b-9 on the Islet Grafts

Immunohistochemical staining of islet grafts was scored
semiquantitatively according to representative examples shown
in Figure 4A. As summarized in Figure 4(B and C), no difference
was detected between the C5alP group and the control group
regarding the infiltration of CD11b-positive cells (1.08+1.01 vs.
0.92+0.99; Fig. 4B) and the deposition of C5b-9 (0.99+0.79 vs.
0.800.89; Fig. 4C) on the islet grafts.
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The Synergistic Effect of C5aIP Combined With
Gabexate Mesilate on Islet Engraftment

C5alP is unable to regulate the expression of TF on
isolated islets. Therefore, gabexate mesilate was combined
with C5alP to suppress effectively the coagulant activation
derived from TF expression on the islet grafts. As shown in
Fig. 5, all rats transplanted with 2.5 IEQs/g of islets in the
combination group became normoglycemic, whereas only 2
of 6 rats (33.3%) transplanted with the same number of islets
in the gabexate group became normoglycemic during the
study period (P<<0.05).

DISCUSSION

C5alP has been shown to improve early outcomes after
intraportal islet transplantation by attenuating cross-talk be-
tween C5a and TF on granulocytes in the host livers. The bene-
ficial effects of C5alP were further enhanced by combining it
with conventional anticoagulants such as gabexate mesilate.

The TAT levels, regarded as the key marker of IBMIR,
were significantly suppressed, and islet engraftment was sig-
nificantly improved by using C5alP alone. Johansson et al.
(26) reported that low TAT levels were associated with a high
C-peptide production in clinical islet transplantation. Thus,
the results of this study were in accord with clinical data. We
thus far reported that complement activation occurs second-
arily to coagulant activation most likely based on TF expres-
sion on islet grafts in the IBMIR (3, 27). Recent report by
Huber-Lang et al. (28) also supports our finding. Unexpect-
edly, C5aIP alone had significant effects on the inhibition of
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coagulant activity in this study. In recent years, many re-
searchers have reported a potential interplay between com-
plement and coagulation cascades (29-31). Ritis et al. (13)
found C5aR-TF cross-talk on neutrophils in an autoimmune
model. In our study, TF expression on granulocytes in the
recipient livers was up-regulated within 1 h of the islet infu-
sion. The finding that TF is expressed not only on the islet
grafts (4) but also on the activated leukocytes in the hosts after
islet transplantation indicates to us the possibility that TF,
induced on the recipient granulocytes, could be a novel target
to inhibit the IBMIR. Notably, the up-regulated TF was effec-
tively suppressed by C5alP alone. In contrast, C5alP had only
a marginal effect on cytokine inhibition, on suppressing
the infiltration of CD11b-positive cells, and on the depo-
sition of C5b-9 to the islet grafts. These results suggest that
C5alP improved islet engraftment through an interruption
of cross-talk between the complement and coagulation
cascades and not through suppressing proinflammatory
mediators or preventing islet damage by leukocyte infiltra-
tion or C5b-9 deposition.

Another important issue to clarify was whether C5alP
has any beneficial effects directly on the islet grafts, because
TF is expressed on the surface of isolated islets (4). To exam-
ine the potential effect of C5a on islet grafts, we first analyzed
the expression of complement receptors on pancreatic tissues
and isolated islets. Both C5aR and C5L2, unlike C3aR, were
expressed on isolated islets, whereas C5aR was not detected
on pancreatic tissues before isolation procedures. These find-
ings suggest that C5aR on the isolated islets could be induced
during preservation or isolation procedures or both. Corrob-
orating our findings, Lewis et al. (32) also reported that C5aR
expression in cadaveric kidneys correlated positively with
cold ischemia time. Based on the above findings, the potential
cross-talk between C5a and TF on isolated islets was investi-
gated. TF expression on isolated islets was significantly up-
regulated by incubating with syngeneic serum but not by
recombinant C5a. Notably, C5alP was unable to suppress the
up-regulated TF, despite its strong effect on TF inhibition in
the recipient granulocytes. We speculate that TF expression
on islet grafts could be increased immediately after having
contact with the recipient’s blood. Therefore, it is more likely
that another anticoagulant treatment, one not focused on
C5a, is required to regulate coagulant activation derived from
TF expressed on the grafts. In this study, curative rate of dia-
betic rats was increased by combining C5alP with gabexate
mesilate, a clinically available anticoagulant.

Apart from the cross-talk between complement and co-
agulation cascades, C5a also plays a variety of crucial roles
such as chemotaxis of leukocytes and cytokine induction. In
particular, Rittirsch et al. (20) have recently reported that C5a
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interaction with C5L2, a secondary receptor for C5a, triggers
HMGBI release, which was identified as a lethal mediator of
sepsis (21-23). Few differences were observed in the plasma
HMGBI levels after the islet infusion in the presence or ab-
sence of C5alP. One possible explanation is the structural
specificity of C5alP. It is likely that C5alP can specifically
block the reaction of C5a with C5aR, but not with C5L2,
because C5alP was designated as the complementary peptide
against an active region of C5a that is expected to play a cru-
cial role when C5a binds to C5aR (7). The function of C5L2
per se is still controversial, and the role of C5L2 in islet trans-
plantation also remains uncertain. Therefore, these issues are
topics of interests for future study.

It has recently been reported that complement activation
might be an essential entity of the damage induced by the IBMIR
in an in vitro model (33). However, in this study, islet engraft-
ment was markedly improved by introducing C5alP despite that
complement terminal products were not regulated. This finding
suggests that the regulation of C5a-induced inflammatory re-
sponses could be more important to suppress the IBMIR. There-
fore, the direct cytolytic role by complement terminal products
on islet engraftment, at least in the present model, may not be
crucial, although further in vivo investigations are required.

In summary, C5alP attenuates cross-talk between the
complement and coagulation cascades through suppressing
the up-regulation of TF expression on leukocytes in the re-
cipient livers, findings correlated with an improvement in
islet engraftment. Therefore, C5alP in combination with con-
ventional anticoagulants, such as gabexate mesilate, are a
good strategy to control the IBMIR induced in clinical islet
transplantation, although the ideal regimen still needs to be
determined in a clinical setting.

MATERIALS AND METHODS

Animals

All the animals in this study were handled in accordance with the Guide
for the Care and Use of Laboratory Animals published by the National Insti-
tutes of Health (34). Male Lewis rats (Japan SLC Inc., Shizuoka, Japan) were
used as islet donors and recipients.

Islet Isolation and Transplantation

Islet isolation and culture were performed as previously reported (35).
Diabetic Lewis rats underwent intraportal islet transplantation after receiv-
ing isoflurane (Abbott Japan Co., Ltd., Tokyo, Japan) for anesthesia. Rat
islets were infused in a total volume of 1 mL into the recipient liver through
the portal vein using a 25-gauge insulin syringe.

Experimental Groups
Syngeneic rat islet grafts were transplanted intraportally into two groups
of streptozotocin-induced diabetic rats: controls and CSalP (Biologica

FIGURE 3. Continued Flow cytometry evaluation of tissue factor (TF) on the granulocytes in the liver of recipient rats,
and on the isolated islets. (A-C) Cells prepared from the livers of diabetic rats. The expression of TF (black histograms) on
liver granulocytes from diabetic rats that received no islets and were treated with saline (A, Islet Tx[—]) and diabetic rats
that received 10 islet equivalents/g of islets and were treated with saline (B, Islet Tx) or treated with CBalP (C, Islet
Tx-+Cb5alP). A mouse isotype control was used as a negative control (gray histograms). Mean percentages of positive
cells+SD were compared among the three groups (D). *P less than 0.05; **P less than 0.005; ***P less than 0.0001. (E-H)
Cells prepared from isolated islets. Expression of TF (black histograms) on isolated islets that were cultured for 1 h with
medium alone (E, medium), with medium supplemented with recombinant C5a (F, medium+rC5a), with syngeneic serum
(G, Serumy), or with syngeneic serum supplemented with CBalP (H, serum- C5alP). Mean percentages of positive cells +~SD

were compared among the four groups (I).
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FIGURE 4. Immunohistochemical analyses. Islet cells were retrieved from the liver treated with saline (control group,
n=3) or with C5a inhibitory peptide (C5alP) (C5alP group, n=3) at 3 h after islet transplantation (10 islet equivalents/g). In
the each experimental group, more than 70 sections were stained with anti-CD11b or anti-C5b-9 antibody and were scored
by blind evaluation with regard to the antibody used using a semiquantitative scoring scheme. Representative photomi-

crographs are shown (A). The results of scoring are compared between the two groups (B and C).
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FIGURE 5. Synergistic effect of C5a inhibitory peptide
(C5alP) combined with gabexate mesilate on the islet en-
graftment. A total of 2.5 islet equivalents/g of islets from
Lewis rats were transplanted into male Lewis rats that were
rendered diabetic by streptozotocin (65 mg/kg intrave-
nously). Diabetic animals were treated with saline (square),
C8alP (diamond), gabexate mesilate (cross), or C5alP and
gabexate mesilate (triangle).

Co.,Ltd., Nagoya, Japan)-treated group (n=11, respectively). The C5alP
group was treated with a bolus dose of C5alP (4 mg/kg) followed by a con-
tinuous infusion (0.33 mg/kg/h) for 1 day. The recipients that were injected
with equivalent amounts of saline served as controls.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Blood Analyses

After islet infusion, blood was collected through a tube inserted into the
jugular vein at 0, 0.5, 1, 3, 6, and 24 h. Anticoagulated blood with 10 mM
ethylenediaminetetraacetic acid was centrifuged immediately for 10 min at
8000g. The plasma was frozen at —80°C. Plasma levels of TAT, HMGBI,
interleukin (IL)-6, and monocyte chemoattractant protein-1 were deter-
mined using Enzygnost TAT micro (Dade Behring, Tokyo, Japan), HMGB1
Kit IT (Shino-Test Corporation, Kanagawa, Japan), Endogen Rat IL-6 Kit
(Pierce Biotechnology, Inc., Rockford, IL), and Endogen Rat MCP-1 Kit
(Pierce Biotechnology), respectively.

Induction and Diagnosis of Diabetes in the
Recipients

Diabetes was induced by intravenous injection of streptozotocin (65 mg/
kg) 7 days before surgery. Rats whose nonfasting blood glucose levels were at
more than or equal to 400 mg/dL on two consecutive measurements were
considered diabetic (36). Serial blood glucose levels were determined and
recipients whose nonfasting blood glucose was less than 200 mg/dL on two
consecutive measurements were considered to be cured.

Intravenous Glucose Tolerance Test
Intravenous glucose tolerance test was performed 4 weeks after islet infu-
sion. D-glucose (1.0 g/kg) was infused intravenously, and the blood glucose
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concentrations were determined before and at 5, 10, 20, 30, 60, 90, and 120
min after the glucose injection.

Insulin Amount in the Liver of the Recipients

Recipient livers were retrieved and homogenized in 5 mL of deionized
water at 4°C. After adding 25 mL of deionized water and 75 mL 0f0.18 M HCl
in 96% ethanol, the homogenate was stored at 4°C for 24 h and was then
centrifuged at 2150 g for 10 min. The resulting supernatant was stored at
—80°C. The insulin concentration in a supernatant was evaluated using a
commercial ELISA kit (Mercodia, Uppsala, Sweden).

Single Cell Preparation of Pancreatic Islets
The isolated islets were dispersed into individual cells by treatment with
Accutase (Innovative Cell Technologies, San Diego, CA) at 37°C for 4 min.

Preparations of Hepatic Leukocytes

Rat hepatic leukocytes were prepared by anesthetizing the animals with isoflu-
rane. They were killed by total bleeding from the incised axillary artery and vein.
The liver was excised, cut into small pieces, pressed through a cell strainer mesh
with the diameter of 70 1um (Becton Dickinson, Mountain View, CA), and sus-
pended in phosphate-buffered saline (PBS) supplemented with 0.5% bovine
serum albumin (BSA). Leukocytes were separated from parenchymal and non-
parenchymal cells by 36% Percoll gradient centrifugation.

Flow Cytometry Analysis

Single cells (2><10%) suspended in PBS with 0.5% BSA were incubated with
antibody for 30 min at 4°C on ice in the dark and subsequently washed and
suspended in PBS with 0.5% BSA. The expression of C3aR, C5aR, and C5L2
on the rat islet surfaces was detected by FACSCalibur flow cytometry analysis
(Becton Dickinson) using a monoclonal antibody to rat C3areceptor (Hycult
biotech, Uden, Netherlands) followed by a goat anti-mouse [gG1 (Beckman
Coulter, Miami, FL), a complement component 5a Receptor 1/CD88 mouse
monoclonal antibody (Lifespan Biosciences, Atlanta, GA) followed by a goat
anti-mouse IgG1, and a polyclonal antibody to rat C5L2 (Hycult biotech)
followed by a donkey anti-rabbit IgG (Beckman Coulter). As a negative con-
trol of C3aR and C5aR, a mouse IgG1 isotype control (Beckman Coulter) was
used. As a negative control of C51.2, a rabbit IgG isotype control (Beckman
Coulter) was used.

Freshly isolated islets were cultured with or without 250 pg/mL mTNF-a«
(Roche Diagnostics, Indianapolis, IN), 100 pg/mL hILI1-8 (Roche Diagnos-
tics), and 20 ng/mL mIFN-+y (Roche Diagnostics) for approximately 12 h at
37°C. Likewise, to investigate the effect of C5a, syngeneic serum, and C5alP,
the islets were incubated with the medium alone, with the medium contain-
ing 10 pg/mL recombinant C5a (Recombinant Mouse Complement Com-
ponent C5a, R&D Systems, Inc., MN), with syngeneic serum, and with serum
containing 700 nM C5alP for 1 h at 37°C. Furthermore, the expression of
CD11b and CD31 of C5aR-positive cells was examined using mouse anti-rat
CD11b antibody (LifeSpan Biosciences) and mouse anti-rat CD31 antibody
(LifeSpan Biosciences), respectively.

The expression of TF on leukocytes in recipient livers was detected by flow
cytometry analysis using Rabbit Anti-Mouse TF IgG (American Diagnostica,
Greenwich, CT), followed by secondary phycoerythrin-labeled Donkey
Anti-Rabbit 1gG (Beckman Coulter). The clinical relevant graft dose (10
IEQs/g) was applied because the rate of TF-positive cells in whole liver cells
could be expected rather low.

Immunohistochemical Staining

Pieces of pancreas were collected and snap-frozen in liquid nitrogen. The
samples were sectioned and stained with a monoclonal antibody to rat C5a re-
ceptor (Hycult biotech), followed by staining using the EnVision kit (Dako,
Denmark).

The recipient livers with islet grafts (10 IEQs/g) were retrieved 3 h after the
islet infusion. The clinical relevant graft dose was applied to raise the possi-
bility of finding the grafts in the host livers. Tissue samples were snap-frozen
in liquid nitrogen and stored at —80°C. Immunohistochemical staining was
performed using mouse anti-rat C5b-9 (Santa Cruz Biotechnology, Santa
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Cruz, CA) and EnVision kit (Dako) for C5b-9 and mouse anti-rat CD11b
(Lifespan Biosciences) and Streptavidin-APC (eBioscience, San Diego, CA)
for CD11b. The deposits of C5b-9 and the infiltration of CD11b-positive cells
on the islet grafts were divided semiquantitatively into five categories (Fig.
4A). More than 70 sections from the each experimental group were evaluated
and scored by double-blind evaluations.

Statistical Analysis

All data are expressed as the mean = SD. Statistical significance was deter-
mined using Student’s ¢ test, Mann-Whitney test, and one-factor analysis of
variance with Bonferroni post hoc test. P value less than 0.05 was considered
significant. Analysis of euglycemic conversion was performed by Kaplan-
Meier method with a log-rank test.
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