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Abstract
Background—A major unmet challenge is to reduce the islet mass needed for insulin
independence in type 1 diabetic recipients following islet transplantation. The recombinant
homodimer of human annexin V, Diannexin has completed a Phase II Clinical Trial in Kidney
Transplantation (NCT00615966).

Methods—We developed a marginal islet mass transplantation model (10-12 islets per gram of
recipient body weight) and investigated whether Diannexin prevents beta-cell apoptosis and
improves islet graft function. Diannexin was administered to islet cell donors shortly before
pancreas harvest, added to isolation reagents, and infused into recipients at the time of
transplantation and repeated daily until day 4.

Results—In the syngeneic marginal islet mass transplantation model, the median time needed to
achieve normoglycemia was reduced from 17.0 days among untreated controls to 3.5 days among
Diannexin-treated recipients (P=0.004). Histologic analysis of islet grafts harvested on day 3 post-
transplantation revealed decreased macrophage (44.7 ± 9.8% vs. 19.2 ± 3.2%, P=0.007) and T-cell
infiltration (25.9 ± 5.5% vs. 9.1 ± 1.1%, P=0.004), as well as a lower rate of islet cell apoptosis
(20.5 ± 2.8% vs. 7.6 ± 2.3%, P=0.01) with Diannexin treatment. Expression profiling of the islet
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grafts showed significantly lower levels of mRNA for the proapoptotic molecule Bid, but higher
levels of IL-6, IFN-γ, and of the immunosuppressive cytokine IL-10.

Conclusions—Our findings demonstrate that Diannexin improves the early function of marginal
mass islet grafts, and its effects are associated with reductions in inflammatory cell infiltration as
well as beta-cell death by apoptosis following islet transplantation.

Keywords
Islet transplantation; Diabetes mellitus, experimental; Diannexin/therapeutic use; Apoptosis/drug
effects; Mice

INTRODUCTION
Pancreatic islet cell transplantation may improve glycemic control in patients with type 1
diabetes (1). The need for life-long immunosuppression and the gradual decline in islet
function over time, however, limits the clinical applicability of islet cell transplantation (2).
Furthermore, up to 60% of the transplanted islets are lost in the early post-transplant period,
contributing to the need for islets from multiple pancreata to achieve insulin independence in
a single recipient (3). The need for multiple pancreata exacerbates the current shortage of
pancreas supply, and remains a critical barrier to the widespread availability of islet cell
transplantation.

During pancreas procurement, islet isolation and subsequent transplantation, islet cells are
subjected to various physiologic stressors, which ultimately lead to islet cell dysfunction and
destruction. Islets normally receive 10-15% of the blood supply in the native pancreas, even
though they only account for 1% of the organ’s weight (4). Collagenase digestion and
mechanical separation of the pancreas causes disruption of the islet microvasculature, and
places the islet under hypoxic stress. Although revascularization may begin as early as 7
days after transplantation (5), experimental evidence suggests that oxygen tension within the
islet graft can remain decreased for up to 9 months post-transplantation (6).

Prolonged hypoxic conditions, in turn, trigger inflammatory responses in the
microenvironment of the islet graft. Elevated levels of the proinflammatory cytokines such
as IL-1β, TNF-α and IFN-γ promote insulitis and induce beta-cell damage. Furthermore,
recruitment of macrophages, and production of toxic intermediates exacerbate cellular injury
and DNA damage in beta-cells (7), and activate death-signaling pathways within the islet
cells (8).

Islets possess lower levels of endogenous antioxidants such as superoxide dismutase and
glutathione peroxidase, and their defenses become easily overwhelmed under conditions of
stress (9). Since oxidative stress plays a major role in triggering islet cell death, we
previously examined the effects of SS-31, a novel peptide targeting the inner mitochondrial
membrane, on islet graft function (10). We found that SS-31 optimized the isolation process
by increasing islet cell yield and reducing islet apoptosis. In a marginal islet cell mass
transplantation model, pretreatment of pancreas donor with SS-31 resulted in prompt and
sustained achievement of normoglycemia following transplantation.

Apart from the production of toxic intermediates, the upregulation of proinflammatory
cytokines and the recruitment of macrophages also contribute to islet cell demise. The
objective of our current study is to examine the effects of Diannexin, a recombinant
homodimer of the endogenous anticoagulant molecule annexin V, on islet cell preservation
during islet isolation and immediately following transplantation. Diannexin has several
advantages, including an increased serum half-life (6-7 hours in rat and 2.5 hours in human
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circulation) and enhanced affinity compared with its endogenous monomeric counterpart
(11). Diannexin binds to phosphatidylserine residues, which are everted onto the outer layer
of the plasma membrane during the early stages of apoptosis, when cellular injury may be
reversible (12). Importantly, Diannexin has recently completed a Phase II study in kidney
transplantation (NCT00615966). The administration of Diannexin up to 400μg/kg did not
increase the frequency or severity of adverse events in recipients of marginal deceased donor
kidneys, while the incidence of delayed graft function and days on dialysis was significantly
reduced in recipients treated with 400μg/kg Diannexin compared with control subjects
treated with placebo (13). Trends for higher 24-hour urine output and estimated glomerular
filtration rates at 1 month post-transplant were also observed among Diannexin-treated
recipients (13).

In this study, we demonstrate that Diannexin improves early post-transplant islet graft
function, decreases inflammatory responses and reduces apoptotic cell death within mouse
islet isografts. Administration of Diannexin may represent a novel and immediately
adaptable strategy to reduce the islet mass required for achieving insulin independence in
type 1 diabetic recipients.

RESULTS
Effect of Diannexin on post-transplant islet graft function

Since Diannexin has been shown to engage phosphatidylserine residues on the plasma
membrane and prevent leukocyte attachment, we hypothesized that Diannexin treatment
would reduce local inflammation and enhance islet graft viability and function in-vivo. We
developed a syngeneic marginal islet mass transplantation model in which a total of 10 to 12
islets per gram recipient body weight was transplanted in the renal subcapsular space of
diabetic recipients and used this model to investigate the in-vivo efficacy of Diannexin.

Diannexin was administered to islet donors intravenously, added to isolation reagents, and
injected into the tail veins of recipient mice immediately before transplantation and on days
1 – 4 post-transplantation. Figure 1A illustrates that Diannexin reduced the median time
needed to achieve normoglycemia from 17.0 days among untreated control mice (N=21) to
3.5 days among Diannexin-treated mice (N=16) (P=0.004). The mean blood glucose levels
were substantially lower in the Diannexin-treated mice compared with untreated controls in
the early post-transplant period (Fig. 1B).

Effect of Diannexin on inflammatory cell recruitment and islet cell apoptosis
To identify the mechanisms responsible for improved islet graft function following
Diannexin treatment, we examined cellular infiltration into the islet grafts. The islet grafts
were harvested on day 3 after transplantation and immunohistochemical staining for Iba-1
protein, a specific marker for macrophages, and CD3 protein were performed on islet grafts
from control and Diannexin-treated mice. Whereas a marked mononuclear cell infiltrate can
be seen in and around the islet graft by day 3 post-transplantation in the control group, the
magnitude of cellular infiltration was significantly less in the Diannexin group (Fig. 2A).
The percentage of cells that stained positively for the macrophage marker Iba-1 was 44.7 ±
9.8% in the islet grafts from the control group (N=5) and 19.2 ± 3.2% in the grafts from the
Diannexin-treated mice (N=5; P=0.007). T-cell infiltration in to the islet graft was also
decreased with Diannexin treatment, as evidenced by 25.9 ± 5.5% and 9.1 ± 1.1% of cells
staining positively for CD3 in the control (N=6) and treated (N=6) grafts, respectively (Fig.
2A, P=0.004).

The TUNEL assay was used to detect apoptotic cells within the islet graft. The apoptotic
rate was 20.5 ± 2.8% in the islet grafts from the control mice (N=5) vs. 7.6 ± 2.3% in the
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grafts from Diannexin-treated mice (N=5; Fig.2B, P=0.01). Taken together, our histological
analyses demonstrate that Diannexin treatment is associated with a reduction in the
recruitment of macrophages and T-cells to the islet microenvironment, and a reduction in
islet cell apoptosis in-vivo.

One potential mechanism for the reduction in islet cell apoptosis observed in-vivo is that
donor pretreatment and the addition of Diannexin to islet isolation reagents resulted in the
retrieval of healthy islets with less apoptosis. We addressed this possibility by performing
the TUNEL assay on freshly isolated islets. Pretreatment of donor mice and the addition of
Diannexin to the islet isolation reagents was not associated with a reduction in islet cell
apoptosis, and an examination of 20 islets from three to four separate isolations with the use
of TUNEL assay showed a similar rate of apoptosis between the treated group and the
control group (11.4 ± 1.2% vs. 10.4 ± 1.2%, mean ± SE, N=20, P=0.42) (Fig. 3A). In accord
with data illustrated in Figure 3A, immunostaining with monoclonal antibodies directed
against cleaved caspase-3 showed that the percentage of cells expressing cleaved caspase-3
was similar between the two groups (6.8 ± 1.0% in the control group, mean ± SE, N=20 vs.
6.7 ± 1.7% in the Diannexin group, N=20, P=0.19) (Fig. 3B).

We also stained dissociated islet cells with both annexin V and TO-PRO-3 iodide and
performed dual-parameter flow cytometry analysis to investigate islet cell apoptosis at the
single cell level. Figure 3C shows data from a representative of two independent
experiments composed of 4 untreated and 3 Diannexin-pretreated islet cell samples. The
mean (±SE) percentage of viable islet cells (annexin V/TO-PRO-3 double-negative cells)
was 74.2 ± 3.4% with islets from the control mice and 71.3 ± 4.1% with islets from mice
that were pretreated with Diannexin (P=0.85). Diannexin treatment had no effects on early
apoptosis (annexin V single-positive cells; 7.7 ± 1.1% vs. 7.3 ± 1.4%; P=0.85), late
apoptosis/necrosis (annexin V/TO-PRO-3 double-positive cells; 6.6 ± 0.8% vs. 5.7 ± 1.1%;
P=0.62), or necrosis (TO-PRO-3 single-positive cells; 11.5 ± 2.0% vs. 15.7 ± 2.2%;
P=0.22).

Our data, illustrated in Figures 2 and 3, suggest that the reduction in islet cell apoptosis
observed in-vivo is not due to donor pretreatment and the addition of Diannexin to islet
isolation reagents resulting in the isolation of healthier islets with less apoptosis, and support
the hypothesis that the reduction in cellular traffic to the islet graft is responsible for the
decrease in islet cell apoptosis in-vivo.

Effect of Diannexin on mRNA expression patterns
To further characterize the molecular mechanisms associated with the beneficial effects of
Diannexin in-vivo, we studied mRNA expression patterns of islet grafts harvested on day 3
post-transplantation (Fig. 4). Absolute quantification of mRNAs using real-time quantitative
PCR assays showed that Diannexin treatment is associated with a significantly lower level
of mRNA for pro-apoptotic Bid (3-fold, P=0.03), but does not affect the mRNA levels of
Bax, Bcl-2, or Bcl-xL. In addition, the levels of mRNA for IL-10 (10-fold, P=0.03) and IL-6
(5.5-fold, P=0.03) were substantially higher, and IFN-γ transcripts modestly increased (1.8-
fold, P=0.03) in the islet grafts from Diannexin group compared to islet grafts from the
control group. Levels of IL-1β, MCP-1, ICAM-1 and HIF-1α mRNA were similar between
the two groups (P>0.05). Diannexin also appeared to upregulate the expression of heme
oxygenase-1 (HO-1) (3.6-fold) in the islet grafts, although this difference did not reach
statistical significance (P=0.07).

We also compared mRNA expression profiles of fresh islets isolated from pancreata of mice
treated with Diannexin and islets from pancreata of control mice to ascertain whether the
superior islet graft mRNA expression pattern observed in-vivo is the result of donor
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pretreatment and the addition of Diannexin to islet isolation reagents. Our investigation of
mRNA expression patterns of freshly isolated islets showed that there are no significant
differences (P>0.05) between the Diannexin-treated group and control group in the number
of transcripts for the pro-apoptotic Bid and Bax, the anti-apoptotic Bcl-2 and Bcl-xL, the
cytokines IL-1β and IL-6, and HIF-1α, HO-1 (Fig. 5).

DISCUSSION
The islet isolation and transplantation procedures induce ischemic, cytokine, and oxidative
stress, resulting in pancreatic beta-cell dysfunction and destruction. Our findings
demonstrate that Diannexin decreases inflammatory cell infiltration, alters cytokine
expression profiles, and reduces apoptotic cell death within transplanted islet isografts and
improves early post-transplant islet graft function.

Diannexin is a biosynthesized homodimer of human annexin V, an endogenous protein with
anti-thrombotic properties, joined by a non-immunogenic peptide linker (11). The dimeric
molecule binds externalized phosphatidylserine residues on the surface of early apoptotic
cells, thereby suppressing the attachment of leukocytes and platelet aggregates (12). In
preclinical models of liver and muscle ischemia-reperfusion injury (IRI), Diannexin has
been found to inhibit the attachment and transmigration of leukocytes across the endothelial
cell wall (12,14-15). Through the inhibition of inflammatory responses, Diannexin is
capable of limiting tissue damage following IRI (12,14). Although islet cell transplants
differs from the liver and muscle models in that no direct blood flow is established at the
time of transplantation, our findings suggest that Diannexin nonetheless attenuates hypoxia-
induced injury among grafted islets.

In the Phase II clinical trial in kidney transplantation, the effects of Diannexin were most
prominent in the early post-transplantation period, with a reduction in the need for dialysis
during the first week (13). In our murine studies, the superior islet graft function associated
with Diannexin treatment was observed only in the early post-transplantation period, and the
glucose levels were similar in the Diannexin-treated group and the control group at later
time points. While the basis for our findings is not resolved by our study, it is possible that
revascularization over time optimized islet graft function in the control group and minimized
the benefit observed due to a reduction in apoptosis in the Diannexin-treated group. This
hypothesis requires further investigation.

In our histologic analysis, an extensive inflammatory infiltrate was seen around the mouse
islet isograft by day 3 post-transplantation, consistent with findings from previous studies of
islet graft architecture following transplantation (5,16). Macrophages within pancreatic islets
produce toxic intermediates and cause beta-cell injury (17-18). In our study, macrophage
and T-cell recruitment was noticeably reduced among islet grafts harvested from Diannexin-
treated recipients. Importantly, Diannexin treatment increased the expression level of the
anti-inflammatory cytokine IL-10 by 10-fold. IL-10 is a potent immunosuppressive cytokine
and is believed to protect against beta-cell destruction and delay autoimmune diabetes in
nonobese diabetic mice (19-20).

The expression of IL-6 mRNA was also increased by 5.5-fold in islet grafts receiving
Diannexin treatment. IL-6 is an acute phase reactant and a pleiotropic cytokine playing a
central role in hematopoiesis, host defense, and in modulating inflammation (21). The
elevated expression of IL-6, along with IL-8 and MCP-1, has been found to coincide with
impaired insulin secretory function in human islet isolates (9). However, other studies have
implicated IL-6 in the suppression of beta-cell apoptosis by upregulating Bcl-xL and by
reducing nitric oxide (NO) production (22-23). Furthermore, IL-6 has been widely reported
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to be protective against IRI in the liver (21,24-26). Therefore, IL-6 may play a beneficial
role in islet transplantation, but its principle effects and precise mechanisms of action await
further elucidation.

In the present study, HO-1 mRNA was upregulated in the Diannexin group. Treatment with
Diannexin has also been shown to increase intragraft expression of HO-1 in a syngeneic rat
liver transplantation model (12). HO-1 is a ubiquitous stress protein induced in response to
IL-1β, TNF-α, and NO. During islet isolation, HO-1 is upregulated and provides antioxidant
activity, protecting beta-cells from cytokine-mediated apoptosis and oxidative stress. In a
rodent marginal islet mass transplantation model, the administration of HO-1 alone has been
shown to reduce the time needed to achieve normoglycemia (27).

While the extracellular release of proinflammatory cytokines initiates beta-cell death via the
extrinsic pathway of apoptosis, intrinsic cues of cellular stress such as hypoxia, ROIs, DNA
damage and nutrient deprivation activate the mitochondrial pathway regulated by BCL-2
proteins (28). Previous experiments in our laboratory have demonstrated that islet cells
express pro-apoptotic Bax at a higher level compared with antiapoptotic Bcl-2 (29), a
finding corroborated by the mRNA profiling results in our current study. The reduced Bcl-2
to Bax ratio, along with lower levels of endogenous antioxidants (9), renders islet cells
exceptionally vulnerable to apoptotic death upon exposure to conditions of stress.

By decreasing inflammatory cell recruitment and altering the cytokine profile within the
islet microenvironment, Diannexin appears to prevent beta-cell death following islet
transplantation by targeting the extrinsic pathway of apoptosis. The mitochondrial pathway
may also be involved based on the downregulation of Bid (30) and the upregulation of HO-1
in Diannexin-treated animals. Nevertheless, Diannexin does not completely abrogate
apoptosis within islet grafts, and recent evidence suggests that agents targeting both the
extrinsic and intrinsic pathways may be more efficacious in promoting beta-cell survival
(28). A combination of Diannexin and SS-31 treatments, therefore, may enhance beta-cell
protection and reduce islet mass requirements in islet transplantation.

We have initiated studies to investigate whether Diannexin treatment prevents allograft
rejection. Islets from C57BL/6 donor mice were transplanted into diabetic BALB/c
recipients, and the recipients were either treated with Diannexin (number of recipients = 6)
or untreated (N=5). The blood glucose levels were lower in the Diannexin-treated mice in
the initial few days after transplant compared to untreated control mice, but this difference
was not observed after day 8 post-transplantation, and the median islet allograft survival was
similar between the Diannexin group and the control group (14 days vs. 15 days, P>0.05).
Our findings suggest that Diannexin alone is insufficient to counter the potent immune
responses elicited in the presence of an allograft. It is possible, however, that the Diannexin-
associated lessening of inflammation may potentiate tolerogenic interventions.

In summary, Diannexin inhibits cellular traffic to the islet graft, reduces beta cell apoptosis,
and improves early islet graft function. Since Diannexin has completed a Phase II study in
kidney transplantation, our research strategy may be immediately translatable to help reduce
the islet mass requirements for achieving insulin independence in type 1 diabetic recipients.

METHODS
Animals

Male BALB/c mice were purchased from Charles River Laboratories (Wilmington, MA) at
10-12 weeks of age. Mice were housed in a pathogen-free facility and used according to the
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guidelines set forth by the Institutional Animal Care and Use Committee at Weill Cornell
Medical College.

Male BALB/c mice at 12-18 weeks of age were used as both islet donors and islet graft
recipients. Recipient mice were rendered diabetic by a single intraperitoneal injection of
streptozotocin (Sigma Aldrich, St. Louis, MO) at 160-210 mg/kg. Blood glucose levels were
monitored by tail-vein bleed using Precision Xtra test strips (Abbott Laboratories, Abbott
Park, IL). Diabetes was confirmed by two consecutive blood glucose readings >300mg/dl.

Islet isolation and transplantation
Islet isolation was performed as described (31). Briefly, the donor pancreas was distended
by infusing 0.75mg/ml of collagenase solution into the common bile duct. The pancreas was
then removed and incubated at 37°C for 13-15 minutes, and islets were separated by Ficoll
density centrifugation.

A syngeneic marginal mass islet transplantation model was developed after extensive
titration experiments in our laboratory. In this study, we transplanted 10-12 islets per gram
body weight (200-300 islets per animal) under the renal capsule of diabetic BALB/c
recipients. Return to normoglycemia was defined as three consecutive blood glucose
measurements <200 mg/dl.

Administration of Diannexin
Diannexin was administered to islet donors, added to isolation reagents, and given to islet
graft recipients assigned to the Diannexin treatment group. BALB/c donor mice received
400μg/kg Diannexin by tail-vein injection 30 minutes prior to pancreas harvest for islet
isolation. All reagents used for islet isolation were supplemented with 100ng/ml of
Diannexin. The recipient mice were treated with 400μg/kg Diannexin intravenously
immediately before transplantation, then daily for 4 days.

Measurement of mRNA by real-time quantitative polymerase chain reaction (PCR) assay
RNA was extracted using the PureLink™ Micro-to-Midi Total RNA Purification System
(Invitrogen, Carlsbad, CA). Levels of mRNA were measured by a real-time quantitative
PCR assays developed and validated in our laboratory (29).

Determination of islet cell apoptosis by flow cytometry
Islet cells were dissociated into single cells by incubation with trypsin-EDTA for 5 minutes.
The dissociated islet cells were incubated with annexin V-FITC (annexin V) for 15 minutes
at room temperature, and TO-PRO-3 iodide was added immediately before analysis.
Samples were analyzed on FACSCalibur flow cytometer (BD Biosciences, San Jose, CA).
Dual-parameter flow cytometry was used to categorize cells as described (32).

Immunohistology
Freshly isolated islets or islet graft-bearing kidney specimens were fixed in 4%
paraformaldehyde, and all histologic staining was performed using protocols established at
the Memorial Sloan-Kettering Cancer Center Molecular Cytology Core facility. Paraffin-
embedded sections were processed for immunohistochemistry using Discovery staining
module (Ventana Medical Systems, Oro Valley, AZ) after incubation with commercial
rabbit anti-mouse cleaved caspase-3, Iba-1 and CD3 antibodies. Control sections stained
with purified rabbit immunoglobulin (Ig) G were included in each experiment. Cells
undergoing apoptosis were detected by the terminal deoxynucleotide transferase-mediated
dUTP nick-end labeling (TUNEL) assay.
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One or two representative histologic sections from different locations within each islet graft
were included in the analysis. For the assessment of islet cell sections, a total of 20 islets
from three or four separate isolations were analyzed. Using the MetaMorph 7.0 image
analysis software (Molecular Devices, Downingtown, PA), the area occupied by positively
stained cells in each high-powered field image was measured, and divided by the area
occupied by islet cells in the same image to obtain the percentage of positive cells.

Statistical Analysis
All data are expressed as mean ± SE, and the GraphPad Prism 4.0 statistical software (La
Jolla, CA) was used for data analysis. Two-tailed P values for continuous variables were
calculated using the Mann-Whitney test, and the log-rank test was used to detect differences
in median times to normoglycemia between the treated and untreated groups.
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ABBREVIATIONS

HIF-1α hypoxia-inducible factor-1 alpha

HO-1 heme oxygenase-1

IRI ischemia-reperfusion injury

MCP-1 monocyte chemoattractant protein-1

NO nitric oxide
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Figure 1. Diannexin accelerates the reversal of hyperglycemia following marginal islet mass
transplantation
Streptozotocin-induced diabetic BALB/c mice received a marginal mass of syngeneic islets
under the kidney capsule. Diannexin was given to donors, added to islet isolation reagents,
and injected into recipients on days 0-4 post-transplantation. (A) Reversal of diabetes, as
defined by blood glucose levels <200mg/dl on three consecutive measurements, after
marginal islet mass transplantation in Diannexin treatment vs. control. Two-tailed P values
calculated using the log rank test. (B) Mean (±SE) blood glucose levels of Diannexin-treated
and control recipients following transplantation of a marginal islet cell mass. * P<0.05 by
the Mann-Whitney test.
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Figure 2. Diannexin reduces inflammatory cell recruitment and beta-cell apoptosis within
syngeneic islet grafts
(A) Immunostaining of syngeneic islets retrieved on day 3 post-transplantation decreased
macrophage (Iba-1) and T-cell (CD3) traffic into islets grafts treated with Diannexin. (B)
Apoptosis detection by TUNEL demonstrates that Diannexin treatment is associated with a
reduction of islet cell apoptosis in syngeneic grafts. Five or six histologic sections taken
from different locations within three islet grafts were included in the analysis. Sections were
counterstained with hematoxylin and shown at x400 magnifications. Two-tailed P values
calculated using the Mann-Whitney test.
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Figure 3. Effect of Diannexin on islet cell apoptosis
Diannexin (400μg/kg IV) was administered to BALB/c donor mice prior to pancreas harvest
and also added at a concentration of 100ng/ml to all reagents used for islet isolation. (A)
TUNEL-assisted detection of apoptosis revealed a similar apoptotic rate between control
(top) and Diannexin-treated (bottom) islets. Sections were counterstained with hematoxylin
and shown at x500 magnifications (inset, x400). (B) Histologic analysis of mouse islet
samples. Paraffin-embedded sections of freshly isolated mouse islets demonstrate
comparable levels of cleaved caspase-3 expression between untreated (top) and Diannexin-
treated (bottom) islets. For (A) and (B), a total of 20 islets from three or four separate
isolations were included in the analysis. Sections were counterstained with hematoxylin and
shown at x500 magnifications (inset, x400). (C) The islets were dissociated with trypsin/
EDTA and stained with annexin V-FITC (annexin V) and TO-PRO-3 iodide (Topro 3).
Representative flow cytometry analysis from two independent experiments comprised of 4
untreated (top panels) and 3 Diannexin-pretreated (bottom) islet isolates. Panels on the left
show size and granularity of the dissociated islet cells, and dual-parameter analyses for
annexin V and Topro 3 to categorize viable cells (annexin V/TO-PRO-3 double-negative
cells), early apoptotic cells (annexin V single-positive cells), late apoptotic/necrotic cells
(annexin V/TO-PRO-3 double-positive cells), and necrotic cells (TO-PRO-3 single-positive
cells), as previously described (32). Two-tailed P values were calculated using the Mann-
Whitney test.
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Figure 4. Intragraft mRNA expression patterns of islets from Diannexin-treated mice or control
mice, as measured by real-time quantitative PCR assays
Absolute levels of intragraft mRNA levels were measured with the use of real-time
quantitative PCR assays. Individual and mean (±SE) mRNA levels for control (N=3) and
Diannexin-treated (N=5) recipients are shown. mRNA expression levels are expressed as a
ratio of mRNA copies in 1μg of RNA to18S ribosomal RNA copies in 1pg of RNA. Two-
tailed P values calculated using the Mann-Whitney test.
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Figure 5. mRNA expression patterns of islet isolates from Diannexin-treated mice or untreated
control mice
Diannexin (400μg/kg IV) was administered to BALB/c donor mice prior to pancreas harvest
and also added at a concentration of 100ng/ml to all reagents used for islet isolation. mRNA
levels in fresh mouse islets were measured with the use of real-time quantitative PCR
assays. Individual and mean (±SE) mRNA levels are expressed as a ratio of mRNA copies
in 1μg of total RNA to 18S ribosomal RNA copies in 1pg of RNA. Two-tailed P values were
calculated using the Mann-Whitney test.
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