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ABSTRACT

Inflammation plays a detrimental role in islet
transplantation leading to poor clinical out-
comes. One of the major contributors of islet
loss is IBMIR leading to 50% decrease in trans-
planted islet mass immediately post-transplan-
tation. The detrimental effect of IBMIR was
initially noted in Xenogenic and Allogenic islet
transplantation, and later we reported that IB-
MIR also causes significant islet loss in auto-islet
transplantation. Qur group has mainly focused
on anti-inflammatory strategies to dampen the
effect of IBMIR. Consequently, we introduced
the clinical use of Interleukin-1 beta blocker
(Anakinra) along with Tumor Necrosis Factor
alpha inhibitor (Etanercept) in islet transplan-
tation. This protocol has shown improved out-
comes compared to just Etanercept alone. We
also explored the use of Nuclear Factor Kappa
B inhibitor (Withaferin A) to prevent the early
damage caused by IBMIR and obtained excel-
lent results in vitro. Here, we have summarized
our clinical and research findings pertaining to
factors that affect the functional islet mass post-
transplantation.

Total Pancreatectomy with Islet Autotransplanta-
tion (TPIAT) is currently the most favorable option
for patients who are debilitated by chronic pancre-
atitis. Total pancreatectomy relieves the pain and
auto-islet transplantation prevents the development
of brittle diabetes. Allogenic islet transplantation is
a procedure that is used to restore normoglycemia
and prevent occurrence of hypoglycemic episodes
in Type-1 diabetic patients. Despite the success of
islet transplantation being improved significantly in
the last couple of decades, several factors still need

to be addressed that lead to unfavorable outcomes.
Some of the factors that affect the functional is-
let mass post-transplantation have been described
(Figure 1). Mechanical and enzymatic stress

cause islet damage during isolation which may
diminish islet quality resulting in poor transplant
outcomes. We have previously investigated the
islet damage that occurs in the various stages of
isolation including transportation, perfusion, di-
gestion, recombination, purification and bagging.
Islet damage was determined by measuring the
amount of miRNA375 released in the medium at
the different stages. Islet damage was highest dur-
ing digestion, which is reasonable because of the
mechanical and enzymatic activity-taking place
at this stage. Elevated level of miRNA 375 in the
media during digestion was correlated with higher
6 month HbA1C percentage and increased insulin
requirement in TPIAT patients'. Therefore, optimi-
zation of isolation conditions is needed to reduce is-
let damage due to enzymatic and mechanical stress
without affecting the yield and quality of the islets.

Instant Blood Mediated Inflammatory Reac-
tion (IBMIR) during the peri-transplant period
results in substantial loss of islet mass®>. IBMIR is
an innate immune response that occurs when islets
come in direct contact with the blood. It is char-
acterized by coagulation, complement activation,
proinflammatory cytokine/chemokine production
and immune cell infiltration. Isolated islets express
increased levels of Macrophage Chemotactic Pro-
tein 1 (MCP-1), Interleukin 8 (IL-8) and Tissue
Factor (TF). TF presents in islets may instigate the
activation of coagulation pathway, whereas, che-
mokines MCP-1 and IL-8 might be involved in the
recruitment of innate immune cells into the islets
causing significant damage. IBMIR results in loss
of almost 50% of the transplanted islet mass before
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Figure 1. Factors affecting functional islet mass post-transplantation.

islet engraftment?®. IBMIR is observed in allogenic,
xenogenic and autologous islet transplantation. TF
expression is increased within 15 mins after con-
tact of islets with autologous blood. Leucocyte in-
filtration and platelet adhesion also occur within
3 hours of mixing of islets with autologous blood.
Complement activation was absent in autologous
islet transplant model but present in allogenic and
xenogenic islet transplant models®. Reducing in-
flammation during the early peri-transplant period
may be crucial for improving long term islet trans-
plant outcomes. Interleukin 1 (IL-1f) and tumor
necrosis factor oo (TNFa) can cause islet damage
by activating Nuclear Factor Kappa B (NFxB)
mediated apoptosis. Simultaneous blocking of IL-
1B using anakinra and TNFa with etanercept has
shown improvement in islet transplant outcomes

compared to etanercept alone, and anakinra alone
in pre-clinical models’. Similarly, in our clinical
TPIAT cases, we have shown that double blockade
of TNFa and IL-1f results in lower levels of cyto-
kines and chemokines in serum during the early
peri-transplant period. Furthermore, islet damage
was significantly reduced when both IL-1 and
TNFa were blocked. This was further supported
by the lower HbAIc percentage and increased basal
c-peptide levels at 6 month post-transplantation in
the double blockade group®.

The central player regulating the molecules of
inflammation is the transcription factor nuclear fac-
tor Kappa B (NFkB). Previously, others and we have
shown that activation of NFkB by cytokines results
in beta cell apoptosis. Thus, blocking NF«B in the
early stages of islet transplantation may protect beta
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Figure 2. Molecular events postulated for IBMIR.
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cells from pro-inflammatory cytokine mediated dam-
age. Hence, we used a plant-derived molecule called
Withaferin A (WA), which is a potent inhibitor of the
NFkB activity. WA improved graft survival and islet
transplant outcomes in mice receiving marginal islet
dose. Moreover, WA also prevented apoptosis in is-
lets exposed to pro-inflammatory cytokine stimula-
tion’. Using in vitro model for IBMIR, we identified
that pro-inflammatory cytokine levels in serum was
significantly reduced and neutrophil infiltration into
islets was efficiently blocked by WA?®. Thus, blocking
inflammation by inhibiting NF«B activity is an excel-
lent strategy to prevent islet cell damage during peri-
transplant period. Serum levels of chemokine inter-
feron gamma inducible protein 10 (IP-10) were highly
elevated immediately post-infusion of islets in clinical
samples. High IP-10 levels in serum was correlated
with poor graft function. Using IP-10 knockout mice,
we found that islet derived IP-10 was responsible for
poor islet transplant outcomes in vivo. Interestingly,
blocking IP-10 using a monoclonal antibody resulted
in significantly improved islet graft survival in vivo’.
Blocking inflammatory mediators during islet trans-
plantation seems to improve graft survival.

CONCLUSIONS

Our findings in both clinical and pre-clinical stud-
ies support the notion that inflammation during the
early period of islet transplantation can be detrimen-
tal and can cause poor outcomes. We have focused
our research towards developing anti-inflammatory
strategies to prevent islet damage during the peri-
transplant period and improve long-term outcomes.
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