ABSTRACT

Analysis of Inflammatory Changes in Human Pancreatic Islet
Cells

Andrew M. Jackson, Ph.D.

Mentor: Bashoo Naziruddin, Ph.D.

Pancreatic islet cell transplantation is a promising
investigational research treatment for labile type 1
diabetes mellitus. However, several obstacles still exist
to the implementation of clinical islet cell
transplantation as a standard therapy. These obstacles
include a shortage of donor pancreata, an imperfect islet
isolation procedure, significant loss of islets during the
peri-transplant period, and islet toxicity of
immunosuppressive drugs. The present study is focused on
addressing two of these major hurdles; namely,
identification of factors affecting the islet isolation,
and understanding the mechanism involved in the peri-
transplant loss of islets.

Initial analysis was centered on the effect of cold

ischemia time (CIT) on the islet isolation outcome.



Comparison of varying CIT and several factors that
determine the quantity and quality of islets obtained from
52 isolations was performed. This analysis showed that CIT
of less than four hours significantly improved islet

isolation results. This finding could help improve the
current strategy used in clinical islet transplantation.

We hypothesized that following transplantation, the
inflammatory environment will specifically alter gene
expression in transplanted islets, and also will induce
surface expression of HLA-class Il molecules. This, in
turn, could cause anti-donor response resulting in islet
destruction.

To test the above hypotheses, two studies were
performed. Islet cells were treated with control or type 1
diabetic serum. Gene expression was then analyzed using
micro array and confirmed by real-time PCR. Islets treated
with diabetic serum demonstrated specific induction of
multiple genes reported to have secondary roles in
angiogenesis while inhibiting transcription of genes with
protective attributes against environmental stresses.

Islet cells were treated with IFN v and TNF o and
analyzed for HLA class Il induction by real-time PCR
analysis, flow cytometry, and immunofluorescent imaging.

Cytokine treated islets demonstrated significantly



upregulated HLA class Il gene transcription and surface
expression. Importantly, islet transplant recipient serum
showed increased binding and cytotoxicity specifically
directed against cytokine treated islets.

Together these data suggest that in the context of
hepatic portal vein transplantation, islet cells contribute
to the innate and adaptive immune response during the peri-

transplant period resulting in islet destruction.
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CHAPTER ONE

Introduction

Today Diabetes Mellitus is a chronic disease that
affects more than 135 million people worldwide 1. Although
this disease is no longer fatal, thanks to the discovery
and commercial production of insulin, it does place a heavy
burden on the afflicted individual, as well as their family
and the healthcare system. A recent report published by
the American Diabetes Association stated the total
estimated cost of diabetes in America alone to be $174
billion 2 as of 2007. This amount is up $44 billion from the
previous report in 2002 3. This staggering healthcare bill
breaks down to every individual diagnosed with diabetes
paying $11,744 2 in additional healthcare costs due to their
diagnosis. This economic burden is due to the current
population of diagnosed diabetic patients reaching 17.5
million, an increase of 5.4 million from 2002. With
predictions that diagnoses of diabetes will increase to 29
million in America alone by 2050 4 the cost of diabetes
treatment will almost double. Diabetes Mellitus is
becoming a worldwide epidemic that will affect over 300

million diagnosed individuals worldwide ! by the year 2025.



Not only does diabetes cost society in regards to
medical expenditures, diabetes also drains the economy of

productivity 2

. In 2007, the total loss of productivity due
to diabetes totaled $58 billion, with major contributors

such as reduced productivity while at work for the employed
and lost productive capacity due to early mortality

totaling $46.9 billion 2. As the incidence of diabetes
increases in the future, the added burden on society as

well as the individual will continue to become more and

more evident.

For those individuals whose diabetes is uncontrollable
by conventional treatment methodologies, such as intensive
insulin administration, everyday life can become very
challenging. A major complication of Type 1 Diabetes
Mellitus is hypoglycemic unawareness ® in which the diabetic
patient loses consciousness due to low blood sugar. This
almost always requires external help to regain
consciousness, and can happen unexpectedly. This looming
threat interrupts the day to day life of a diabetic
individual, often affecting their work. For these

individuals, treatment options that control hypoglycemic

unawareness are limited.



Diabetes and Transplantation

History

Diabetes has been present as a disease since the
beginning of recorded human history. Early civilizations,
such as the Egyptians, Babylonians, and the Assyrians
recognized the symptoms of the disease, but had no method
of treating the disease. Even the father of medicine,
Hippocrates, was familiar with the condition, but did not
study it as it was a rare and incurable disease. In the
era of the ancient Greeks, it was known for the excess
amounts of urine produced by the affected individual.
During the time of Hippocrates and Aristotle, diabetes was
generally known as “wasting of the body”, and was not of
much interest  °. Aretaues of Cappadocia was the first person
to study the disease, and is credited with the naming of
the disease for the copious amounts of urine produced. The
physician Avicenna later described diabetes further in his
writings. He described primary symptoms as well as
secondary symptoms just as Aretaues, but Avicenna was able
to treat diabetes with a mixture of herbs and seeds to

/. He also

prevent the excretion of sugar in the urine
described diabetic gangrene and diabetes insipidus for the

first time. In 1425, diabetes was described in English



from the Greek word meaning “to pass through or siphon”.
Early history of diabetes has many references to the
sweetness of the urine produced by the afflicted
individual. Some cultures believed that diabetes was a
disease of the rich, due mainly to gluttony ® 1n 1672,
Mellitus was added to the name of the disease to describe
the sweetness of urine. Mellitus is the Latin word for
honey. However, there was no proof that diabetic
individuals were secreting sugar in their urine. Beginning
in the late 1700’s, many new discoveries about diabetes
were occurring. In 1776, the isolation of sugar from
diabetic urine was first discovered 8. Johann Peter Frank
was the first physician to clinically differentiate
Diabetes Mellitus from Diabetes Insipidus, although both
forms of the disease had been described beginning with
Aretaues.
As the 1800’'s began to end, two physicians, Von Mering
and Minkowski, discovered that removal of the pancreas in a

9. For the next

dog led to diabetes and eventual death

thirty years, the pancreas remained as the cause of
disease. Some physicians experimented with removal and/or
replacement of the pancreas in remote locations throughout

the body 1° in an attempt to cure diabetes. This first

experiment in xenotransplantation was a cataclysmic failure



due to mechanisms beyond their understanding. To date,
there is still much research ongoing into the field of
xenotransplantation. However, this clinical experiment is
important to the latter birth of transplantation.

Not until 1922, when Banting and Best 1114 discovered
that the lack of insulin was the cause of diabetes, was
there any feasible treatment for diabetes. They were the
first to isolate insulin and were instrumental in the
widespread production of insulin. For the first time,
diabetes was no longer an acutely fatal disease. Insulin
was now available, as a preparation of bovine origin, as a
treatment for diabetes. Early insulin injections had
varying effects due to the variable purity of the
preparation  °. Over the ensuing, years many advances in the
exogenous production of diabetes were made, such as long
lasting insulin. In the 1950’s, the first oral anti-
diabetic drugs became available for patients with Type Two
Diabetes Mellitus. Unfortunately, the control of blood
glucose concentrations is not always effectively controlled
by exogenous insulin injections; and therefore requires
frequent and diligent monitoring of blood glucose and
careful dosing of insulin by the individual. As a result,
many diabetic individuals suffer from frequent episodes of

hypoglycemic unawareness.



Prior to 1966, when the first whole organ pancreas
transplant was performed at the University of Minnesota 16,
the only form of treatment for diabetes was the injection
of exogenous insulin. The success of simultaneous kidney 16
pancreas transplantation has provided a curative treatment
for severely diabetic patients. Eventually, pancreas
alone !’ transplants became more successful and abundant,
further expanding the treatment options for Diabetes
Mellitus. The idea of transplanting Islets of Langerhans
into a diabetic recipient originated with Paul Lacy in
197218, This concept arose because of the surgical
complications associated with pancreas transplantation,
which often proved to be fatal. However, islet
transplantation did not experience much success due to the
difficulty in isolating the islet cells, and the use of
diabetogenic immunosuppressive drugs such as steroids.
Fortunately, researchers did not give up on islet cell
transplantation and pursued the improvement of the
isolation process and success rate.

The initial difficulty in islet cell isolation
experienced by researchers was due to the cellular
architecture of the pancreas. The pancreas is an organ

that has two primary functions. First, the pancreas

produces exocrine enzymes that aid in digestion. These



enzymes are secreted from acinar tissue into the main
pancreatic duct, which drains into the duodenum. The
second function of the pancreas is the endocrine activity.
The pancreas has cellular clusters, known as islets of
Langerhans which are responsible for secreting hormones
directly into the vasculature, which are essential to
metabolism.

The islets of Langerhans are highly vascularized and
made up of five cellular components (Figure 1.1). The

alpha (o) cells are responsible for producing glucagon,

Islet of
Langerhans yeell acall fcell &cell

Stomach

Pancreatic duct

Pancreas ——— \

Intestine —
Blood EBranchof Pancreatic
vessel pancreatic acinus
duct

Figure 1.1 Structure of the Human Pancreas. The h uman pancreas
consists of both exocrine (acinar) tissue and endoc rine (islet) tissue.
Islet cells have a microvasculature that supplies t he islet cells with
blood for glucose monitoring and oxygen supply. Th e endocrine hormones
are also secreted directly into the blood supply by the capillaries
present in the islets. Islet cells consist of o, B, &, vyv,and ¢cells
(not shown) which produce glucagon, insulin, somato statin, pancreatic
polypeptide, and ghrelin respectively. (Republished with permission
from Trucco M 19.) Copyright (2005), American Society for Clinical
Investigation. Permission conveyed through Copyrigh t Clearance Center,

Inc.



which is responsible for increasing blood glucose
concentrations by stimulating glycogen release in the
liver. The beta ( B) cells are responsible for producing
insulin, which facilitates the intake of glucose into
cells. The third cell type is the delta ( 5) cell which
produces somatostatin, a hormone that regulates the
endocrine system. The fourth cell type is the PP cells
(sometimes known as v cells), which produce pancreatic
polypeptide, which regulates both exocrine and endocrine
secretion activities within the pancreas. A fifth cell
type is the epsilon ( g) cell which produces ghrelin, a
hormone involved in the stimulation of the appetite.
Pancreatic islets cells differ in morphology and content
between species. In rodents, islet cells are highly
organized with a B cell core and an o cell ring surrounding
the g cells. In humans, this level of organization appears
to be lost (Figure 1.2).
The human pancreas contains about one million islet
cells, each of which is composed of about one thousand

20 Islet cells are not a uniform

cells of different types
cell type, as they vary in size and composition. The size
variance of human islet cells adds difficulty to evaluating
the quantity of islet cells isolated from a human pancreas.

Typically, when counting islet cells, one sees islets that



vary in size between fifty micrometers and over four

hundred micrometers. For this reason, a method for

E mouse human
% o8] -
; 0Ed
k-] 04 "
3
-s 024
: N
mm [ cells
== o cells
mm O cells
Figure 1.2 Architecture of Islet Cells Differ Betw een Species. Mouse
islets have a distinct architectural structure with in the islet (A).
Beta cells are surrounded by alpha and delta cells. Human islet cells
appear to have lost the organization present in rod ent islet cells (B).
The proportion of o, B,and & cells also differs between species (C).
Human islets have a higher percentage of o cells compared with mouse
islet cells. (Republished with permission from Cabr era et al 2)
Copyright (2006), National Academy of Sciences, USA .
determining the amount of average sized (150 um) islet cells

was established, called the Islet Equivalent (IEQ). Table

1.1 describes the endocrine contents of the human pancreas

by size.

Table 1.1 The Islet Content of Human Pancteas

Islet Diameter Number of % of total % of total
(um) islets number of islets  islet volume

<50 782,000 52.0% 5.4
50-100 416,000 28.0% 17
100-150 203,000 14.0% 30
150-200 54,000 3.6% 26
200-250 20,000 1.3% 15
>250 3,000 0.2% 6.3
aAdapted from Korsgren et al 21 Copyright 2006, Society of Transplant
Surgeons.



Etiology

To date, there is no known cure for type 1 diabetes
mellitus (T1DM) and the etiology is still not clear;
however, it is believed to be caused by two compounding
factors. The first, and probably the most important, is
genetic susceptibilities found within the human leukocyte
antigen (HLA) alleles. The second is unknown environmental
factors, that coupled with a genetic predisposition,
culminate in autoimmune diabetes. Moreover, it is widely
known that T1DM is an autoimmune disorder involving both
CD4+ and CD8+ autoreactive T lymphocytes that target the
destruction of the pancreatic beta cells of the islet
How these T lymphocytes become autoreactive is the subject
of much research. Currently, there are six known

autoantigens that are targeted by the autoreactive T cells.

They are islet cell autoantibody (ICA) 23 insulin
autoantibodies (IAA) 24 autoantibodies against the 65 kD
isoform of glutamic acid decarboxylase (GAD65) %5 the

protein tyrosine phosphatase-related IA-2 molecule (I1A-

2A) %627 "an antibody against a sialic acid containing

glycolipid 28 and most recently an antibody against the zinc
transporter ZnT8 29 Of these six known autoantigens, it is
not known if one or any of these play a more prominent role

22

in the induction of type 1 diabetes . Moreover, recent

10

22



reports suggest that more autoantigens are possibly
targeted during diabetes 30,

Histocompatibility has been associated with risk for
diabetes for quite awhile, with certain HLA haplotypes 31
being genetically predisposed to disease. The most
important genes predisposing the individual to diabetes are
the HLA DQ8 and DQ?2 alleles, located on the short arm of
chromosome 6, with greater than 90% of type 1 diabetic
patients being positive for either or both genes 3233
Recent reports are now beginning to link certain HLA
haplotypes with individual autoantigens. The insulin
autoantigen is suggested to be strongly associated with the
haplotype of HLA DR4—DQS8 in diabetes susceptibility 34 and
is known to be the earliest autoantibody formed 33 during the
preclinical phase of diabetes. The recognition of the
insulin A-chain by the HLA DR4—DQ8 T lymphocyte requires
post-translational modification of human insulin s
suggesting that unmodified insulin is not a source of
autoantigen. It has also been reported that GAD65
autoantigen is associated with the haplotype HLA DR3—DQ2 st
which is another early autoantibody formed in the
preclinical phase 33,

As research into the etiology of TILDM continues, the

answer seems to become more evasive. We now know that TI1DM

11



involves autoreactive CD4+ and CD8+ T cells that are primed
against autoantigens that destroy beta cells by IL-2,

IFN 3¢, and perforin 37 respectively. Why and how the T cells
are able to avoid the mechanisms for preventing

autoimmunity remain to be discovered. In the meantime,

ongoing research into improved methodologies for the

treatment of TIDM continues to expand.

Pancreas Transplantation
In 1967, the first vascularized pancreas transplant

%8 Since the first pancreas transplant over

was performed
forty years ago, much progress has been made in surgical
technique, and immune suppression prolonging graft and
patient survival 39 As of 2004, there have been 23,000

pancreas transplants worldwide 40

. Historically, there are
three types of pancreas transplant: Simultaneous pancreas

kidney (SPK), pancreas after kidney (PAK), and pancreas
transplant alone (PTA). These three alternative

transplantation methods have not shared the same success

rates, with SPK having a 1 year survival rate of 85%, PAK

78%, and PTA 77% as of 2003 0. The main obstacle that had
to be overcome in the early days of pancreas

transplantation was the location of the pancreatic exocrine

drainage, and the solutions were enteric or bladder

12



drainage. Enteric drainage (intestinal) is the most

physiologic of the two methods 40 This method is superior
to bladder drainage in respect to metabolic dysfunction,

urinary tract infections, and pancreatitis, but has a

higher risk for infections due to enteric leaks. The

bladder drainage technique has less severe risk

complications, and can be easily monitored by urinary

amylase content. Historically, the bladder drainage

technique was more prevalent during the 1990’s. However,

enteric drainage has become the predominant technique used

in recent years.

Early Islet Transplantation

Islet cell transplantation has been in development as
a means of treatment for type 1 diabetes for several
decades. The field of islet transplantation began in 1972
when Lacy et al proposed isolating and transplanting the
source of insulin producing cells - the islets of

Langerhans 18

. Many researchers at the University of
Minnesota began experimenting with the technique for
isolating islets for the purpose of transplanting the
islets in various locations within patients a2,
Many improvements to the isolation technique were made

during the subsequent decades, which improved the islet

13



yield and purity. Some of these improvements were: 1) the

use of density gradients to separate the endocrine tissue

from the exocrine tissue 43 2) the injection of collagenase
into the pancreatic duct 44 and 3) the development of the
semi-automated method ~ *°. The development of the semi-
automated method was of great importance because it
standardized the method of islet cell isolation. Since the
introduction of the semi-automated method, all islet cell

isolation centers follow some derivative of the original

method developed by Ricordi. Although the semi-automated
method standardized the isolation of pancreatic islet

cells, making the recovery of islet cells reproducible and

efficient, it did not improve the clinical outcome in

patients. Because the achievement of insulin independence,

the primary endpoint of the studies, was less than 10% at

one year post-transplant, many transplant centers were

reluctant to use this method over whole pancreas

transplantation as a treatment of autoimmune diabetes.

A New Beginning

The Edmonton Protocol
The publication of the results from the islet
transplant center in Edmonton, Canada in 2000 changed the

field of islet cell transplantation. Their initial report

14



had a 100% success rate of reversal of diabetes as measured

by insulin independence one year after transplant 4 This
is mainly attributed to their avoidance of steroids, a

staple immunosuppressive agent in whole organ

transplantation, which are known to be diabetogenic in

47 In addition to steroid removal, the Edmonton

nature
group used a protocol that included sirolimus, low dose
tacrolimus, and daclizumab (a monoclonal antibody against
the interleukin-2 receptor) in islet cell transplantation
alone for the treatment of brittle type 1 diabetes. The
Edmonton protocol also included transplantation of a
minimum of 10,000 IEQ/Kg in order to achieve insulin
independence. This required multiple infusions from more
than one donor to attain adequate islet mass to maintain
insulin independence.
Edmonton’s success in achieving 100% insulin
independence, when previous groups had <10% success 48,49
stimulated a renewed interest in the subject. Many new
islet transplant centers, including the Baylor Islet Cell
Transplant program, began to emerge over the next few years
as a result. Established islet transplant centers were
able to duplicate the results of the Edmonton group with
50

their own patients experiencing a similar success rate

An international trial of the Edmonton protocol, involving

15



eleven established and new centers, was underway to test
the reproducibility of Edmonton’s results. This trial

combined centers with many years of experience with centers
that were relatively inexperienced. The combined result
was an insulin independence success rate of 28% at one
year, and a total insulin independence of 58% o1,
Researchers at the University of Minnesota began

investigating the possibility of performing single donor

islet transplantation for the treatment of diabetes. By

using carefully selected donors and recipients, along with

more potent induction immunotherapy and less diabetogenic
maintenance therapy, they were able to attain an insulin

independence rate of 63% 52

. Researchers at the University
of Minnesota were able to demonstrate that single donor

islet cell transplantation is capable of producing a

sufficient engrafted B cell mass to efficiently stabilize

blood glucose without exogenous insulin.

Baylor Islet Cell Program

Our islet transplant program began in 2003 originally
as a remote site isolation transplant center. Initially,
we collaborated with the University of Miami School of
Medicine and Diabetes Research Institute for the isolation

of human pancreatic islet cells. During this time of
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remote site transplantation, our team worked on validating
our own isolation process with the FDA, finally getting
approval in 2006. Since the FDA approval of our laboratory
we have performed 80 research islet isolations and nine
clinical transplants. Seven out of nine patients achieved
insulin independent status. However, five of these
patients had transient insulin independent status and have
returned to insulin use, although at a significantly

reduced dosage. All of the islet transplant patients have
shown no episodes of severe hypoglycemic unawareness.
Initially, our program followed the Edmonton protocol for
immunosuppression and patient follow up. Since then, our

program has had its own innovative protocol approved.

Challenges Facing Islet Transplant Centers

Shortage of Donors

Donor selection for the isolation of islets of
Langerhans for clinical transplant is very stringent. The
requirements of optimal donor organs for both whole organ
transplant and islet cell transplant make islet cell
transplantation a second priority to whole organ
transplantation. However, this usually translates into sub
optimal organs that were rejected for whole organ

transplant being used for islet cell transplantation.

17



There have been groups that have ventured into the realm of

marginal donors and experienced success 53,54

. This opens the
possibility of expanding the donor pool for islet cell
transplantation, with the effect of increasing the number

of islet cell transplants.

Efficiency of Isolation

Currently, it is believed that there are an average of
1 million islet equivalents in a human pancreas. The
current isolation procedures are, at best, able to recover
consistently 50% of the total islet mass. Coupled with the
observation that only 25 to 50% of the transplanted islet
mass is engrafted °5 multiple donor pancreata are required
to produce an adequate islet mass that will sustain insulin
independence and glycemic control in just one recipient.
Improvements need to be made in islet purification and
collection so that greater than 50% total islet yield can
be recovered from the donor pancreas, so that single donor
islet transplantation becomes the mainstay rather than an

anomaly.

Islet Quality Prior to Transplant
Many centers are experimenting with culturing islets
56

in the presence of different growth factors :

antioxidants  °’, endothelial cells 58 and recombinant viral
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vectors °%®!

all with the same goal in mind - to increase the
survival of the transplanted islet mass so that one donor
organ could be used to treat one patient or even multiple

patients. This would greatly increase the availability of

the procedure to a larger population of diabetic patients.

Improving Islet Engraftment

Due to the small islet mass that survives the
transplantation procedure into the hepatic portal vein,
multiple islet transplants are needed at most centers to
reach the primary end point of insulin independence.
Preventing the destruction of the transplanted islets has
been an area of abundant research recently. One of the
major obstacles to the success of islet transplantation is
the instant blood mediated inflammatory reaction (IBMIR)
which is thought to be responsible for the loss of the
majority of islets post-transplant. The exact mechanisms
of IBMIR are not fully understood, but it is believed that
the interaction of ABO compatible blood with allogeneic
islets causes the release of pro-inflammatory cytokines
from either the islets themselves or components in the
blood. Itis also known that islets express membrane bound
tissue factor, as well as the alternatively spliced soluble

form. Tissue factor has been demonstrated to elicit a
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strong thrombotic response when islets come in contact with

ABO compatible whole blood 63

. Preventing the destruction of
islets during the post-transplant period is the subject of

much research. To date the mechanisms of islet destruction

are not fully understood. There is some emerging data

suggesting that islets are undergoing apoptosis caused by

many factors %4, as well as IBMIR.

Overcoming the Immune Response
Furthermore, currently used methods of
immunosupression are not without consequences. There has
been documentation of many side effects % and itis well

known that high doses of rapamycin can have a negative

effect on islet cell engraftment % inhibit insulin
signaling  ®, cause insulin resistance ®8 and inhibit
revascularization % and proliferation of pancreatic beta

70,71

cells . In addition, calcineurin inhibitors are known to

be toxic to beta cells 72,73

. Developing a technique to
induce tolerance in the recipient would have profound

effects on the field of cellular transplantation and

possibly solid organ transplantation. Just like any other
transplant procedure, there exists the problem of immune

suppression. Immune suppression was a major problem in the

early stages of the development of islet cell
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transplantation. Initial immunosuppressive regimens were

similar to drugs used for other transplant procedures,

which included steroids. The advent of a steroid free

immunosuppressive regimen greatly enhanced the survival of

the islet mass, but this treatment is not without side

effects. New methods of immune suppression are being

tested that induce tolerance after transplantation

allowing for the withdrawal of immunosuppressive agents.
Current Status of Islet Transplantation

Multiple Donors Still Required to Attain Insulin

Independence

Islet cell infusions from more than one donor are

still a requirement to achieve insulin independence in

islet cell transplant patients. There are several reasons

for this. First, the isolation process often does not

acquire an adequate quantity of islet cells from one donor

pancreas to achieve euglycemia without exogenous insulin.

The imperfect islet isolation process has many factors

contributing to this including, but not limited to:

collagenase enzyme batch, cold ischemia time, warm ischemia

time, donor age, and donor BMI etc. Second, during the

transplant procedure, the majority (up to 70%) of the

transplanted islet cells are destroyed following their

21
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contact with blood cells. Third, the islet toxic nature of

the immunosuppressive drugs and the resulting impact on the
islet graft. The reasons for the loss of function of the
transplanted islet mass are not clearly understood, but

could be attributed to beta cell exhaustion and/or

immunological rejection.

Donor Specific Sensitization
Recent reports have begun to demonstrate the
sensitization of past islet cell transplant recipients to

previous donor specific antigens 7681

. These reports have
demonstrated sensitization to both HLA class I, present on

all cell types, and HLA class Il, which has restricted

cellular expression. These reports also show that

sensitization can occur if the patient ceases taking their
immunosuppressive regimen, and more importantly do occur

while the patient is still immunosuppressed. In whole

organ transplantation, the development of donor specific

antibodies (DSA) is generally associated with rejection of

the allogratft.

Focus of Dissertation
The focus of this study will be in three areas. The
first topic will focus on the influence of cold ischemic

organ preservation on the quantity and quality of islet
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cell isolation. The second topic will focus on

understanding the genetic changes islet cells initiated in
response to contact with diabetic autoantibodies and
complement deposition as measured by microarray analysis
and real-time PCR. The third topic will focus on the up-
regulation of HLA class Il molecules on the islet cell

surface in response to inflammatory cytokines.

Cold Ischemic Time and Islet Cell Isolation

Cold ischemic time (CIT) is generally defined as the
time between organ placement in cold preservation solution
and the removal of the organ for processing or enzyme
digestion. Pancreas preservation plays a crucial role in
the outcome of islet cell isolation and transplantation.
It is the policy of many transplant centers not to accept
organs for clinical islet cell isolation that have CIT of
greater than eight hours if preserved in University of
Wisconsin solution (UW) alone, or greater than twelve hours

if preserved by the two-layer method (TLM) 82

. However, our
center routinely procures organs locally, resulting in CIT

of less than six hours. In our experience, our center has

a higher success rate in the isolation of pancreatic islet

cells meeting the release criteria for transplantation

(unpublished data). These results lead us to believe that
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CIT has a profound impact on the outcome of pancreatic
islet cell isolation. We hypothesized that CIT of less than
four hours would have a beneficial effect on the outcome of
islet cell isolation, when compared to the standard eight

and twelve hour limits.

Islet Cell Response to T1DM Auto-Antibodies and Complement
A major obstacle to the success of islet cell

transplantation as a standard treatment for labile type 1

diabetes mellitus is the immediate loss of up to 70% of

the transplanted islet mass, leading to the necessity of

multiple transplants. Most of the research to date has

focused on the initiation of IBMIR. Reports have found

that the activation of the complement cascade and

coagulation factors initiates the destruction of the islet

graft 2,

However, no insight into the response from pancreatic

islet cells to autoantibodies and complement present in the

recipient has been established. In this study, we set out

to determine if autoantibodies are capable of initializing

complement fixation on the surface of isolated pancreatic

islet cells, and then analyze the gene expression changes

in islet cells following complement activation as a result

of exposure to type 1 diabetic serum (T1DM). We
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hypothesized that autoantibodies present in diabetic serum
are indeed capable of initiating complement fixation of the
surface of the islet cell, which in turn leads to

cytotoxicity and a change in the expression of islet cell

genes.

HLA Expression on Isolated Pancreatic Islet Cells

Recent reports have shown that islet transplant
recipients develop antibodies against donor HLA class | and
Il 777980 |n addition to the published reports, our center
has had two out of nine patients develop antibodies against
donor HLA, in particular HLA class Il. HLA class | is
ubiquitously expressed on all nucleated cells, while HLA
class Il is generally restricted to antigen presenting
cells (APC). Since human islets do not express HLA class
Il under normal conditions, and mechanisms underlying
induction of the anti-class Il response are unclear; we
were curious as to how our patients developed antibodies
against HLA class II.

Previous reports have shown that certain cell types
can be induced to express HLA class Il on their cell

8385  Therefore, we

membrane under inflammatory conditions
hypothesized that under inflammatory conditions, islet

cells will have induced expression of HLA class Il.
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CHAPTER TWO
Prolonged Cold Ischemia has a Detrimental Effect on the
Outcome of Islet Cell Isolation
Introduction
Since the success of the steroid free protocol
introduced by the Edmonton group in the year 2000 6 islet
cell transplantation has become a more practiced method of
treatment for type 1 diabetes mellitus. Edmonton’s success
encouraged several established transplant centers,
including ours, to start their own islet cell transplant
centers to treat local diabetic patients. The results of
the Edmonton protocol were well reproduced throughout

centers all over the world 51

. However, islet processing
centers are still sparsely distributed, resulting in many
transplant quality organs originating from distant
procurement agencies.
The isolation of human pancreatic islet cells requires
highly skilled technicians and is a long process. The
isolation begins with the organ procurement surgeon
performing the pancreas recovery. Because islet

transplantation often uses organs that are not fit for

solid organ transplantation, the procurement surgeon often
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has to wait until the other organs for transplant are

removed. The pancreas is packed with ice to prevent warm
ischemia, while the vasculature is clamped off. Removal is
technically difficult and requires the skill of a surgeon

for proper removal. Often, the decision for islet
transplantation is made after the organ is removed for

whole organ transplantation and rejected for various
reasons. The pancreas alone or in combination with the
spleen and duodenum is then placed into organ preservation
solution and kept on ice until arrival at the isolation

center (Figure 2.1A). Once the pancreas arrives at the

Figure 2.1 Pancreas Cleaning, Perfusion, and Diges tion. Cadaveric
donor pancreata are transported to the Baylor islet cell processing
laboratory for the isolation of pancreatic islet ce lIs. The donor
pancreas is cleaned of excess fat and any extra org ans are removed (A).
After the organ is decontaminated, the cannulated o rgan is placed on a
perfusion apparatus where the rate of enzyme soluti on infusion and the
pressure of the organ are kept constant (B). Once the perfusion of the
enzyme is complete, the pancreas is cut into small pieces and placed in
a Ricordi chamber (C). The Ricordi chamber is then connected to a
circuit to circulate and change the temperature of the enzyme during

the digestion phase of isolation (D).
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isolation center, it needs to be cleaned of excess fat and
have the spleen and duodenum removed. The cleaning of the
pancreas requires proper training, but can be performed by
non-surgically trained technicians. Upon completion of
pancreas cleaning, the pancreatic duct is cannulated, and
the pancreas is dipped into betadine and antibiotic
solutions for decontamination. The pancreas is digested by
perfusing a chilled collagenase enzyme through the
pancreatic duct, while maintaining a constant pressure
(Figure 2.1B). The perfusion of the pancreas causes the
distension of the pancreas, enabling further removal of
surface fat. The enzyme is allowed to perfuse for ten
minutes before the pancreas is placed into the digestion
chamber. The pancreas is cut into small pieces and placed
in the digestion chamber along with seven hollow stainless
steel marbles to aid in mechanical digestion (Figure 2.1C).
The digestion chamber is shaken gently, and the fluid
part is circulated within a circuit designed to warm the
enzyme (Figure 2.1D). Samples are taken at short intervals
to monitor the digestion process. When the digestion is
deemed to be finished, the enzyme is cooled and diluted by
adding chilled dilution solution into the circuit. The
resulting digested tissue is collected into many conical

tubes containing human serum albumin (HSA). The tubes are
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spun down and the pellets are pooled together into one tube

containing UW solution. The soaking of the tissue in UW

solution causes disparate dehydration of the acinar tissue

and the endocrine tissue. The digested pancreatic tissue

is enumerated for islet cells by taking a small (100 ulb)
aliquot from a known volume and stained with dithizone, a

dye specific for zinc present in beta cells (Figure 2.2A).

The remaining tissue is then purified using solutions

forming a continuous gradient and centrifugation using a

COBE cell processor. The purified tissue is collected from
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Figure 2.2 Islet Cell Counting and Viability Assessment. After the
pancreas is digested the cellular content is collec ted and a count of
the endocrine cell is performed using a zinc specif ic dye (dithizone)
that stains beta cells red (A). Solid arrow indicat es islet cell
(endocrine), broken arrow indicates acinar (exocrin e) tissue. The
endocrine tissue is then purified based upon densit y gradient
centrifugation in a COBE cell processor. The purif ied cellular
contents are then counted again using dithizone (B) and purity is
assessed. Upon completion of the purification proc ess, a small aliquot
of the purified preparation is taken for the assess ment of viability
using fluorescein diacetate (FDA, green) and propid ium iodide (PI, red)
(©).

the COBE cell processor in 25ml aliquots and placed into
ten conical tubes filled with dilution solution

supplemented with heparin and HSA. Small aliquots are
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taken from each conical tube and evaluated for islet cell
content and purity. The conical tubes are centrifuged and
similar purity fractions are pooled into three purity

layers. Each purity layer is then enumerated and endocrine
purity is assessed using dithizone (Figure 2.2B). The
purified islets are then either prepared for transplant or
placed into culture. Small aliquots from each layer are
taken for the evaluation of viability, using FDA/PI

staining (Figure 2.2C), and potency, using glucose
stimulation.

Our center initially began as a remote site
transplantation center in collaboration with the Diabetes
Research Institute (DRI) at Miami University School of
Medicine. During this initial period, pancreata procured
locally were sent to DRI for the isolation of islet cells
for the purpose of transplantation. Upon completion of
isolation, if the islet cell preparation met the criteria
for transplantation, DRI would ship the islet cell
preparation to Baylor. Of the thirteen organs sent to DRI
for the purpose of transplantation, only five met the
release criteria for transplantation and were transplanted
into four recipients. Due to the distance between our

center and DRI, cold ischemia times (CIT) were prolonged.
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In 2006, Baylor was approved by the FDA as an islet
isolation and transplant center. Since then, we have
performed 44 research islet isolations and twelve clinical
isolations resulting in nine transplants. | have actively
participated in most of these isolations and performed
several steps during isolation and subsequent islet quality
testing. For on-site isolation, the duration of CIT varied
widely depending on the location of the procurement center.
More recently, pancreas procurement for islet isolations is
performed by islet team surgeons who have significantly
impacted islet isolation outcome. Our team has introduced
a method to preserve the main pancreatic duct during cold
storage, which we believe improves the outcome of
isolation. Since the implementation of the novel ductal
preservation technique, we have had seven consecutive
transplants from eight clinical grade pancreata. For
recent islet isolations, the vast majority of pancreata
were processed with CIT of less than four hours.

The goal of the present study was to determine what
effects prolonged CIT has on the outcome of islet cell
isolation. All of the isolation data, dating back to the
initiation of the remote site isolation to the present data
were compiled into a spreadsheet (Table 2.1). Our

hypothesis was that prolonged cold ischemia time (CIT)
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adversely affects the outcome of islet cell isolation. To

this end, we evaluated the isolation data based upon four

Table 2.1 Donor Characteristics

Group CIT (hrs) n Sex Age BMI Mean CIT
I 0to3:59 17 11M:6F 40.35+3.16 31.04+1.63 2:40 +0:10
Il 4:00t07:59 18 14M:4F 425+2.82 29.74+1.40 5:29 +0:19
M 8:00to11:59 12 9M:3F 46.9+3.70 31.3+250 9 :08 + 0:17
v >12hrs 5 2M:3F 47.6+4.40 31.2+290 16:08+1:44

predetermined CIT groupings, looking at all of the recorded
islet cell evaluations estimating quality as well as

quantity.

Materials and Methods

Procurement of Pancreata

Pancreas procurement for the isolation of pancreatic
islet cells has occurred under three separate protocols.
During protocol one, pancreata were procured by Baylor
Regional Transplant Institute (BRTI) surgeons and outside
surgeons. Pancreata in the north Texas vicinity were
procured by BRTI surgeons following a standardized
technique to minimize warm ischemia time. The pancreas was
excised along with the spleen and duodenum, and placed in
either University of Wisconsin (UW) solution (ViaSpan;
Duramed, Pomona, NY), or in a combination of oxygenated

perfluorocarbon (PFC) (Appollo Scientific, UK) and UW known
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as the two later method. Preserved pancreata were then
couriered to the Diabetic Research Institute (DRI) at the
University of Miami School of Medicine for isolation of
clinical grade islet cells, while those pancreata
designated for research only were couriered to the Baylor
Islet Cell Transplant (BICT) for the isolation of research
grade islet cells.

During protocol two, donor pancreata were procured by
BRTI surgeons and outside surgeons following a standardized
technique to minimize warm ischemia followed by the UW
alone or TLM methods of preservation. Preserved pancreata
were then couriered to BICT for the isolation of both
clinical and research grade pancreatic islet cells.

Protocol three was implemented when BICT team included
its own surgeons specializing in islet cell isolation and
transplantation. All pancreata were obtained by the BICT
surgeons using a standardized technique to minimize warm
ischemia time. BICT surgeons also implemented a novel
technique to preserve the main pancreatic duct integrity,
by injecting organ preservation solution immediately upon
excision. Pancreata were then cleaned on the back table
and placed in either UW/TLM, M-Kyoto/TLM, or Kyoto/TLM

preservation solutions for islet cell isolation.
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Islet Cell Isolation

Upon arrival to the BICT processing laboratory the
pancreas was cleaned of excess fat, cannulated if
necessary, and decontaminated in betadine followed by an
antibiotic soak. Pancreata were then perfused with either
Liberase (Roche, Indianapolis, IN), or collagenase NB1
(Serva, Heidelberg, Germany) enzymes for the digestion of
the pancreas. Upon completion of enzyme perfusion, the
fully distended pancreas was cleaned further of any
remaining fat, and then cut into several pieces prior to
placement in the Ricordi chamber. Pancreata digestion was
carried out following the semi-automated method described

by Ricordi et al 45

. Upon cessation of digestion, the
digestate was diluted to reduce the enzyme activity, and
collected into multiple conical tubes containing human

serum albumin (HSA) (Baxter, Deerfield, IL) and dilution
solution (Mediatech, Manassas, VA). The conical tubes
containing digestate were centrifuged and the supernatant
removed. The cell pellets were re-suspended in HSA/UW and
transferred to two conical tubes. The digestate was then
evaluated for islet content, digestion rate, and purity.
Digestate was then purified on a COBE 2991 cell processor

(Gambro BCT, Lakewood, CO) using a continuous gradient

created using Biocoll (Biochrom AG, Berlin, Germany) or
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lodixanol (Optiprep; Sigma, St Louis, MO). Islet fractions
were then assessed for islet cell content, purity,

viability, and digestion, and pooled based upon purity.

Islet Cell Assessment

Samples from each islet cell preparation were taken
for counting, purity, viability, and potency estimation.
Islet cells were counted as previously described
dithizone to stain the islets. Briefly, a 100
the purified islet layers is taken from 100ml of total
sample and placed in a counting dish. Next, dithizone is
added to the islet sample. Using an inverted light
microscope, the islet cells are assessed using a micrometer
to establish the size of each islet cell. The number of
islets of each size group were counted and used to
determine the number of islet equivalents (IEQ) present.
Endocrine purity is estimated based upon the ratio of
dithizone positive (red) cells compared with dithizone
negative (yellow) cells. Viability was determined using
fluorescein diacetate and propidium iodide (FDA/PI)
inclusion/exclusion. Briefly, FDA is cell permeant and able
to penetrate viable cells, staining them fluorescent green.
Pl is cell impermeant, and unable to penetrate viable

cells, staining cells with disrupted cell membranes
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fluorescent red. The ratio of green:red cells is estimated
using an inverted fluorescent microscope for each islet
cell. The viability for 50 IEQ is estimated, and then an
average viability is determined. Islet potency was
determined by static incubation. Briefly, 250 IEQ were
placed in CMRL supplemented islet cell culture medium at
37°C for 18 to 24 hours after purification. 50 IEQ were
then placed in duplicate into either low (2.8mM) or high
(20.0mM) glucose solution, to stimulate insulin secretion.
The islets were then placed at 37°C for two hours before
insulin secretion was measured by ELISA. Samples were
corrected for DNA content by measuring the DNA content of
each sample. A stimulation index was calculated as the
ratio of the amount of insulin/DNA from high glucose

compared to low glucose.

Data Collection

Results from all isolations performed at BICT using
all three protocols were collected and combined into one of
four groups. Group I contained all isolation data with CIT
of less than four hours. Group Il contained all isolation
data with CIT of greater than four hours but less than
eight hours. Group Il contained all isolation data with

CIT of greater than eight hours but less than twelve hours.
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Group IV contained all data with CIT of greater than twelve
hours. Further matching based on digestion enzyme,
gradient, and ductal preservation used was performed prior

to statistical comparison.

Statistical Methods

All data is expressed as mean £+ SEM. One way and two
way ANOVA analysis were used to detect statistical
significance within the CIT groups. Post ANOVA testing was
performed after two-way ANOVA analysis using the Bonferroni
calculation. Two-tailed students t-test was used to
determine statistical significance between Groups | and 1.

Data was considered to be significant when p<0.05.
Results

Prolonged Cold Ischemic Time Reduces the Quantity of
Isolated Islet Cells

To establish what impact cold ischemia time has on the
outcome of human pancreatic islet cell isolation, |
retrospectively analyzed all of the isolation data obtained
through the Baylor Islet Cell Transplant Center. All of
the isolation data was compiled into one of four groupings
based upon cold ischemia time, as described in materials

and methods. One way ANOVA analysis revealed no

statistical significance between the CIT groups in regards
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to the donor characteristics (Table 2.1). There was no
statistical significance observed for donor age (40.35 +
3.16,42.5+2.82,46.9 £ 3.7, 47.6 + 4.4) or for donor BMI
(31.04 + 1.63, 29.74 + 1.4, 31.3 + 2.5, 31.2 + 2.9) among
groups I, II, Ill, and IV respectively. However, ANOVA

analysis (Table 2.2) of the isolation data demonstrated

Table 2.2 One way ANOVA analysis of Isolation Data

Pre-Purification (IEQ) Post-Purification (IEQ) IEQ/g % Recovery
Group n Mean SEM Mean SEM Mean SEM Mean SEM
| 17 751,333 76,059 558,569 56,744 5,512 641 77.87 8.24
I 18 501,186 54,887 356,093 77,008 3,690 846 60.96 8.87
12 499,153 65,946 285,696 48,388 2,804 536 55.23 4.43
\% 5 353,471 104,951 256,211 77,183 3,535 901 64.63 18.21
p 0.007 0.02 0.08 0.28

significant impairment of islet liberation between the four
cold ischemia groups (group I: 751,333 + 76,059; group II:
501,186 * 54,887, group lII: 499,153 * 65,946; group IV:
353,471 + 104,951) for pre-purification IEQ. There was no
statistical significance observed among the CIT groups for
islet cell recovery or IEQ/g digested pancreas. Further
statistical analysis between groups | and Il revealed a
significant reduction in islet liberation as the cold
ischemic time increased (Figure 2.3A).

Because prolonged cold ischemia had a negative outcome
on the liberation of isolated islet cells from intact
pancreata, | examined the result of CIT on the purification

of human pancreatic islet cell yield. One way ANOVA
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Figure 2.3 Prolonged Cold Ischemia Adversely Influences Islet Cell
Liberation and Purification. All isolation data was grouped by cold
ischemic time (CIT). Group |, CIT<4 hrs; group II, 4<CIT <8 hrs; group
i, 8 <CIT <12 hrs; group IV, CIT>12 hrs. One-way ANOVA analys is of
pre-purification islet quantity (A) demonstrated si gnificant
improvement of islet cell liberation in CIT group | when compared to
the other groups (p=0.007). Further statistical an alysis of CIT groups
I and Il, revealed a significant improvement in CIT group | over group
Il (p=0.01). One-way ANOVA analysis of post-purific ation islet quantity
(B) demonstrated a significant improvement of islet cell purification
in CIT group | when compared to all other CIT group s (p=0.02). Further
statistical analysis of CIT groups | and Il, reveal ed a significant
improvement of islet cell purification in group | ¢ ompared with group 2

(p=0.044).

analysis demonstrated a significant inhibition of the
isolation of purified pancreatic islet cells when comparing
all CIT groups (group I: 558,569 + 56,744; group II:

356,093 £+ 77,008, group III: 285,696 *+ 48,388; group IV:
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256,211 + 77,183) (Table 2.2). Further statistical
analysis of groups | and Il revealed a significant
inhibition of the isolation of pancreatic islet cells as
the length of cold ischemia increased (Figure 2.3B).

Taken together, these data indicate that a cold
ischemic time of less than four hours significantly
increases the liberation and purification of pancreatic
islet cells when compared to the other cold ischemic
groups. One can also conclude that CIT of less than four
hours results in significantly more isolated islet cells
than the traditional CIT of eight hours or less.
Prolonged Cold Ischemic Time Influences the Effectiveness
of Enzyme

Two-way ANOVA analysis of pre-purification data from
groups | and Il compared on the basis of the brand of
enzyme used demonstrated a significant increase in islet
liberation between groups | and Il, and a significant
improvement between Serva and Liberase enzymes (Figure
2.4A). Post analysis testing showed a significant
improvement in islet liberation (858,694 *+ 96,656; 554,506
+ 79,276; p<0.05) using Serva in contrast to the use of
Liberase in group | respectively, while the use of Serva or
Liberase in group Il had no statistical significance on

pre-purification IEQ (Table 2.3).
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Table 2.3 Two way ANOVA Analysis of Isolation Data

Pre-Purification (IEQ) Post-Purification (IEQ)
Liberase Serva Liberase Serva
Group n Mean SEM n Mean SEM p n Mean SEM n Mean SEM p

| 6 554,506 79,276 11 858,694* 96,565
Il 11 428,977 62,906 8 608,613 78,047
p 0.002 0.08

0.0057

6 455582 110,237 11 614,744
11 210,314 50,879 8 565,276** 130,311

61,266

0.41

*p<0.05, **p<0.01

Two-way ANOVA analysis of post-purification data from
groups | and Il demonstrated a trend towards significant
inhibition of the isolation of purified pancreatic islet
cells as the length of cold ischemic organ preservation
increased, but showed no statistical significance between
the brand of enzyme used (Figure 2.4B). However, post-
testing analysis revealed that there was a significant
increase in purified islet cells (565,276 + 130,311;

210,314 + 50,879; p<0.001) when using Serva compared with
the use of Liberase in group Il respectively (Table 2.3).
Interestingly, CIT appeared to have no significant affect

on the quantity of purified pancreatic islets isolated

compared to the weight of the digested pancreas (IEQ/g), or
on the percent recovery from the pre-purification count.
Taken together these data indicate that prolongation cold
ischemic organ preservation significantly reduces the
guantity of purified pancreatic islet cells isolated.

Moreover, the use of Liberase enzyme significantly reduces
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Figure 2.4 The Length of CIT and the use of Enzyme Significant ly

Affects the Islet Cell Liberation Yield.
into two groups based upon cold ischemic time (CIT)

Islet cell data was divided

; Group I, CIT<4

hours; Group 11, 4 <CIT <8 hours. Each group was further divided, based

upon enzyme used, into two groups Liberase and Serv
analysis of the pre-purification data (A) revealed
difference between CIT groups (p=0.002) and between
(p=0.0057). Further post ANOVA testing revealed th
in group | has a statistically significant improvem
Liberase (p<0.05). Two-way ANOVA analysis of post-p
revealed a trend toward significant difference bet
(p=0.08), but showed no difference between enzyme g
Further post ANOVA testing revealed that the use of
has a statistically significant improvement over th
(p<0.01).
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the quantity of purified pancreatic islet cells when cold
ischemic organ preservation exceeds four hours.
Prolonged Cold Ischemia Adversely Affects the Quality of
Isolated Islets

To establish the qualitative outcome of prolonged cold
ischemic storage on isolated islet cells, | retrospectively
analyzed the qualitative assessments of the isolation data.
Again, the data was compiled into four groupings based upon
cold ischemia time as described in the materials and
methods section. Extended periods of cold ischemia
detrimentally changed the viability of the resulting islet

cells (Table 2.4). ANOVA analysis demonstrated a trend

Table 2. 4 One way ANOVA Analysis of Islet Cell Quality

Viability Purity Potency
Group n Mean SEM Mean SEM Mean SEM
I 17 95.89 0.91 55.85 4.14 4.14 0.97
I 18 93.37 241 57.87 5.10 3.19 0.84
I 12 90.43 1.82 56.63 6.16 1.78 0.46
Iv 5 87.65 1.96 62.38 8.43 1.87 0.41
p 0.09 0.94 0.25

toward significance in the reduction of the viability
(95.89 £0.91, 93.37 + 2.41, 90.43 £ 1.82, 87.65 + 1.96;
p=0.09)of purified pancreatic islet cells as the length of
cold ischemic organ preservation increases immediately

after the isolation process for groups I, II, Il and 1V
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respectively. However, post-purification islet purity
(group I: 55.85 + 4.14; group 1l: 57.87 + 5.10; group llI:
56.63 = 6.16l; group 1V: 62.38 + 8.43) and potency (group
1:4.14 + 0.97; group 1I: 3.19 + 0.84; group III: 1.78 +

0.46; group 1V: 1.87 £ 0.41) were not adversely affected by
prolonged cold ischemic time groups (Table 2.4). Taken
together, these data imply that long periods of cold
ischemia during organ preservation show a trend toward
significant increase in the quantity of dead islets at the
end of the isolation process, adversely affecting the
quality of the finished product available for

transplantation use.

Discussion
Previous reports have shown that the use of UW alone
as the preservations solution is able to maintain islet
cell quantity up until eight hours, while the use of the
TLM is able to prolong cold preservation up to twelve
hours 8. The advantage of the use of the TLM for
preservation is debatable; many reports have shown a clear

8789 \while others have shown no difference between

advantage
the pancreas preservation methods % Although my data was
insufficient to draw conclusions regarding the benefit of

TLM over UW alone in organ preservation, it clearly
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demonstrates that cold preservation has a significant
impact on the islet isolation process. Not only does my
data demonstrate a significant improvement in the quantity
of islet cells isolated and purified within cold
preservation times of less than four hours compared with
preservation times of four to eight hours, eight to twelve
hours, and more than twelve hours, my data also
demonstrates a significant difference between preservation
times of less than four hours and four to eight hours
alone. This is important because no previous reports have
compared cold ischemia times of less than eight hours.
Previous reports demonstrate a significant difference
between cold preservation of less than eight hours compared
with cold preservation of greater than eight hours

My data also suggests that the brand of enzyme used
also contributes significantly to the quantity of islet
cells digested from the intact pancreas and the quantity of
purified islets recovered during the isolation process.
These results are in contrast to a previous report showing
no significant difference between the use of Liberase or
Serva Collagenase for the enzymatic digestion of the

pancreas

. However, this report used pancreata with cold
ischemic times of 12.0 £ 5.3 hours and 15.0 £ 5.7 hours,

respectively. Itis plausible that with prolonged cold
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ischemic injury, the beneficial effect of Serva Collagenase
is lost on isolation outcome. Unfortunately, all of our
data pertaining to cold ischemic time greater than eight
hours only used one enzyme, Liberase. It would be of
interest to see if our results would match or refute those
results reported by Sabek et al o
These data also indicate that for optimal islet cell
purification, at least in groups | and Il, Serva
collagenase should be used in place of Liberase. This data
is useful in planning the set up of pancreatic islet cell
isolation, in that if the CIT can be estimated ahead of
time the better enzyme would be used. Unfortunately, this
study was unable to determine any statistical difference in
enzyme effectiveness when the CIT was greater than eight
hours. However, as demonstrated previously %1 when the
organ preservation is greater than twelve hours, there
seems to be no difference in enzyme effectiveness. A
secondary benefit of being able to determine the enzyme
ahead of time is cost effectiveness; as Liberase is about
half the price of Serva.
These data are of importance because of the nature of
islet cell isolation and transplantation. Our center’s
criteria for transplantation, like many other centers,

require an islet dose of approximately 10,000 IEQ/kg
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recipient body weight. It has been the experience of our
center, as well as other centers, that in order to achieve

a transplanted islet cell dose of 10,000 IEQ/kg, multiple
islet cell transplants are required from multiple donors.
Each transplant introduces a potential multitude of human
leukocyte antigen (major histocompatibility complex)
(HLA;MHC) mismatches, which, in the context of recipient
donor sensitization, reduces the recipients possibility to
receive kidney grafts in the future, if necessary. By
increasing the effectiveness of the islet cell process and
by reducing the cold ischemic organ preservation as
demonstrated by our data, fewer islet transplants would be
required to attain the completion goal of 10,000 IEQ/Kg,
thus reducing the recipient’s potential exposure to HLA
mismatches. HLA mismatching and its potential role in
islet cell graft dysfunction will be the subject of a

latter chapter. The efficiency in the utilization of scarce
donor organs for islet transplants will also improve by the

implementation of shorter cold ischemic organ preservation.
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CHAPTER THREE
The Role of Complement in the Destruction of Islet Grafts
Post-Transplant
Introduction
Islet transplantation has become an acceptable
alternative treatment for patients with type 1 diabetes
mellitus and hypoglycemic unawareness. Islet cell
transplant graft survival rates have increased following
the introduction of the steroid free immunosuppressive
regimen at multiple centers °1: however, long term
maintenance of post-transplant insulin independent status
is poor °2. One of the drawbacks of current protocols in
islet transplantation is the requirement of multiple donor
pancreata to achieve insulin independence. One of the
critical components for attaining insulin independence is
achieving a large enough engrafted islet mass after
transplantation to ensure graft survival 52,
Isolated pancreatic islets are incompatible with human

blood, eliciting a host of complications that destroy the
transplanted islet mass within the first few hours post-

transplant 2. This incompatibility, known as Instant Blood-

Mediated Inflammatory Reaction (IBMIR), involves
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coagulation and complement, as well as cellular
infiltration. IBMIR research has focused primarily on the

62

outcome of coagulation and lymphocyte infiltration , and

strategies to prevent the initiation of coagulation 63,9399
while complement activation has not been studied as

extensively 1%

. IBMIR elicits platelet and complement
activation and deposition on the islet cells, and attracts
infiltrating leukocytes to the transplanted islet cells,
resulting in entrapment of islet cells within clots 62,
Nilsson et al have demonstrated that pancreatic islet cells

contribute to the initiation of IBMIR by expressing tissue

639495 However, little research has been done to

factor
analyze the changes in gene expression profile of islets
during this process, which in turn could shed light on key
molecules and signaling pathways involved in the
destruction of pancreatic islet cells during IBMIR.

We previously demonstrated in preliminary work 101
(presented at the 2007 joint conferences of Cell
Transplantation Society, International Pancreas and Islet
Transplantation Association, International
Xenotransplantation Association) that pancreatic islet
cells treated with type 1 diabetic serum increased

transcription of the cytokines IL-11 and 12A and the GTPase

Ras Associated with Diabetes ( RADaka RRAD while
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repressing transcription of the receptor antagonist to IL-

1R ( IL-1RN ) that inhibits the harmful effects of
inflammatory cytokines such as IL-1B. We hypothesized that
complement activation, initiated by autoantibody binding to
islet antigens, may effect gene expression changes in islet
cells, thus allowing us to predict the key molecules and
signaling pathways involved in the destruction of the islet
graft. To this end, we further investigated the effect of
complement deposition on islet cells using microarray and
real-time PCR analysis. Our results indicate that
complement contributes to the destruction of the islet

graft by inducing expression of IL-1 beta (IL-1

cytokines that attract the cells of both the adaptive

immune system and the innate immune system, while
concomitantly repressing the transcription of genes that
protect against inflammatory cytokines and reactive oxygen
species, contributing to the destruction of the islet

graft.

Materials and Methods

Pancreas Procurement and Islet Isolation
Donor pancreata were procured through the local organ
procurement organization (OPQ) after consent for research

was obtained. Pancreas removal was performed by Baylor
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Regional Transplant Institute (BRTI) surgeons using a
standardized whole organ procurement technique to minimize
warm ischemia, followed by preservation with the two layer

d 102

metho . Pancreatic islet cells were isolated following

the semi automated method described by Ricordi et al 45
Upon completion of the isolation procedure, the islets were

assessed for purity and quantity by staining with

dithizone, and viability was assessed by fluorescein

diacetate uptake and propidium iodide staining. Islets

isolated from five different donors were used.

Serum Treatment of Islet Cells

Freshly isolated islet cells were cultured in islet
culture medium containing 10% fetal bovine serum (FBS;
Atlanta Biologicals, Lawrenceville, GA), that was
previously heat inactivated, supplemented with 50mM Trolox
C (Sigma Aldrich, St Louis, MO), 2.5mM Niacinamide (Sigma
Aldrich, St Louis, MO), and 100 ng/ml insulin growth factor
(IGF) (Sigma, St Louis, MO), then placed in 5% CO o air at
22°C for twenty-four to forty-eight hours. After culture,
islets were counted and viability assessed as described
above. Isolated islet cells were divided into three
groups. To group I, 1 ml of autologous donor serum was

added in triplicate to 1,000 islet equivalents (IEQ). To
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group Il, 1 ml of ABO matched allogeneic serum from a
previous organ donor was added in triplicate to 1,000 IEQ.
To group Ill, 1 ml of serum from patients newly diagnosed
with type 1 diabetes (kindly provided by Dr. Ellen Kaizer-
Grishman) known to be positive for at least one
autoantibody against insulin, glutamic acid decarboxylase
65 (GADG65), or tyrosine phosphatase-like protein (IA-2) was
added in triplicate to 1,000 IEQ. Groups I, I, and Il

from experiments one through four were placed in triplicate
in a 24 well plate and incubated at 37°C for three hours.
Experiment five was plated similarly, but with six samples
per condition. Upon completion of incubation, the islets
were removed to separate microfuge tubes and washed with
sterile PBS (Gibco, Carlsbad, CA). Islet cells were then
placed in RLT lysis buffer (Qiagen, Valencia, CA)

containing 0.1% B-mercaptoethanol ( B-ME) and stored at -
80°C for RNA extraction, or fixed for immunofluorescence

imaging and analysis.

Immunofluorescent Imaging

An aliquot of islet cells was taken and fixed in 4%
paraformaldehyde (PFA; Sigma, St Louis, MO) in PBS. Fixed
islet cells were then centrifuged and placed in Tissue Tek

optimal cutting temperature (OCT) compound (Sakura,
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Torrance, CA) for cryosectioning. Cryosections were cut at
6um thickness, and every other section was placed on
charged slides beginning with section one. Sixteen

sections were taken in total. Sections were then treated
with either autologous, allogeneic, or type 1 diabetic

serum (obtained from islet cell transplant patients prior

to transplant) for two hours for complement fixation at

37°C, and one hour for autoantibody fixation. Sections

were then washed in PBS. For autoantibody detection, goat
anti-human IgG-FITC (Molecular Probes, Carlsbad, CA) and
goat anti-human IgM-FITC (Sigma, St. Louis, MO) were added
to separate sections in 1:100 staining buffer (1% FBS:PBS)
and incubated at room temperature for 30 minutes. For
complement staining, sheep polyclonal anti-human-C3-FITC
(Abcam, Cambridge, MA) was added in 1:100 PBS to each
section and incubated at room temperature for 30 minutes.
Sections were then washed in PBS, followed by a rinse in
permeabilization buffer (3% BSA (Sigma, St Louis, MO), 0.1%
Triton X-100 (Sigma, St Louis, MO), and 0.1% Azide (Sigma,
St. Louis, MO) in PBS). Sections were then placed in the
permeabilization buffer for 15 minutes at room temperature.
Mouse monoclonal anti-insulin (Abcam, Cambridge, MA)
conjugated to AF647 (Invitrogen, Carlsbad, CA) was diluted

1:100 in permeabilization buffer and added to each section
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for 30 minutes at room temperature for the purpose of islet
identification. Sections were washed twice in
permeabilization buffer, followed by a third rinse in PBS.
DAPI (Invitrogen, Carlsbad, CA) was added to each section
in a 1:5000 dilution in PBS and incubated at room
temperature for five minutes. Sections were washed twice

in PBS, dried briefly, and covered with Fluoromount-G
(Southern Biotech, Birmingham, AB) before coverslipping.

All incubations with fluorescently labeled antibodies were
done in the dark. Goat anti IgG-FITC (Caltag, Carlsbad,
CA), sheep IgG (Abcam, Cambridge, MA) conjugated to FITC
(Sigma, St Louis, MO) and mouse IgG1 (R&D Systems,
Minneapolis, MN) conjugated to AF647 (Invitrogen, Carlsbad,
CA) served as isotype controls. Images were taken on an
upright fluorescent microscope using MetaMorph 6.2r6
(Molecular Devices, Sunnyvale, CA) for image acquisition

and analysis.

Microarray Analysis

Total RNA was isolated using TRI Reagent (Ambion,
Austin, TX) following the manufacturer’s instructions for
experiments one to three. For experiments four and five,
total RNA was isolated using the RNeasy mini kit (Qiagen,

Valencia, CA) following the manufacturer’s instructions.
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Coding mRNA from total RNA was used to generate double
stranded cDNA by reverse transcription. Double stranded
cDNA served as a template for the production of
biotinylated cRNA using the Illumina Total Prep mRNA
Isolation kit (Ambion, Austin, TX). Biotinylated cRNA was
hybridized to Illumina human whole genome Hu6 V2 or V3
(experiment 4) gene chips (lllumina, San Diego, CA)
following the manufacturer’s directions. Hybridized gene
chips were then scanned on an lllumina BeadStation 500
following the manufacturer’s protocols (lllumina, San
Diego, CA). lllumina’s BeadStudio software was used to
generate signal intensity values from the scans, subtract
background, and scale each microarray to the median average
intensity for all samples (per-chip normalization). Data
analysis was performed using GeneSpring GX 7.3 software
(Agilent, Santa Clara, CA). Samples were clustered
independently to determine if gene expression reflected
treatment condition. Upon completion of unsupervised
clustering analysis, experiment five was chosen as a
representative experiment for further class prediction
analysis. The software generated a list of 50 genes that
predicted gene condition 100% correctly in experiment five
(training set). This list of genes was then tested against

the other experiments (test sets). From this list,
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significant gene expression changes as determined by one-
way ANOVA analysis were chosen for further analysis among

all experiments.

Real Time PCR

One representative sample from each condition in each
experiment was randomly chosen for confirmation of the data
obtained in microarray analysis. Total RNA was reverse
transcribed to generate cDNA using RetroScript (Ambion,
Austin, TX) cDNA synthesis kit. 100 ng of cDNA was plated
in triplicate for each condition and each gene of interest.
TagMan (Applied Biosystems, Foster City, CA) probes
specific MMP-9, IL-11, IL-12A, RAD, IL-1RN, IL-1
to specifically amplify these genes of interest.
served as a normalizing housekeeping gene. Relative
guantity of the gene of interest (GOI) was compared to the
autologous (calibrator) condition for both allogeneic and

A€ method for relative

diabetic conditions by the 2
guantification. Replicates were averaged from each
experimental condition for each gene. Each experiment was

then averaged for each gene of interest.

Statistical Methods

All data is expressed as mean +SEM. Grubbs method of

detecting statistical outliers was used to remove outliers
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from further statistical analysis. One-way ANOVA non-
parametric T testing with multiple error correction was
used to determine statistical significance of the micro-
array data, with statistical significance being p<0.01.
For real-time PCR analysis, students two-way unpaired t-
test was used to determine significance. Results were
considered significant when p<0.05.
Results

Complement Activation by Treatment of Islets with Type 1
Diabetic Serum

Following intraportal infusion, pancreatic islet cells
undergo IBMIR, which consists of activation of both
coagulation and complement cascades. To investigate the
role complement plays in the process of graft destruction
that begins immediately post-transplant, we analyzed the
gene expression changes that pancreatic islet cells undergo
when exposed to complement. To this end, type 1 diabetic
serum obtained from patients prior to islet transplant was
used to treat sectioned islet cells. To establish that
autoantibodies present in diabetic serum are responsible
for the fixation of complement upon isolated islet cells,
we stained serum treated islet cells for the presence of

IgG and IgM (Figure 3.1). Autoantibodies were only
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detected in the diabetic serum condition when compared to
the autologous and allogeneic condition. To establish that
autoantibodies are capable of fixing complement to the

surface of islet cells, we next stained serum treated

sections for the presence of complement factor C3. The

Figure 3.1 Binding of Auto-Antibodies From Diabeti ¢ Serum to Islet
Cells. Isolated islet cells were fixed and cryosec tioned at 6 pm
intervals. Islet cell sections were then incubated in a 1:2 dilution

of autologous serum (A-F), allogeneic serum (G-L), and type 1 diabetic
serum (M-R) at 37°C for 1 hour. Sections were wash ed and labeled with
goat anti-human 1gG-AF488 or goat anti-human IgM-FlI TC. Only type 1
diabetic serum treated islet sections demonstrated the presence of
autoantibodies as detected by the presence of 1gG ( N) and IgM (Q).

sectioned islet cells were then stained with an antibody

for complement factor C3 (Figure 3.2). Islet sections that
were exposed to type 1 diabetic serum alone demonstrated
the presence of complement (Figure 3.2K), while those
sections that were exposed to autologous or non-diabetic

allogeneic serum did not show any complement deposition.
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These data indicate that autoantibodies present in type 1
diabetic serum are capable of recognizing islet antigens,

which initiates the deposition of complement on the

Figure 3.2 Complement Deposited on Islets Exposed to Type 1 Diabetic
Serum. lIsolated islet cells were fixed and cryosec tioned at 6um
intervals, four consecutive odd numbered sections w ere used per
condition. Sections 7, 15, and 23 shown. lIslet se ctions were then
incubated in a 1:2 dilution of autologous serum (A- D), allogeneic serum
(E-H) and type 1 diabetic serum (I-L) at 37°C for 2 hours. Sections
were washed and labeled with rabbit polyclonal anti -C3-FITC and mouse
monoclonal anti-insulin conjugated to AF647. Only t ype 1 diabetic serum
displayed signs of complement deposition (K), which corresponded with

an islet cell represented by insulin (J).

surface of the islet cell. Because autologous and
allogeneic donor serum does not contain islet cell
autoantibodies, there is no evidence of complement

deposition on the surface of islet cells (Figure 3.2C,G).
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Complement Induces Gene Expression Changes in Isolated
Islets

Isolated islet cells were treated with diabetic serum
known to be autoantibody positive to further investigate
gene expression changes induced by autoantibody and
complement activation. Gene profiles that lacked any
detectable signal intensity across the board were removed
from analysis in an attempt to reduce false discovery.
Flat expression profiles were removed from data analysis by
filtering the data on the criteria of meeting the minimum
fluorescence cutoff and having a two fold difference in
expression in at least one sample when compared to the mean
of the autologous condition for each gene. This
dramatically reduced the number of genes from ~48,000 genes
to an average of 3,415 + 1,552 genes. Supervised
clustering performed on the filtered microarray data
demonstrated that the samples clustered by treatment
condition (Figure 3.3). This demonstrates the difference
is gene expression between the three treatment groups.
Because of the different gene expression due to complement
fixation brought on by autoantibody recognition of islet
cells, we set out to determine if there were any genes that
could be used as possible intervention targets. To this

end class prediction analysis was then performed in an

60



attempt to compile a list of genes that could be attributed
to islet autoantibodies and complement deposition (Figure
3.4). A representative experiment was used as the training

set to establish whether the predictor genes could predict

ALLO Auto T1DM
Figure 3.3 Complement Activation Initiated by Auto antibodies in Type 1
Diabetic Serum Induce a Specific Profile of Gene Ex pression. Islet
cells exposed to complement in diabetic serum under go changes in gene
expression that leads to the self-destruction of th e islet graft.
Unsupervised clustering reveals 679 genes that are differentially
expressed in diabetic serum when compared to autolo gous serum. Data

from a representative experiment is shown.
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the correct treatment classification in itself. Once the
predictor list was established as having 100% correct

prediction in the training set, this list was imported to
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Figure 3.4 Class Prediction Analysis of Islets Exposed to Diab etic
Serum Based on Changes in Genetic Profile. A representative experiment
was chosen for class prediction analysis to establi sh a list of genes
that could differentiate the serum conditions based on gene expression
changes. Samples were normalized to the mean of th e autologous

condition.

the other experiments for further analysis, resulting in a
mean prediction accuracy of 56% * 17%. The predictor genes

were analyzed for the expression profile for each
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experiment and the resulting data compiled for an overall
expression pattern (Table 3.1). This table implies that

type 1 diabetic serum induces significant gene expression
changes through complement activation. When compared to
normal autologous expression, the following genes were
significantly over-expressed: RRAD (343.17 + 62.37,

p=0.0008), GMNN (284.59 + 40.54, p<0.0001), ANKRD1 (279.99
+ 45.87, p=0.0003), IL-1 B (255.66 + 31.31, p<0.0001), IL-
23A (251.37 *+ 35.85, p=0.0002), MMP9 (243.37 + 35.13,
p=0.0001), IL-11 (220.12 + 45.46, p=0.0135), ENC1 (219.3 +
15.27, p<0.0001), SDS (210.56 + 26.46, p=0.0004), GBP1
(181.43 + 30.03, p<0.0001), NEXN (179.03 £ 15.65,

p<0.0001), EPC1 (175.61 + 16.43, p=0.0001), CXCL1 (146.62 +
19.66, p=0.0256); while the following genes were

significantly under-expressed: SDCBP2 (66.73 £ 8.78,

p=0.004), HSPCO65 (64.27 + 10.42, p=0.0243), IL-1RN (64 +
6.02, p=0.0049), CCL20 (61.86 + 8.36, p=0.0008),
ANGPTLA4(48.1 + 7.76, p<0.0001), SPRY1 (37.13 + 6.24,
p<0.0001), MT1E (34.48 + 10.71, p<0.0001).

Real-time QPCR of Select Genes Corroborates Changes
Indicated by Micro-Array Analysis

In an attempt to substantiate the data collected by

micro-array analysis, representative genes were chosen for

63



further analysis by real-time quantitative PCR. TagMan

probes specific for matrix metalloproteinase -9

Table 3.1 Average Signal Intensity for Class Predictor

(MMP-9,

Genes
Experiment
Gene ID 1 2 3 4 5 Average
MMP9* 62.98 £ 8.32 181.58 + 24.99 4682.43 + 228.46 209.49+23.54 351.34+£47.45 243.37 +35.13 0.0001
KYNU 49.12+11.13 75.84 £ 22.11 2918.49 + 49.56 204.52 £22.01 114.78 £16.7 116.29 £ 16.86 0.3803
IL-1B* 70.49 £ 4.26 170.88 + 31.75 1656.21 + 57.90 363.32+31.84 305.95+29.58 255.66+31.31 <0.0001
GBP1 110.54 £12.08 259.00 £ 3.67 881.78 + 162.58 247.02 £11.43 146.4 £5.14 181.43+16.84 <0.0001
SDS 136.18 + 1.19 343.99 £ 0.51 22.7+2.50 249.79 +33.42 233.89+2249 210.56 + 26.46 0.0004
IL11* 84.23+11.95 523.35 + 81.56 1.81+1.81 12 058+7.14 236.35+23.16 220.12 +45.46 0.0135
ANKRD1 101.59 + 3.99 297.89 + 48.18 1.47 +1.47 20 548 +28.09 460.61 £4251 279.99 +45.87 0.0003
GMNN 120.57 £ 3.84 27570 £ 1.77 5.58 +0.92 423.90 +11.9 383.70 £24.65 284.59 £40.54 <0.0001
ENC1 111.48 £ 5.62 240.93 £17.51 186.86 £ 0.74 191.4 1+£9.80 269.18 £17.81 219.30+15.27 <0.0001
HLA-E 94.87 £5.29 127.75 £ 11.58 778.72 £197.71 120.00 + 6.44 84.01 +2.54 187.16 + 32.35 0.2664
CCL4L1 65.10 £ 6.04 74.04 + 15.65 1187.75 + 234.2 4 11652+ 12.24 206.97 +16.64 266.89 +57.03 0.1038
IL-23A 116.04 £ 7.01 484.44 + 51.86 345.51 + 70.15 1 17.38 +3.57 215.56 +10.90 251.37 +35.85 0.0002
STAT5A 89.07 £ 1.47 114.92 +0.12 754.27 + 158.85 152.59 + 10.87 85.85 +5.22 187.03 +£35.81 0.2182
ZNF659 89.84 +9.47 139.77 +3.11 443.96 + 117.27 106.61+11.31 223.56+12.19 183.94 +30.03 0.0049
NEXN 100.65 + 0.34 138.07 + 22.97 112.47 £9.44 188. 57+10.67 243.07+11.14 179.03+15.65 <0.0001
FAM43A 85.43 £ 0.09 126.29 £ 7.92 551.7 + 54.59 107 44+ 173 163.84 £ 13.61  184.90 + 37.17 0.0263
RRAD* 117.55+ 3.43 249.98 + 0.43 1.58 +1.58 192.41 +0.45 543.75+52.04 343.17 +£62.37 0.0008
C1QR1 91.75+4.87 68.97 £9.7 717.43 £ 95.04 80.13 +4.65 64.63 +2.43 158.63 + 36.78 0.7955
IL-18R1 74.61 £9.40 103.96 + 1.64 532.48 + 45.22 8 9.72 +6.48 57.78 £ 7.02 136.37 £ 30.01 0.8777
EPC1 92.65 +11.04 159.00 + 21.85 264.45+41.14 1 03.66 + 2.43 217.93£7.38 175.61 £16.43 0.0001
NCOA7 96.79 £ 4.63 92.98 + 1.30 54.20 £0.87 121.94 +4.79 226.27 £16.4 145.57 £19.01 0.0216
ZNF658 15.28 + 15.28 82.13 + 20.49 142.82 £18.5 1 4478 £10.11 2135+454 129.53 £ 20.99 0.2211
IL-12A* 123.88+0.71 158.01 £ 145 26.41+£8.35 97 91+11.85 176.46+10.04 132.94+13.70 0.0578
CXCL1 92.42 £ 2.48 127.80+0.24 35.56 £ 4.63 113.63 +3.43 226.27 £16.4 146.62 £ 19.66 0.0256
IL-1RN* 76.97 £9.33 61.08 + 11.03 975.22 £41.11 165.91 + 2.59 61.14 £9.44 64.00 £ 6.02 0.0049
ZNF644 121.48 + 4.32 168.74 £ 3.20 88.24+3.14 108.4 3+£051 167.68 £ 15.83  130.73+10.43 0.0016
NEDD9 103.9+7.95 121.35+7.59 63.69 + 36.49 92. 59 +0.60 226.91 +£16.7 137.78 +£18.92 0.0161
1780523 94.14 + 1.50 118.01 + 3.00 82.25+13.91 N/ A 299.64 +35.17 192.66 + 32.69 0.0100
CNNM2 108.26 + 7.84 100.72 +11.43 4.40 £2.20 89 .80 +29.17 179.97 £+ 8.04 119.42 +15.84 0.3470
RND1 121.21 £ 0.04 86.97 +£4.49 0.00 +0.00 101.49 +8.64 166.53 £ 6.94 117.11 +14.88 0.3477
ARL4 108.63 + 8.02 108.75 £ 0.28 108.40 £9.27 92.87 +6.54 180.33 £11.79 131.02+11.24 0.0083
SLC25A3 127.67 + 37.02 112.23+6.82 39.13+17.39 102.31+2.61 192.29 £15.89 133.19+15.01 0.0434
CXCL2 100.71 £ 0.55 143.64 £ 0.59 0.00 + 0.00 92.20 +2.54 107.40 + 10.55 68.26 + 11.37 0.6288
LAMB3 69.92 + 6.86 69.18 + 2.30 0.00 + 0.00 140.74 +6.06 183.40 + 15.97 33.93 +18.56 0.3128
CCL3 81.76 £ 8.69 1416 £0.28 16.71 +8.88 68.94 +5.02 196.30 £13.29 122.87 +18.69 0.2104
CCL3L1 91.20 £ 6.85 93.67 + 15.64 20.94 £0.07 66 21+4.93 183.40 £15.97 112.77 +16.41 0.4620
CCL3L3 96.35+7.91 143.54 £ 0.28 13.21£4.99 64.6 3+£6.18 187.02 £ 15.04 120.05 + 18.04 0.2372
SLC25A36 95.41 +1.63 109.42 + 26.16 15.42+4.18 77.52 £9.53 139.68 £ 4.45 101.29£11.33 0.9154
GCNT3 95.75 £ 2.80 85.88 £ 5.09 0.35+0.35 148.0 4.+27.44 56.90 £9.22 79.71+£13.39 0.1150
NR1D2 105.15 £ 2.80 119.89 + 6.80 37.93 £3.50 75.56 +6.69 153.50 £ 3.79 97.71 £ 10.52 0.3283
TLCD1 100.49 +0.72 103.64 + 3.08 19.07+£0.14 106.36 +2.18 86.18 £4.79 85.71+7.80 0.0828
SFRS7 98.00 + 3.50 67.81£6.20 165.32 £2.78 141.98 +3.60 64.63 +2.43 96.49 + 10.16 0.7461
SERPINB2 95.29 + 0.63 88.03 £ 0.48 7.52 +1.65 67 73+6.91 183.40 £15.97 109.23+17.98 0.5174
HSPC065 93.37 + 18.69 100.97 + 8.84 0.00 + 0.00 72.95+41.61 76.24 £ 4.55 64.27 +10.42 0.0243
MT1E 93.65 * 3.40 13.95+0.29 7.26 +7.26 90.17 +1.32 4.78 £1.10 34.48£10.71  <0.0001
CCL20 85.95+7.76 66.00 + 0.36 2.20+0.39 99.18 +6.37 58.82 +7.83 61.86 + 8.36 0.0008
VNN1 98.59 + 2.57 40.82 £5.42 1255.88 + 55.18 142. 96 + 28.75 48.03 £ 7.96 148.68 + 108.07 0.2311
NR5A2 77.63+0.97 119.89 + 6.80 0.04 +0.04 193.00 +2.41 58.91 + 3.58 83.99 +14.84 0.2859
ARRDC3 87.79+2.24 41.68 + 8.85 161.7 + 32.65 102 79+235 47.55 +2.58 72.90 +11.45 0.0576
SDCBP2 82.86 + 6.95 91.46 + 4.69 1.18+0.12 111.6 7 +0.66 55.85 + 3.03 66.73 £8.78 0.0040
SPRY1 89.65+1.18 45.47 +0.02 8.59+0.15 38.65 +1.66 25.6 +1.55 37.13+6.24 <0.0001
ANGPTL4 71.01+451 22.13+6.47 0.00 +0.00 75 .36 + 24.49 55.85 + 3.03 48.10 £7.76 <0.0001
*indicates gene expression corroborated with Real-t ime PCR

interleukin 1-beta (

interleukin 12A (

IL-1 g), interleukin 11 (

64

IL-11 ),

IL-12A ), ras-related associated with



diabetes ( RAD, and interleukin 1 receptor antagonist ( IL-
1RN) were used to amplify these genes. Due to monetary

reasons, a representative sample from each condition was

chosen from each experiment, totaling 15 samples. Total

RNA left over from the micro-array analysis was used to

generate cDNA. Relative quantification of the TLDM

condition, with respect to the autologous condition,

confirmed the respective change in gene expression (Figure

3.5). MMP-9demonstrated a 7.50 fold up-regulation in TLDM

when compared to autologous serum treatment. IL-1 B
likewise depicted a significant 2.23 fold up-regulation

(p<0.01) in the T1DM condition. Although not significant,

IL-11 was also up-regulated by 1.92 fold in the diabetic

condition. IL-12A underwent a significant 3.19 fold up-

regulation when treated with diabetic serum (p<0.05). RAD
expression was significantly up-regulated by 6.13 fold by

T1DM serum (p<0.05) when compared to autologous serum. The
expression of IL-1RN in T1DM treated islets was

significantly reduced to 0.42 of the autologous expression

level (p<0.01).
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Figure 3.5 Real Time PCR Analysis Confirms Micro-Array Data in
Representative Genes. Representative genes were chosen for
corroboration by using relative quantification real -time PCR. TagMan
probes specific for MMP-9 (A), IL-1 B (B), IL-12A (C), IL-11 (D), RRAD
(E), and IL-1RN (F) were used to produce cDNA from representative mRNA
samples from each experiment. Real-time PCR detect ed significant gene
expression changes of 7.50 + 3.17 (p=0.07), 2.23 + 0.33 (p=0.005), 3.19
+0.66 (p=0.01), 1.92 + 0.53 (p=0.12), 6.13 + 1.87 (p=0.03), 0.42 +
0.14 (p=0.003) respectively. Mean + SEM.
Discussion
Instant Blood-Mediated Inflammatory Reaction (IBMIR)
is known to involve both the coagulation cascade and the
complement cascade %2999 |n the present study, we
investigated the molecular mechanism(s) by which complement
activation contributes to the destruction of the islet cell
graft. Pancreatic islets are isolated mostly from brain
dead donors experiencing cytokine storm 104 Hence, donor
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serum was used as a control to establish the background
effects of cytokines on isolated islet cells. Similarly,
ABO matched allogeneic donor serum was also used to control
for mismatch in HLA compatibility. Sera from a living type
1 diabetic patient known to be positive for islet auto-
antibodies was used to simulate islet transplantation
The resulting gene expression profile data reflects the
conditions of clinically transplantable islet cells
undergoing IBMIR due to the soluble complement factors. We
can eliminate the contribution of coagulation in these
changes because serum was used for the treatment of islets
rather than plasma.

Micro-array analysis generated an average list of
genes (3,415 + 1552) that were differentially expressed
between the three conditions in the five experiments
analyzed. In an attempt to reduce the amount of data to a
workable level, class prediction analysis was implemented
using a representative experiment. The resulting data set
of 50 genes was now easily manageable. The list of
predictor genes generated from experiment five was imported
to the analysis of the remaining experiments for expression
analysis. The expression values for each gene for each
sample from each experiment were exported to excel, and the

samples were averaged. The resulting data demonstrated a
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trend of increasing transcription of genes that have
activity toward angiogenesis while turning off
transcription of genes which protect the islets from
inflammatory cytokines and reactive oxygen species.

Matrix Metalloproteinase-9 (MMP-9) is an enzyme that
plays a pivotal role in the migration of immune cells 106,
MMPs have even been demonstrated to be present on rodent

islets after isolation 107

. It has been shown to promote
angiogenesis in tumor cells by proteolytically cleaving

latent TGF- B into active TGF- 1% A previous study using a
mouse model of islet transplantation has demonstrated that
pre-treatment of islets with MMP-9 improved islet graft
revascularization, with improved vascular density, blood

flow and oxygen tension 109,

It is plausible that islet
cells up-regulate transcription of MMP-9 in an attempt to
initiate angiogenesis to improve their oxygen supply.

Interleukin 1 beta (IL-1 ) is an inflammatory cytokine
primarily involved in inflammation and immune responses 110,
In tumor models, IL-1 B has been shown to promote tumor
angiogenesis, while IL-1RN was demonstrated to block
angiogenesis %, IL-1 B has also been demonstrated to cause
the nuclear exportation of N-CoR corepressor complex,

lll. It

resulting in the depression of NF- «B regulated genes

is possible that islets transplanted into the hepatic
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portal vein, in an attempt to promote revascularization,
due to a hypoxic environment, up-regulate IL-1

other pro-angiogenesis while inhibiting transcription of
blockers of angiogenesis (IL-1RN) factors to promote
revascularization of the islet graft. However, due to the
inflammatory environment that the islets encounter, the
amount of IL-1 g may be beyond levels required for

angiogenesis and adequate for inflammation and apoptosis.

Indeed, it has been demonstrated that IL-1 B induces NF-

leading to the downstream activation of genes that promote
beta cell dysfunction and apoptosis 112 “and IL-1
demonstrated to be involved in the onset of autoimmune

113 ' This would be exacerbated in that islets are

diabetes

inhibiting the transcription of the receptor antagonist

(IL-1RN) that blocks IL-1 B-IL-1R signaling.
Interleukin 11 is known to stimulate T cell dependent

B cell development as well as plasmacytoma proliferation

In addition to IL-11's hematopoietic regulatory function,

IL-11 has also been demonstrated to induce synthesis of the

tissue inhibitor of metalloproteinase-1 (TIMP-1),

preventing the breakdown of extracellular matrix

is also a stimulator of megakaryocyte development and

proliferation leading to increased platelet counts in

g along with

B has been

115 11

murine and non-human primate 115 models. Some non-immune
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cells, human articular chondrocytes 16 "have been shown to
express IL-11 mRNA upon stimulation with IL-1 or TGF- B,
creating the possibility that pancreatic islet cells could
be induced to express IL-11. The expression of IL-11 could
lead to the development of B cells sensitized to the islet
graft, hindering the long term engraftment of the islet
cells.
Interestingly, IL-12A (IL-12p35) and IL-23A (IL-
23p19), which both share a common IL-12p40 subunit, were
both up-regulated by diabetic serum in islet cells. When
the p35 and p19 subunits couple together with p40, they
form IL-12 and IL-23 respectively. These two cytokines
have opposite effects, with IL-12 promoting cell mediated

117 and IL-23 promoting memory T cells, regulatory T

immunity
cells, angiogenesis and MMP-9 activity 117118 11-12 has also

been demonstrated to possess the ability to suppress

apoptosis induced by UV radiation 119 and aids IL-2 in
activating tonsilar and lymph node NK cells 120 |n addition,
Epstein-Barr virus has been shown to induce a gene ( EBI3)

that is similar to the IL-12p40 subunit, enabling the

formation of the 1L-35 cytokine 121 L-35 has been
demonstrated to promote the proliferation of regulatory T
cells, while inhibiting the proliferation of Th17

cells 121,122
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Ras associated with diabetes (RAD), a member of the
Ras family of small GTPases, has been reported to be over-
expressed in muscle tissue of patients diagnosed with type

2 diabetes mellitus 123

. Ras is normally involved in signal

transduction through many pathways including the MAP Kinase

pathway. Ras is known to control such cellular mechanisms

as proliferation, differentiation and apoptosis 124125

Transcription of the chemokine CXCL1 has been demonstrated

to be turned on by Ras activation 126 CXCL1 has been

reported to be involved in angiogenesis 127,
Metallothionein IE (MTL1E) is ubiquitously expressed

and is known to function in the sequestering of heavy metal

atoms within the cell, detoxify metals, regulate the

homeostasis of zinc and copper during development, regulate

synthesis and activity of zinc metalloproteins, and

provide protection against reactive oxygen species 128

Production of ROS has been reported to play a fundamental

role in pancreatic beta cell death in islet

transplantation 129

. Down-regulation of MT1E would make the
pancreatic beta cells even more sensitive to ROS-mediated
cell death.
IL-1 receptor antagonist (IL-1RN) has been
130.

demonstrated to be down-regulated in patients with T2DM

In vitro studies have shown that reduced expression of IL-
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1RN coupled with increased expression of IL-1 B lead to

impaired beta cell function and increased activation of

130 " Our data indicates that serum from T1DM

apoptosis
patients has the ability to down-regulate IL-1RN in vitro,
indicating that a similar phenomenon may be occurring

during islet cell transplantation. This would be

detrimental to the survival of the transplanted islet mass,

as IL-1 g is produced during post-transplant inflammation.

A recombinant form IL-1RN, used as a treatment for T2DM,
has shown some recent promise by improving glycemic control
and beta cell secretory function 131,

Taken together, the gene array data indicate that the
islet cells are trying to overcome hypoxic conditions
experienced during the immediate post-transplant period by
inducing or inhibiting transcription of genes that can
promote/inhibit angiogenesis. Alternatively, while trying
to compensate for the hypoxic conditions encountered in the
hepatic sinusoids, the islets make themselves vulnerable to
immune attack by attracting innate immune cells, reducing
protection against inflammatory cytokines, and reducing
their ability to combat reactive oxygen species. The
results of this study demonstrate areas of possible

intervention, mainly through antagonists to IL-1

studies could be aimed at elucidating what protective role
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IL-1 B blockers such as Anakinra could have on the
transcriptional profile of islet cells during the immediate

post-transplant period.
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CHAPTER FOUR
The Expression of HLA Class Il Molecules on the Surface of
Isolated Islet Cells and their Role in Sensitization and
Rejection 2
Introduction
Clinical islet transplantation is a promising
treatment for “brittle” type 1 diabetic patients to achieve

normoglycemia *°

. Following the publication of Edmonton
protocol ¢, achievement of insulin independence was
considered as a primary goal of islet transplantation and
several experienced centers were able to successfully
reproduce short term results shown by the Edmonton group
However, the long term insulin independent rates have
dropped from 80% insulin independence at 1 year to about 8%
at five years 92 The mechanisms for the loss of islet
function are not clearly understood. There are several
possible causes for islet allograft loss, such as islet

quality, Instant Blood Mediated Inflammatory Reaction
(IBMIR), adverse effects of immunosuppressive drugs, and
the development of immune response against the donor

islets 6276

3 Adapted with permission from Jackson A, et al 132 " Copyright 2009,
Society of Transplant Surgeons.
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Currently, islet transplantation does not require
performing HLA matching between the donors and recipients.
Furthermore, multiple infusions of islets isolated from
different donor organs are generally required to reach
adequate transplanted islet mass to attain insulin
independence. Such multiple islet infusions increase the
number of possible mismatched HLA antigens 7. Not
surprisingly, several reports have shown that islet
transplant recipients develop antibodies to the
transplanted donor HLA antigens, particularly following

781 Detailed analyses have

withdrawal of immunosuppression
shown that the islet transplant recipients develop

antibodies to both HLA class | and Il antigens of the donor

origin (Table 4.1). While it is evident that islets

constitutively express HLA class | antigens, the expression

of HLA class Il on isolated human islets has not been

clearly demonstrated. Upon stimulation with TNF oand IFN v,
islet-enriched pancreatic cultures 84133 and MIN6 % cell

lines have been shown to express HLA class Il antigens.

However, such demonstration in isolated human islets is

still lacking. In addition, the mechanism of HLA

sensitization in islet allograft recipients remains

unclear. We hypothesized that under inflammatory

conditions, there is induction of HLA class Il expression
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on the islet cell surface leading to the development of

anti-donor class Il antibodies.

Table 4.1 HLA Sensitization in Islet Transplant Recipients

Center # of Patients anti-class | anti-class Il
University of Virginia i 1 class | none
Washington University i 3 class | none
University of Pennsylvania i 1 class | class Il
University of Alberta v 14 class | class Il
University of Minnesota v 4 class | class I
BRTI 1 none DR7
Al, A23, A24,
A32, A36,
BRTI 1 B38, B49, DRL, DSSQDQ&
B51, B53,
B59, B63, B77
i. Lobo PI, et al. Transplant Proc. 2005; 37: 3438.
ii. Mohanakumar T, et al. Transplantation. 2006; 82 . 180
iii. Rickels MR, et al. J Clin Endocrinol Metab. 20 07; 92: 2410.

iv. Campbell PM, et al. Am J Transplant. 2007; 7:23 11.
v. Bellin MD, et al. Am J Transplant. 2008; 8: 2463 .
vi. Unpublished data

HLA molecules are critical to the immune response. HLA
molecules are encoded within the major histocompatibility
complex (MHC) region on chromosome 6. There are two
classes of HLA molecules, each with several subclasses.

They are both surface molecules composed of four subunits
and a transmembrane domain (Figure 4.1). They share a
similar function in that they both present peptides to
lymphocytes. However, they differ in that HLA class |
molecules are present on all cells of the human body, and

are responsible for presenting peptides of primarily
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intracellular origin, such as cytosolic proteins generated
by intracellular viruses, to cytotoxic effector T cells.

HLA class Il molecules are primarily restricted to antigen

A B
peptide-binding peptide-binding
cleft cleft
o9 oy B 1 oy
o3 62 B
microglobulin By oy
. \
Figure 4.1 Structure of the Human Leukocyte Antigen (HLA). HL Aclass |
(A) is composed of a heavy chain containing three a Ipha subunits ( ol,
o2, «o3)and a non-HLA protein, B2 microglobulin. There are three
major classes of HLA class I, designated HLA-A, HLA -B, HLA-C. HLA
class Il (B) is composed of two polypeptides chains ( «and p) each with
dimmer subunits oland o2plus pland B2. There are three major
classes of HLA class Il, designated HLA-DR, HLA-DP, and HLA-DQ.
(Reprinted with permission from Janeway et al 134 ) Copyright (2005),
Garland Science Books. Permission conveyed through Copyright Clearance
Center, Inc.

presenting cells (APC), such as dendritic cells (DC),
macrophages, and B lymphocytes. HLA class Il molecules are
responsible for presenting extracellular antigens that have
been internalized, through phagocytosis or antigen receptor
mediated internalization, to helper T cells and B cells.

Both classes of HLA molecules present foreign and self-

1



peptides to mature lymphocytes on a regular basis. When a
foreign peptide is encountered by an APC, a robust immune
response is initiated against all cells containing that

foreign peptide. In the case of extracellular pathogens,

the pathogen is killed directly by antigen specific
lymphocytes. In the case of intracellular pathogens, the
host cell is destroyed by the immune response. In the
context of transplantation, there are two prominent methods
of donor antigen recognition, the direct and indirect
pathways (Figure 4.2), which are responsible for graft

rejection. In the direct pathway, donor HLA expressed on

A _ B

Recipient
APC

HLA
molecule

T-cell

Donor- receptor / = CD40 ligand

derived””
peptide

Recipient Recipient

T cell T cell
Figure 4.2 Direct and Indirect Pathways of Antigen Recognition. In the
context of transplant rejection, there are two path ways of rejection
that occur. The direct pathway (A) involves donor A PCs being recognized
by recipient T cells as being foreign due to the HL A mismatch. The
indirect pathway involves recipient APCs presenting donor antigens
within the HLA molecule to recipient T cells. (Adap ted by permission
from Macmillan Publishers Ltd: Nature, Chidgey et a | 135 )Copyright (2008)
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donor APCs is directly recognized by recipient T cells as
being foreign. In the case of the indirect pathway, donor
cells slough off antigens that are picked up by recipient
APCs and displayed as foreign antigens by the APC HLA to
recipient T cells.

In this study, we used islets isolated from deceased
donor pancreata to demonstrate induction of HLA class Il
molecules by inflammatory cytokines (IFN- v and TNF- «) using
real-time PCR analysis, immunofluorescent staining, and
flow cytometry. Since 2006, our center has performed 17
islet transplants into nine patients under two
investigational drug applications (IND). One of the
transplant recipients developed antibodies to a donor HLA
class Il allele (DR7). Post-transplant serum from this
patient showed significant binding to cytokine stimulated
islet cells from DR7 positive donors. These results clearly
demonstrate that human islets express HLA class Il under
inflammatory conditions. This could lead to an anti-class
Il response which, in turn, may play a critical role in

rejection of islet allografts.
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Materials and Methods

Pancreas Procurement and Islet Isolation

Donor pancreata were procured from deceased multi-
organ donors after obtaining consent for research through
local Organ Procurement Organizations. Institutional
Review Board approval and informed written consent from the
patient were obtained prior to study. Organ procurement
was performed by the Baylor Transplant Surgeons. All
pancreata were procured using a standardized technique to
minimize warm ischemia. Pancreata were preserved using the
University of Wisconsin/perfluorocarbon (UW/PFC) two-layer
method %2 at 4°C for less than eight hours until the islet
isolation procedure. Pancreatic islet isolation was
performed using the semi-automated method described by
Ricordi et al 45 |slet counts and purity were assessed using
dithizone. Viability was assessed using Fluorescein
Diacetate/Propidium lodide (FDA/PI). All islet samples
used in this study were greater than 50% pure with a
viability of greater than 85%. Islet cell preparations
from four HLA-DR7+ donors, and five HLA-DR7- donors were
used for experiments (Table 4.2). No statistical
difference in purity or viability between islets cells from

HLA-DR7+ and HLA-DR7- donors was observed (Table 4.3).
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Cytokine Treatment

Equal numbers of isolated islet cells from the same
donor were divided into two groups. Group one was placed
at 37°C for 48 hours in CMRL supplemented culture medium
(Cellgro, Manasas, VA) containing 10% heat inactivated
fetal bovine serum (FBS) (Atlanta Biologicals,

Lawrenceville, GA) in presence of 5% CO 2. Group two was

Table 4.2 HLA Characterization of Donor Islets

BIC ID HLA-A HLA-B HLA-DR HLA-DQ Purity Viability Sl

DR7+

BICO52R* 1,2 53,63 1,8 57 40 97 2.10
BICO53R 1,11 7,57 4,7 8,9 90 95 2.10
BICO56R* 1,2 8,44 17,4 2,7 90 97 2.66
BICO59R 2 13,27 4,7 2,7 70 95 2.30
BICO61R 1,3 7,57 4,7 7.9 50 97.7 3.70
BIC083R 1,3 37,44 1,7 2,5 70 94.6 2.60
DR7-
BICO57R 1,3 8,62 1,13 5,6 80 920 13.70
BIC062R 2,3 45,58 8,13 6,7 90 99 1.50
BIC063R 1,2 8,44 17,4 2,7 60 80 2.20
BIC064R 24 38,61 8,13 4,6 80 99 18.60
BICO79R 2,31 35,75 4 8 95 99 3.60
BICO81R 2 18,52 4,14 5,8 50 92.3 0.42
* denotes samples used for cytotoxicity assay with HLA-DQ7+ serum

placed under similar conditions in the presence of 100 U/ml

(5 ng/ml) interferon gamma (IFN v) (R&D Systems, Minneapolis,
MN), and 1000 U/ml (9.1 ng/ml) tumor necrosis factor alpha
(TNF o) (R&D Systems, Minneapolis, MN), as previously

84,85

described . After 48 hours of treatment, islets from
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both groups one and two were further divided. Groups 1A
and 2A were fixed using 4% paraformaldehyde (PFA) (Sigma

Table 4.3 Quality of Islet Cell Preparations

Quallity DR7+ DR7-
Assesment  Mean SEM Mean SEM p
Purity 68.33 8.33 75.83 7.12 0.51
Viability  96.05 0.54 93.22 3.09 0.39
Sl 2.58 0.24 6.67 3.09 0.22

Aldrich, St Louis, MO) at room temperature for 20 minutes
immediately upon completion of treatment. Groups 1B and 2B
were dispersed into a single cell suspension by adding
Accutase™ (Innovative Cell Technologies, San Diego, CA) to
the samples and incubating at 37°C for 15 minutes, as

previously described 136

. Upon completion of islet
dispersion, the single cell suspensions were then fixed as
described above. All fixed cells were stored in wash/stain
buffer (1% FBS, 0.01% sodium azide (Sigma Aldrich, St
Louis, MO) in phosphate buffered saline (PBS; Gibco,

Carlsbad, CA)) at 4°C.

Real-Time PCR

A time course study was performed using islets
cultured in the control or treatment medium at 3, 6, 18,
and 24 hours. If immediate RNA isolation was not possible,
RNA content of the single cell suspension was preserved

using RNA later or RNA protect (Qiagen, Valencia, CA)
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following manufacturer’s directions. Total RNA was

isolated following the single-step total RNA isolation

reagent method using TRI reagent® (Applied
Biosystems/Ambion, Austin, TX). One pg total RNA from each
sample was used as a template for the formation of cDNA
using High Capacity cDNA archive kit (Applied Biosystems,
Foster City, CA) following the manufacturer’'s recommended
cycling conditions. Following the formation of the single
stranded cDNA, 100 ng of cDNA from each sample was plated
in triplicate for each gene of interest. TagMan® (Applied
Biosystems, Foster City, CA) probes/primers for HLA-DR
CIITA, and HLA-DR g1 genes were used to assess the relative
guantity of each gene transcript compared to a normalizer
gene (GAPDH). A relative quantification was performed

using the 2 ~ ¢t

method. Data was expressed as a percentage
of control for each time point. Real-time PCR was performed

on a Stratagene Mx3000P real-time PCR machine.

Immunofluorescent Imaging

Aliquots from islet samples in Group 1A and 2A were
placed in labeled micro centrifuge tubes. The cells were
pelleted by centrifugation, and the supernatant was
aspirated off. The pellet was then placed in a cryomold

and covered with Tissue Tek ® OCT compound (Sakura Finetek
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USA Inc., Torrance, CA) for cryosectioning. Sections were
cutat6 um increments and placed onto positively charged
microscope slides. The sectioned islet samples were
allowed to dry and then washed in PBS. The sectioned islet
cells were incubated for 20 minutes at room temperature in
10% FBS in PBS. The sections were washed three times in
wash/stain buffer. Mouse anti-human HLA-DR7 monoclonal
antibody (Abcam, Cambridge, MA) conjugated to fluorescein
isothiocyanate (FITC) (Sigma Aldrich, St Louis, MO) was
added to the sections in a 1:50 dilution and incubated at
room temperature for 30 minutes. After the incubation
period the sections were washed three times and then rinsed
in permeabilization buffer (PBS supplemented with 0.1%
Triton X-100 (Sigma Aldrich, St Louis, MO), 3% BSA (Sigma
Aldrich, St Louis, MO), and 0.01% sodium azide). The
sections were then incubated in permeabilization buffer at
room temperature for 30 minutes. Mouse anti-human insulin,
and mouse anti-human glucagon (Abcam, Cambridge, MA)
labeled with Alexa fluor-647, and Alexa-fluor-568
respectively (Invitrogen, Carlsbad, CA) were added in a
dilution of 1:200 in permeabilization buffer and incubated

at room temperature for 30 minutes. After the incubation
period, the samples were washed twice in permeabilization

buffer, followed by a final wash in wash buffer.
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Vectashield (Vector Laboratories, Burlingame, CA)
containing DAPI was added to the section, and then covered
with a coverslip. Islets were then visualized on an

upright fluorescent microscope using MetaMorph software
(Molecular Devices, Sunnyvale, CA) for acquisition and
analysis of the images. Mouse anti-human IgG1 (R&D
Systems, Minneapolis, MN) labeled to the appropriate

fluorophore served as isotype control.

Flow Cytometry

Aliquots of approximately 300,000 cells were obtained
from samples in Group 1B and 2B. Samples were labeled with
a mouse anti HLA class | —AF488 antibody (BioLegend, San
Diego, CA), an anti HLA class Il —FITC antibody (GeneTex
Inc, San Antonio, TX) an anti HLA-DR (eBioscience, San
Diego, CA) coupled with goat anti mouse-AF488 (Invitrogen,
Carlsbad, CA) antibody, or a mouse anti-HLA-DR7-FITC
antibody. Dilutions were as follows: HLA class I, 1:100;
HLA class I, 1:10; HLA-DR, 1:500; HLA-DR7, 1:500. In a
separate experiment, samples were labeled with a mouse
anti-human HLA-DR7-FITC and mouse anti-human insulin-AF647
antibody at a 1:1000 dilution in the same manner as the
labeling for imaging was performed. Mouse anti-human IgG1

and mouse anti-human IgG2a labeled with the corresponding
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fluorophore served as isotype control. The cells were

analyzed on a FACSCaliber (BD Systems, Franklin Lakes, NJ)

and the resulting data analyzed using FlowJo 7.2.5 (Tree

Star, Ashland, OR).

Examination for Binding of Anti-HLA-DR7 Positive Serum from

Islet Transplant Recipient to Cytokine Treated DR7+ Islets
We used post-transplant serum from an islet transplant

recipient. This recipient received one dose of 7,504

IEQ/kg allogeneic islets under the Edmonton protocol. The

donor HLA alleles were A2, 29; B64, 60; DR7, 13; whereas,

the recipient HLA alleles were A2, 3; B7, B8; DR3, 4. The

patient did not achieve insulin independence with one

infusion and discontinued immunosuppression after 16 months

post-transplant. Serum collected post-transplant from the

patient and tested by Luminex bead assay showed that the

recipient developed anti-DR7 specific antibodies

(mismatched donor class Il antigen). We used serum from

this patient (monospecific) to test for binding to HLR-DR7

positive islets treated with cytokines, whereas islets from

DR7 negative donors served as control. Aliquots of

approximately 300,000 cells were obtained from islet

samples in group 1B and 2B as described above. Sera from

normal or patient were incubated with islet cells from HLA-

DR7 negative donors to remove any non-specific antibodies.
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Islet cells from groups 1B and 2B were incubated with 100

ul of either pooled sera from high PRA patients (positive
control), or patient or normal individual diluted 1:2 in

PBS for 30 minutes at 37°C. Islets were washed in

wash/stain buffer and labeled with goat anti-human IgG-
AF488 (Invitrogen, Carlsbad, CA) and goat anti-human IgM-PE
(Sigma Aldrich, St Louis, MO) at a 1:100 dilution. The

cells were analyzed on FACS Calibur using FlowJo 7.2.5

software.

Complement Mediated Cytotoxicity Assay

Upon completion of the treatment period, an aliquot of
islet cells was taken from each condition. The islets were
washed, and re-suspended in Accutase for dispersion into
single cell suspension by incubation at 37°C for 20
minutes. The single cell suspension was then washed in
sterile PBS, and then 1000 single cells were aliquoted into
three microfuge tubes for each condition. For each
condition, pooled high PRA serum (kindly provided by the
Transplant Immunology Laboratory, Baylor University Medical
Center) was added to one labeled tube as a positive
control, patient serum positive for anti-HLA-DR7 antibodies
was added to one labeled tube, and normal patient serum was

added to the final labeled tube as a negative control.
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Prior to serum treatment, viability was assessed for each
condition using Trypan Blue (Sigma, St Louis, MO) exclusion
on an aliquot of cells. The six total tubes were incubated

at 37°C for 30 minutes. Upon serum treatment, the cells
were washed in sterile PBS to remove excess unbound serum
antibodies. Next, each tube was aliquoted into three wells
on a 96 well plate, for a total of nine wells per initial

cytokine treatment condition. To each serum condition,
rabbit serum as a source of complement was added at 10%
concentration. The 96 well plate was then incubated at
37°C for two hours for complement activation and
cytotoxicity. Upon completion of the complement treatment
period, each well was assessed for cytotoxicity as measured
by Trypan Blue Exclusion. The post-complement viability
was corrected against the viability prior to serum

treatment. Each well was counted twice and the average

viability was calculated.

Statistical Methods

Grubbs test for significant outlier detection was used
to determine possible outliers. Outliers were withheld
from further statistical analysis. Students one-tailed T-

test was used to determine statistical significance.
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Results were considered to be statistically significant

when the p-value was <0.05.

Results

IFN v and TNF o Treatment of Isolated Human Pancreatic Islets
Results in Up-Regulation of CIITA, HLA-DR a, and HLA-DR g1
Transcripts

To determine the effect of inflammatory conditions on

the expression of HLA class Il molecules, we evaluated the

result of IFN v and TNF « treatment on the expression of MHC
class Il trans-activator ( CIITA ), and human leukocyte
antigen class Il transcripts ( DRxand DRg3l) inisolated

pancreatic islet cells. Using real-time PCR analysis on

islet cells cultured in the presence of IFN v (100U/ml) and
TNFx (1000U/ml) for 3, 6, 18 and 24 hours, we observed a
significant increase (p<0.05) in the transcription of

CIITA , HLA-DRa, and HLA-DRB1 mRNA relative to untreated
control islet samples (Figure 4.3A, 4.3B, and 4.3C). When
normalized to GAPDHontrol, CIITA gene expression
increased to 2.96 fold at 3 hours and subsequently

increased 5.07 fold at 6 h, 9.88 fold at 18 h and 9.38 fold

at 24 hours (Figure 4.3A). For the same time intervals,

HLA DR« gene expression increased to 7.07, 6.62, 11.49, and

18.95 fold (Figure 4.3B) and HLA-DRgB1 gene expression
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Figure 4.3 Induction of class Il human leukocyte an tigen genes in
isolated human islet cells by treatment with IFN v and TNF o. Real-time
PCR analysis of gene transcripts normalized to GAPDHshows up-
regulation of CIITA (A)at 3, 6, 18, 24 hours (296%, 507%, 988%, 938%;
p=0.6, 1.3x10-5, 0.0008, 0.0002) respectively. HLA-DRA(B) gene
expression at 3, 6, 18, 24 hours (707%, 662%, 1149% , 1895%; p= 0.004,
0.0006, 0.051, 1.05x10-6) respectively. HLA-DRB1 (C) gene expression at
3, 6, 18, 24 hours (1558%, 2580%, 4556%, 4650%; p= 0.109, 2.6x10-11,

0.0004, 1.23x10-7) respectively.
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increased to 15.58, 25.8, 45.56, and 46.5 fold (Figure
4.3C). The up-regulation of these gene transcripts is of
key importance to the expression of HLA class Il antigens
on the surface of isolated islet cells.
HLA Class Il Expression on Human Islets Treated With
Cytokines

To substantiate the real-time PCR data showing the
increase in HLA class Il genes in human islets, we
evaluated the result of IFN v and TNF o treatment on the
surface expression of HLA class Il molecules. Using multi-
color immunofluorescent staining, we were able to visualize
HLA class Il molecules on the surface of cryosectioned
isolated human islet cells. Quadruple fluorescence
imaging, using monoclonal antibodies specific for insulin,
glucagon, and HLA-DR7, along with DAPI for nuclear
staining, revealed that HLA class Il molecules are present
on pancreatic beta cells and alpha cells within the islets
(Figure 4.4 -1, J, K). Control islets did not express
detectable amounts of HLA- DR7 on their surface (Figure
4.4E). Islet cells from HLA-DR7 negative donors treated
with the cytokine medium did not demonstrate binding of the
FITC conjugated HLA-DR7 mAb (not shown).

To corroborate data from the imaging analysis, we

analyzed the surface expression of HLA class Il by flow
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cytometry using dispersed islet cells. Staining for change

in HLA class | expression, used as a control to determine

Figure 4.4 Islet cells express HLA-DR7 on their surface follow ing
treatment with TNF oand IFN y. Islet cells seen at 200 magnification in

bright field (A, G), labeled for nuclear staining ( B, H), insulin (C,

), glucagon (D, J), HLA-DR7 (E, K), and overlay (F , L). Control

islets (A-F) show no staining for HLA-DR7, while th e cytokine treatment
of islets (G-L) shows a remarkable increase in expr ession of HLA-DRY7.
HLA-DR7 expression appears to not be expressed in s trongly positive
alpha and beta cells, while weakly positive alpha a nd beta cells

express HLA-DRY7.

the effect of cytokine treatment, showed dramatic increase

(Figure 4.5A). Similarly, staining with a HLA class Il

antibody and a more specific HLA-DR antibody also showed

remarkable increase in class Il molecules (Fig. 4.5B).

Based on the shape of the peak, it is evident that most of

the cell types contained in human islets expressed HLA

class Il molecules when treated with TNF aand IFN v. We
also tested islets isolated from HLA DR7 positive donors,

to measure expression of HLA-DR7 on the surface of cytokine
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Figure 4.5 Up-regulation of HLA-DR Expressed on Islet Cells. FACS
analysis showed an increase in HLA expression in cy tokine treated cells
(solid grey) when compared control (black line). HL A class one was up-
regulated by cytokine treatment (A). HLA class two was up-regulated by
cytokine treatment (B). HLA DR positivity was obse rved in all islet
constituent cells (C). Further staining for subty pe HLA-DR7 shows an
increase in cytokine treated cells (D). Gating for insulin positive
cells (D inset) showed that beta cells express also HLA-DR7 on their

surface.

treated islets. As shown in Fig. 4.5C, we could observe
significant expression of DR-7 on cytokine treated islets.
Selecting the beta cells by gating on insulin positive
staining from the islet cell constituents revealed that

under inflammatory conditions the human islet beta cells
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have induced expression of HLA class Il molecules (Figure
4.5D). Collectively, these results showed that following
cytokine treatment, expression of HLA class Il molecules is
significantly up-regulated on islets including beta cells.
Islet Transplant Recipient Serum Positive for Anti-HLA-DR7
Binds to Cytokine Treated DR7+ Islets

Control and cytokine treated islet cells from a HLA-
DR7+ donor were dispersed into single cell suspension, and
then incubated with serum from the patient, as well as from
normal pooled serum. Prior to incubation, both normal and
patient serum were cross absorbed with HLA-DR7 negative
islets to remove non-specific binding because the patient’s
serum may have autoreactive antibodies to islets. Both
human IgG and IgM binding to HLA-DR7 positive cytokine
treated islet cells was observed, whereas the untreated
control islet cells showed no binding (Figure 4.6).
Conversely, performing the same treatment on islet cells
from an HLA-DR7 negative donor demonstrated no detectable
antibody binding in the patient’s serum.
Donor Specific Antibodies Against HLA-DR7 Induce Complement
Mediated Cytotoxicity in Islet Cells Treated with IFN- y and
TNF-«

In an attempt to demonstrate that donor HLA specific

antibodies developed in transplant recipients due to
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inflammation can harm the transplanted islet graft, islet

cells that were exposed to inflammatory conditions were

assessed for complement mediated cytotoxicity. Viable

islet cells from control and cytokine treated groups were
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pre-incubated with either patient serum or high PRA serum
to allow for antibody engagement of the induced HLA
molecules. Next, a complement source was added to the
islet cells to induce complement mediated cytotoxicity.
Cytokine treated islet cells pre-incubated with PRA serum

containing antibodies to all HLA exhibited a higher degree
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Figure 4.7 Treatment with IFN- vy and TNF- o Leads to Increased
Complement Mediated Cytotoxicity. Cytokine treatme nt of islet cells
with IFN- v and TNF- o induces the expression of HLA class Il, and up-
regulates expression of HLA class I. The induced e xpression of HLA-
class Il is able to cause complement mediated cytot oxicity in the
presence of donor specific antibodies and complemen t, 41% cytotoxicity
after complement activation versus 0% cytotoxicity prior to complement
activation (p=0.0394). Because the cytokine treatm ent up-regulates HLA
class | expression, High PRA serum also causes comp lement mediated
cytotoxicity, 60% cytotoxicity after complement act ivation versus 0%
cytotoxicity prior to complement activation (p=0.00 45).

of cytotoxicity (60.19 + 2.91, 30.72 + 3.92)compared with

control islet cells respectively. Likewise, cytokine
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treated islet cells pre-incubated with patient serum
containing donor HLA specific antibodies exhibit a higher
degree of cytotoxicity (40.78 + 0.97, 29.41 £+ 13.07) when
compared to control islet cells respectively under the same
conditions (Figure 4.7). These results were significant
(p<0.5) when compared to the viability at the beginning of

the assay.

Discussion

We demonstrate here that induced expression of HLA
class Il molecules, brought on by the combination of
inflammatory cytokines IFN v and TNF «, at previously
reported concentrations of 100 and 1000 U/ml 8 respectively,
could be a factor in the sensitization of islet cell
transplant recipients. Real-time PCR analysis demonstrated
that low concentrations of these cytokines are sufficient
to induce up-regulation in the genes necessary for the
translation of HLA class Il. Moreover, immunofluorescence
and flow cytometric analyses confirmed that the up-
regulation of gene transcription translates into increased
cell surface expression of HLA class Il. Thisisin
agreement with the body of early literature showing induced
HLA class Il expression in cultured islet monolayers 84,

More importantly, anti-donor HLA class Il antibody from an
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islet transplant patient serum bound to cytokine treated
HLA matched islets, further substantiating our hypothesis
that induction of HLA class Il expression on islet cell
surface leads to a donor specific alloimmune response.
Our data also suggests that cytokine treatment of
islets is capable of causing the expression of HLA class Il
molecules on the surface of beta and alpha cells. During
the onset of diabetes, beta cells have been shown to have
expression of HLA DR antigens on their surface 138 |eading to
insulitis 139 and eventual immune destruction of the
pancreatic beta cells. It is plausible that the induction
of donor specific HLA class Il molecules, brought on by
inflammatory cytokines, could lead to phenomena similar to
the onset of diabetes mellitus. It is well established
that concentrations of 1000 U/ml IFN v induces expression of

HLA class Il molecules in thyroid follicular cells, as well

as pancreatic exocrine and ductal cells 8384140 However,
pancreatic islet cells are known to respond differently to
IFN v by inducing HLA class | molecules 141 IFN v coupled

with TNF o at equal concentrations have been demonstrated to

induce HLA class Il expression in monolayer cultured islet

84

cells . However, this concentration is associated with
cytotoxicity to the islets 133 We demonstrated here that
this combination of IFN v plus TNF «, at lower

98



concentrations, is also able to induce HLA class Il

expression in freshly isolated human pancreatic islet

cells, while avoiding cytotoxicity. Following intraportal

infusion of allogeneic islets, the transplanted islet mass

is subjected to inflammatory cytokines 142143 This
environment could potentially lead to the induced

expression of HLA class Il molecules on the transplanted

islet cell mass, culminating in the sensitization of the

recipient to the islet graft.

Our data demonstrates a significant increase in
complement mediated cytotoxicity in cytokine treated islet
cells compared to control. As our data indicates, HLA
class | and HLA class Il are both up-regulated in surface
expression on pancreatic islet cells. Compared with the
control islet cells, the cytokine treated islet cells
treated with both high PRA serum and patient serum
demonstrated increased cytotoxicity. Taken in the context
of a sensitized transplant patient, the increased
expression of HLA molecules, class | and/or class II,
brought on by inflammatory conditions could lead to the
development of donor specific antibodies. The development
of donor HLA specific antibodies could initiate complement

mediated cytotoxicity leading to graft destruction.
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The role of HLA antibodies in islet graft survival is
not clear. Islet transplants performed at many centers
immediately following the reporting of Edmonton protocol
did not require the recipients to be screened for the
presence of class Il panel reactive antibodies. However,
several reports using sensitive detection methodologies
have now documented the presence of HLA antibodies in islet
transplant recipients during both the pre- and post-

781144 Two recent reports 980 have shown

transplant period
that the presence of anti-HLA antibodies may adversely
influence the outcome of islet transplants, whereas
another report 144 suggested further evaluation before
drawing conclusions on their role. Our data suggests that
antibodies developed against donor HLA class | and Il are
capable of activating the complement cascade, leading to
complement mediated cytotoxicity. This could have a
devastating result due to the lack of B cell targeted
immune suppression that plays an important role in the
development of donor specific antibodies, and the
activation of the complement cascade.

Currently, immune suppression is targeted mainly
against the T cell immune response, with very little

thought towards specifically suppressing the B cell

response with targeted antibodies. Recently, a study

100



looking at the ability of B lymphocyte targeted

immunosuppression using Rituximab to induce tolerance

reported some significant findings 145 in a non-human primate

model. This study found that Rituximab in combination with
Anti-thymocyte globulin (ATG) and limited maintenance
therapy with Rapamycin was able to induce long-term graft
survival when maintenance therapy was ceased. They also
concluded that those recipients that had long term graft
survival maintained a large population of immature B
lymphocytes upon B cell repopulation. Targeting B
lymphocytes could prove useful in the setting of HLA
sensitization prevention.

In the transplant setting, acute graft rejection is
primarily mediated through direct T cell rejection, while
chronic graft rejection is mediated through indirect T cell

recognition %

. In the direct response, the donor HLA
molecules are directly recognized by host effector T cells
as foreign antigens, which leads to the CD8 T cell mediated
rejection of the transplanted graft. Because our data
shows that HLA expression on islet cells is up-regulated by
inflammation, as demonstrated by treatment with TNF

IFN v, the transplanted islet graft is more susceptible to

CD8 direct recognition of donor class | and to CD4 direct

recognition of donor class Il pathways of rejection
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An alternative mechanism could be the indirect pathway 147,148

of antigen recognition, in which donor antigens are shed

off of the islet graft to be picked up and presented by HLA
class Il on antigen presenting cells (APC) to effector T
cells. This could explain the delayed graft rejection seen

in many islet transplant recipients, as donor antigens can
remain in APCs for extended periods of time, until a lapse
in immune suppression makes available naive T cells ready
for antigen activation.

In conclusion, our data suggests that the inflammatory
environment encountered by the transplanted islet mass
shortly after transplantation leads to the induced
expression of HLA class Il molecules on the surface of the
islet cell. The expression is not localized solely to the
beta cell, but is also expressed on the alpha cell. Donor
specific HLA class Il antibodies developed in an islet
transplant recipient showed binding to cytokine treated
islets, further supporting our hypothesis. Further studies
will focus on the consequence of binding of HLA class Il
antibodies to cytokine stimulated islets. Previous studies
have shown that HLA-DR ligation mediates cell death of
antigen-presenting cells (APC), including mature B cells,
macrophages, and dendritic cells 149150 " Similar mechanisms

for beta cells of islets could explain the high risk of

102



islet transplant failure in patients with HLA

sensitization.
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CHAPTER FIVE
Summary and Conclusions
Summary
Prolonged Cold Ischemia has a Detrimental Effect on the
Outcome of Islet Cell Isolation
Our data demonstrates that for optimal pancreatic
islet cell isolation, the cold ischemic organ preservation
should be kept to less than four hours. Thisis in
contrast to previous reports 8 \which demonstrate that cold
ischemic preservation of the human pancreas should be less
than eight hours when preserved by the single layer (UW)
method, or less than twelve hours when preserved by the two
layer method. Our data demonstrates a significant decrease
in islet cell yield in both the pre-purification
enumeration and the post-purification enumeration. This is
important because one of the main release criteria for
pancreatic islet cell transplantation is that the dose of
islet cell mass transplanted should be equal to or greater
than 5,000 IEQ/kg of recipient’s body weight. By reducing
the cold ischemic preservation, we can statistically

increase the quantity of islet cells recovered during the
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isolation process which, in turn, increases the transplant
rate.

It is also plausible that increasing the islet yield
from the isolation process could lead to less secondary
transplants to attain adequate islet cell mass for the
achievement of insulin independence. This is of importance
because a major obstacle in the field of islet cell
transplantation is the shortage of organs. By reducing the
number of pancreata needed for each individual patient to
achieve insulin independence, we can make more islet cell
transplantations available to other diabetic patients and
thus increase the efficiency in the use of precious donor
organs. Reducing the number of islet transplants will also
benefit the patient in other respects. Because of the
shortage of pancreata needed for islet cell
transplantation, islet transplant centers do not match the
donor and recipient for histocompatibility. Reducing the
number of islet cell transplants would have two benefits.
First, in the event that islet cell transplant centers
continue to transplant histocompatibility mismatched islet
cells, the recipient would be exposed to fewer mismatches,
greatly improving the recipient’s chances of a secondary
kidney transplant if sensitization occurs. Second, if

insulin independence is consistently attained with a single
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islet cell transplantation, islet cell transplant centers
may begin to perform matched islet cell transplants.
The Role of Complement in the Destruction of Islet Grafts
Post-Transplant

We demonstrated that autoantibodies present in type 1
diabetic patient serum prior to transplant are able to
recognize autoantigens present on the surface of donor
pancreatic islet cells and engage complement fixation on
the surface of transplanted islet cell grafts. The
fixation of complement on the surface of the islet cell
initiates a response within the islet that leads to the
attraction of the immune system and the removal of
inhibitors of cytokine signaling and oxidative stress.
This is of key importance because the loss of islet grafts
during the initial post-transplant setting is not
completely understood. Certainly, a large proportion of
the transplanted islet graft would become trapped within
clots initiated by the coagulation cascade and IBMIR.
However, those islets that survive coagulation and
lymphocyte infiltration are still vulnerable to the

remnants of the immune system.
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The Expression of HLA Class Il Molecules on the Surface of
Isolated Islet Cells and their Role in Sensitization and
Rejection

Our data clearly demonstrates that pancreatic islet
cells, in particular pancreatic beta cells, are capable of
inducing HLA class Il expression on the cell surface. This
is in agreement with previous reports based upon the mouse
model & beta cell line MING, as well as reports using
cultured islet cells from chronic pancreatitis 8 Toour
knowledge this is the first report of HLA class Il being
expressed on the surface of healthy islet cells.

This finding is of significance because islet cell
grafts are susceptible to both autoimmune recognition and
alloimmune recognition within a type 1 diabetic
recipient . The development of methods to overcome the
autoimmune, as well as the alloimmune response, is of great
importance to the forward progress of islet cell
transplantation.

We observed that inflammation was able to induce the
expression of HLA class Il on the surface of islet cells.
This aberrant expression could lead to both CD4 direct
recognition of donor HLA class Il and to CD4 indirect
recognition of donor peptides in the context of recipient
HLA class Il antigen presentation on the surface of

152

recipient APCs . Recent work has exploited a mechanism
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for inducing tolerance to islet grafts in a mouse model by
manipulating the CD4 indirect pathway 152 The authors of
this study observed that indirect immunity was not

effective in eliminating donor T cell rejection, which led

to a state T cell chimerism. The chimerism led to the

tolerance of a second graft.

Similar work has also been done using a xenograft
model of islet transplantation 153 Using two CTLA4-Igs,
specific for porcine co-stimulatory molecule B7, and murine
B7, they were able to inhibit both the direct and indirect
responses respectively. By eliminating both the direct and
indirect pathways of T cell mediated rejection, the authors
were able to prevent islet cell graft rejection in the
absence of immunosuppression.

Indeed, much attention has been paid to the cell-
mediated immune response to allogeneic islet cell grafts.
However, the nature of the indirect pathway involves APCs
presenting donor antigen to recipient CD4 T cells. Itis
plausible that APCs could activate B cells leading to the
development of memory B cells and plasma cells. Because
the immunosuppressive regimen of islet transplantation is
directed against cell mediated immunity, rather than
humoral immunity, the activated B cells are free to

proliferate and differentiate into plasma cells specific to
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the donor antigen, and memory B cells. Antibodies directed

against donor antigens are known to be both complement-

fixing and non-complement-fixing 154 We demonstrated in our
data that donor specific antibodies directed against HLA

class Il are complement fixing antibodies. Because the

antibodies developed in the recipient are complement-

fixing, the antibodies are able to cause the rejection of

the islet graft by complement mediated cytotoxicity.

Conclusions

In conclusion, the findings presented herein have
profound impact on the field of islet cell transplantation,
both in process of the isolation and in the management of
the patient in three areas. First, our data clearly
demonstrates the need to limit the preservation of the
pancreas to less than four hours to significantly improve
the outcome of the pancreatic islet cell isolation process.
The reduction in the preservation results in the
possibility for a reduction in the number of islet cell
transplants to achieve insulin independence. This also
will add the benefit of reducing the number of HLA
mismatches to which the patient would be exposed.

Second, the discovery of the gene expression response

in pancreatic islet cells toward complement and
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autoantibody binding reveals possible interventional
therapies. Our laboratory has already begun using a drug,
known as Anakinra, designed to block the signaling of IL-
13. The idea for this interventional therapy arose from

the discovery that pancreatic islet cells are down-

regulating the transcription of the IL-1 receptor

antagonist ( IL-1RN ) in response to autoantibody-mediated
complement fixation. By reducing the inflammatory cytokine
signaling, which leads to apoptosis, the transplanted islet
cell graft has an increased chance of engraftment and
survival.

Third, finding that pancreatic islet cells express HLA
class Il upon inflammation can lead to the targeting of
inflammatory cytokines during the transplant period.
Perhaps reducing the amount of inflammation experienced by
the islet cell graft could lead to prolonged survival of
the graft by reducing the exposure of donor HLA to
circulating recipient T cells and APCs.

Collectively, these results reveal potential avenues
for the improvement of islet cell transplantation. My
results reveal areas for improvement in the procurement of
the donor pancreas, and for the treatment of the patient
receiving the islet cell graft. The field of islet cell

transplantation is in great need of improvement if it is to
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become the standard therapy for the treatment of type 1
diabetes mellitus. These results point to potential
interventions that could lead to the results needed for the

improved success of islet cell transplantation.
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