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Gene expression changes in human islets
exposed to type 1 diabetic serum
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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. Activation of the complement cascade and coagulation factors
has been implicated in initiating the destruction of the islet graft. In this study, we analyzed the gene expression changes
in islet cells following exposure to type 1 diabetes mellitus serum (T1DM). Isolated human pancreatic islet cells were
cultured for two days to stabilize islet cell gene expression. Cultured islets were divided into three groups for treatment as
follows: group 1 was treated with autologous donor serum, while groups two and three were treated with sera from ABO-
matched allogeneic donors or autoantibody positive type 1 diabetic patient, respectively. Complement was detected
using anti-C3 FITC and CH50 assay. Islet gene expression was analyzed using lllumina micro-array technology. Results
were confirmed using real-time PCR. Immunofluorescent imaging demonstrated complement deposition only in the
T1DM condition. Gene array and class prediction analysis generated a list of 50 genes that were able to predict the effect
of TIDM serum on islets. Quantitative PCR corroborated microarray results. Both techniques demonstrated upregulation
of MMP9 (243%), IL-1B (255%), IL-11 (220%), IL-12A (132%), RAD (343%) and a concomitant downregulation of IL-TRN (64%)
in islets treated with T1IDM serum. Islets treated with TIDM serum overexpressed genes associated with angiogenesis

while decreasing transcription of genes that protect islets from inflammatory cytokines and reactive oxygen species.

Introduction

Islet cell transplantation has become an acceptable alternative
treatment for patients with type 1 diabetes mellitus and hypogly-
cemic unawareness, and is also indicated in patients with glycemic
lability.! Islet cell transplant graft survival rates increased following
the introduction of the steroid free immunosuppressive regimen at
multiple centers® however, despite measurable graft function, long-
term maintenance of post-transplant insulin independent status
is poor.?> A major drawback of current protocols in islet transplan-
tation is the requirement of multiple donor pancreata to achieve
insulin independence. One of the critical components for attain-
ing insulin independence is achieving a large enough engrafted
islet mass after transplantation to ensure long-term graft survival.4

Isolated pancreatic islets have been shown to be incompatible
with human blood, eliciting a host of complications that destroy
the transplanted islet mass within the first few hours post trans-
plant’ This incompatibility known as Instant Blood Mediated
Inflammatory Reaction (IBMIR) involves coagulation and
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complement as well as cellular infiltration. IBMIR research has
focused primarily on the outcome of coagulation and lymphocyte

613 while com-

infiltration® and strategies to prevent coagulation,
plement activation has not been studied as extensively."* IBMIR
elicits platelet and complement activation and deposition on the
islets, and attracts infiltrating leukocytes to the transplanted
islet resulting in the entrapment of islets within clots.’ Nilsson
et al. have demonstrated that islets contribute to the initiation of
IBMIR by expressing tissue factor.”'®? However, little research
has been done to analyze the molecular events within islets that
take place following exposure type 1 diabetic blood, which in
turn could shed light on key molecules and signaling pathways
involved in the destruction of islets during IBMIR.

We hypothesized that upon exposure of islets to serum from
type 1 diabetic patients, activation of complement initiated by
auto-antibody binding to islet antigens will ensue and this will
mediate gene expression changes in islets. Understanding of
alterations in gene expression in islets may predict the key mol-
ecules and signaling pathways involved in the destruction of the
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Figure 1. Complement deposition on islets exposed to type 1 diabetic serum. Isolated islets were fixed and cryosectioned at 6 wm thickness and con-
secutive sections were used per condition. Islet sections were incubated in a 1:2 dilution of autologous serum (A-D), allogeneic serum (E-H) or type 1
diabetic serum (I-L) at 37°C for 2 h. Sections were washed and labeled with rabbit polyclonal anti-C3-FITC (green) or mouse monoclonal anti-insulin
conjugated to AF647 (red). Only type 1 diabetic serum displayed signs of complement deposition (K), which corresponded to an islet cell as evidenced

by positive insulin staining (J). DAPI was used for counterstaining (blue).

islet graft. Our preliminary work® showed that islets treated with
diabetic patient serum exhibited gene expression changes typical
for cellular damage. In this study, we further investigated the
effect of diabetic serum on islets using micro-array and real-time
PCR analysis. Our results indicate that complement contributes
to the destruction of the islet graft simultaneously followed by
induction in expression of II-1 B (IL-1B8) and other cytokines
that attract the cells of both the adaptive immune system and the
innate immune system. These events are also accompanied by
concomitant repression of the transcription of genes that protect
against inflammatory cytokines and reactive oxygen species, fur-
ther contributing to the destruction of the islet graft.

Results

Complement activation and binding by treatment of islets with
type 1 diabetic serum. Following intraportal infusion, islets
undergo IBMIR, which consists of activation of both a coagu-
lation cascade and complement cascade. To investigate the role
complement plays in the process of graft destruction that begins
immediately post transplant, we analyzed the genetic changes
that islet cells undergo when exposed to type 1 diabetic serum. To
this end, type 1 diabetic serum known to be positive for at least
one autoantibody was obtained from patients prior to islet trans-
plant and was used to treat sectioned islets. The sectioned islets
were then stained with an antibody for complement factor C3 to
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demonstrate the binding of complement. Islet sections that were
treated with autoantibody positive type 1 diabetic serum alone,
demonstrated the presence of complement (Fig. 1), while those
sections that were exposed to autologous or non-diabetic alloge-
neic serum did not demonstrate any complement deposition.

To analyze total complement activation following treatment
of human islets with autoantibody positive type 1 diabetic serum,
we performed CH50 assays using Microvue EIA kit. The type
1 diabetic sera used in this study showed CH50 values of 155—
173 CH50 U Eq/mL when compared with values of 120-133
CH50U Eq/mL for non-diabetogenic sera. Approximately, 4,000
islets were treated with 200 pl of serum and incubated for 1 h at
37°C. The supernatant after the incubation was tested for com-
plement activity. Islet incubation reduced the CH50 activity of
diabetic sera to 96-117 U/mL resulting in a 32-38% inhibition.
Importantly, the post-incubation values were below the values
observed for non-diabetic sera. These results clearly demon-
strated the activation of classical pathway of complement cascade
by the type 1 diabetic sera used in this study. We also tested the
viability of islets following treatment with type 1 diabetic sera
using PI-Hoe33342 staining. After 1 h incubation at 37°C, when
compared to control islets in culture medium, the islet viability
significantly reduced when treated with type 1 diabetic serum
(80.5+9.2 Vs 28.6 + 12.3; p < 0.0001) and allogenic serum (80.5
+ 9.2 Vs 65,6 + 9.3; p < 0.05) but did not change significantly
when treated with autologous serum (80.5 + 9.2 vs. 71.9 = 18.0; p
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predictor genes could predict the correct treat-
ment classification in itself. Genespring™
software generated a list of genes, both sig-
nificant and insignificant, that differentiated
between the three treatment conditions based
upon gene expression. Once the predictor list
was established as having 100% correct predic-

tion in the training set, this list was imported
to the other experiments for further analysis
resulting in a mean prediction (autologous,
allogeneic, TIDM, unable to predict) accu-
racy of 56% = 17%. The predictor genes were
analyzed for the expression profile for each
experiment and the resulting data compiled
for an overall expression pattern of islet cells
treated with T1DM serum (Table 1). This
table demonstrates that type 1 diabetic serum
induces several significant gene expression
changes in islets during the initial period of
contact. When compared with normal autolo-

gous expression the following genes were sig-

nificantly overexpressed: RRAD (343.17 =

62.37, p = 0.0008), GMNN (284.59 + 40.54,

Figure 2. Complement activation initiated by auto-antibodies in type 1 diabetic serum induce
a specific profile of gene expression. Islets exposed to complement in diabetic serum or
control sera (allogenic or autologous) were compared using lllumina micro-array analysis. The
resulting data was analyzed using the GeneSpring Software. Supervised clustering revealed
679 differentially expressed genes in diabetic serum when compared with autologous serum.
Data from one representative experiment out of five independent experiments is shown.

p < 0.0001), ANKRDI (279.99 + 45.87, p =
0.0003), IL-1B (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),

=0.11). These data clearly demonstrated that complement activa-
tion significantly affected islet viability.

Since excess glucose levels in blood could influence gene
expression in islets, we tested the glucose levels in the type 1 dia-
betic and non-diabetic sera used in the present study. Glucose lev-
els in these two groups used were 128 + 21 and 131 + 29 mg/dL
respectively. These results showed that glucose concentration did
not contribute to change in the gene expression reported here.

Complement induces gene expression changes in isolated
islets. Isolated islets 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 mini-
mum fluorescence cutoff and having a 2-fold difference in expres-
sion in at least one sample when compared with 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 treat-
ment condition (Fig. 2). Class prediction analysis was then per-
formed in an attempt to compile a list of genes that could be
actributed to complement deposition (Fig. 3). A representative
experiment was used as the training set to establish whether the
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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), HSPC065 (64.27 + 10.42,
p = 0.0243), IL-1RN (64 £ 6.02, p = 0.0049), CCL20 (61.86 +
8.36, p = 0.0008), ANGPTL4 (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 indi-
cated by micro-array analysis. In an attempt to substantiate
the data collected by micro-array analysis, representative genes
were chosen for further analysis by real-time quantitative PCR.
TagMan probes specific for matrix metalloproteinase -9 (MAMP-
9), interleukin 1-B (IL-1B), interleukin 11 (IL-11), interleukin
12A (IL-12A), ras-related associated with diabetes (RRAD), and
interleukin 1 receptor antagonist (IL-1RN) were used to amplify
these genes. Due to practical reasons, a representative sample for
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 TIDM
condition with respect to the autologous condition confirmed the
respective change in gene expression (Fig. 4). MMP-9 demon-
strated a 7.50-fold upregulation in TIDM when compared with
autologous control. IL-18 likewise showed a significant 2.23-
fold upregulation (p < 0.01) in the TIDM condition. Although
not significant, IL-11 was also upregulated by 1.92-fold in the
diabetic condition. IL-12A underwent a significant 3.19-fold
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Table 1. Average signal intensity for class predictory genes in TIDM serum-treated islets

Gene ID Average P
RRAD* 343.17+62.37 0.0008
GMNN 284.59+40.54 <0.000I

ANKRDI 279.99+45.87 0.0003
CCLALI 266.89+57.03 0.1038

IL-1B* 255.66%31.31 <0.000I
IL-23A 251.37+35.85 0.0002
MMP9* 243.37+35.13 0.0001

ILII* 220.12+45.46 0.0135
ENCI 219.3£15.27 <0.0001

SDS 210.56+26.46 0.0004
1780523 192.66+32.69 0.0l
HLA-E 187.16+32.35 0.2664
STATS5A 187.03+£35.81 0.2182

FAM43A 184.9+37.17 0.0263

ZNF659 183.94+30.03 0.0049
GBPI 181.43+16.84 <0.000I
NEXN 179.03£15.65 <0.0001
EPCI 175.61+16.43 0.0001
CIQRI 158.631£36.78 0.7955
VNNI 148.68+108.07 0.2311
CXCLI 146.62+19.66 0.0256

NCOA7 145.57+19.01 0.0216

NEDD9 137.78+18.92 0.0161
IL-18RI 136.37+30.01 0.8777

SLC25A3 133.19+15.01 0.0434
IL-12A%* 132.94£13.7 0.0578

*Indicates gene expression corroborated with Q-PCR

upregulation when treated with diabetic serum (p < 0.05). RRAD
expression was significantly upregulated by 6.13 fold by TIDM
serum (p < 0.05) when compared with autologous serum. The
expression of IL-IRN in TIDM treated islets was significantly
reduced to 0.42 of the autologous expression level (p < 0.01).

Discussion

Instant Blood-Mediated Inflammatory Reaction (IBMIR) is
known to involve both coagulation and complement cascades.”'*'¢
In this study, we investigated the molecular mechanism(s) by
which soluble factors from type 1 diabetic serum contributes to
the destruction of the islet cell graft. Pancreatic islets are isolated
mostly from brain dead donors experiencing cytokine storm."”
Hence, donor serum was used as a control to establish the back-
ground effects of cytokines on isolated islet cells. Similarly, ABO
matched allogeneic organ donor serum was also used to control
for mismatch in HLA compatibility and both served as negative
controls for the presence of autoantibodies. Sera from a living
type 1 diabetic patient known to be positive for islet autoanti-
bodies was used to simulate islet transplantation.”® Furthermore,
the glucose concentrations in the sera used from diabetic patients

www.landesbioscience.com Islets

Gene ID Average p
ARL4 131.02£11.24 0.0083
ZNF644 130.73+10.43 0.0016
ZNF658 129.53+20.99 0.2211
CCL3 122.87+18.69 0.2104
CCL3L3 120.05+18.04 0.2372
CNNM2 119.42£15.84 0.347
RNDI 117.11+14.88 0.3477
KYNU 116.29+16.86 0.3803
CCL3LI 112.77£16.41 0.462
SERPINB2 109.23+17.98 0.5174
SLC25A36 101.29+11.33 0.9154
NRID2 97.71£10.52 0.3283
SFRS7 96.49+10.16 0.7461
TLCDI 85.71+£7.8 0.0828
NR5A2 83.99+14.84 0.2859
GCNT3 79.71£13.39 0.115
ARRDC3 72.9+11.45 0.0576
CXCL2 68.26%11.37 0.6288
SDCBP2 66.73+8.78 0.004
HSPCO065 64.27+10.42 0.0243
IL-IRN* 6416.02 0.0049
CCL20 61.86+8.36 0.0008
ANGPTL4 48.1£7.76 <0.0001
SPRYI 37.13+6.24 <0.000I
MTIE 34.48+10.71 <0.0001
LAMB3 33.93£18.56 0.3128

and non-diabetic controls did not differ significantly and hence
unlikely to have contributed to the gene expression data shown.
The resulting gene expression profile data reflects the conditions
of clinically transplantable islet cells undergoing gene altera-
tions due to the soluble complement factors, as demonstrated by
the deposition of complement factor C3 presented herein. We
can eliminate the contribution of coagulation in these changes
because serum was used for the treatment of islets rather than
plasma. However, there are other soluble factors known to be
present in diabetic serum,"”?° which cannot be excluded from
contributing to the result. Similarly changes influenced by auto-
antibody alone could not be identified from the present data,
since the sera samples were not heat inactivated to eliminate
complement activation. CH50 assays also demonstrated major
role for complement activation by interaction between serum and
purified islets. During IBMIR, both cellular and soluble compo-
nents are involved in causing damage to the transplanted islets.
Due to limitations in separation of islets from blood cells after
mixing, it is technically not possible to design experiments to
analyze gene expression in islets alone during IBMIR.

Micro array analysis generated an average list of genes (3,415
+ 1552) that were differentially expressed between the three
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Figure 3. Class prediction analysis of islets exposed to type 1 diabetic serum. One representative experiment was chosen for class prediction analysis
to establish a list of genes that could differentiate the serum conditions based on gene expression changes. Samples were normalized to the mean of
the autologous condition. Yellow reflects unchanged expression, blue reflects downregulation and red reflects upregulation.
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Figure 4. Real time quantitative 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-13 (B), IL-12A (C), IL-11 (D), RAD (E), and IL-1RN (F) were used to
produce cDNA from representative mRNA samples from each experiment. Real-time PCR detected 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. Data expressed as
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conditions in the five experiments analyzed (data not shown). In
an attempt to reduce the amount of data to a workable level, class
prediction analysis was implemented using a representative experi-
ment. The resulting data set of 50 genes was now easily manage-
able. The list of predictor genes generated from experiment five was
imported to the analysis of each other experiment for expression
analysis. The expression values for each gene for each sample from
each experiment were averaged. The resulting data demonstrated a
trend of increasing transcription of genes that have activity toward
inflammation and angiogenesis while turning off transcription of
genes that protect the islets from inflammatory cytokines and reac-
tive oxygen species. These changes could also represent the necrosis
mediated by complement-mediated cytotoxicity. The microarray
data seems to suggest that complement activation brought on by
autoantibody recognition of islet 3 cells induces a paracrine effect
resulting in the transcription of inflammatory genes and the inhi-
bition of survival genes. This is of interest, because this pattern of
increased inflammatory gene and decreased survival gene expres-
sion resembles that of activated macrophages.?!

Gene array and real-time QPCR analyses showed major
changes in six genes (Fig. 4). Despite the short period of treat-
ment of islets with serum, expression of these genes showed sig-
nificant alterations. Matrix Metalloproteinase-9 (MMP-9) is
an enzyme that plays a pivotal role in the migration of immune
cells.?> MMPs have been demonstrated to be present on rodent
islets after isolation.”® 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.? It is
plausible that islet cells upregulate transcription of MMP-9 in an
attempt to initiate angiogenesis to improve their oxygen supply.

Interleukin 1 B (IL-1B) is an inflammatory cytokine primarily
involved in inflammation and immune responses.” IL-1 has also
been demonstrated to cause the nuclear exportation of N-CoR
corepressor complex, resulting in the depression of NFkB regu-
lated genes.” It is possible that islets transplanted into the hepatic
portal vein upregulate IL-1B along with other pro-angiogenesis
factors while inhibiting transcription of blockers of angiogenesis
(IL-1RN) factors to promote revascularization of the islet graft.

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 metal-
loptroteinase-1 (TIMP-1) preventing the breakdown of extra-
cellular matrix.?® Interestingly IL-12A (IL-12p35) and IL-23A
(IL-23p19), which share a common IL-12p40 subunit, were both
upregulated by diabetic serum in islets. 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 immunity” and IL-23 promot-
ing memory T cells, regulatory T cells, angiogenesis and MMP-9
activity.”?® 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 dia-
betes mellitus.®* Ras is normally involved in signal transduction
through many pathways including the MAP Kinase pathway.
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Ras is known to control such cellular mechanisms as prolifera-
tion, differentiation and apoptosis.?**

IL-1 receptor antagonist (IL-1RN) has been demonstrated
to be downregulated in patients with T2DM.** In vitro stud-
ies have shown that reduced expression of IL-IRN coupled with
increased expression of IL-1B lead to impaired B cell function
and increased activation of apoptosis.** Our data indicates that
serum from T1DM patients has the ability to downregulate
IL-1RN in vitro, indicating that a similar phenomenon may be
occurring during islet cell transplantation. This would be detri-
mental to the survival of the transplanted islet mass, as IL-1P is
produced during post-transplant inflammation. A recombinant
form IL-1RN, recently used as a treatment for T2DM, has shown
some promise by improving glycemic control and B cell secretory
function.®

Taken together, our data indicate that treatment of islets
with type 1 diabetic serum induces a paracrine effect on the
transplanted islet cells leading to the transcription of genes that
promote angiogenesis and inhibit survival. The gene expres-
sion changes identified in this study could be prominently due
to complement activation, while the role of other soluble factors
present in diabetic serum cannot be ruled out in contributing to
this effect. It should also be noted that IL-1f exposure to pan-
creatic 3 cells has resulted in the upregulation of iNOS and its
effect has been well documented.’*** The results of this study
demonstrate several genes and pathways of possible intervention
to improve the current islet transplantation outcome.

Materials and Methods

Pancreas procurement and islet isolation. Donor pancreata were
obtained through the local organ procurement organization after
consent for research was obtained and the experimental protocol
was approved by the Institutional Review Board (IRB).

Pancreas removal was performed by Baylor Regional Transplant
Institute (BRTT) surgeons using a standardized whole organ pro-
curement technique to minimize warm ischemia, and preserved in
the two layer method.*” Pancreatic islet cells were isolated follow-
ing the semi automated method originally described by Ricordi et
al.*» Upon completion of the isolation procedure, the islets were
assessed for purity and quantity by staining with dithizone. Islets
isolated from five different donors were used for this study.

Islet viability was measured by staining with Hoechst 33342
(10 pg/mL) and propidium iodide (20 pg/mL) for 10 min at
37°C before imaging via fluorescent microscopy. Fluorescent
micrographs were merged in Image] and the Pl-positive area was
divided by the Hoechst-positive area to calculate islet viability.

Serum treatment of islets. Freshly isolated islet cells were cul-
tured in islet culture medium, CMRL (Cellgro) supplemented with
10% heat inactivated fetal bovine serum (FBS, Atlanta Biologicals)
in 5% CO, air at 22°C* for 24—48 h to remove damaged cells and
allow recovery from the stresses of isolation. After culture, islets
were counted and viability assessed as described above. Islets were
divided into three groups. Serum samples from previous pancreas
donors, and diabetic patients were stored at -80°C and thawed
prior to treatment of groups. Each serum sample was thawed and
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used only once to ensure the presence of intact IgM. To group 1,
1.0 ml of autologous donor serum was added in triplicate to 1,000
islet equivalents (IEQ). To group 2, 1.0 ml of ABO-matched allo-
geneic serum from a previous organ donor was added in tripli-
cate to 1,000 IEQ. To group 3, 1.0 ml of newly diagnosed type 1
diabetic serum, 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. Five rep-
licate experiments were performed using different batches of islets
and different serum samples. Groups 1, 2 and 3 from experiments
one through four were placed in triplicate in a 24 well plate and
incubated at 37°C for 3 h. Experiment five was plated similarly but
with six samples per condition. Upon completion of incubation,
the islets were transferred to separate microfuge tubes and washed
with sterile PBS. Islet cells were then placed in RLT lysis buffer
(Qiagen) containing 0.1% B-ME and stored at -80°C for RNA
extraction or fixed for immunofluorescence analysis.

Complement classical pathway activity was assessed by mea-
suring hemolysis of sheep erythrocytes using a MicroVue CH50
Eq EIA kit (Quidel Corporation) following the manufacturer’s
instructions.

Immunofluorescent imaging. An aliquot of islet cells was taken
and fixed in 4% paraformaldehyde (Sigma) in PBS (Gibco). Fixed
islets were then centrifuged and placed in Tissue Tek OCT com-
pound (Sakura) for cyrosectioning. Cryosections were cut at 6Lm
thickness, and placed on charged slides beginning with section
1. Sixteen sections were used in total. Sections were then treated
with either autologous, allogeneic, or type 1 diabetic serum for two
hours at 37°C. Sections were then washed in PBS. Sheep polyclonal
anti-human-C3-FITC (Abcam) was added in 1:100 PBS to each
section and incubated at room temperature for 30 min. Sections
were then washed in PBS, followed by a rinse in permeabilization
buffer [3% BSA (Sigma), 0.1% Triton X-100 (Sigma), 0.1% Azide
(Sigma) in PBS]. Sections were then placed in a permeabilization
buffer for 15 min at room temperature. Mouse monoclonal anti-
insulin (Abcam) conjugated to AF647 (Invitrogen) was diluted
1:100 in permeabilization buffer and added to each section for 30
min 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) was added as a counter-
stain to each section in a 1:5000 dilution in PBS and incubated at
room temperature for 5 min. Sections were washed twice in PBS,
dried briefly and covered with Fluoromount-G (Southern Biotech).
All incubations with fluorescently labeled antibodies were done in
the dark. Sheep IgG (Abcam) conjugated to FITC (Sigma) and
mouse IgGl (R&D Systems) conjugated to AF647 (Invitrogen)
served as isotype controls. Images were taken on an upright fluo-
rescent microscope using MetaMorph 6.2r6 (Molecular Devices)
for image acquisition and analysis.

Microarray analysis. Total RNA was isolated using TRI
Reagent (Ambion) or RNeasy mini kit (Qiagen) following the
manufacturers’ instructions. 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
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kit (Ambion). Biotinylated cRNA was hybridized to Illumina
human whole geneome Hu6 V2 or V3 (experiment four) gene chips
(llumina) following the manufacturers’ directions. Hybridized
gene chips were then scanned on an Illumina BeadStation 500
following the manufacturer’s protocols (Illumina). Illumina’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 normaliza-
tion). Data analysis was performed using GeneSpring GX 7.3 soft-
ware (Agilent). Samples were clustered independently to determine
if gene expression reflected treatment condition. Upon completion
of unsupervised clustering analysis, a representative experiment
was chosen for further class prediction analysis. Class prediction
was performed using a supervised learning algorithm the K-nearest
neighbors method as previously described.> Genespring generated
a list of 50 genes that predicted gene condition 100% correctly in
the representative experiment. This list of genes was then tested
against the other experiments. From this list, significant gene
expression changes were determined by ANOVA analysis with
multiple error correction using Benjamini-Hochberg false discov-
ery rate as previously described.'® Significant genes were chosen for
further analysis among all experiments.

Real time PCR. One representative sample from each con-
dition in each experiment was randomly chosen for confirma-
tion of the data obtained in micro array analysis. Total RNA was
reverse transcribed to generate cDNA using RetroScript cDNA
synthesis kit (Ambion). 100ng of cDNA was plated in triplicate
for each condition and each gene of interest. TagMan (Applied
Biosystems) probes specific for the genes of interest were used to
specifically amplify the genes of interest. GAPDH served as a
normalizing housekeeping gene. Relative quantity of the gene of
interest was compared with the autologous (calibrator) condition
for both allogeneic and diabetic conditions by the 24*“* method
for relative quantification. Replicates were averaged from each
experimental condition for each gene. Each experiment was then
averaged for each gene of interest. Students two way t-test was
used to determine statistical significance for the average of each
gene compared with autologous control.

Statistical methods. All data is expressed as mean + SEM.
Grubbs method of detecting statistical outliers was used to
remove outliers from further statistical analysis. One-way
ANOVA T testing with multiple error correction, as previously
described,** was used for class comparison to determine statistical
significance of the micro-array data, with statistical significance
being p < 0.01. For PCR analysis Student’s two-way unpaired
t-test was used to determine significance. Results were considered
significant when p < 0.05.
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