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Several human MHC class Il (HLA) molecules are strongly associated with high incidence of autoimmune diseases
including type 1 diabetes (T1D). The HLA-humanized mice may thus represent valuable tools to test HLA-based vaccines
and therapeutics for human autoimmune diseases. Herein, we have tested the therapeutic potential of a soluble HLA-
DR4-GADS65,, .., (hu DEF-GADG65) chimera of human use in a newly-generated NOD/DR4/B7 double transgenic (dTg)
mouse that develops spontaneously an accelerated T1D regardless the gender. The NOD/DR4/B7 dTg mice generated
by a two-step crossing protocol express the HLA-DR*0401 molecules on 20% of antigen presenting cells, the human
B7 molecules in pancreas, and HLA-DR4/GAD65-specific T-cells in the blood. Some 75% of pre-diabetic NOD/DR4/
B7 dTg mice treated with hu DEF-GAD65 chimera remained euglycemic and showed a stabilized pancreatic insulitis 6
months after treatment. The 25% non responders developing hyperglycemia survived 3-4 months longer than their
untreated littermates. T1D prevention by this reagent occurred by a Th2/TR-1 polarization in the pancreas. This study
strongly suggests that the use of soluble pHLA reagents to suppress/stabilize the T1D progression and to extend the life

expectancy in the absence of side effects is an efficient and safe therapeutic approach.

Introduction

Type 1 diabetes mellitus (T1D) is an organ-specific
autoimmune disease induced by a polyclonal population of self-
reactive T-cells that lead to the destruction of insulin-secreting
pancreatic 3-cells.! High incidence of T1D is strongly associated
with the expression of particular human MHC class I and 1I
alleles (i.e., HLA-DR4, HLA-DQ8, HLA-A2.1) and murine
MHC class IT (I-A#’) in the NOD mice.>? Some 60% of the T1D
patients in USA express HLA-DR4 alleles.*

Several non-antigen specific immunosuppressive attempts
to suppress T1D progression showed minimal beneficial effects
in experimental conditions or clinical trials.”® Some of these
approaches also raised safety concerns like induction of systemic
immune suppression’ or pancreatic toxicity.” We and others
reported that a new class of antigen-specific reagents, namely
soluble peptide-MHC class II chimeras (DEF reagents, “Diabetes
Eliminating Factor”) can delay the pre-clinical stage of diabetes,
and more importantly reverse the early T1D onset in mouse
models in the absence of side-effects and more efficiently than
the synthetic peptide preparations.”'™ A murine DEF reagent

was also able to protect grafted pancreatic islets against the
re-emerging diabetes.”” DEF reagents have a 2 to 3-d life-span
in vivo,'® do not require adjuvant to reach the therapeutic effect,
and are devoid of side effects.”*'® On a molar basis, a soluble DEF
dimer can deliver ~1000-times more tolerogenic peptide than
the APC-expressing MHC class II molecules can naturally load
in vivo."” DEF anti-diabetogenicity was shown to rely mostly on
the induction of IL-4-secreting Th2 cells and IL-10-secreting

TR-1 suppressor cells in the pancreas.'>"

We previously showed that a soluble dimeric HLA-DR*0401-
GADGS,, .. chimera (huDEF-GADGS5 reagent) of human
use can induce IL-10-secreting TR-1 cells by GADGS,,, .~
specific T-cells in the peripheral blood lymphocytes of diabetic
patients.” To test the therapeutic efficacy of this reagent, we have
generated a suitable humanized NOD strain expressing on the
APCs the human MHC class IT HLA-DR*0401 molecules under
the murine MHC class II /-E” gene promoter, and at the same
time the human B7.1 (CD80) costimulatory molecule under
the rat insulin promoter in the pancreatic B-islets (NOD/DR4/
B7 dTg mouse). While the NOD/DR4 Tg parental mouse used
to generate our NOD/DR4/B7 dTg mouse does not develop
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diabetes, the NOD/DR4/B7 dTg mice develop an aggravated,
spontancous disease early in life and regardless the gender. These
humanized NOD/DR4/B7 dTg mice were used in this study to
test the preventive capacity of hu DEF-GADG65 reagent.

Results and Discussion

The humanized NOD/DR4/B7 dTg mouse is a suitable
model for testing the therapeutic potential of hu DEF-GADG65
reagent

The NOD wt mouse is the closest model for human T1D.?
Herein, we tested the therapeutic effect of a hu HLA-DR4-
GADGS,,, . chimera of human use in a newly-generated,
humanized NOD strain expressing the human MHC class
I HLA-DR*0401 molecule on APCs under the I-EY gene
promoter and human B7.1 costimulatory molecule under the rat
insulin promoter in pancreas (NOD/DR4/B7 dTg mouse). The
soluble dimeric hu HLA-DR4-GADG5,, .. chimera is referred
thereafter as to huDEF-GADG5 reagent.

Full recovery of the NOD diabetogenic background in the
parental NOD/DR4 Tg mouse used to generate the NOD/DR4/
B7 dTg mouse was confirmed by PCR and microsatellite analysis
(Fig. 1A). The HLA-DR*0401 requirement for the NOD/DR4/
B7 dTg mouse was to present the GADGS, .. self-peptide to
CD4 T-cells, which in turn could be targeted by the hu DEF-
GADGS,,, s reagent. The hu DEF-GADGS,, ..
been previously shown to recognize and score by FACS the
human GADGS,,, . -specific CD4 T-cells from HLA-DR*0401*
diabetic patients.* FACS analysis confirmed the specific binding
of hu DEF-GADGS,, .. reagent to the hu HLA-DR*0401
transgenic molecule on more than 20% of splenic cells (Fig. 1B).
The presence of GADG5,,, . -specific CD4 T-cells in the spleen
of NOD/DR4/B7 dTg mice was also detected in FACS by hu
DEF-GADG5,, .. reagent for as much as 60 times higher
(0.67%) than the signal-to-noise background detected in the
NOD non Tg littermates (0.014%) (Fig. 1C).

On the other hand, pancreatic B7.1 costimulation of
diabetogenic T-cells was previously shown to accelerate the

reagent has

T1D onset, and to aggravate the disease progression in mouse
models.””? PCR and imunohistochemical analyses confirmed
the hu B7.1 expression in the pancreatic islets of NOD/DR4/
B7 dTg mouse (Fig. 1D). This mouse develops an aggressive,
spontaneous diabetes by 3 to 4 mo after birth and regardless the
gender (Fig. 2A). Together, these data confirmed the suitability
of our humanized NOD/DR4/B7 dTg mouse for testing the
therapeutic potential of hu DEF-GADG5,  , . reagent.

Human DEF-GADG5 reagent delays the T1D onset in
NOD/DR4/B7 dTg mice

The rationale of using a different GADG5 peptide sequences
expressed by human and murine DEF-GADG5 reagents is
that the GADGS, . peptide expressed by the murine DEF-
GADG5 reagent is recognized only by the MHC class IT (I-A¥7)
in NOD mouse, whereas the GADG5,, . peptide expressed
by the human DEF-GADG5 reagent is recognized only by the
HLA-DR4 molecules in humans.
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Treatment with pre-diabetic NOD/DR4/B7 dTg mice with
hu DEF-GADGS5 reagent in saline or saline alone (control group)
was initiated 3 mo after birth when mice still show euglycemia
and a light pancreatic insulitis. Some 75% of the NOD/DR4/
B7 dTg mice (n = 14) treated i.p. twice a week with 8 small
doses (10 pg/dose) of hu DEF-GADG5 reagent did not develop
hyperglycemia for 6 mo after treatment (P = 0.009) (Fig. 2A).
In contrast, 75% of the NOD/DR4/B7 dTg littermates in the
control group (n = 9) developed hyperglycemia shortly after the
last i.p. injection of saline alone (P = 0.01). Treatment of pre-
diabetic NOD/DR4/B7 dTg mice (n = 7) with hu DEF-OSPA
control reagent that does not bind to human CD4 T-cells* did
not affect the TID development (data not shown), indicating
that the therapeutic effect is attributed only to the hu DEF-
GADG5 reagent, but not the hu DEF molecule itself. It is very
unlikely the endogenously expressed I-A#” murine molecules are
responsible for the hu-DEF-GADG65 reagent used in this study,
since the hu DEF-GADG5 expresses the peptide GADGS, ..
recognized only by the HLA-DR4 transgenic molecules but not
the murine I-A¢” molecules, Also, as shown in Figure 1C, the hu
DEF-GADG5 reagent does not bind to I-A¢ molecules in the
NOD non Tg littermates, which rules out the possibility that
[-A¢ may contribute to T1D protection in this mouse model.

Together, these data demonstrated that, like the murine DEF-
GADG5 reagent,'' the human DEF-GADG5 reagent exerted
similar therapeutic effects in the humanized NOD/DR4/B7
dTg mouse model. The humanized NOD/DR4/B7 dTg mouse
was an appropriate mouse model to test the hu DEF-GADG65
reagent, since it expresses the HLA-DR4 human molecules
targeted specifically by the hu DEF-GADG5 reagent, and at the
same time expresses a human B7.1 costimulatory in the pancreas,
which was shown to accelerate the T1D development regardless
the gender."?

Clinical trials in T1D patients using GAD protein or
peptides as potential immunotherapeutic vaccine were so far
unsuccessful (reviewed in ref. 20), though the hu DEF-GAD
reagent showed promising results. This is likely to be the result
of a different immune mechanism utilized by hu DEF-GADG655
reagent. Thus, while GADG65 protein immunization may lead
to stimulation of T-cells including diabetogenic T-cells due to
expression of various immunogenic GAD epitopes, the soluble
hu DEF-GADG5 reagent utilizes an epitope that can selectively
target the TR-1 protective cells.

Although our present focus was to test the T1D preventive
ability of hu DEF-GADG5 reagent, this study suggests the
likability of this reagent to reverse the early T1D onset. Thus,
among the hu DEF-GADG5-treated mice with sustained
euglycemic status, 1 mouse developed hyperglycemia 1 mo after
last injection. This mouse responded well to an additional i.p.
injection of 20 pg of DEF-GADG5 reagent when hyperglycemia
scored 240 mg/dL and 270 mg/dL, as it returned next day to a
stable euglycemic status for another 3 mo (Fig. 2B). In contrast,
several mice in the saline-treated group (control group) that have
been also treated with a single dose of 20 g hu DEF-GADG5
reagent when reaching higher sugar levels than 400 mg/dL, did
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Figure 1. Immunologic characterization of humanized NOD/DR4/B7 dTg mice. (A) microsatellite analysis of the NOD genetic background in the parental
NOD/DR4 Tg strain (upper panel). Comparison between the genetic background in 2 representative NOD wt, C57BL/6 parental strains, and 8 out of
32 microsatelites in the F12 generation of parental NOD/DR4 Tg strain shows full transfer of the NOD background in the parental NOD/DR4 Tg strain.
Lower panel, identification of human HLA-DR*0401 and B7.1 (CD80) transgenes by PCR using specific primers (forward: GTTTCTTGGA GCAGGTTAAA CA;
reverse: CTGCACTGTG AAGCTCTCAC, and respectively: forward: GCTTACAACC TTTGGAGACC CAG; reverse: CGTCACTTCA GCCAGGTG). Internal control
PCR primers for DNA quantification were specific for mouse IgG3 gene (forward: ACAACAGCCC CATCTGTCTA T; reverse: GTGGGCTACG TTGCAGATGA C).
Lane 1, DNA size markers; lanes 2-5, NOD mice expressing both the human HLA-DR*0401 and B7.1 transgenes; lanes 6-11, NOD/DR4 littermates lacking
the hu B7.1 transgene. (B) expression of HLA-DR4 molecules on splenic APCs from NOD/DR4/B7 dTg mice. Left panel, splenic cells stained with a rat
IgG isotype control Ab-FITC conjugate; Right panel, splenic cells stained with a rat IgG anti-HLA-DR4-FITC conjugate. Shown is the mean + SD values
as determined in 4 NOD/DR4/B7 mice. (C), FACS detection of GAD65,,, ,..-specific CD4* T-cells in the blood of NOD/DR4/B7 dTg mice. Left panel, the
signal-to-noise background of the secondary anti-human IgG1-FITC conjugate; right panel, the mean frequency of GAD65,,, .. -specific CD4* T cells
+ SD measured in 4 NOD/DR4/B7 dTg mice in spleen cells double-stained with hu DEF-GAD65 reagent and revealed by a goat anti-human IgG1-FITC
conjugate, and anti-mouse CD4 Ab-APC conjugate (clone #GK1.5, ATCC, BD PharMingen). (D) immunohistochemical detection of human B7.1 (CD80)
expression in the pancreatic B-islets of NOD/DR4/B7 dTg mice. Fresh pancreatic sections of 5um in OCT from a NOD wt mouse (left panel) and NOD/
DR4/B7dTg mouse (right panel) were stained with a rat IgG anti-human B7 molecule (BD PharMingen) and revealed by an anti-rat IgG-HRP conjugate
(Jackson ImmunoResearch). Shown is the absence of B7 staining of a representative B-islet from a NOD wt mouse, and the positive B7 staining for a
representative 3-islet from a NOD/DR4/B7 dTg mouse. Dark arrows in each panel indicate the position of pancreatic B-islets.

not respond to the treatment. This led to the conclusion that, like
previously shown in animal models treated with other murine
DEF-like reagents, the hu DEF-GADG5 reagent may not be able
to reverse the disease when hyperglycemia reaches higher levels
than 300 mg/dL. Confirmatory therapeutic strategies using
different protocols of immunization will be further required to
determine if indeed the hu DEF-GADG5 reagent is beneficial in
the late stages of disease.

www.landesbioscience.com

Human DEF-GADG5 treatment improves the rate of
survival in diabetic NOD/DR4/B7 dTg mice

Although ~25% of NOD/DR4/B7 dTg mice did not respond
to hu DEF-GADG5 therapy, their overall life expectancy was
significantly increased. Two of the hyperglycemic non responders
lived up to 4 more months after the interruption of treatment.
Also, most of the hyperglycemic NOD/DR4/B7 dTg mice in
the saline-treated group (control group) survived for 2 to 3 more
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Figure 2. T1D incidence in the NOD/DR4/B7 dTg mice treated with hu DEF-GADG65 reagent. (A) Pre-diabetic, 2.5 mo-old NOD/DR4/B7 dTg mice were
selected from 4 different litters (n = 14) and treated i.p. with 8 doses of 10 g of hu DEF-GAD 65 reagent in saline (n = 14 mice) or with saline alone (control
group, n =9 mice) every other 4th day. Glycemia was measured bi-weekly from the tail vein. Y axis indicates the cumulative incidence of hyperglycemia
calculated as a percent of mice developing hyperglycemia in each group at different time-points after treatment interruption. Grouped arrows on the
X axis indicate the time-points and number of hu DEF-GADG5 i.p. injections. Shown is the significant relevance (* P value) between the two groups at
the end of experiment. (B) hyperglycemia values in hu DEF-GAD65 non responders (NOD/DR4/B7 dTg mice) in two representative mice (Mouse #1 and
#3) with stabilized hyperglycemia after one single dose of 20 ug hu DEF-GADG65 as followed up for 8 more months after injection. Arrows indicate the
time of supplemental hu DEF-GAD65 injection (at 6 mo of age) that failed to reverse hyperglycemia in mice #1 and #3. Also shown is a NOD/DR4/B7 dTg
mouse (mouse #2) treated with hu DEF-GAD65 reagent under the same regimen as in panel A, which developed mild hyperglycemia (250 and 270 mg/
dL) some 1.5 mo after treatment interruption. Arrow indicates the time-point (6 mo of age) when mouse #2 received a supplemental 20 n.g hu DEF-
GADGS5 i.p. injection that reversed hyperglycemia. Grouped arrows on the X axis indicate the time-points and number of hu DEF-GAD65 i.p. injections.

months longer, and did not show a loss of weight (data not shown)
when injected i.p. with a single dose of 20 pg of hu DEF-GAD65
reagent (Fig. 2B). This is a significantly long rate of survival
as compared with the untouched hyperglycemic littermates
that succumb within 2 to 3 wk after the hyperglycemia onset.
The non responder mice treated with a single dose of 20 pg hu
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DEF-GADG5 reagent maintained their sugar levels below 550
mg/dL and showed no body weight loss (data not shown). The
results indicated that, although in a hyperglycemic stage, the
mice survived longer with a limited progression of hyperglycemia
when treated with hu DEF-GADG5 reagent at a late stage of
disease.
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Figure 3. Pancreatic and T-cell analyses of NOD/DR4/B7 dTg mice treated with hu DEF-GADG65 reagent. (A) two representative, fully functional pan-
creatic B-islets lacking lymphocyte infiltration (upper panels), or peri-infiltrated B-islets (middle panels), or intra-infiltrated B-islets from the group of
NOD/DR4/B7 dTg mice treated with hu DEF-GADG65 reagent as in Figure 2, panel A. Pancreata from both groups of mice were analyzed after treatment
interruption, when mice reached 11 mo of age. Shown in each panel are the HE staining of infiltrating lymphocytes (dark blue) and the presence of
intra-islet insulin granules stained with a rabbit anti-Insulin-HRP conjugate. Of note, the peri-infiltrated islets show higher amount of insulin granules as
compared with the intra-infiltrated islets. (B) Comparative morphologic analysis of pancreatic islet infiltration in NOD/DR4/B7 dTg mice treated or not
with hu DEF-GADG65 reagent as in Figure 2A. The pancreata from both groups of mice were analyzed when mice reached 11 mo of age. Some 20-25
B-islets per pancreas were analyzed from individual mice (n = 5 mice/group). Of note, treated mice showed a significantly higher number of pancreatic
peri-infiltrated islets than those in the control group. (C) cytokine analysis in stimulated spleen cultures from NOD/DR4/B7 dTg mice treated or not with
hu DEF-GADG65 reagent. Of note, the CD4 T-cells from NOD/DR4/B7 dTg mice treated in vivo with hu DEF-GADG65 reagent secreted a significantly higher
amount of IL.-4 and IL-10, and lower amount of IFN-y than those from saline-treated animals (control group). Shown are the mean values of cytokines +
SD for 4 individual mice in each group.

Human DEF-GADG5 reagent stabilizes the lymphocyte
infiltration in the pancreas of NOD/DR4/B7 dTg mice

We have previously reported that mice treated with murine
DEEF reagents show a significantly reduced number of pancreatic
B-islets with destructive intra-islet infiltration, but rather a
protective type of peri-insulitis."”"® Indeed, prolonged survival
observed in the non responder, hyperglycemic mice treated
with hu DEF-GADG65 may be explained by the formation of a
protective, stabilized peri-islet pancreatic infiltration, which in

www.landesbioscience.com

turn may provide a limited, but sufficient amount of insulin to
stabilize glycemia.

The NOD/DR4/B7 dTg mice protected by hu DEF-GADG5
treatment showed a significantly increased number of peri-
infilcrated B-islets (P = 0.047), and a reduced number of intra-
infiltrated B-islets (P = 0.042) than those in the control group
(Fig. 3A and B). Although not significantly increased, the
number of non-infiltrated B-islets in euglycemic mice protected
by hu DEF-GADG5 treatment was higher than in hyperglycemic
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mice from the control group (P = 0.063). This is because the
overall number of infiltrated B-islets (intra- and per-infiltrated
B-islets together) in both groups was similar, with the only
difference that the ratio between the peri- vs. intra-infilcrated -
islets was higher in the euglycemic treated mice (ratio = 4:1) than
in hyperglycemic mice from the control group (ratio = 1:3.5)
(Fig. 3B). The results indicated that, likewise the murine DEF-
GADG5 reagent,®? the human DEF-GADG5 reagent was able
to stabilize the pancreatic insulitis.

The therapeutic effects of hu DEF-GADG5 reagent rely on
Th2/TR-1 polarization in pancreas

We have previously reported that the mechanism of T1D
protection by murine DEF reagents relies on differentiation and
expansion of IL-4* Th2 cells and IL-10-secreting TR-1 suppressor
cells in the pancreas."*'>” Also, the hu DEF-GADG5 reagent
induced a population of IL-4* Th2 cells and IL-10-secreting TR-1
cells in the lymphocyte cultures of diabetic patients expressing
HLA-DR*0401 molecules.” Herein, we tested the mechanism
underlying T1D protection by the hu DEF-GADG65 reagent in
NOD/DR4/B7 dTg mice relies also on Th2/TR-1 polarization.
The Th2 response in stimulated cell cultures from the pancreatic
lymph nodes of NOD/DR4/B7 dTg mice treated or not with hu
DEF-GADG5 reagent was estimated based on IL-4 secretion, the
TR-1 response based on IL-10 secretion, and the Thl based on
IFN-vy secretion.

CD4 T-cells from the pancreatic lymph nodes (pLN CD4
T-cells) mirror the phenotypic and functional profile of
pancreatic infiltrated T-cells in hyperglycemic mice.» The pLN
CD4 T-cells from treated euglycemic mice that were stimulated
in vitro with hu DEF-GADG5 reagent 6 mo after treatment
interruption showed a significant increase in IL-4 secretion (P
= 0.0001) and IL-10 secretion (P = 0.018), while the IFN-vy
secretion was drastically reduced (P = 4.5x107) as compared
with the hyperglycemic mice in the control group. Also, the in
vitro CD3 polyclonal stimulation of pLN CD4 T-cells from
euglycemic treated mice showed a significantly reduced IFN-y
secretion (P = 0.039) and increased IL-10 secretion (P = 0.014)
as compared with those from the hyperglycemic control mice
(Fig. 3C).

Together, these results showed that T1D prevention and
stabilization in NOD/DR4/B7 dTg mice occurred in the
context of Th2/TR-1 polarization of peripheral CD4 T-cells,
much likely by a similar mechanism (single-epitope bystander
suppression) described for the murine DEF-GADG5 reagent."
This mechanism refers as to the ability of a single peptide-MHC
class II reagent (like DEF) to suppress a polyclonal population
of autoreactive T-cells of various peptide specificities through
the stimulation/expansion of non antigen-specific IL-10-
secreting TR-1 suppressor cells at the site of inflammation."
In summary, this work suggests that human DEF-like reagents
targeting diabetogenic T cells in the absence of systemic immune
suppression may represent an efficient antigen-specific approach
that can overcome the limitations of conventional antigen-
specific reagents for T1D therapy.
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Methods

The human DEF-GADG5 reagent

Genetic engineering of human HLA-DR*0401-GADG5,,, ..
soluble dimer (hu DEF-GADGS reagent) has been previously
described.”? The hu DEF-GADG65 reagent is made of the
extracellular domains of human HLA-DR*0401 (MHC class
II) molecules on human Ig-Fcyl (hFcyl) scaffold, and it
expresses the human GADGS,, . peptide covalently-linked at
the N terminus of B-chain. The hu DEF-GADG5 reagent was
produced in baculovirus-infected insect SF9 cells and purified
from the cell culture supernatant by affinity chromatography
using an anti-human IgG1-Sepharose 4B column, as described.***

The humanized NOD/HLA-DR4/B7 dTg mouse

The humanized NOD/DR4/B7 dTg strain was generated by a
two-step crossing protocol. First, the C57BL/6 mice deficient for
MHC class IT molecules (H-2"*, IAB/IEa) and transgenic for
a human/murine chimeric HLA-DR4-IE molecule (HLA-DRA-
[E‘a/HLA-DRB1*0401-1EB) (Jackson Labs)?? were backcrossed
for 12 generations into the NOD diabetogenic background
(IA#7, IE! , H-2") to generate the NOD-DR4 Tg strain (HLA-
DRA-IE‘a/HLA-DRBI*0401-1E‘S", IA®", [E¢  H-2%). The
NOD/DR4 Tg mice were next crossed with NOD/RAG2, hu
B7.1*"* Tg mice (Taconics) to generate the NOD/DR4/B7 dTg
mice used in this study (HLA-DRA-IE‘a/HLA-DRB1*0401-
IE‘@*, huB7.1*, IA®", IE!  H-2%, Rag2"). Selection of NOD/
DR4/B7 dTg mice was performed by PCR using specific primers
for HLA-DR4 and hu B7.1 genes (Fig. 1B).

Therapeutic protocol

Pre-diabetic (euglycemic) NOD/DR4/B7 dTg mice were
injected intraperitoneal (i.p.) every other 4th day with 8 doses of
10 pg of hu DEF-GADGS5 reagent in saline (n = 14 mice) or saline
alone (control group, n = 9 mice) every other 4th day, starting 3
mo after birth. Mice were followed weekly for the blood glucose
levels using an Accu-Check glucose meter and glucose test strips
(Roche). Non-responder hyperglycemic mice were also treated
with a supplemental dose of 20 pg hu DEF-GADG5 reagent
after the hyperglycemia onset, and monitored for the blood
glucose levels and rate of survival. Experiments were performed
at USUHS under the MED-11-655 and MED-11-805 IACUC
protocols according to the federal, local regulations, and to EU
Directive 2010/63/EU.

Flow cytometry

Single-cell suspension of splenocytes (10° cells) from
individual mice were stained 30 min at 4 °C for various cell
surface markers using specific Ab-dye conjugates or their isotype
controls. Some 10 to10° cell events were acquired using a LSR II
Becton-Dickinson flow cytometry instrument equipped with the
WINLIST analysis software (Verity, Topsham, ME, USA), or
with a BD FACS DIVA software (BD Biosciences).

T-cell stimulation and cytokine assays

Cells from the pancreatic lymph nodes of individual treated
and saline-treated mice were harvested on 5 pm strainers and
stimulated in vitro for 1 and 4 d with CD3 mAb (#2Cl11 clone,
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ATCC, 2.5 pg Ab/10° cells/well) or hu DEF-GADG65 reagent
(5 pg reagent/10° cells/well). Cell viability scored microscopically
in bromphenol stained cells was higher than 90%. The
supernatant from triplicates cell cultures was measured by
Luminex assay for cytokine secretion. IL-2 measurements were
performed 1 d after stimulation, whereas other cytokines were
measured 4 d after continuous stimulation.

Histology and Immunohistochemistry

Pancreata from individual mice responsive or not to hu DEF-
GADG5 treatment were analyzed for the degree and morphology
of insulitis among 20-25 paraffin-embedded 5 pm sections
stained with Hematoxilin-Eosin (HE). Serial 5 pm sections of
pancreata were also stained with a rabbit anti-insulin Ab (Santa
Cruz Biotech) revealed by a goat anti-rabbit IgG-HRP conjugate
(Southern Biotechnologies) to estimate the extend of insulin
secretion and intra-islet distribution of insulin granules.

Biostatistics

Statistical significance for T1D incidence within the same
group and between groups of hu DEF-GADG65-treated and

saline-treated mice was performed by Log-rank (Mantel-
Cox) test, SPSS software version 21.0.0 (IBM Corporation 1
New Orchard Road Armonk, New York 10504-1722 United
States). The P values less than 0.05 were considered significant.
Individual variations in the number of infiltrated islets and
morphology (protective peri-insulitis »s. destructive intra-islet
insulitis) between hu DEF-GADG65-treated and saline-treated
mice were analyzed by the Student # test and expressed as mean +
standard deviation (SD) at 99% interval of confidence.
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