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Abstract

Loss of islet beta cell function related to inflammation is a feature of diabetes. Exposure of beta cells and islets to inflammatory mediators elevate reactive oxygen
species, promote release of local factors and activate signaling pathways that lead to beta cell dysfunction. New strategies to preserve beta cell function in an
inflammatory environment would be pivotal for diabetes therapy. A small compound library based on the anti-inflammatory compound Lisofylline (LSF) has been
investigated to identify new molecules that confer protection to beta cells exposed to inflammatory cytokines. Efficacy was identified in compound c42. Loss of
glucose-stimulated-insulin-secretion and increased beta cell apoptosis are markers of beta cell dysfunction, these were preserved with the addition of c42 to beta cell
lines and primary islets. In the non-obese diabetic (NOD) mouse model of type 1 diabetes, c42 delayed the onset of hyperglycemia and reduced the frequency of

diabetes by 50%. Collectively, these data support the therapeutic potential for c42 / c42-like compounds in diabetes.

Introduction

Loss of beta cell function is central to the etiology of diabetes.
Inflammation is importantin the pathophysiology of both type 1 diabetes
and type 2 diabetes [1,2]. Beta cell dysfunction, beta cell apoptosis and
beta cell de-differentiation are recognized pathological outcomes that
result from inflammation and exposure to pro-inflammatory cytokine
mediators [3-6]. Inflammatory cytokine mediators induce oxidative
stress and the generation of additional local mediators that contribute
to loss of functional beta cells [7-9]. Preserving beta cell function
in the presence of an inflammatory environment would be a pivotal
achievement in terms of diabetic therapeutics.

New biological agents to disrupt inflammatory cascades are
being evaluated for diabetes patient care, and an anti-inflammatory
action may be a component of existing drugs for diabetes, reviewed
[10]. Transient reduction of HbA,_(a marker of sustained high blood
glucose) has been reported in human type 2 diabetes following clinical
trials with biological agents to disrupt interleukin-1 beta and supports
the potential for inflammation disruption as a strategy to preserve
beta cell function [11-13]. Lisofylline (LSF), a small molecule that is
reported to disrupt inflammation by inhibition of STAT4 and /or
interleukin-12 (IL-12) activation, prevents the advance of spontaneous
diabetes in the type 1 diabetic NOD mouse model [14]. Th1-mediated
disease (e.g. Allergic Experimental Encephalomyelitis) is suppressed
by LSF through a mechanism that involves IL-12 receptor signaling
blockade and inhibition of IL-12-driven Thl differentiation and T
cell proliferation [15]. Data suggest that LSF disrupts IL-12 signaling
since LSF inhibits IL-12-induced STAT4 phosphorylation and prevents
cytokine-mediated production of IFN-y [16,17]. The importance
of STAT4 to the development of type 1 diabetes has been shown by
conferred protection to type 1 diabetes in NOD mice that are STAT4
deficient [18]. Further, polymorphism at the STAT4 locus associates

Integr Mol Med, 2018 doi: 10.15761/IMM.1000329

with early onset type 1 diabetes in humans [19]. The potential of LSF
as a therapeutic in humans is highly restricted by its negligible to low
half-life. Analogs of the LSF molecule were synthesized by Cui et al
creating a limited compound library [20]. Investigation of this small,
but focused, LSF-like compound library for novel molecules to preserve
beta cell function in an inflammatory environment has identified
compound 42 (c42); an efficacious small molecule able to protect beta
cells and islets from the damaging effects of inflammatory cytokines.
Proof-of-concept study in the non-obese diabetic (NOD) mouse
model identified compound c42 as a candidate new compound lead
for the development of strategies based on small molecules that confer
protection to beta cells in diabetes.

Materials and methods

Ethics

Protocols and procedures were reviewed and approved by relevant
institutional regulatory committees and comply to ARRIVE guidelines.

Cell Lines and Primary Islets

Cell lines INS-1 (rat beta cell line) and BTC3 (mouse beta cell line)
were cultured as previously described [21]. Human donor islets were
obtained from the Integrated Islet Distribution Program (https://iidp.
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coh.org). Atleast three separate donors were used for each experimental
assay. Donors were not identified as diabetic and were selected on
availability only; not being matched for age, sex or BMI. Mouse islets
were isolated by common bile duct cannulation and collagenase
digestion [14]. Primary islets were hand picked prior to use.

Molecule Selection

Molecules from the Lisofylline-like library were resynthesized
(Medchem Source, Federal Way, WA). Molecules were solubilized at
10mM in DMSO. Molecules were iteratively assessed relative to LSE.
Initial screening of molecules and selection of which compounds
to progress was based on rank order ability to inhibit induction of
gene expression for INF y, IL-12p35, IL-12p40, STAT4 in INS-1 cells
following 4 and 24 hour exposure to pro-inflammatory cytokines (PIC:
5 ng/ml IL-1f3, 10 ng/ml TNF-a, 100 ng/ml IFN-y; R&D Systems,
Minneapolis, MN). Candidate compounds were assessed at one third
log concentration range that spanned 1nM to 30uM. Compound c42
was identified as a lead candidate molecule that had efficacy greater
or equivalent to LSF and was subsequently evaluated in beta cell lines
and primary mouse islets in biological readouts of pro-inflammatory
cytokine-induced beta cell dysfunction. Compound pharmacokinetic
half-life was determined in male Sprague Dawley rats following bolus
intravenous injection. The analysis was conducted under contract with
Frontage Laboratories, Inc. Exton, PA.

Cytokine treatment and RT PCR

Islets or cell lines were treated with species-specific pro-
inflammatory cytokines (PIC: 5 ng/ml IL-1B, 10 ng/ml TNF-a, 100 ng/
ml IEN-y; R&D Systems) for 4 and 24 hours. Compound c42 was added
at the stated concentration 20 min before cytokines. Isolation of RNA
and quantitative RT-PCR with Tagman primers for IL-12p40, IL-12p35,
IFN vy, STAT4 was performed as previously described [7,8].

STAT4 Phosphorylation

NK 92 cell nuclear extracts were prepared according to the protocol
supplied with the CelLytic™ NuCLEAR™ Extraction kit (NXTRACT,
Sigma-Aldrich, St. Louis, MO). Protein extracts were separated on
Mini-PROTEAN® TGX™ Precast Gels (Bio-Rad, Hercules, CA) and
transferred to Immobilon-FL PVDF Transfer Membranes (EMD
Millipore, Billerica, MA). The blots were probed with primary
antibodies and then with IRDye® 800CW and IRDye® 680RD secondary
antibodies (LI-COR, Lincoln, NE) to detect protein bands with the
Li-Cor Odyssey Imaging System (LI-COR). The mouse monoclonal
anti-phospho-Stat4 (pY693) antibody (612739; BD Transduction
Laboratories, CA) was used at 1:500. The rabbit polyclonal anti-Actin
(I-19) antibody (sc-1616-R; Santa Cruz Biotechnology, Santa Cruz,
CA) was used at 1:3000.

Glucose-stimulated insulin secretion (GSIS)

Cytokine treated cells or primary mouse islets were monitored for
GSIS as previously described [22]. Briefly, treated cultured cells or islets
were washed and stabilized in Krebs Ringer Buffer (KRB) containing
3mM glucose for one hour prior to retention in 3mM glucose or
stimulation with 18 mM glucose. Ten islets were run in each condition
in triplicate for each experiment. Insulin released in the culture media
after 60 mins was measured by ELISA (Mercodia, Winston Salem, NC)
following the manufacturer's directions.

Apoptosis detection

For caspase-3 cleavage: Apoptosis was detected using a kit to
measure pro-caspase-3 cleavage (556485, BD Pharmigen, Franklin
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Lakes, NJ) according to the manufacturer's instructions. Conditions per
experiment were performed in triplicate. Fluorescence was measured
using an excitation wavelength 380 nm and emission wavelength 440
nm (SpectraMax Molecular Devices, Sunnyvale, CA).

Fluorescence microscopy was performed as reported previously
[22]. All incubations were performed at least in triplicate. Briefly,
following stimulation, cytokine treated cells/islets were washed with
cold PBS and incubated at 4°C for 30 min in 0.1 mM YO-PRO-1 (Y3603,
Life Technologies). Five random visual fields were analyzed per well.
Images were captured in 3 channels at the magnification of 100X. The
fluorescence value (RFU) was normalized to background and expressed
proportional to cell-occupied area (phase contrast). For quantitative
analysis, area occupied by cells (obtained from the phase-contrast
image channel) was determined in addition to the total densitometric
value (intensity of the fluorescent signal) for the green channel (YO-
PRO) within this area. For each image, the obtained densitometric
value was then divided by the value obtained for the cell area and this
numerical value served as a measure of apoptosis. For each experiment,
the measure of apoptosis calculated for the cytokine-only treated cells
was used as reference value. An apoptotic index was determined
(sample normalized RFU/ cytokine treated normalized RFU x 1).
Relative fluorescence expression of background normalized signal
attained with cytokine-stimulation was defined as unity (maximum
apoptosis). Values from other treatment conditions are expressed
relative to cytokine. An Axiophot (Zeiss, Jena, Germany) was used to
capture images. Axiovision (Zeiss) was used for image analysis.

NOD Mouse Model

Compound tolerability and excipient selection was first evaluated
in C57BL6/] mice. NOD/ShiLt] (NOD) female mice were purchased
from The Jackson Laboratory (Bar Harbor, ME) at age 4 weeks. Mice
were randomly assigned to treatment groups and dosed from age 6
weeks to age 12 weeks. Each cohort contained twenty mice that were
injected intraperitoneally each weekday between 7am and 1llam
in alternating lower abdominal quadrants. Vehicle was 10:40:50
cremophor:PEG200:saline. Twice weekly glucose monitoring using a
pre-calibrated glucometer was started at age 10 weeks. Diabetes was
defined as two consecutive daily blood glucose readings > 250mg/dl.
Tissues including pancreas were collected fixed and paraffin embedded
at study endpoints. Study was terminated at week 23.

Pancreas Histology

Sections of 7um thickness were baked (50°C overnight), de-
paraffinized and re-hydrated in descending ethanol concentrations.
Sections were subject to heat-based antigen retrieval in citrate buffer
(Vector Laboratories, Burlingame, CA). Sections were incubated with
1:1000 guinea pig anti-insulin polyclonal (ab7842, Abcam, Cambridge,
UK) overnight at 4°C followed by 1:200 Cy5 conjugated secondary raised
in goat (ab102372, Abcam) for 90 minutes at room temperature. Nuclei
were counter stained with 0.1 pg/ml DAPI (D9542, 4',6-diamidino-
2-phenylindole, Sigma, St Louis, MO) for 10 minutes. Sections were
mounted with Vectashield (Vector Laboratories). All incubations
were in PBS containing DAKO blocking solution, all washes between
incubations were in PBS.

For each pancreas, three sections per mouse were analyzed. Whole
pancreas sections were viewed, being captured in composite images at
10x objective (Axiophot, Zeiss). Images were analyzed using Axiovision
software (Zeiss). Insulitis area was defined as a DAPI-visualized single
structure larger in size than ten nuclei. Insulitis was evaluated by
morphometry (percent of pancreatic area; sum of area of insulitis in
pancreas section / total pancreas section area x 100).
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Statistical Analysis

In vitro and ex vivo experiments were performed in triplicate, at
minimum. Student's t-test or one-way ANOVA (Prism 5.0; Graph-Pad
Software, La Jolla, CA) were used to determine statistical significance
(95% CI and p < 0.05).

Results and discussion

Study of beta cell lines and ex vivo analysis of primary islets has
demonstrated the damaging effects of pro-inflammatory cytokines on
beta cell function and islet survival [23,24]. Acute exposure to a highly
studied triple cytokine cocktail of TNFa, IL-1f, IFNYy results in a loss of
glucose-stimulated-insulin-secretion (a marker of beta cell function),
enhanced oxidative stress, gene induction and elevated apoptosis
[25-50]. These observations underpin the important contribution of
inflammation and inflammatory mediators to diabetes etiology and
identify the need for new strategies to preserve beta cell function in
islets exposed to an inflammatory environment.

In an effort to identify new efficacious small molecules that
uncouple the damaging effects of pro-inflammatory cytokines on
beta cells, compounds from a previously developed focused molecule
library of LSF-analogs were studied. This project has identified from
this focused library compound c42 as a bioactive molecule that confers
protection to beta cells preserving function and survival.

Selection and identification of compound c42

The small focused library of 1-(5R)-hydroxyhexyl aryl analogs
were generated previously, being structural analogs of lisofylline (LSF;
1-(5R-hydroxyhexyl) 3,7-dimethylxanthine) [20]. LSF is an inhibitor
of STAT4 phosphorylation that has shown beneficial effects in several
inflammatory disorders [51-53]. Lisofylline prevents the advance
of spontaneous diabetes in NOD mice [14]. In human islets studied
ex vivo, disruption of metabolic activity and insulin secretion was
reversed by LSF [54]. The clinical potential of LSF has been limited by
its extremely short half-life of less than one minute in humans [20]. The
rationale of the focused library of LSF-analogs was to explore chemical
structure-activity-relationships beyond the xanthine framework
previously investigated to determine if new efficacious molecules with
different structural scaffolds could be identified [20]. Compounds were
initially assessed in INS-1 rat beta cell line for ability to inhibit gene
induction resulting from stimulation with pro-inflammatory cytokines
(PIC). Subsequently, efficacious compounds were assessed for ability to
preserve beta cell survival and function in beta cells and islets exposed
to pro-inflammatory cytokines. This report describes compound 42
(c42), a molecule that shows efficacy to confer protection to beta cells
exposed to pro-inflammatory cytokines. Importantly, c42 (Figure 1)
does not have a xanthine-based nucleus providing new possibilities
for chemical development to potentially overcome the physiochemical
limitations associated with xanthine-based LSE.

Preservation of beta cell function in beta cell lines exposed
to PICs

Pro-inflammatory cytokine (PIC) exposure of rat beta cell line,
INS-1, results in loss of glucose-stimulated-insulin-secretion, elevated
expression of IL-12 genes (p40 and p35) and induction of apoptosis.
The IL-12/IFNy stimulatory axis is induced in islets as a response
to pro-inflammatory cytokine stimulation and is linked to beta cell
dysfunction [7, 16]. Following stimulation of INS-1 cells with PIC,
gene expression for IL-12p40, IL-12p35, IFNy and STAT4 elevated
significantly above control, vehicle treated cells (3.75+0.9, 2.53+0.8,
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Figure 1. Compound selection. Molecules from a Lisofylline-like focused compound
library were assessed for ability to block induction of IL-12 (p40, p35), INFy and STAT4
gene expression by pro-inflammatory cytokines with molecules of interest being progressed
in functional assays (flow diagram). Initial compound selection was based on greater or
equi-potency to LSF in disruption of IL-12 / IFNy gene activation by pro-inflammatory
cytokines. Efficacy was subsequently assessed for candidate compounds in protection of
beta cell lines, mouse islets and human islets from apoptosis induced by pro-inflammatory
cytokines. Compound 42 (c42) was identified as an efficacious compound. Molecular
structure of c42 and LSF are shown

7.67+2.4 and 7.3242.0 fold respectively). In the presence of c42 the PIC-
induced gene expression was inhibited by 66%+8, 57%+10, 52%+15
and 43%=4 for IL-12p40 (p<0.01), IL-12p35 (p<0.01), IFNy (p<0.05)
and STAT4 (p<0.05), respectively (Figure 2A). Beta cells exposed to an
elevation of glucose concentration release insulin in culture. Glucose-
stimulated-insulin-secretion (GSIS) is uncoupled with exposure to
PICs providing a sensitive marker of beta cell dysfunction. The addition
of c42 along with PICs protected the GSIS response, demonstrating
preserved beta cell function (Figure 2B, p<0.05). Exposure of beta
cells and islets to PICs also elevates cell death. Caspase 3 activation
or incorporation of the fluorescent dye YO-PRO-1 are markers of cell
apoptosis and are elevated in beta cells following treatment with pro-
inflammatory cytokines. The addition of 20uM c42 inhibited apoptosis
induced by PICs (Figure 2C-D, p<0.01 and p<0.0001 respectively).
The protective effect of c42 to beta cells is shown relative to 20uM LSF
(Figure 2B-D).

Compound c42 demonstrated efficacy analogous to LSF in its
ability to preserve beta cell function and survival. Compound c42
is equipotent to LSE. The extremely short pharmacokinetic half-life
of LSF is a major limitation to its clinical utilization. Preliminary
pharmacokinetic analysis of c42 in Sprague-Dawley rats following
intravenous administration determined a calculated half-life of forty-
five minutes. In contrast, reported half-life for LSF is seven minutes
[55]. Further medicinal chemical refinement of c42 may enhance the
half-life of c42. However, in vivo efficacy is demonstrated with systemic
administration of c42.

Compound-driven protection in mouse beta cells and
primary islets from PIC-induced apoptosis

The ability of c42 to protect a mouse beta cell line and primary
isolated islets from apoptosis that is induced by exposure to pro
inflammatory cytokines (TNFa, IL-1B, IFNy) was assessed. The
mouse beta cell line PTC3, primary isolated mouse islets and primary
human donor islets were studied (Figure 3). Apoptosis was determined
through two quantitative methodologies, incorporation of the cellular
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Figure 2. Induced beta-cell dysfunction in rat pancreatic INS-1 cells is inhibited by compound c¢42. Inhibition of PIC-induced gene induction (A), protection to PIC-induced uncoupling
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Figure 3. Induced beta-cell apoptosis in pancreatic islets and beta cells is inhibited by compound c42. Apoptosis, measured by YO-PRO-1 (A-C) and caspase-3 (D, E), in BTC-3 beta cells
(A, D), primary mouse islets (B, E), and primary human donor islets (C) treated with PICs in the absence or presence of S0uM c42. Graphs display fluorescent apoptotic index (YO-PRO-1)
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FHAE Rk ¥ p<0.0001, <0.01, <0.05, to Control respectively; ####, ###, ## p<0.0001, <0.001, <0.01, to PIC treatment

respectively. Data within each experiment is from triplicate replicates and results shown are combined data from three or more separate experiments

fluorescence dye YO-PRO-1 and conversion of a Caspase-3 substrate,
as described [22]. Exposure of beta cells and islets to PICs results in a
significant increase in apoptosis relative to vehicle control (p<0.01). In
the presence of c42 a significant inhibition of PIC-induced apoptosis is
seen in mouse beta cells, mouse islets and human donor islets (Figures
3A and 3C, p<0.001). To provide further evidence that c42 confers
protection to beta cells and islets from PIC-induced apoptosis, induction
of caspase-3 was assessed in mouse cells. Both mouse beta cell lines
and primary isolated mouse islets show a significant increase in caspase
activity following exposure to PICs (Figures 3D and 3E, p<0.05). The
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induction in caspase activity was inhibited with the inclusion of c42
(p<0.01). These data show that c42 confers a survival advantage to beta
cells and islets exposed to pro inflammatory cytokines and raise the
possibility of efficacy to protect beta cells against inflammation and
inflammatory mediators that are present in the development of diabetes.

Disruption of type 1 diabetes development in NOD mice by
c42

To provide proof-of-concept efficacy in a diabetes model, assessment
was made using the non-obese diabetic (NOD) mouse model. The
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female NOD mouse is an inbred strain that spontaneously develops
islet inflammation (insulitis), beta cell destruction and hyperglycemia
[56]. Dosing NOD mice with c42 prior to the development of insulitis
provided a proof-of-concept model to evaluate the efficacy of ¢42 in
delaying the onset or reducing the incidence of type 1 diabetes in this
mouse model.

Evaluation of a range of excipients determined that the vehicle
Cremophor EL:PEG 200:Saline (10:40:50) effectively solubilized c42
and this vehicle was tolerated by mice in repeat daily intraperitoneal
injections with no adverse effects. To evaluate c42 in an initial study of in
vivo efficacy, NOD mice were injected by intraperitoneal route from age
6 weeks for six consecutive weeks. The two injected groups were vehicle
alone and vehicle containing c42 at 28mg/Kg. Each cohort had twenty
mice. Blood glucose in the mice was monitored twice weekly starting
at week ten. Hyperglycemia (conversion to diabetes) was defined as
two consecutive daily blood glucose readings at or above 250 mg/dlL
These data were compared to our institutional diabetic conversion
rate for non-treated NOD mice. The rate of diabetes conversion for
NOD mice, even when sourced from the same vendor’s colony, varies
between institutions being dictated by environment. It is important
to make comparison to the established institutional conversion rate/
time frame. Mice treated with c42 had a delayed initiation of diabetes
development (15 weeks c42 dosed vs 10/12 weeks vehicle control) and
a lower conversion to diabetes at week 23 occurred in c42 dosed mice
when compared to vehicle control or the non-treated group (Figure
4A, 31% vs 54 or 52% resp.). The slopes for diabetic conversion was
significantly different (p<0.001) in the c42 group (Figure 4B), slopes
were 3.33+0.40, 4.86+0.33 and 4.62+ 0.28 for c42 treated, vehicle control
and non-treated respectively. Representative mice from each group
were assessed at age 12 weeks, the remaining mice were progressed to
study endpoint. Pancreata were recovered and analyzed for insulitis
(presence of inflammatory cells around islets) by histology (Figure 5).
A significant inhibition in insulitis was observed at age 12 weeks in
mice treated with c42 when compared to vehicle control (p<0.0001 age
12 weeks). Representative images of islets are shown (Figure 5B). At
age 12 weeks mice had been dosed for 6 weeks prior with compound
or vehicle. Pancreas sections were co-stained for insulin to identify
beta cells. Predominantly, islets in the vehicle control group that were
surrounded by inflammatory cells presented with reduced insulin
positive cells (Figure 5B a-c). In contrast, islets from c42 treated mice
had preserved insulin positive cells. (Figure 5B d-f). These observations
of insulitis and insulin at week 12, while not on their own conclusive,
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Figure 4. Inhibition of conversion to diabetes by compound c42 in NOD mice.
Development of diabetes (blood glucose > 250mg/dl) in NOD mice is shown in A for
groups; 28mg/Kg compound c42 (c42, triangle), untreated control (NT, circle) and vehicle
alone (V, square). Arrows (double headed) mark delay in diabetes onset by c42 (p<0.01)
and decrease conversion to diabetes by c42 at age 23 weeks (p<0.001). Linear regression
line for each group (B) shows significant difference in slope for c42 treated group relative
to controls (V, NT, color coded) (»p<0.01)
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Figure 5. Reduced islet inflammation following treatment with compound ¢42 in NOD
mice. Insulitis score in pancreas from vehicle and c42 treated mice at age 12 weeks (A,
p<0.0001). Representative islet images are shown (B) for and vehicle treated (a-c) and
compound c42 treated (d-f) NOD mice at age 12 weeks. Pancreatic sections were stained
for DAPI (blue) to mark cell nuclei and insulin (red) to mark beta cells. Insulitis shows
as dense infiltrate of DAPI positive cells in the peri-islet region. Monochrome images
outline islet (yellow dashed line) and insulitis (orange line). Islets in vehicle control mice
are predominantly surrounded by inflammatory infiltrate and present with diminished or
negligible insulin stain (erythrocytes that autofluoresce are seen in blood vessels as small
red spots). Insulin stain is preserved in islets from c42 treated mice. Insulin positive area in
the pancreata of mice at study endpoint is graphed (C) for vehicle group and C42 treated
group. *, ¥*** n<().05, 0.0001 respectively

corroborate the suppressed development of hyperglycemia in the c42
treated mice group. Analysis of NOD mice pancreata at study endpoint
showed a significantly higher area of insulin positive cells in the c42
treated group relative to vehicle (p<0.05, Figure 5C).

Collectively, the data show protection to diabetes conversion in the
NOD model by c42. A significant reduction in inflammatory cells in
the pancreas and preservation of insulin expressing beta cells, further
support the efficacy of c42. These proof-of-concept data evolve the
in vitro/ex vivo protection that c42 treatment provides to beta cells
and islets exposed to inflammatory cytokines. The islet protection
demonstrated by c42 is encouraging particularly considering the study
mice had limited exposure to the molecule. Six weeks of weekday
single dose compound administration may not be optimum. Follow up
investigations with more sustained compound exposure is justified. It is
noteworthy that mice dosed with c42 for 6 weeks exhibited no adverse
events.

The mechanism of action for c42 is not fully characterized requiring
further investigation. Based on an analogous inhibition of IFNy and IL-
12 gene expression, c42 is predicted to have a similar mechanism of
action to the parent compound LSE. However, while c42 clearly disrupts
IL-12 activation, the possibility remains that the target for inhibition
by c42 may be distinct to LSE. The presence of phosphorylated STAT4
in the nucleus of human Natural Killer cell line (NK92) following
stimulation with IL-12 while being significantly inhibited by LSF was
not modified by c42 (Supplemental Figure). Additional study on the
molecular inhibition profile and mechanism of inhibition of c42 to
accompany its clear biologic efficacy in protection / preservation of beta
cells is warranted.

In conclusion, this study identifies a promising new molecule
to aid the development of new therapeutic approaches for diabetes
and enhance the discovery of additional efficacious compounds to
reduce the negative effects of pro inflammatory cytokines on beta cell
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function/survival. The potential of c42, or future c42-like compounds,
is highlighted by proof-of-principle efficacy of c42 in the NOD mouse
model.
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