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Abstract

The nonobese diabetic (NOD) mouse model of type | diabetes (T |D) was discovered by coincidence in the 1980s and has
since been widely used in the investigation of TID and diabetic complications. The current in vivo study was originally
designed to prospectively assess whether hyperglycemia onset is associated with physical destruction or functional
impairment of beta cells under inflammatory insult during TID progression in diabetes-prone female NOD mice.
Prediabetic |6- to 20-wk-old NOD mice were transplanted with green fluorescent protein (GFP)-expressing reporter islets
in the anterior chamber of the eye (ACE) that were monitored longitudinally, in addition to glycemia, with and without
immune modulation using anti-CD3 monoclonal antibody therapy. However, there was an early and vigorous immune
reaction against the GFP-expressing beta cells that lead to their premature destruction independent of autoimmune T1D
development in progressor mice that eventually became hyperglycemic. This immune reaction also occurred in non-
progressor NOD recipients. These findings showed a previously unknown reaction of NOD mice to GFP that prevented
achieving the original goals of this study but highlighted a new feature of the NOD mice that should be considered when
designing experiments using this model in TID research.
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skin, and even pregnancy problems for the mother and fetus®~
1 Many of these diabetic complications are also exhibited by
NOD mice. Thus, the NOD mice provide a good model for
human T1D and its complications'*™"”.

NOD mice have been extensively used in research to
investigate the immunopathology of T1D and associated
diabetic complications, and to develop treatments against
them'®?!. Several immune mechanisms of the anti-islet

Introduction

The nonobese diabetic (NOD) mice originated in the 1980s
when researchers in Japan were trying to develop a strain of
mice prone to cataract, but instead the mice spontaneously
developed diabetes at a young age similar to juvenile dia-
betes in humans, more commonly referred to as type 1 dia-
betes (T1D)". It is now established that, like in human T1D,
diabetes in the NOD mice results from the autoimmune
destruction of the insulin-producing beta cells in the islets
of Langerhans (i.e., endocrine pancreas), which leads to
insulin insufficiency and increased blood sugar levels
(hyperglycemia). Therefore, insulin replacement therapy is
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required in diabetic NOD mice and T1D patients alike to
avoid serious and potentially life-threatening complications.
Chronic hyperglycemia can lead to micro- and macro-vas-
cular pathologies that cause serious health problems such as
cardiovascular disease, neuropathy (nerve damage), nephro-
pathy (kidney damage), retinopathy (retina damage), and
other eye complications. Consequently, diabetic complica-
tions in patients with uncontrolled diabetes can lead to serious
morbidities such as blindness, poor blood flow to extremities
leading to amputations, bacterial and fungal infections of the
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autoimmunity have been elaborated in studies using NOD
mice. Such studies have provided new opportunities for ther-
apeutic intervention to prevent or reverse T1D**?3. Some of
these studies have even led to clinical trials, such as those
with the anti-CD3 blocking antibody originally developed in
the NOD mice®* 2. While various therapeutic approaches to
prevent or reverse T1D have been successful in the NOD
mice, to date, however, there are no approved immunothera-
pies to prevent or treat T1D in humans®’-**; this is likely due
to inherent differences between rodents and man that con-
tribute to the discrepancy between the preclinical and clin-
ical outcomes*® . Consistently, although the advantages of
using the NOD mouse model for diabetes research far out-
weigh the disadvantages, the fundamental differences
between the species should not be overlooked when inter-
preting experimental findings for potential translation to
human application. For example, NOD mice have different
diabetes incidence rates between males and females (20% to
30% and 60% to 80%, respectively) and they exhibit more
evident peri-insulitis and immune cell infiltration within
pancreatic islets (insulitis) than found in human islets of
patients with TID'®*7. Also, even though there are simila-
rities, not all the beta cell antigens (autoantigens) that are
recognized by the human immune system are identical to
those in the NOD mouse>s. Moreover, while both NOD mice
and human T1D patients can have disturbances in salivary
gland function and both can develop xerostomia (dry
mouth), enamel hypomineralization, and dental cavities®”,
the associated alterations in the animal behavior, such as
food intake because of oral discomfort, could influence sig-
nificantly the interpretation of experimental findings if not
carefully accounted for in experimental studies. Hence, these
and other experimental variables can potentially contribute
to the discrepancy between the preclinical and clinical
outcomes.

While the NOD mouse model has been and will likely
continue to be the workhorses in T1D research for
mechanistic studies and treatment discovery efforts, the
various inherent species differences between the NOD
mice and humans with T1D should be carefully consid-
ered during interpretation of preclinical findings, and
their casual extrapolation to the clinical setting should
be avoided without proper validation. The current study
reports on a novel observation that should also be con-
sidered when designing experiments with NOD mice. We
present evidence of immune attack against syngeneic
NOD islets expressing the green fluorescent protein
(GFP) when transplanted in late prediabetic female NOD
mice. This early and vigorous immune attack occurred
independent from the autoimmunity against beta cells that
eventually lead later to overt diabetes in the NOD reci-
pients. Notably, there have been prior reports on the
potential antigenicity of genetic markers*®*'; however,
no such evidence has existed in the context of pancreatic
islet cells or the NOD mice.

Materials and Methods
Animals

All studies were performed under approved protocols by the
University of Miami’s Institutional Animal Care and Use
Committee. Female NOD mice (NOD/ShilLtJ; stock #
001976) were purchased from Jackson Lab (Bar Harbor,
ME, USA). Transgenic NOD mice expressing GFP under
the control of mouse insulin I promoter (NODypGFP) were
a generous donation from M. Hara*>. Mice were housed
during the studies in micro-isolated cages with free access
to autoclaved/irradiated food and water under the supervi-
sion of the University of Miami’s Department of Veterinary
Resources.

Islet Isolation and Transplantation into the Anterior
Chamber of the Eye

Pancreatic islets were obtained by enzymatic digestion of
donor pancreata from NODypGFP mice*? followed by pur-
ification on density gradients using protocols standardized at
the Diabetes Research Institute Pre-Clinical Cell Processing
and Translational Models Core, as previously described in
detail*®. After overnight culture, the isolated islets were
implanted in the anterior chamber of the eye (ACE; 20 to
40 islet equivalents (IEQs) in one eye) of fully anesthetized
NOD recipient mice, as previously described in detail**.

Monitoring Survival of Islets Transplanted in the ACE

Survival of the ACE-transplanted NODypGFP islets was
assessed by quantitative volumetric measurements of the
individual islets based on their backscatter (reflection) of
a 633-nm laser and the GFP fluorescence within each islet
as a measure of the beta cell mass, as previously described
in detail'®*'*_ In brief, islets (engrafted on top of the iris)
were mapped in digital images of the eye acquired during
the first week after transplantation and the same islets were
revisited during the longitudinal imaging sessions during
the progression of the autoimmune T1D. The islet survival
was documented by direct visualization and assessment of
their structural integrity in high-resolution digital images
and by confocal micrographs acquired in the backscatter/
reflection mode. Three-dimensional (3D) confocal micro-
graphs of the individual ACE-transplanted islets in each
mouse were acquired using 10x or 20x water immersion
objectives in z-stacks spanning the full height of each islet.
The quantitative analysis of the individual islet volumes
was performed in 3D using Volocity software (PerkinEl-
mer, Waltham, MA, USA), as previously described in
detail®’.

Diabetes Monitoring

Monitoring of diabetes development in the female NOD
mice based on glucose in urine (glucosuria) or blood
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(glycemia) was started at 7 to 8 wk of age prior to the islet
transplantation and was continued thereafter throughout the
experiments until euthanasia/necropsy. Glucosuria measure-
ments were initially performed two to three times a week by
urine strips (Diastix) and positive glycosuria was confirmed
by repeated glycemia measurements from the tail vein using
portable OneTouchUItra2 glucometers (Lifescan, MILPI-
TAS, CA, USA)*. As routinely done, overt diabetes (hyper-
glycemia) onset was defined as nonfasting blood sugar
values >250 mg/dl (13.88 mmol/l) in three consecutive read-
ings. Diabetes monitoring in established diabetic mice was
continued by glycemia measurements.

Treatment

Purified low-endotoxin grade anti-mouse CD3e monoclonal
antibody (clone 145-2C11) was obtained from Leinco Tech-
nologies, Inc. (St Louis, MO, USA) and administered to
NOD mice at 50 pg/day intraperitoneally for five consecu-
tive days®>*>°. Treatment was initiated in each mouse as
degranulation of the corresponding ACE-transplanted
NODy;pGFP islets became evident, as we recently described
in detail'®. The treatment initiation time ranged from 8 and
22 d after the islet transplantation in the ACE (i.e., at post-
operative day [POD]8 to POD22).

Immunostaining

Immunostaining was performed on sections of eyes with
ACE-transplanted islets. The eyes were procured from the
euthanized recipient NOD mice long after the onset of dia-
betes/hyperglycemia. Eyes bearing ACE-islet grafts were
fixed in 4% paraformaldehyde and cryosectioned at
14-pm-thick sections after freezing in Tissue-Tek Optimal
Cutting Temperature compound (VWR, Radnor, PA, USA).
The following primary antibodies were used at the indicated
dilutions: guinea pig anti-insulin (1:1,000; Dako, Carpin-
teria, CA, USA), mouse anti-glucagon (1:500; Sigma-
Aldrich, St Louis, MO, USA), and rabbit anti-somatostatin
(1:500; Novus Biologicals, Littleton, CO, USA). Secondary
antibodies (Invitrogen, Carlsbad, CA, USA) against the cor-
responding host species of each primary antibody and con-
jugated to Alexa488, Alexa568, or Alexa647 were used at
1:200 dilution.

Data Analysis

Data were analyzed in GraphPad Prism version 8.3.1
(GraphPad Software, La Jolla, CA, USA) and were plotted
as means + SEM unless stated otherwise. Comparisons of
median times in the Kaplan—Meier curves of islet destruction
or diabetes-free survival were performed using the log-rank
(Mantel-Cox) test; P values <0.05 were considered
significant.

Results

GFP-expressing Beta Cells in NOD;pGFP Islets Were
Attacked When Transplanted in Syngeneic Prediabetic
NOD Mice Independent of Autoimmune TID
Development

Islets obtained from NOD,;pGFP donor mice and trans-
planted into the ACE of phosphate-buffered saline (PBS)-
treated 16- to 20-wk-old late prediabetic female NOD mice
were equally attacked and destroyed regardless of whether
the recipient mice spontaneously progressed to diabetes/
hyperglycemia (i.e., progressors) or remained diabetes-free
(i.e., nonprogressors) up to >31 wk of age (Fig. 1A, B).
Longitudinal intravital monitoring of the individual ACE-
transplanted NODy;;pGFP islets revealed quick and consis-
tent destruction of their GFP-expressing beta cells in both
progressor and nonprogressor recipients. The destruction
kinetics of the GFP-expressing NOD,pGFP islets were sim-
ilar in the progressors and nonprogressors. In sharp contrast
with the GFP-expressing islets (NODypGFP), wild-type
GFP-negative NOD islets transplanted in the ACE of pro-
gressor NOD counterparts (12 to 14 wk old at transplant)
were also attacked but with significantly slower kinetics
compared to the GFP-expressing beta cells in NODy;;pGFP
islets in the late prediabetic NOD recipients (Fig. 1C, D).
Notably, the destruction of the GFP-negative islets pro-
ceeded in conjunction with the progression of autoimmune
T1D and it peaked with the onset of diabetes/hyperglycemia
(Fig. 1D), as we previously showed'®?'. Whereas, the
immune attack against the NODypGFP islets occurred sig-
nificantly earlier and it preceded the onset of hyperglycemia
in the progressor recipients (Fig. 1B). The immune attack
also had comparable kinetics in the nonprogressor recipients
where the NODypGFP islets were equally destroyed (Fig.
1A). The median survival times in progressor recipients of
GFP-positive and GFP-negative islets were, respectively, 15
and 23 d after transplantation (P < 0.05 by log-rank [Mantel—
Cox] test). Further immunostaining for the islet hormones
insulin, glucagon, and somatostatin in ACE-transplanted
NOD\pGFP islets obtained from progressor and nonpro-
gressor recipients after necropsy on POD115 confirmed the
absence of insulin-positive cells in remnants of islets that
still contained glucagon- and somatostatin-expressing alpha
and delta cells, respectively (Fig. 1E).

Immune Intervention with Anti-CD3 Antibody Delayed
Onset of Diabetes but Not the Destruction of GFP-
expressing Beta Cells in NODMIPGFP Islets
Transplanted in Pre-Diabetic NOD Mice

In addition to the above observation in the PBS-treated reci-
pients, ACE-transplanted NOD,pGFP islets were also
equally attacked in progressor and nonprogressor female
NOD recipients treated with anti-CD3 monoclonal antibody
(Fig. 2A, B). Longitudinal direct monitoring of the GFP-
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Figure |I. NODypGFP islets are attacked in both progressor and nonprogressor NOD mice independently of autoimmune TID. (A, B)
Representative images (digital photos) and confocal micrographs of NODypGFP islets transplanted in the ACE of late prediabetic female
NODs (16 to 20 wk old) that either (A) did not progress or (B) progressed to diabetes (hyperglycemia). Islets were clearly visible initially on
top of the iris as dense white masses (bottom rows) and corresponding GFP signal (top rows) and became less dense and visible as they were
attacked and destroyed. Both progressors and nonprogressors were treated with PBS as control treatment starting on POD8 and PBS
intraperitoneal injections were given for five consecutive days (see Methods). The micrographs were acquired in z-stacks (shown as
maximum intensity projections). Top rows, on the far left and right, show images of the same eyes at baseline (3 d after transplant; POD3)

(to be Continued.)



Aldrich et al

expressing beta cells in the ACE showed their quick destruc-
tion/disappearance with similar kinetics to those in the
PBS-treated counterparts (Fig. 1). The mean time of destruc-
tion of the GFP-expressing beta cell was 17.2 + 6.7 d
(+SD). Interestingly, the GFP-negative cells (i.e., non-
beta cells detected by laser backscatter/reflection) in the
same NOD,,;pGFP islets remained detectable considerably
longer after the complete destruction of their GFP-
expressing beta cell counterparts in the anti-CD3-treated
progressor and nonprogressor recipients. This persisted well
beyond the onset of diabetes/hyperglycemia in the progres-
sors, which was significantly delayed in association with
anti-CD3 treatment (Fig. 2A, B, D). Quantitative volume
analysis of the GFP-expressing beta cell mass in the corre-
sponding individual NODy;pGFP islets further confirmed
similar destruction kinetics in both the anti-CD3-treated pro-
gressors and nonprogressors (Fig. 2C). The median time to
>30% loss in volume (compared to baseline) of the individ-
ual NODypGFP islets was 22 and 12.5 d after transplant in
the progressors and nonprogressors, respectively (P =
0.4284 by log-rank [Mantel-Cox] test). Notably, the time
to onset of hyperglycemia/diabetes in progressors that were
treated with anti-CD3 antibody was significantly longer
compared to the progressor counterparts treated with PBS
(Fig. 2D). The corresponding median times of diabetes-free
survival post-treatment were 10 and 39 d in the PBS-treated
and anti-CD3-treated mice, respectively (P < 0.05 by log-
rank [Mantel-Cox] test).

Longitudinal In Vivo Analysis of ACE-transplanted
NODpGFP Islets Revealed Considerable Changes in
Their Volume and Granularity During the Anti-GFP
Immune Attack and Before Onset of Diabetes
Longitudinal quantitative analyses of the volume and gran-
ularity of the individual ACE-transplanted NODy;;pGFP
islets further showed the progressive deterioration in their
structural integrity and morphology consequent to immune
attack against the GFP-expressing beta cells. The overall

volume of the individual NODy;;pGFP islets (measured by
backscatter) and the beta cell mass within them (measured
by GFP volume) decreased progressively relative to baseline
in both the progressor and nonprogressor recipients and
despite whether they were treated with PBS (dashed lines)
or anti-CD3 (solid lines) (Fig. 3A-D). The analysis further
confirmed that destruction of the GFP-expressing beta cells
in progressors and nonprogressors occurred within days of
transplantation (Fig. 3A, C) and that it preceded the onset
of diabetes/hyperglycemia in the progressors regardless of
treatment (Fig. 3C). However, there was evident tendency
toward slowing down their destruction in association with
the anti-CD3 treatment in both progressors and nonprogres-
sors (solid lines), as was evidenced in the longitudinal mea-
surements of the GFP volume (green roubd symbols and the
corresponding median fluorescence intensity (MFI) values
(green square symbols) (Fig. 3A, C). There was also evident
increase in the MFI of the backscatter signal (black square
symbols) in the individual islets or their remnants in associ-
ation with the anti-CD3 treatment compared to PBS, and this
was observed in both the progressor and nonprogressor reci-
pients (Fig. 3B, D).

Discussion

This study was motivated by the need to provide clarity on
whether manifestation of diabetic symptoms in T1D occurs
after physical loss of a critical beta cell mass or consequent
to functional impairment under inflammatory insult*’.
Widely accepted estimates mainly based on animal models
suggest that ~70% of the insulin-producing beta cell mass
must be physically lost (destroyed) before the onset of hyper-
glycemia and overt diabetes. However, emerging evidence
in the human pancreas also suggests the presence of a rela-
tively large beta cells mass that is “spared” in patients with
long-standing T1D*®. Therefore, the primary objective of
this study was to test the hypothesis whether hyperglyce-
mia/diabetes onset in NOD mice is associated with actual
physical destruction of beta cells or an impairment state in

Figure 1. (Continued). and at (A) POD86 in the nonprogressor and (B) POD22, which is after diabetes/hyperglycemia onset on PODI I.
Shown in the middle are longitudinal confocal micrographs of a representative islet pair (in box) in the GFP channel (green) where the GFP-
expressing beta cells are clearly visible up to ~PODI5. The bottom rows show, on the far left and right, zoomed images of the boxed islet
pair at baseline and POD22 and POD86 in progressors and nonprogressors, respectively, and longitudinal confocal micrographs of the same
islet pair in the reflection (backscatter; middle) channel where the islets (white/bright gray) are initially visible on top of the iris surface (gray).
(C) Longitudinal (PODS5 to POD56) images and confocal micrographs of representative ACE-transplanted wild-type NOD (GFP-) islets in
PBS-treated progressor counterparts (16 to 20 wk old at transplant) before and after diabetes/hyperglycemia onset on POD23. Scale bars =
100 um. (D) Kaplan—Meier curves showing the destruction kinetics of individual NODypGFP (GFP+) islets (n = 5 islets in two mice) and
wild-type (GFP-) islets (n = 7 islets in two mice) in wild-type prediabetic female NOD recipients that progressed to hyperglycemia/diabetes.
(E) Longitudinal images (top) of the same eyes of progressor and nonprogressor NOD recipients of ACE-transplanted NODypGFP islets on
3 d after transplantation (POD3) and on PODI |5. White dotted line in POD |5 images shows the location of the cross-section of the eye
where immunostaining was performed after necropsy on PODI |5 (bottom). Shown are fluorescence confocal micrographs of eye sections
(corresponding to the location identified by the dotted line on top) that were immunostained for insulin, glucagon, somatostatin, and DAPI
nuclear counterstain. Scale bar = 50 um. Zoomed images on the right correspond to the boxed area in each image on the left. Scale bar =
200 pm. ACE: anterior chamber of the eye; GFP: green fluorescent protein; NOD: nonobese diabetic; PBS: phosphate-buffered saline; POD:
postoperative day.
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Figure 2. Anti-CD3 antibody treatment delayed autoimmune T1D onset but not the destruction of GFP-expressing beta cells. (A, B)
Representative images and confocal micrographs of NODypGFP islets transplanted in the ACE of late prediabetic female NOD mice that
either (A) remained diabetes-free (nonprogressor) or (B) progressed to diabetes/hyperglycemia (progressor). Islets were clearly visible
initially on top of the iris as dense white masses (bottom rows) and corresponding GFP signal (top rows) and became less dense and visible as
they were attacked and destroyed. Both progressors and nonprogressors were treated with anti-CD3 mAb and treatment was started on
(A) PODI0 and (B) POD8 and was maintained for five consecutive days'*??>?¢ (see Methods for details). Confocal micrographs were
acquired as z-stacks and are shown as maximum intensity projections. Scale bars = 100 um. (C) Kaplan—Meier curves showing the
destruction kinetics of NOD;pGFP NOD islets in the progressors (n = |5 islets in three mice) and nonprogressors (n = 15 islets in two
mice). (D) Kaplan—Meier curves showing diabetes-free survival of progressors that received ACE-transplanted NODypGFP islets (GFP+)
and were treated with PBS (n = 3 mice) or anti-CD3 mAb (n = 5 mice). ACE: anterior chamber of the eye; GFP: green fluorescent protein;
mAb: monoclonal antibody; NOD: nonobese diabetic; PBS: phosphate-buffered saline; POD: postoperative day.

their function, and whether this functionally “silent” beta
cell mass can be recovered (rescued) with therapeutic manip-
ulation at or before the onset of T1D.

We have previously reported on the unique utility of the
in vivo platform of ACE-transplanted islets in the NOD
mouse model to investigate the immunobiology of T1D
longitudinally'®?'. We also demonstrated that syngeneic
NOD islets transplanted in the ACE of prediabetic NOD

mice are reliable reporters of the progression of autoimmune
reactions against beta cells in the pancreas and, thus, could
prompt timely therapeutic intervention before onset of
hyperglycemia'®. Here, we utilized this powerful platform
to test the above hypothesis using ACE-transplanted
NODpGFP islets in prediabetic female NOD mice. We
planned to use the GFP signal in the beta cells of the
ACE-transplanted NOD),;pGFP islets as a surrogate measure
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Figure 3. Quantitative analysis of the volume and granularity of ACE-transplanted NODypGFP islets and GFP-expressing beta cells. (A, B)
Analysis of volume (round symbols) and MFI (square symbols) of (A, C) beta cell mass (based on GFP fluorescence) and (B, D) volume/
granularity of NODwpGFP islets (based on laser backscatter/reflection signal) in (A, B) nonprogressor and (C,D) progressor recipients that
were treated as indicated either with PBS (dashed lines) or anti-CD3 mAb (solid lines). Gray areas in C and D indicate the time range of
diabetes/hyperglycemia onset for the indicated treatment group (PBS or anti-CD3). All data were normalized to baseline (measured at or
before the start of treatment; day 0) and are presented as A (delta) measured based on the % change relative to baseline (dotted horizontal
lines at 100%). All data are presented as means + SEM. n = 7 to 21 islets in three PBS-treated mice and five anti-CD3-treated mice. ACE:
anterior chamber of the eye; GFP: green fluorescent protein; MFl: median fluorescence intensity; NOD: nonobese diabetic; PBS: phosphate-

buffered saline.

of insulin production to assess their functional status and
structural integrity during spontaneous progression of auto-
immune T1D. This was necessary since measuring insulin
levels in the plasma include insulin produced by the pan-
creas. We did this with and without immunomodulation with
anti-CD3 monoclonal antibody treatment since it has been
shown effective in preventing or delaying the onset of
T1D'%#22%:2649 However, there was unexpected early and
quick immune attack against the GFP-expressing beta cells
independent of autoimmune T1D, and this occurred regard-
less of whether the recipient mice progressed, or not, to overt
hyperglycemia/diabetes. Interestingly, this vigorous immune
reaction to the GFP was not previously reported in the
NODy;pGFP mice, as they had similar kinetics of T1D
development and incidence rate compared to wild-type NOD
mice*?. Additionally, our prior experience with ACE-
transplanted islets that expressed cyan fluorescent protein
(CFP) did not show a similar immune reactivity against the
CFP-expressing beta cells in NOD recipients®'. While prior
reports on GFP immunogenicity exist in other mouse strains,
particularly in the context of tumor cells transduced/

transfected to express GFP***!, no prior reports on this phe-
nomenon existed in islet cells that are either transduced to
express GFP or derived from transgenic NOD mice, until now.
Therefore, the acute immune response against the GFP-
expressing beta cells in the transgenic mouse NODy;;pGFP
islets that we observed here was surprising. Although a similar
phenomenon has been described in rats with GFP-expressing
hepatocytes®®, it remains unclear at this point how the immune
activation and priming against GFP in the NODy,pGFP islets
occurred since it is not clear whether GFP is released from the
NODy;pGFP beta cells; is it in the same insulin granules or
segregated in discrete granules or cellular compartments? does
it remain cytosolic or is it released with insulin or indepen-
dently, if any? It is also unclear whether direct or indirect anti-
gen presentation events by antigen-presenting cells were
involved, and whether antigen presentation on the surface of
the beta cells or antigen shedding and/or capture of soluble
GFP was involved. Finally, we do not know whether the age
(16 to 20 wk) of the prediabetic female NOD recipients played
a role. While further studies are needed to clarify these ques-
tions, it is important to note based on the current findings that
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immune reactivity against GFP-expressing pancreatic islets
can occur independent of anti-islet autoimmunity in the NOD
mouse model of human T1D.

In summary, diabetic NOD mice share several disease
traits of human T1D and, yet, many therapies that have been
successful in preventing or treating T1D in NOD mice have
not translated as well in human clinical trials. This discre-
pancy between preclinical findings and clinical outcomes
remains a major challenge, and T1D is currently the only
autoimmune condition without an approved immunother-
apy”’®. While the reasons for this may be complex, the
structural and functional differences between rodent and
human islets may be an important factor’***%>1->2 In con-
clusion, mouse models have in past years contributed signif-
icantly to our understanding of various aspects of human
diseases and are likely to continue to do so in the future.
However, the unexpected findings reported on here will
hopefully help in guiding further T1D research by avoiding
this and other inherent differences of this murine model of
human T1D and generating preclinical findings that are more
translatable to the clinical setting.
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