Diabetes Volume 65, May 2016

1161

Helen E. Thomas,1,2 Thomas C. Brodnicki,1,2 and Thomas W.H. Kay1,2

How to Make Mice Tell the Truth
Diabetes 2016;65:1161–1163 | DOI: 10.2337/dbi16-0001

function after diagnosis of diabetes (10). This time
period, after diagnosis, is challenging for diabetes reversal, and recent commentaries emphasize that high-risk
subjects prior to diagnosis of diabetes already have disease suitable for more aggressive treatment (11). Although the study by Gill et al. (8) used newly
diagnosed NOD mice, the appropriate mouse cohort to
study potential new therapies remains a matter for debate. Apart from being multicenter (a study type used in
clinical research to recruit sufﬁcient numbers but here
used to compare centers and reduce variability), this
study also used standard operating procedures (SOPs),
standardized reagents, and randomization to active
treatment and placebo. The purpose of this was to determine whether results varied signiﬁcantly within and
between institutions or were consistent.
Despite the provision of standardized reagents and
SOPs, as well as the lack of any incentive to show positive
results to achieve publication, the results were divergent
between the individual sites (8). Two sites were able
to clearly achieve reversal of diabetes with anti-CD3,
one site achieved reversal to some extent, and one site
achieved minimal reversal. None of the sites were able
to exactly reproduce the data from the previous study
showing the beneﬁt of IL-1 blockade combined with
anti-CD3 (9), although one site found a modest effect
of IL-1 blockade when it was added sequentially rather
than at the time that anti-CD3 was given. There were
differences between the protocol in the pilot study and
the multicenter study, with a smaller dose of anti-CD3
and initial treatment with insulin used in the latter. The
pooled data from the centers clearly showed an effect of
anti-CD3 to reverse diabetes, despite the lower dose,
and no additional effect of IL-1 blockade either with
anti–IL-1b or with IL-1trap. IL-1 blockade on its own
had no effect, which is consistent with the diabetes
incidence observed in our study of NOD mice lacking
the IL-1 receptor (12).
IL-1 is a plausible target in many immune-based diseases.
Effective and relatively safe inhibitors are also available and
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COMMENTARY

Animal models have provided signiﬁcant mechanistic
insights into both physiology and disease. The NOD
mouse, ﬁrst identiﬁed and bred in Japan in the 1970s,
is no exception. Studies in these mice have contributed to
basic knowledge of the immune system, including costimulation, regulatory T cells, and MHC structure and
function. NOD mice have also been informative about
mechanisms that result in autoimmune diabetes, although it is unclear how these speciﬁcally contribute to
disease pathogenesis in an individual human patient (1).
Predisposing MHC genes, along with autoimmune reactions to insulin and its precursor proinsulin, are important in both mouse and human disease (2–6). Less clear
is the value of animal models as part of the preclinical
development of new treatments for disease. This has
been particularly questioned not only for neurological
diseases but also for type 1 diabetes (7). This uncertainty stems from many factors: the idea that inbred
strains are a genetically homogeneous “n of 1” experiment compared with outbred humans; the many welldocumented differences in the immune systems of the
two species; and, most relevant to the article by Gill
et al. (8), issues around the reliability, robustness, and
reproducibility of data produced in trials of therapy in
mice. These concerns have undermined the value of
mouse studies and led to the notion that “mice lie,”
and it is at least in part suboptimal design and execution
of studies that have led to outcomes that cannot be
translated to humans.
To address these concerns, a consortium was formed
by JDRF and the Immune Tolerance Network to carry
out high-quality, multicenter trials using many of the
techniques and disciplines of human clinical research.
The ﬁrst of these trials tested the combination of antiCD3 and interleukin-1 (IL-1) blockade in NOD mice
with newly diagnosed diabetes (8), which was found
previously by one member of the consortium to be signiﬁcantly more efﬁcacious than anti-CD3 alone (9).
Combination therapies such as this are in the process
of being tested in human subjects to preserve b-cell
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have been licensed for use in rheumatoid arthritis and
other diseases (13). Nonetheless, there is relatively little
direct evidence for the impact of IL-1 in type 1 diabetes.
For example, IL-1–responsive gene expression has not
been clearly identiﬁed in islets from humans or mice
with autoimmune diabetes, whereas interferon signatures have been identiﬁed in both (14–17). One suggestion of a role for IL-1 comes from an indirect assessment
of cytokines in which plasma is incubated with peripheral blood mononuclear cells from an unrelated individual, and gene expression is measured (18). Although an
interesting development, this novel assay requires further validation. Moreover, it has been shown that IL-1
antagonists alone do not preserve b-cell function in type 1
diabetes (19). Therefore, the negative outcome of the
current study is perhaps not unexpected and provides
further evidence for a modest role for IL-1 in diabetes
in NOD mice.
Has this valuable study raised the bar for all studies in
NOD mice? The answer to this is certainly yes, in that a
high degree of rigor should be routine in testing new
therapies in preclinical models. The criteria that need to
be considered include those in Table 1. However, it is

Table 1—Criteria for testing a therapeutic treatment in NOD
mice
c

Ensure NOD females have a high incidence of diabetes
(e.g., $70% diabetes incidence by 300 days of age) in the
chosen animal facility if a preventative study is being
performed

c

Establish an SOP and ﬁxed study entry criteria for the
treatment regimen

c

Perform a power calculation to determine the minimum
cohort size required to detect an effect of the desired size

c Determine

what controls are required to evaluate treatment

efﬁcacy
c Monitor

diabetes incidence in controls contemporaneously
with treated mice

c

Ensure cohorts are tested in a timely fashion to avoid
variable diabetes incidences over a long period

c

Use pharmaceutical-grade reagents when possible

c Generate

sufﬁcient reagent stocks for treatment of all mice
to minimize effects due to different reagent preparations

c

Randomize treatment within age-matched littermates

c

Have the same experienced personnel perform the
treatment and monitoring protocols for all mice

Ideally, these criteria should be identical for single-lab and
multicenter trials. However, it is well recognized that initial
testing of a proposed treatment by a single lab may not be
optimal because of various factors (e.g., the most effective
treatment protocol is not obvious, pharmaceutical-grade reagents are not readily available, or technical proﬁciency for
performing treatment and monitoring protocols may be limited).
This should not preclude the publishing of such studies as long
as the caveats for the results are clearly described by the investigators. Indeed, the advantage of the NOD mouse model is
that a promising treatment protocol can be further tested and
potentially improved upon by other groups.
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unlikely that multicenter trials will entirely replace single-center studies. Single-center studies will continue to
be useful, especially if well designed, and are likely to be
cheaper for initial tests compared with multicenter studies that require substantial support from funding agencies. Following a positive result, additional steps, such as
the consortium formed for the current study, could be
used before new treatment regimens proceed to human
clinical trials.
A successful outcome of therapy is more likely in mice
because experiments can be designed to increase the
prospect of a positive outcome. For example, in the current study, screening was able to identify diabetic mice
very soon after they became diabetic, which is currently
very difﬁcult to do in humans. Treatment is sometimes
begun even before autoimmunity, in the ﬁrst weeks of
life; again, this approach is currently not possible in humans. If a therapy is unsuccessful at this multicenter-trial
step, as is the case for anti-CD3 and IL-1 antagonism,
should plans to test it in humans be shelved? There is
a strong case that it will be unsuccessful in humans. However, the mechanisms of human and NOD autoimmune
diabetes are not identical; if other data support a therapy
being tested in humans, it may be reasonable to proceed,
especially because humans are heterogeneous. Conversely,
a successful outcome in a robustly conducted trial with
NOD mice would support consideration of a human clinical trial but not guarantee its result.
The NOD mouse strain is arguably the best preclinical
animal model we have for type 1 diabetes. When a
treatment succeeds or fails in NOD mice, there are a
variety of powerful mechanistic studies that can explain
why. NOD colonies are also maintained around the world
so that initial studies can be replicated and improved
upon by other groups. The study by Gill et al. provides an
excellent example of how this can be done in a rigorous
manner and shows that NOD mouse studies, if applied
well, have an important role in the development of new
treatments for type 1 diabetes.
Funding. This work was funded by the National Health and Medical Research
Council of Australia grant 1037321 and the Operational Infrastructure Support
Program of the Government of Victoria.
Duality of Interest. No potential conﬂicts of interest relevant to this article
were reported.

References
1. Pearson JA, Wong FS, Wen L. The importance of the Non Obese Diabetic
(NOD) mouse model in autoimmune diabetes. J Autoimmun 2016;66:76–88
2. Krishnamurthy B, Dudek NL, McKenzie MD, et al. Responses against islet
antigens in NOD mice are prevented by tolerance to proinsulin but not IGRP.
J Clin Invest 2006;116:3258–3265
3. Mannering SI, Pathiraja V, Kay TW. The case for an autoimmune aetiology of
type 1 diabetes. Clin Exp Immunol 2016;183:8–15
4. Nakayama M, Abiru N, Moriyama H, et al. Prime role for an insulin epitope
in the development of type 1 diabetes in NOD mice. Nature 2005;435:220–223
5. Noble JA. Immunogenetics of type 1 diabetes: a comprehensive review.
J Autoimmun 2015;64:101–112

diabetes.diabetesjournals.org

6. Pathiraja V, Kuehlich JP, Campbell PD, et al. Proinsulin-speciﬁc, HLA-DQ8,
and HLA-DQ8-transdimer-restricted CD4+ T cells inﬁltrate islets in type 1 diabetes. Diabetes 2015;64:172–182
7. Shoda LK, Young DL, Ramanujan S, et al. A comprehensive review of interventions in the NOD mouse and implications for translation. Immunity 2005;
23:115–126
8. Gill RG, Pagni PP, Kupfer T, et al. A preclinical consortium approach for
assessing the efﬁcacy of combined anti-CD3 plus IL-1 blockade in reversing new-onset autoimmune diabetes in NOD mice. Diabetes 2016;65:
1310–1316
9. Ablamunits V, Henegariu O, Hansen JB, et al. Synergistic reversal of type 1
diabetes in NOD mice with anti-CD3 and interleukin-1 blockade: evidence of
improved immune regulation. Diabetes 2012;61:145–154
10. Pozzilli P, Maddaloni E, Buzzetti R. Combination immunotherapies for type 1
diabetes mellitus. Nat Rev Endocrinol 2015;11:289–297
11. Lord S, Greenbaum CJ. Disease modifying therapies in type 1 diabetes:
where have we been, and where are we going? Pharmacol Res 2015;98:3–8
12. Thomas HE, Irawaty W, Darwiche R, et al. IL-1 receptor deﬁciency slows
progression to diabetes in the NOD mouse. Diabetes 2004;53:113–121
13. Dinarello CA. An expanding role for interleukin-1 blockade from gout to
cancer. Mol Med 2014;20(Suppl. 1):S43–S58

Thomas, Brodnicki, and Kay

1163

14. Diana J, Simoni Y, Furio L, et al. Crosstalk between neutrophils, B-1a cells
and plasmacytoid dendritic cells initiates autoimmune diabetes. Nat Med 2013;
19:65–73
15. Li Q, Xu B, Michie SA, Rubins KH, Schreriber RD, McDevitt HO. Interferonalpha initiates type 1 diabetes in nonobese diabetic mice. Proc Natl Acad Sci
U S A 2008;105:12439–12444
16. Ferreira RC, Guo H, Coulson RM, et al. A type I interferon transcriptional
signature precedes autoimmunity in children genetically at risk for type 1 diabetes. Diabetes 2014;63:2538–2550
17. Kallionpää H, Elo LL, Laajala E, et al. Innate immune activity is detected
prior to seroconversion in children with HLA-conferred type 1 diabetes susceptibility. Diabetes 2014;63:2402–2414
18. Cabrera SM, Wang X, Chen YG, et al.; Type 1 Diabetes TrialNet
Canakinumab Study Group; AIDA Study Group. Interleukin-1 antagonism
moderates the inﬂammatory state associated with type 1 diabetes during
clinical trials conducted at disease onset. Eur J Immunol. 22 December
2015 [Epub ahead of print]. DOI: 10.1002/eji.201546005
19. Moran A, Bundy B, Becker DJ, et al.; Type 1 Diabetes TrialNet Canakinumab
Study Group; AIDA Study Group. Interleukin-1 antagonism in type 1 diabetes of
recent onset: two multicentre, randomised, double-blind, placebo-controlled
trials. Lancet 2013;381:1905–1915

