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INTRODUCTION

ABSTRACT

Aims/Introduction: Some women develop type 1 diabetes during pregnancy or
immediately after delivery. However, the underlying pathophysiology remains largely
unknown, probably because of the lack of a suitable animal model. In this study, we
administered pregnant NOD mice with an anti-CD25 antibody to reduce regulatory T cells
along with poly I.C and examined the onset of diabetes.

Materials and Methods: Anti-CD25 antibody and poly I:C were intraperitoneally
administered to mated female NOD mice. Mice delivered within 3 weeks after the
treatment, and the onset of diabetes during pregnancy or within 6 weeks after delivery
was examined. Some mice were killed 1 week after treatment, and their spleen and
pancreas were excised to examine the expression levels of cytokines and for histological
examination.

Results: Half of the mice treated with anti-CD25 antibody plus poly I.C developed
diabetes, as compared with none of the poly I:C-injected mice (P < 0.05). The ratios of
interleukin-18/forkhead box P3 and granzyme B/forkhead box P3 were higher in the
pancreas of anti-CD25 antibody plus poly I:C-treated mice than in the pancreas of control
mice. The insulitis score decreased in the pancreas of anti-CD25 antibody plus poly I.C-
injected pregnant NOD mice.

Conclusions: We describe the use of anti-CD25 antibody to reduce regulatory T cells
and poly I:C as a Toll-like receptor 3 stimulator to mimic viral infection in a pregnant NOD
mouse, which can be used as a model of ‘pregnancy-related’ type 1 diabetes.

receptor 3 (TLR3) through poly I:.C to mimic viral infection in

Type 1 diabetes is an autoimmune disease that affects the pancre-
atic B-cells. It is well known that some women develop type 1
diabetes during pregnancy or immediately after delivery. Most
cases of type 1 diabetes during pregnancy are the fulminant type
rather than the acute-onset type'. If fulminant type 1 diabetes
occurs during pregnancy, nearly 70% of fetuses die'. However,
the underlying pathophysiology remains largely unknown, proba-
bly because of the lack of a suitable animal model.

We have previously reported that the reduction in the regu-
latory T-cell population and the activation of Toll-like
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an autoimmune diabetes model, but not in a pregnant state,
resulted in a phenotype similar to that of fulminant type 1 dia-
betes in humans®. Therefore, in the present study, we adminis-
tered pregnant NOD mice with an anti-CD25 antibody to
reduce regulatory T cells along with poly I.C and examined the
onset of diabetes.

MATERIALS AND METHODS

Mice

In the present study, 8- to 16-week-old NOD female mice
were crossed with male NOD mice. One week after mating,
an anti-CD25 antibody (0.5 mg/mouse, PC-61.5.3; BioCell,
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Lebanon, NH, USA) and poly I:C (200 pg/mouse; Sigma-
Aldrich, Tokyo, Japan) were intraperitoneally administered to
mated female mice. In a previous study, a single injection of
the anti-CD25 antibody PC-61 was found to reduce the pro-
portion of regulatory T cells in vivo’. We confirmed that the
splenic expression level of forkhead box P3 (Foxp3) was lower
after single treatment with anti-CD25 antibody than after con-
trol treatment (1.71 vs 6.64). Mice delivered within 3 weeks
after the treatment, and the onset of diabetes during preg-
nancy or within 6 weeks after delivery was examined. Preg-
nant mice treated with poly I:C, but without anti-CD25
antibody, served as the control group, because it is known that
prior infection occurs in 70% of fulminant type 1 diabetes
cases during or immediately after pregnancy in humans'.
Pregnant NOD mice without any treatment or on only anti-
CD25 antibody treatment were also used as controls. Some
mice were killed 1 week after treatment, and their spleen and
pancreas were excised to examine cytokine expression levels. A
portion of the resected pancreas was used for histological
examination. To evaluate the pregnancy-specific immunological
changes that contribute to the type 1 diabetes phenotype, non-
pregnant age-matched female NOD mice were used as con-
trols.

All animals were maintained under specific pathogen-free
conditions in the Laboratory Animal Section of Saitama Medi-
cal University according to the guidelines for animal welfare
(approval No.2979). After two consecutive positive readings of
glucosuria based on a urine strip, blood glucose measurements
were carried out using a blood glucose meter (Terumo, Shin-
juku, Japan). Mice with a blood glucose concentra-
tion >250 mg/dL were considered to have diabetes.

Cytokine expression

Total ribonucleic acid was extracted from the pancreas and
spleen using an RNeasy Mini Kit (Qiagen, Hilden, Germany).
DNase treatment was carried out according to the manufac-
turer’s protocol, as previously described’. The extracted ribonu-
cleic acid was reverse-transcribed using the Not I-d(T)18
primer and a first-strand complementary deoxyribonucleic acid
synthesis kit according to the manufacturer’s instructions™
Semi-quantitative reverse-transcriptase polymerase chain reac-
tion (RT-PCR) was carried out for interferon (IFN)-vy, inter-
leukin (IL)-2, IL-4, IL-10, IL-18, IL-12p40, transforming
growth factor (TGF)-B, Foxp3, granzyme B and glyceraldehyde
3-phosphate dehydrogenase (internal control) using an ABI
Prism 7,700 sequence detector (Applied Biosystems,
Tokyo, Japan). Primer and probe sequences were used as pre-
viously described’. All reactions were carried out using Tag-
Man Universal MasterMix (Applied Biosystems). Messenger
ribonucleic acid expression levels were normalized to that of
the glyceraldehyde 3-phosphate dehydrogenase PCR product
amplified from the same sample ([sample PCR product/glycer-
aldehyde 3-phosphate dehydrogenase PCR product] x con-
stant).

http://wileyonlinelibrary.com/journal/jdi

Pancreatic histology

The pancreas harvested from each mouse was fixed in 3.7%
paraformaldehyde and embedded in paraffin. Thin sections,
100-um apart, were stained with hematoxylin—eosin to grade
insulitis and mononuclear cell infiltration into the exocrine
area. Insulitis was graded according to the following criteria:
grade 0, no insulitis; grade 1, peri-insulitis with mononuclear
cell infiltration in <20% of the area of each islet; grade 2, mod-
erate insulitis with mononuclear cell infiltration in 20-50% of
the area of each islet; and grade 3, severe insulitis with
mononuclear cell infiltration in >50% of the area of each islet
(Figure S1).

Mononuclear cell infiltration into the exocrine area was
graded as follows: grade 0, no infiltration of the periductal
region; grade 1, infiltration of several mononuclear cells in the
periductal region; grade 2, mononuclear cells clustering in the
periductal region, but not in the limiting plate; grade 3, focal
acinar infiltration; and grade 4, widespread periductal and aci-
nar infiltration or regeneration of ducts, as previously
described? (Figure S2). Thin sections were stained with the fol-
lowing monoclonal antibodies to identify infiltrating cell types
in the pancreas: anti-mouse CD4 (H129.19; BD Biosciences),
anti-mouse CD8a (53-6.7), anti-mouse CD19 (ID3), anti-
mouse CDI11b (M1/70), anti-mouse CD11lc and natural killer
group 2D (NKG2D; 191,004; R&D Systems, Minneapolis, MN,
USA). The stained tissues were examined using fluorescence
microscopy.

Statistical analysis

All statistical analyses were carried out using the IBM SPSS sta-
tistical software version 23 (SPSS Inc., Chicago, IL, USA).
Results are presented as the mean + standard error of the
mean. Fisher’s exact test was used to compare the incidence of
diabetes and histological grades. Other mean values among the
groups were compared using the Mann—Whitney U-test or, in
some instances, analysis of variance.

RESULTS

The incidence of diabetes increased in pregnant NOD mice
injected with anti-CD25 antibody plus poly I:.C

First, we examined the onset of diabetes during pregnancy or
6 weeks after delivery. As shown in Figure 1, 50% (7/14) of
mice injected with anti-CD25 antibody plus poly I:C developed
diabetes as compared with none of the mice injected with poly
I:.C alone (0/9, P < 0.05). Only one mouse developed diabetes
during pregnancy after anti-CD25 antibody plus poly I:C treat-
ment; most mice developed diabetes after delivery.

The ratios of IL-18/Foxp3 and granzyme B/Foxp3 were higher
in the pancreas of pregnant NOD mice injected with anti-
CD25 antibody plus poly I:C

We then examined the cytokine expression levels in the pan-
creas of anti-CD25 antibody plus poly L:C-injected mice 1 week
after treatment and compared them with those from poly L.C-
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Figure 1 | Diabetes incidence in treated pregnant NOD mice. Solid line: anti-CD25 antibody + poly I.C injection group (n = 14); dotted line: poly I:

C-only injection group (n = 9). *P < 0.05.
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Figure 2 | Interleukin (I-18/forkhead box P3 (Foxp3) and granzyme B/
Foxp3 ratios in the pancreas of treated pregnant NOD mice. Closed
bar: anti-CD25 antibody + poly I.C injection group (n = 5); open bar:
poly .C only injection group (n = 5). *P < 0.05.

injected mice without anti-CD25 antibody. As shown in
Figure 2, the ratio of IL-18/Foxp3 ratio was higher in the pan-
creas of anti-CD25 antibody plus poly I:C-treated mice than in
the pancreas of poly LC-injected mice (1.22 + 0.07 vs
0.98 £ 0.09, P = 0.06). Furthermore, a significantly higher gran-
zyme B/Foxp3 ratio was observed in the pancreas of anti-CD25
antibody plus poly I.C-treated mice than in the pancreases of
poly I:C-injected mice (1.13 % 0.14 vs 0.66 + 0.09, P < 0.05).
However, IL-18, granzyme B and Foxp3 expression levels in
the pancreas were not significantly different between the two

groups. Considering the pancreatic expression of other cytoki-
nes, IL-4 level in the anti-CD25 antibody plus poly I:.C treat-
ment group was significantly lower than that in the poly I.C
treatment group (0.99 £ 0.25 vs 1.53 £ 0.73, P < 0.05), whereas
no significant difference was observed in the expression levels
of other cytokines examined (Table 1).

In contrast, no significant difference was observed in the
ratios of IL-18/Foxp3 and granzyme B/Foxp3 in the spleen
from anti-CD25 antibody plus poly I:C-treated mice and poly
I:C-treated mice (0.67 + 0.23 vs 0.49 *+ 0.13, 093 + 0.20 vs
0.80 £ 0.15, respectively). The levels of IL-18 and TGF-f§ were
significantly higher in anti-CD25 antibody plus poly LC-
injected mice than in poly L:C-injected mice (0.97 £ 0.19 vs
0.41 £ 0.07, 0.93 = 0.08 vs 045 £ 0.04, P < 0.05, respectively,
Table 1).

As shown in Table 2, there were no significant differences in
the expression levels of the splenic cytokines analyzed, except
for IL-18, between anti-CD25 antibody plus poly L:C-treated
non-pregnant NOD mice and poly I:C-treated non-pregnant
NOD mice. Furthermore, no significant difference was observed
in the ratios of IL-18/Foxp3 and granzyme B/Foxp3 in the pan-
creas and spleen between these two groups (pancreas
0.73 £ 029 vs 0.51£0.10 and 0.73 £ 0.17 vs 1.00 + 0.14;
spleen 111 +0.14 vs 141024 and 2.00=%0.50 vs
1.52 + 0.36, respectively). These results suggest that the
immunological changes observed in pregnant NOD mice are
pregnancy specific.

The insulitis score decreased in the pancreas of pregnant
NOD mice injected with anti-CD25 antibody plus poly I:C
We then examined the pancreatic histology of anti-CD25 anti-
body plus poly I:C-injected mice 1 week after treatment, and
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Table 1 | Cytokine expression levels in treated pregnant NOD mice
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IFN-gamma L2 IL-4 IL-10 IL-18 IL-12 p40  TGF-beta Foxp3 Granzyme B

Pancreas

Anti-CD25 445+ 361 316X+ 191 099 +£025% 215+£082 210+ 103 1371106 160085 166082 224+124

Ab + poly (.0

Poly (:O) only 063047 120x073 153+073 036020 050029 057039 036+022 053x031 043+028
Spleen

Anti-CD25 103+ 070 2421157 52241325 048%+014 097%+019*%* 190+ 147 093+008% 265126 1731044

Ab + poly (.0

Poly (.0 only 021 £ 008 058+022 245+184 029%+006 041+007 108915 045004 138x062 087024
*P < 0.05. Ab, antibodies; Foxp3, forkhead box 3; IFN, interferon; IL, interleukin; TGF, transforming growth factor.
Table 2 | Cytokine expression levels in treated non-pregnant NOD mice

IFN-gamma  IL-2 IL-4 IL-10 IL-18 IL-12 p40 TGF-beta Foxp3 Granzyme B

Pancreas

Anti-CD25 195+ 842 344 +239 642+402 502+444 576+500 8361423 298+085 450+290 305191

Ab + poly (1O)

Poly (:O) only 140+ 220 215£049 300088 123£016 103£019 592+£068 138*x015 204+029 211£050
Spleen

Anti-CD25 076 £010 079+£026 252+167 102+024 077008 460+270 071+£005 075+£014 1321014

Ab + poly (.0

Poly (O only 132£020 076015 284+£063 131£035 138x0.11 166 £021 079007 1041009 147+019

*P < 005. Ab, antibodies; Foxp3, forkhead box 3; IFN, interferon; IL, interleukin; TGF, transforming growth factor.
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Figure 3 | Lower insulitis score observed in the pancreas of anti-CD25
antibody plus poly I:C-injected pregnant NOD mice. *P < 0.05.

compared it with that of the poly I:C-injected mice. The insuli-
tis score was lower in the pancreas of mice from the anti-CD25
antibody plus poly L:C treatment group than in the pancreas of
mice injected with poly I:C only (1.11 + 0.25 vs 1.84 + 0.25,
P < 0.05; Figure 3, Figure S3).

In non-pregnant NOD female mice, the insulitis score in the
pancreas was lower for those injected with anti-CD25 antibody

plus poly I:C than for the mice injected with poly I:.C only
(1.06 + 0.15 vs 1.68 * 0.13, P < 0.05).

Considering the degree of mononuclear cell infiltration into
the exocrine area, no significant difference was observed
between the two groups (2.2 + 0.4 vs 2.2 + 0.7; Figure S4).

Among the non-pregnant NOD female mice, the degree of
mononuclear cell infiltration into the exocrine area of the pan-
creas was significantly lower in the anti-CD25 antibody plus
poly I:.C injection group than in the poly L:C only injection
group (0.50 £ 0.29 vs 2.20 £+ 0.20, P < 0.05).

To quantify each cell type, we examined the proportion of
different cell types that occupied >50% of the islets using
immunohistochemistry. There was no significant difference
between anti-CD25 antibody + poly I:C-treated pregnant NOD
mice and poly I:C-treated pregnant NOD mice in the popula-
tion of different cell types (CD4 7.1 vs 30.0%; CD8 7.1 vs 0.0%;
CD19 7.1 vs 30.0%; CD11b 0.0 vs 0.0%; CDI11c 7.1 vs 30.0%;
NK 0.0 vs 0.0%), although CD8 T cells were only observed in
anti-CD25 antibody + poly I:C-treated pregnant NOD mice. In
non-pregnant NOD female mice also, no significant difference
was observed in the levels of different cell types between the
anti-CD25 antibody + poly I:C and poly I:C treatment groups
(CD4 9.1 vs 0.0%; CD8 18.2 vs 18.2%; CD19 18.2 vs 18.2%;
CD11b 0.0 vs 0.0%; CD11c 18.2 and 18.2%; NK 0.0 vs 0.0%),
although CD4 T cells were detected only in anti-CD25 anti-
body + poly I:C-treated non-pregnant NOD mice.
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Role of poly I:C in pregnancy-related diabetes in NOD mice
To clarify the role of poly L.C in pregnancy-related diabetes in
NOD mice, we compared the incidence of diabetes between
poly L:C-treated pregnant NOD mice (dotted line in Figure S5)
and pregnant NOD mice without treatment (solid line in Fig-
ure S5). As shown in Figure S5, the incidence of diabetes was
higher in untreated pregnant NOD mice (37.5%; P = 0.057 by
Fischer’s exact test) at 6 weeks post-delivery. The insulitis score
was higher in poly I:C-treated pregnant NOD mice than in
untreated pregnant NOD mice (Figure S6; P = 0.07). We
examined the proportion of each cell type that occupied >50%
of the islets. CD4 and CD8 T cells were observed in 30.0 and
0.0% of the islets from the poly L:C-treated pregnant NOD
mice, and 45.5and 45.5% of the islets from the untreated preg-
nant NOD mice, respectively. No CD8 T cells were detected in
the poly LC-treated pregnant NOD mice. Furthermore, the
ratios of IL-18/Foxp3 and granzyme B/Foxp3 in the pancreas
were significantly higher in untreated pregnant NOD mice than
in poly LC-treated pregnant NOD mice (Figure S7; P < 0.05
and P < 0.01, respectively), although the expression levels of
IL-18, granzyme B and Foxp3 in the pancreas were not signifi-
cantly different between the groups (Table S1). These results
suggest that poly I.C treatment in pregnant NOD mice induces
a regulatory dominant response in the pancreas, resulting in
the suppression of diabetes onset.

We then compared the incidence of diabetes between anti-
CD25 antibody plus poly I:C-treated pregnant NOD mice and
anti-CD25 antibody-treated pregnant NOD mice. As shown in
Figure S8, although not significant, the incidence of diabetes
was higher in the anti-CD25 antibody plus poly I.C treatment
group (50.0%) than in the anti-CD25 antibody only treatment
group (28.6%) at 6 weeks post-delivery. There was no signifi-
cant difference in the insulitis score between the two groups
(Figure S9). We examined the proportion of each T-cell type
that occupied >50% of the islets. CD4 and CD8 T cells were
observed in 7.1 and 7.1% of the islets from the anti-CD25 anti-
body + poly I:C treatment group, and 46.7 and 46.7% of the
islets from the anti-CD25 antibody treatment group, respec-
tively (P < 0.05). However, a significantly higher IFN-y/IL-4
ratio in the pancreas was observed in the mice treated with
anti-CD25 antibody + poly I:C than in those treated with only
anti-CD25 antibody (Figure S10; P < 0.05). There was no sig-
nificant difference in cytokine expression levels between the
two groups (Table S2).

These results suggest that poly L.C treatment in anti-CD25
antibody-injected pregnant NOD mice seems to induce a
higher Th1/Th2 dominant response in the pancreas, resulting
in the acceleration of diabetes onset as compared to anti-CD25
antibody injection.

DISCUSSION

In some cases, new-onset type 1 diabetes is reported during preg-
nancy or after delivery; however, the etiology remains largely
unknown, probably due to the lack of a suitable animal model.

ORIGINAL ARTICLE
A model of pregnancy-related T1D

Here, we describe the use of an anti-CD25 antibody to reduce the
number of regulatory T cells and use of poly I.C as a TLR3 stim-
ulator to mimic a viral infection in pregnant NOD mice.

In the present study, we injected an anti-CD25 antibody into
pregnant NOD mice only once; one may argue that the reduc-
tion in the regulatory T cell population might be transient. It
has been reported that the reduction in the number of regula-
tory T cells by anti-CD25 antibodies might last approximately
2-3 weeks". Therefore, we believe that it might be sufficient to
change the balance between effector T cells and regulatory
T cells during pregnancy, because the pregnancy period in mice
is <3 weeks.

In poly L:C-only injected pregnant NOD mice without anti-
CD25 antibody, no onset of diabetes was observed. Poly I.C
has been reported to induce both effector and regulatory T cells
in NOD mice’. We assumed that TLR3 stimulation without
reduction in the population of regulatory T cells can mediate a
protective effect against diabetes onset; therefore, the effect of
poly LC injection and virus-like stimulation in this model
might have induced a dominant response in the regulatory T-
cell function. As described in the Results section, we compared
the cytokine profiles in the pancreas between pregnant NOD
mice treated with poly I:.C and untreated pregnant NOD mice,
and observed poly I:C treatment-induced regulatory dominant
response in the pancreas of pregnant NOD mice.

In human fulminant type 1 diabetes patients during preg-
nancy, 60-70% of patients experience a prior infection. Consid-
ering the data obtained herein, we believe that the reduction in
regulatory T cells might be important for inducing diabetes
onset after viral infection during pregnancy. We cannot con-
clude that an active infection state can induce a reduction in
regulatory T-cell population or that the primarily reduced regu-
latory T-cell number and/or function might be important to
cause diabetes onset in the pregnant state, which should be
addressed in a future study.

In the present study, we observed higher IL-18/Foxp3 and
granzyme B/Foxp3 ratios in the pancreas of poly I:C-injected
pregnant NOD mice treated with anti-CD25 antibody, but this
was not the case in non-pregnant NOD mice. This result sug-
gests that our observation in this system is a pregnancy-specific
phenomenon. In our previous report’, higher IL-18 and
granzyme B levels were observed in the pancreas of a regula-
tory T cell-deficient CD28 knockout NOD mouse, which repre-
sents the fulminant type 1 diabetes-like phenotype in humans.
Regarding IL-18, we have previously reported that systemic
induction of IL-18 in NOD mice results in diabetes progres-
sion’. We believe that IL-18, granzyme B and Foxp3 are the
key factors in both pregnancy and non-pregnancy states; how-
ever, the balance rather than the factors themselves seems to be
important during pregnancy.

We observed higher expression of TGF-f in the spleen, but
not in the pancreas of poly I:C-injected pregnant NOD mice
with anti-CD25 antibody. The immune regulation by TGF-p is
important in local lesions®, and the suppression of TGF-B
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signaling results in B-cell regeneration’. B-Cell proliferation (or
replication) is important during pregnancy®; therefore, we
assumed that TGF- might suppress B-cell proliferation in this
system and contribute to diabetes onset, although further inves-
tigation is warranted to confirm this hypothesis.

A lower insulitis score was observed in poly I:C-injected
pregnant NOD mice treated with anti-CD25 antibody. This
observation along with the higher IL-18/Foxp3 and
granzyme B/Foxp3 ratios, and lower IL-4 expression in the
pancreas of anti-CD25 + poly I:C-injected pregnant NOD mice
than in poly I:C-only injected pregnant NOD mice indicated
that the regulatory (and/or suppressor) function seemed to be
dominant in the pancreas of only poly I:C-injected pregnant
NOD mice.

To investigate the role of poly I:C in this model, we com-
pared poly I:C-treated pregnant NOD mice with untreated
pregnant NOD mice, and found a higher incidence of diabetes
in untreated pregnant NOD mice. Furthermore, the ratios of
IL-18/Foxp3 and granzyme B/Foxp3 in the pancreas were sig-
nificantly higher for the untreated group than for the poly L.C-
treated group. Therefore, poly I:C treatment in pregnant NOD
mice seems to induce a regulatory dominant response in the
pancreas, resulting in the suppression of diabetes onset. In con-
trast, we compared the incidence of diabetes in pregnant NOD
mice treated with either anti-CD25 antibody plus poly I:.C or
anti-CD25 antibody only. Although not significantly different,
the incidence of diabetes was higher in the anti-CD25 antibody
plus poly I:C group than in the anti-CD25 antibody group at
6 weeks after delivery. Furthermore, a significantly higher IFN-
v/IL-4 ratio was observed in the pancreas of the mice from the
anti-CD25 antibody plus poly L:C treatment group than in the
pancreas of the anti-CD25 antibody only treatment group.
Thus, poly I:C treatment along with anti-CD25 antibody injec-
tion in pregnant NOD mice seems to induce a higher Th1/Th2
dominant response in the pancreas, as compared with anti-
CD25 antibody-only treatment. This phenomenon seems to
accelerate the onset of diabetes.

As aforementioned, poly I:C treatment resulted in paradoxi-
cal outcomes with or without anti-CD25 antibody treatment. It
was previously suggested that a viral mimic (poly LC treat-
ment) could either suppress or promote the development of
autoimmune diabetes, depending on the model system”. There-
fore, we believe that both anti-CD25 antibody and poly I.C
treatment are necessary to accelerate autoimmunity during
pregnancy.

In the current study, very few mice developed diabetes dur-
ing pregnancy; in most mice, the onset of diabetes was
observed after delivery. Therefore, the current system might
serve as a model of ‘postpartum’ type 1 diabetes. We are now
using CD28 knockout NOD mice that have very few regulatory
T cells to establish a system specific for type 1 diabetes during
pregnancy. Our current pilot data showed that the incidence of
diabetes in poly I:C-treated pregnant CD28 knockout NOD
mice within 6 weeks post-delivery (within 10 weeks post-poly

http://wileyonlinelibrary.com/journal/jdi

I.C treatment) was 85.7% (6/7), and five out of six (83.3%)
mice developed diabetes during pregnancy (unpublished data).
The combination of this NOD system and the CD28 knockout
NOD system will provide clues regarding the pathophysiology
of type 1 diabetes onset during pregnancy and after delivery.

ACKNOWLEDGMENTS
Part of this work was supported by Saitama Medical University.
We thank Ms Tokuko Suzuki for her technical assistance.

DISCLOSURE

The authors declare no conflict of interest.

Approval of research protocol: N/A.

Informed consent: N/A.

Registry and the registration no. of the study/trial: N/A.

Animal studies: animals were maintained under specific
pathogen-free conditions in the Laboratory Animal Section of
Saitama Medical University, according to the guidelines for ani-
mal welfare (approval No.2979).

REFERENCES

1. Shimizu |, Makino H, Osawa H, et al. Association of fulminant
type 1 diabetes with pregnancy. Diabetes Res Clin Pract 2003;
62: 33-38.

2. Tada A, Shimada A, Yamada T, et al. A mimic of viral double-
stranded RNA triggers fulminant type 1 diabetes-like
syndrome in regulatory T cell-deficient autoimmune diabetic
mouse. J Immunol 2011; 187: 4947-4953.

3. Fukushima K, Abiru N, Nagayama Y, et al. Combined insulin
B:9-23 self-peptide and polyinosinic-polycytidylic acid
accelerate insulitis but inhibit development of diabetes by
increasing the proportion of CD4+Foxp3+ regulatory T cells
in the islets in non-obese diabetic mice. Biochem Biophys Res
Commun 2008; 367: 719-724.

4. Ellis JS, Wan X, Braley-Mullen H. Transient depletion of CD4+
CD25+ regulatory T cells results in multiple autoimmune
diseases in wild-type and B-cell-deficient NOD mice.
Immunology 2013; 139: 179-186.

5. Oikawa Y, Shimada A, Kasuga A, et al. Systemic administration
of IL.-18 promotes diabetes development in young nonobese
diabetic mice. J Immunol 2003; 171: 5865-5875.

6. Grewal IS, Grewal KD, Wong FS, et al. Expression of
transgene encoded TGF-beta in islets prevents autoimmune
diabetes in NOD mice by a local mechanism. J Autoimmun
2002; 19: 9-22.

7. Dhawan S, Dirice E, Kulkarni RN, et al. Inhibition of TGF-
Signaling promotes human pancreatic B-cell replication.
Diabetes 2016; 65: 1208-1218.

8. Kim H, Toyofuku Y, Lynn FC, et al. Serotonin regulates
pancreatic beta cell mass during pregnancy. Nat Med 2010;
16: 804-808.

9. Wong FS, Wen L. IFN-alpha can both protect against and
promote the development of type 1 diabetes. Ann N Y Acad
Sci 2008; 1150: 187—189.

1494 J Diabetes Investig Vol. 13 No. 9 September 2022

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



ORIGINAL ARTICLE

http://wileyonlinelibrary.com/journal/jdi A model of pregnancy-related T1D

SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Grading of insulitis.

Figure S2 | Grading of mononuclear cell infiltration into the exocrine area.
Figure S3 | Distribution of insulitis score.

Figure S4 | Distribution of mononuclear cell infiltration into the exocrine area.

Figure S5 | Incidence of diabetes in treated pregnant NOD mice. Solid line: untreated group (n = 16); dotted line: poly I.C-only
injected group (n = 9). *P = 0.057.

Figure S6 | A lower insulitis score was observed in the pancreas of pregnant NOD mice without treatment than in the pancreas of
those treated with poly L.C only. *P = 0.07.

Figure S7 | Interleukin-18/Foxp3 and granzyme B/Foxp3 ratios in the pancreas of pregnant NOD mice. Closed bar: untreated
group (n = 5); open bar: poly I:C only injection group (n = 5). *P < 0.05, **P < 0.01.

Figure S8 | Incidence of diabetes in treated pregnant NOD mice. Solid line: anti-CD25 antibody only injection group (n = 14);
dotted line: anti-CD25 antibody plus poly I:C injection group (n = 14).

Figure S9 | A similar insulitis score was observed in the pancreas from anti-CD25 antibody plus poly I:C-injected pregnant NOD
mice and anti-CD25 antibody-injected pregnant NOD mice.

Figure S10 | Interferon-y/interleukin-4 (IFNYy/IL-4) ratio in the pancreas of pregnant NOD mice. Closed bar: anti-CD25 antibody
plus poly I:C injection group (n = 5); open bar: anti-CD25 antibody injection group (n = 5). *P < 0.05.

Figure S11 | Representative figure of the immunohistochemistry.
Table S1 | Cytokine expression levels in pregnant NOD mice. *P < 0.05.
Table S2 | Cytokine expression levels in treated pregnant NOD mice.
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