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Abstract

Treatment from weaning until old age with 1,25-dihydroxyvitamin D (1,25(§IH) prevents diabetes in NOD mice. Itis mainly through
its actions on dendritic cells (DCs), that 1,25(QHB} changes the function of potentially autoreactive T lymphocytes. In contrast, early
life treatment (from 3 to 70 days of age) of NOD mice with vitamin D or 1,25(§0H)did not influence final diabetes incidence at 200
days of age. Also in spontaneous diabetic BB rats, diabetes could not be prevented by early life treatment (from 3 to 50 days of age) with
vitamin D (1000 IU per day) or 1,25(Obkip3 (0.2 wg/kg per day or Jug/kg per 2 days). However, when NOD mice were made vitamin D
deficient in early life (until 100 days of age), diabetes onset occurred earlier and final incidence was increased. These data further support
a role for vitamin D and its metabolites in the pathogenesis of type 1 diabetes in NOD mice.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction the potential to prevent autoimmune diseases in different
animal models and to prolong graft surviyal.
Vitamin D, and especially its activated form 1,25-dihydro-
xyvitamin Dz (1,25(OH}D3), besides displaying effects in
calcium and bone metabolism, has potent effects on cell 2. Prevention of autoimmune diabetes by 1,25(0OH),D3
proliferation and differentiation in normal as well as in ma- in NOD mice
lignant cell types. Receptors for 1,25(QBy have been
found in different cells of the immune systety. The im- 1,25(0OH)D3 is able to prevent spontaneous autoimmune
mune effects of 1,25(OHIP3 are mainly mediated through  diabetes in NOD mic§s]. By life long treatment, being from
its action on antigen-presenting cells of which the dendritic weaning until old age, not only diabetes but also insulitis, the
cells (DCs) are the most potent populat[@r4]. By in vitro histological lesion preceding overt diabetes, can be partially
treatment of DCs with 1,25(OHIP3, antigen-presentation  prevented7]. Among the immune disregulations described
is inhibited and the surface expression of costimulatory in NOD mice possibly leading to beta cell destruction, are the
molecules as well as the production and secretion of IL-12 phenotypical and functional abnormalities of Di8s10]. In
is down-regulated. Although direct effects on T lympho- this study we investigated the effects of in vivo 1,25(@BY
cytes have also been observed, it is mainly by this indirect treatment on DCs of NOD mice, isolated from bone marrow
pathway that 1,25(0OHP3 modulates the fate and function  and thymus, in comparison with congenic non-diabetic NOR
of CD4" T lymphocytes. Proliferation of T lymphocytes mice.
is inhibited and the panel of cytokines produced is modu-  For this purpose female NOR and NOD mice were treated
lated, shifting the phenotype towards a more regulatory T with 1,25(OH}D3 (obtained from J.P. Vandevelde, Duphar,
lymphocyte. These in vitro effects are reflected in vivo by Weesp, The Netherlands) at a concentrationjoffkg three
times weekly from weaning until 10 weeks of age. Vehicle
treated age-matched female mice of the same strain served
s _ _ as controls. At 10 weeks of age, cells were harvested from
* Presented at the 12th Workshop on Vitamin D (Maastricht, The Nether- bone marrow and thymus and DCs were purified by posi-
lands, 6-10 July 2003). : : g . .
* Corresponding author. Tel32-16-346023; fax:+32-16-345934. tive magnetic cell sorting (MACS) with CD11c-MircoBeads
E-mail address: chantal.mathieu@med.kuleuven.ac.be (C. Mathieu). (Miltenyi Biotec, Auburn, CA, USA). CD11t DCs from
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Table 1
The effects of in vivo 1,25(OH3 treatment on the surface expression of MHC 1I, CD86, CD40 and CD54 on CDRGs purified from bone marrow
of NOR and NOD mice

NOR NOD

Vehicle 1,25(0H)D3 Vehicle 1,25(0H)D3
MHC Il (MFI)2 55+ 44 24+ 3 32+ 29 29+ 29
CD86 (MFI) 6.6+ 2.5 49+ 0.3 6.3+ 3.0 93+ 75
CDA40 (MFI) 37+ 9 41+ 35 56+ 49 82+ 85
CD54 (%) 0.20+ 0.14 0.02+ 0.01 0.51+ 0.43 0.59+ 0.67

Mice were vehicle-treated or 1,25(Of)3-treated (5.9/kg three times weekly) from weaning to 10 weeks of age. Bone marrow cells were harvested and
CD11ct DCs were purified by MACS and analyzed by FACS for surface expression of MHC 1l, CD86, CD40 and CD54 within thetGihdow.
The results are expressed as mgafD.

2Values for MHC 1I, CD86 and CD40 were expressed as mean fluorescence intensity (MFI).

bvalues for CD54 were expressed as % CD54 high positive cells.

bone marrow and thymus, representing only about 1% of murine recombinant IFN-(Peprotech) and 1000 ng/ml LPS
total bone marrow and thymus, obtained with a purity of (Sigma, St Louis, MO, USA) stimulated DC maturation.
54 + 18% and 15+ 3%, respectively, were analyzed by On day 10 of culture, cells were harvested and analyzed by
fluorescence-activated cell sorting (FACS) for their surface FACS for their surface expression of MHC Il, CD86, CD40
expression of MHC Il, CD86, CD40 and CD54 within the and CD54 within the CD1Icwindow. Surprisingly, only an
CD11c" window (Becton Dickinson, San Jose, CA, USA). up-regulation of MHC Il was observed in NOR mice (from
For none of the surface markers investigated on DCs purifiedan MFI of 2554 142 for vehicle-treated mice to 34345
from bone marrow, significant differences could be observed for 1,25(OH}»D3-treated mice,P < 0.05). No changes in
between 1,25(0OHP3- and vehicle-treated micéldble 1) CD86, CD40 or CD54 expression levels were seen. These
indicating that 1,25(OH)D3 did not influence the phenotype data indicate that in bone marrow no long term changes are
of DCs present in the bone marrow. When analyzing DCs induced by in vivo 1,25(0OHD3 treatment. However, when
purified from thymus, a significant up-regulation of CD86 DCs are generated in vitro from bone marrow of vehicle- and
expression could be observed for the in vivo 1,25(6b3) 1,25(0OH)D3-treated mice and additionally treated during
treated NOD mice Table 2. This brought the NOD DCs  the whole in vitro culture period with T M 1,25(OH)Ds3,
more towards a NOR phenotype. important effects, paralleling our previous findings in hu-

Next, we generated DCs in vitro from bone marrow of man peripheral blood derived DJ4], could be observed
vehicle- and 1,25(OHpPs-treated NOR and NOD mice. (Table 3. The expression of MHC II, CD86 and CD54 was
Therefore, bone marrow cells were cultured for 8 days in significantly down-regulated to the same extend as in vehi-
the presence of 20 ng/ml murine recombinant GM-CSF (Pe- cle treated NOD mice.
protech, Rocky Hill, NJ, USA) and 20 ng/ml murine recom-
binant IL-4 (Peprotech) for stimulating DC growth. An ad-
ditional culture period of 2 days in the presence of 10 ng/ml 3- |\E|gr[|)y life treatment with vitamin D or 1,25(OH)2Ds

in mice

Table 2
The effects of in vivo 1,25(OHD3 treatment on the surface expression of Also in humans evidence exists suggesting a role for the
MHC II, CD86, CD40 and CD54 on CD11cDCs purified from thymus vitamin D system in the pathogenesis of type 1 diabetes.

of NOR and NOD mice Polymorphisms of the vitamin D receptor gene as well as
NOR NOD geographical distribution have been associated with type
Vehicle 1,25(0M)Ds  Vehicle 1,25(0H)Ds 1 d_|abe_tes[11—_13] D|et_ary wtqmln D supplementanon

during infancy is associated with a reduced risk of type

'\cﬂggeu(l\%:;l)a i‘éi 23 ng lé‘;i 23 1:51 3 1 diabetes later in lif§14—16} In NOD mice, early life
CD40 (MFI) 901+ 341 nd 6264 333 409+ 167 treatme.nt (being from 3 to 7Q days of agg) with vitamin
CD54 (MFl) 284+ 31 nd 335+ 24 3264 32 D or with 1,25(0OH}D3 has direct protective effects on

Mice were vehicle-treated or 1,25(Of)z-treated (pg/kg three times the insulin producmg beta Ce|[37,18]. Althoth diabetes
weekly) from weaning to 10 weeks of age. Cells were harvested from could not be prevented, a preservation of the beta cell
thymus and CD11¢t DCs were purified by MACS and analyzed by FACS ~Mass in the islets could be observed, confirming earlier
for surface expression of MHC II, CD86, CD40 and CD54 within the data showing that, besides effects on the immune system,
CDilc* window. The results are expressed as meghD. vitamin D and 1,25(OH)D3 also have direct effects on the
ﬂuor::‘c':fli;oirm'\g':g;'(;Egé and CDA40, CD54 were expressed as mean paiq cof| jtself making them more resistant to autoimmune
mediated destructiof19,20] Besides the NOD mouse, the

b .
nd: not done.
* P < 0.05 compared to vehicle—treated NOD mice. biobreeding (BB) rat is another animal model developing
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Table 3
The effects of in vitro 1,25(0OHP3 treatment on the surface expression of MHC 1I, CD86, CD40 and CD54 on CDDGs purified from vehicle-
and 1,25(0OHyD3-treated NOD mice

Vehicle-treated NOD 1,25(0OHp3-treated NOD

Control 1,25(0OH)D3 Control 1,25(0H)D3
MHC Il (MFI)& 204 + 88 109+ 40* 241 + 93 102+ 74*
CD86 (MFI) 313+ 154 79+ 34* 311+ 198 45+ 15°*
CD40 (MFI) 573+ 210 695+ 348 476+ 66 623+ 520
CD54 (%j’ 63 £+ 19 48 + 22¢ 69 + 22 31+ 10*

Mice were vehicle-treated or 1,25(0OH)s-treated (5.g/kg three times weekly) from weaning to 10 weeks of age. Bone marrow cells were harvested
from femurs and tibia and cultured for 8 days in the presence of GM-E8F4 and for 2 more days with IFN- 4+ LPS, with (1,25(0OH)D3) or
without (control) the addition of 16 M 1,25(OH)D3 during the whole in vitro culture period. On day 10, cells were analyzed by FACS for surface
expression of MHC 1I, CD86, CD40 and CD54 within the CDIlwindow.

2Values for MHC 1I, CD86 and CD40 were expressed as mean fluorescence intensity (MFI).

bvalues for CD54 were expressed as % CD54 high positive cells.

* P < 0.05 vs. control-treated mice with the same in vivo treatment.

Table 4 in the first year of life induces a 3-fold increase in the

The effects of early life treatment with vitamin D or 1,25(QB} on prevalence of type 1 diabetg®1]. This effect of vitamin

the diabetes incidence in _BB rats_ _ D deficiency in children is much greater than the effects
Diabetes incidence Day of onset of early life vitamin D supplementations, suggesting that

(% (numbers)) (Mean+ S.D. (range))

mainly the vitamin D deficient status triggers autoimmunity

xie;z:ir:ii D (1000 1U/d) 22% ((68//35%)) ﬁi ;g E%‘ﬁg; while for preventing autoimmunity high doses of the active

1,25(0HpDs 29 (9/31) 104+ 24 (72-150) 1,25_(OH)3D3 are needed. I_Base_-d on th|_s _knowlgdge, we in-
(0.2uglkg per day) vestigated the effects of vitamin D deficiency in utero and

1,25(0HYD3 39 (13/33) 101+ 12 (86-126) in early life on the prevalence of type 1 diabetes in NOD
(1ng/kg per 2 days) mice.

Rats were treated intraperitoneally from 3 to 50 days of age with vitamin With the purpose of inducing vitamin D deficiency, male
D or one of_ both 1,25(0OHP3 regimens.‘ Vehicle_-trgated rats ‘served as  and female NOD mice were kept from 3 weeks onward in
g?r:écél.s. Animals were followed up for diabetes incidence until 30 weeks U.V-free surroundings and.fed with .a vitamin D depletgd
diet (Harlan Teklad Test Diets, Madison, WI). These mice
were used for breeding and the experiments were carried
spontaneous diabetes. Also in this model the effects of early out with their offspring who were also kept in UV-free sur-
life treatment with vitamin D and 1,25(Obip3 on diabetes  roundings and fed the vitamin D deficient chow until 100
development was investigated. days of age where after they received normal vitamin D
Therefore BB rats were treated intraperitoneally with vi- supplemented chow (2000 IU/kg, Harlan Teklad). Age and
tamin D (10001U per day) or with 1,25(Ob1p3 (1 ng/kg gender-matched NOD mice kept in the same room but fed
every other day or 0.2g/kg per day) from 3 to 50 days with normal vitamin D supplemented chow were used as
of age, again corresponding to early childhood in humans, controls. Mice were followed up for diabetes incidence un-
and followed up for diabetes incidence until 30 weeks of til 250 days of age, after all being switched to a normal diet
age. Vehicle treated rats served as control. Results are sumat 100 days. In NOD mice that were vitamin D deficient in
marized inTable 4 Early life treatment with vitamin D or  early life, diabetes incidence was nearly doubled compared
with 1,25(0OH}D3 could not significantly prevent diabetes to gender matched control animaigure 3. While only
in BB rats. In addition, by none of the treatment regimens 6/40 control male NOD mice had diabetes at 250 days of
the day of diabetes onset was significantly altered. Whetherage, 12/35 vitamin D deficient male NOD mice developed
early life treatment with vitamin D or 1,25(Oki)3 could diabetes by that timeR < 0.05). In the female population,
preserve the beta cell mass in the islets of BB rats is still 13/29 control female NOD mice versus 22/33 vitamin D de-
under investigation. ficient female NOD mice # < 0.01) became diabetic by
250 days of age. Not only was the diabetes incidence in-
creased in the vitamin D deficient NOD mice, also the onset
4, Vitamin D deficiency in early life accelerates of the disease occurred much earlier. While the mean day
diabetesin NOD mice of diabetes onset was 13320 days for male and 12¥ 22
days for female control NOD mice, in vitamin D deficient
Besides the studies showing that vitamin D supplemen- male and female NOD mice diabetes started at 119
tations early in life reduce the risk for type 1 diabetes (P < 0.0005) and 108t 23 (P < 0.0005) days of age, re-
[14-16] a Finish study demonstrates that overt rickets spectively. These data demonstrate that a transient vitamin
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