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1,25-Dihydroxyvitamin D3 restores sensitivity to cyclophosphamide-induced
apoptosis in non-obese diabetic (NOD) mice and protects against diabetes
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SUMMARY

The activated form of vitamin D, 1,25(O)3, and its analogues can prevent type | diabetes in NOD
mice. Protection is achieved without signs of systemic immunosuppression and is associated with a
restoration of the defective immune regulator system of the NOD mice. The aim of the present study was
to investigate whether this restoration of regulator cell function is the only mechanism in the prevention
of diabetes by 1,25(OHD;. We tested therefore if 1,25(0OH)3 could prevent cyclophosphamide-
induced diabetes, since diabetes occurring after cyclophosphamide injection is believed to be due to an
elimination of suppresser cells. NOD mice treated with 1,25(DH )5 ng/kg every 2 days) from the

time of weaning were clearly protected against diabetes induced by cyclophosphamide (200 mg/kg body
wt at 70days old) (2/12 (17%Yyersus36/53 (68%) in control miceP<0-005). By co-transfer
experiments it was demonstrated that cyclophosphamide had indeed eliminated the suppresser cells
present in 1,25(OHPs-treated mice. Since cyclophosphamide injection did not break the protection
offered by 1,25(OH)D,, it was clear that diabetogenic effector cells were affected by 1,25@H)
treatment as well. This was confirmed by the finding that splenocytes from 1,2800¢teated mice

were less capable of transferring diabetes in young, irradiated NOD mice, and by the demonstration of
lower Th1 cytokine levels in the pancreases of 1,25(§DH)treated, cyclophosphamide-injected mice.

This better elimination of effector cells in 1,25(OfB)-treated mice could be explained by a restoration

of the sensitivity to cyclophosphamide-induced apoptosis in both thymocytes and splenocytes, in
normally apoptosis-resistant NOD mice. Altogether, these data indicate that the protection against
diabetes offered by 1,25(Ok); may be independent of the presence of suppresser cells, and may
involve increased apoptosis of Thl autoimmune effector cells.
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INTRODUCTION Diabetes occurring after CY administration is believed to be

In previous work we have demonstrated that NOD mice trea‘teadue oa preferential gction on rapidlly dividing regulator cells that

with 1,25-dihydroxyvitamin B (1,25(0HyDs) were protected SUPPTess autoimmunity [3-5]. The time needed for recovery of the
against insulitis and diabetes [1,2]. This protection was achieved"Mune cells after |njept|on of a h'gh dose of CY differs between
yarious T cell populations. Long-lived effector T cells seem to

without signs of systemic immunosuppression and was associate

with a restoration of the defective immune regulator system of the ©COVer more promptly than short-lived suppresser or regulator

NOD mice. Whether this restoration of regulator cells was the onlyce”S’ as reflected by the h@gh Ie\{els of Th1 cytokines locally in the
mechanism in the prevention of diabetes by 1,25 DHyemained pancreas [6-8]. Hence, if an immune therapy protects against
to be proven. To address this question a{nd to acquire mor iabetes by increasing the action of regulator/suppresser cells, this
information about the immune effects of 1,25(QBY in general, protection should be broken by CY. Indeed, in models such as

we evaluated in the present study the effects of 1,25¢Dkpn thc;ﬁel [[nvol(;/}ng rﬁaclilgA Ci?lmfr:e;fm: r(BCG) ror Frreunltil Sh
cyclophosphamide (CY)-induced diabetes in the NOD mouse. compiete adjuva ( ) treatment where suppresser celis have
definitely been proved to be the key mechanism, protection could
Correspondence: Chantal Mathieu, LEGENDO, U.Z. Gasthuisbergb€ broken by injecting CY, an agent believed to eliminate sup-
Herestraat 49, 3000 Leuven, Belgium. presser cells [9,10]. In contrast, if a therapy has resulted in a
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decrease of effector cells, protection against diabetes should not bejected with CY (200 mg/kg body wt) at 70days old. There
altered by the injection of CY [11]. were three groups of mice used: C57BI/6 controls, control NOD
The first aim of the present study was to examine the effect oinice treated with arachis oil and NOD mice treated with
CY on the 1,25(0OHDs-induced protection against diabetes in 1,25(OH}D3 from day 21 until day 69.
NOD mice. If CY was not able to interrupt this protection, this For transfer experiments, some NOD mice were treated for a
would suggest that the suppresser cells induced by 1,25{@H) longer period (from day 21 until day 200) with arachis oil or
were not the only protection mechanism and that 1,25¢Dkialso =~ 1,25(0OH}Ds.
had an effect on autoimmune effector cells. 1,25(0OH}D3; was kindly provided by J.P. Van de Velde
Recently, it has been demonstrated that autoimmune diseaséSolvay, Weesp, The Netherlands) and CY (Endoxan) was pur-
are often characterized by a resistance to apoptosis [12]. Thehased from ASTA MEDICA (Brussels, Belgium). 1,25(QH}
autoimmunity-prone Ipr and gld mouse strains display defectivewas administered intraperitoneally every 2 days at a doseugf 5
apoptosis due to mutations in Fas (CD95) and Fas ligand, respek&g. Arachis oil was used as the treatment vehicle.
tively [13,14]. Transgenic mice expressing bcl-2, an apoptosis-
inhibiting gene, have impaired apoptosis which leads to theEvaluation of disease and insulitis
development of an autoimmune phenomenon depending on theDiabetes and insulitis were evaluated as described previously [2].
genetic background [15-19]. Also, NOD lymphocytes appear to beBriefly, mice were weighed weekly and glucosuria was tested 3
resistant to apoptotic signals, such as CY and dexamethasone [2@imes a week starting from 1 week before CY administration using
23], and it might be hypothesized that this mechanism is involvedClinistix (Bayer Diagnostics, Basingstoke, UK). Glycaemia was
in the accumulation of autoimmune effector cells in NOD mice. determined with a Glucocard (Menarini, Firenze, Italy). Diabetes
Since it is known that 1,25(OHp; can induce apoptosis in was diagnosed in mice with positive glucosuria and glycaemia
phytohaemagglutinin (PHA)-stimulated lymphocytes, HL60 leu- above 250 mg/dl on 2 consecutive days. At the time of diagnosis of
kaemic cells and MCF 7 breast cancer cells [24—-26], the protectiowliabetes or in case of normoglycaemia, 30 days after CY injection,
against diabetes in NOD mice by 1,25(QB} might also involve  mice were killed by ether inhalation and cervical dislocation.
a better elimination of autoimmune effector cells by increasingPancreases were removed and fixed in Bouin’s solution. Haema-
their sensitivity to apoptosis. To test this hypothesis, the effect otoxylin and eosin-stained serial sections were evaluated for insu-
1,25(OH)}D3 on the susceptibility of NOD lymphocytes to develop litis by two independent investigators as described previously [2].
apoptosis after CY was investigatadvivo. Any degree of lymphocytic infiltration of the islets was scored as
positive.
MATERIALS AND METHODS Transfer and co-transfer experiments
Animals Co-transfer experiments were performed to detect possible sup-
NOD mice, originally obtained from Professor C. Y. Wu (Beijing, presser cells. Naive 6—8-week-old male NOD mice were subleth-
China), were bred in our animalium (Proefdierencentrum Leuvenally (7-5Gy) irradiated and received, 48h later, x2m°
Belgium) and kept under conventional conditions. Animals weresplenocytes intravenously obtained from overtly diabetic NOD
fed a low-calcium, vitamin D-replete diet (0-2% calcium, 1% mice [2]. In co-transfer experiments, 20.0° splenocytes from test
phosphate, 2000U vitamin D/kg; Hope Farms, Woerden, Themice were injected intravenously, 24 h before the transfer of the
Netherlands). Spontaneous diabetes incidence in stock mice diabetogenic cells. Test mice were either control NOD mice
the age of 200 days at the moment of the study was 82% in femal€l week after CY administration) or 1,25(Cls-treated (day 21
and 26% in male mice. After the age of 200days, the furtheruntil day 69) mice, from which splenocytes were obtained just
increase of diabetes incidence in the colony w#s52%. In this  before or 1 week after CY administration.
study only male NOD mice were used. C57BI/6 mice were In order to explore the recovery of effector cells after CY and

purchased from Charles River (Wiga, Sulzfeld, Germany). the effect of 1,25(0OH)D3 on effector cells, transfer experiments
were performed. Naive 6-—8-week-old male NOD mice were
Treatment regimen sublethally (7-5Gy) irradiated and 48h later receivedx 20°

For evaluation of diabetes incidence after CY the animals weresplenocytes intravenously. In a first experiment, these splenocytes
randomly assigned to two different treatment groups: in bothwere obtained from control or 1,25(O4)s-treated (day 21 until
groups the treatment with 1,25(0}); was started on day 21, day 69) NOD mice, that had received CY 2 weeks earlier, while in
the time of weaning, but in group 1 therapy was stopped on day 5@ second experiment the splenocytes were taken from 200-day-old
and in group 2 on day 69. These two groups were included as weontrol or 1,25(OH)Ds-treated NOD mice. Mice were tested for
wanted to investigate whether short-term treatment withglucosuria twice weekly and were considered diabetic following
1,25(0OH}D3 resulted in a long-lasting protection and if the the criteria described above.
protective effect would still persist 3weeks after interruption of
treatment. All mice received a single CY injection of 200 mg/kg Cytokine analysis by quantitative reverse transcriptase-
body wt at 70days old. For each group an appropriate contropolymerase chain reaction
group, receiving arachis oil instead of 1,25(QBl) for the same  Total RNA was extracted from fresh pancreatic tissue (free of
period, was included. As there were no significant differencedymph nodes) taken from control and 1,25(QBEj}-treated NOD
between the results of these various control groups (diabetesnice, either before, 2 or 9 days after CY, by the acid guanidinium
incidence in control groups 1 and 2, 73% (16/22) and 65% (20thiocyanate-phenol-chloroform method [27]. Pancreases rather
31) (NS)), they were pooled and considered as one group fothan isolated islets were examined to minimize artefactseby
statistical analysis (diabetes incidence 68%, 36/53). vivo manipulation on cytokine profiles.

In the apoptosis and cytokine experiments all mice were A constant amount of 4g of target RNA was reverse
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Table 1. Primer and probe sequences@®aéctin and the different cytokines used

Primer for (3-3) Primer back (53) Probe (FAM/TET-TAMRA) PCR product
(bp)
B-actin AGAGGGAAATCGTGCGTGAC CAATAGTGATGACCTGGCCGT CACTGCCGCATCCTCTTCCTCCC 138
IL-2 CCTGAGCAGGATGGAGAATTACA TCCAGAACATGCCGCAGAG CCCAAGCAGGCCACAGAATTGAAAG 141
IL-4  ACCAGGAGCCATATCCACGG ATGCGAAGCACCTTGGAACC TCCTCACAGCAACGAAGAACACCACA 100
IL-10 GGTTGCCAAGCCTTATCGGA ACCTGCTCCACTGCCTTGCT TGAGGCGCTGTCATCG ATTTCTCCC 191
IL-12 GGAAGCACGGCAGCAGAATA AACTTGAGGGAGAAGTAGGAATGG CATCATCAAACCAGACCCGCCCAA 180
IFN-y AGCCAAG ACTGTGATTGCGG TGCTGTCTGGCCTGCTGTTAA TGCTGATGGGAGGAGATGTCTACACTCC 196
TGF8 TGACGTCACTGGAGTTGTACGG GGTTCATGTCATGGATGGTGC TTCAGCGCTCACTGCTCTTGTGACAG 170

transcribed with Superscript Il RT (6o BRL Life Technologies, copies presentin the initial cDNA sample. Each PCR amplification
Merelbeke, Belgium) at 42 for 80 min in the presence of random was performed in quadruplicate, using the following conditions:
primers. 2min at 50C and 10 min at 9%, followed by a total of 40 two-

For IL-2, IL-4, IL-10, IL-12, interferon-gamma (IFNJ, trans-  temperature cycles (15s at°@and 1 min at 6TC). A normal-
forming growth factor-beta (TGB) andg-actin, real time quanti- ization to 8-actin (housekeeping gene) was performed for each
tative polymerase chain reaction (PCR) was performed [28,29]sample. Gel electrophoresis was performed to confirm the correct
PCR reactions were performed in the ABI Prism 7700 Sequencsize of the amplicons.

Detector, which contains a Gene-Amp PCR System 9600 (Perkin

Elmer, Nieuwerkerke a/d ljssel, The Netherlands). Reaction conbDetection of apoptosis

ditions were programmed on a Power Macintosh 7200, linkedApoptosis induction in thymocytes and splenocytes by CY was
directly to the 7700 Sequence Detector. The assay uses’the fested 16 h after i.p. injection of CY (200 mg/kg) following the
nuclease activity of Taq polymerase to cleave a non-extendiblg@rotocol of a kinetic study by Colluat al. that demonstrated that
hybridization probe during the extension phase of PCR. Thehe most significant difference in apoptosis sensitivity between
approach uses dual-labelled fluorogenic hybridization probesNOD and C57BI/6 mice was seen at that time point [23]. Apoptosis
One fluorescent dye serves as a reporter (FAM or TET) and itsvas determined by the TUNEL (terminal deoxynucleotidyl trans-
emission spectra are quenched by the second fluorescent dyferase (TDT)-mediated FITC-dUTP nick end labelling) reaction.
TAMRA. The nuclease degradation of the hybridization probeBriefly, spleens and thymi were isolated from C57BI/6, control
releases the quenching of the FAM fluorescent emission, resultinglOD and 1,25(OH)D;-treated NOD mice, before and 16 h after

in an increase in peak fluorescent emission at 518 nm. The use of@Y administration. The organs were gently teased apart and
sequence detector (ABI Prism) allows measurement of fluorescemtressed through a steel mesh. Cell numbers were counted and
spectra of all 96 wells of the thermal cycler continuously during afterwards fixed for 30 min at room temperature in 2% parafor-
PCR amplification. Therefore, the reactions are monitored in reamaldehyde in PBS, permeabilized with 0-1% saponin in PBS for
time. The Model 7700 software constructs amplification plots from2 min and incubated for 1 h at 32 with TdT and FITC-conjugated

the extension phase fluorescent emission data collected during tlBJTP (Boehringer, Brussels, Belgium). Cells were then washed
PCR amplification. € (threshold) values are calculated by deter- and analysed with a FACSort (Becton Dickinson, Erembodegem,
mining the point at which the fluorescence exceeds a threshol8elgium). Apoptosis is expressed as percentage TUNEL-positive
limit (usually 10 times the standard deviation of the base line).cells. In addition, differences in cell numbers before and after CY
Primers were chosen with the assistance of the computer prograadministration are expressed as percentage remaining living cells
Primer Express (Perkin Elmer) and were always located in two(after CY/before CY).

different exons (Table 1). Amplification reactions (@bcontained

1ul cDNA sample, 2-%l 10x TagMan buffer A, 20 dATP, Statistical analysis

dCTP, dGTP and 40@v dUTP, 7mu1 MgCl,, 0-625U AmpliTag  The following statistical tests were used: for diabetes incidence and
Gold, 0-25 U AmpErase uracil N-glycosylase (UNG) and 18@h  transfer/co-transfer data the test, for the cytokine analysis the
each primer. The reactions also contained the correspondin@fUNEL test, and for cell numbers in spleen and thymusatiw/a
detection probe (100w) (Table 1). For the generation of standard test and the unpaired Student‘gest. Significance was defined at
curves, plasmid clones containing a partial cDNA sequence of ILthe 0-05 level.
2, IL-4, IL-10, IL-12, IFN-y, TGF or 3-actin were constructed.

Briefly, total RNA was extracted from spleens and cytokine cDNA

fragments were generated by reverse transcriptase (RT)-PCR,

using the same PCR primers as described above. The amplicoifect of 1,25(OH)D3 on CY-induced diabetes and insulitis

were cloned into pGEM-TEasy (Promega, Leiden, The NetherAdministration of 1,25(0OH)D3 (5rg/kg intraperitoneally every
lands). The length of the amplicons was confirmed by restriction2 days), starting from the time of weaning, significantly
analysis. Serial dilutions from the resulting plasmid clones wereg(P<0-005) reduced the incidence of diabetes after CY injection
used as standard curves, each containing a known amount at the age of 70 days (Fig. 1). While 68% (36/53) of control mice
template copy number [30]. ThetCvalues of each cytokine subsequently developed diabetes, only 19% (3P60-005) of
were plotted on these standard curves to obtain the amount ahice treated with 1,25(OHIDs from day 21 until day 50 (group

RESULTS
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Fig. 1. Incidence of cyclophosphamide-induced diabetes and insulitis. A
Days after transfer

significant protection against diabetes was present in all groups receiving

1,25(CH}Ds from the time of weaning{). While 36 of 53 control mice Fig. 2.Incidence of diabetes after cell transfer. Mice (6—8 weeks, irradiated

gzvezl(ipuendt”d g;;beé%s(, ?QLy trl];e:ngft\}vi 2}'3; trfi:;et? ev:tt: dlf,rimﬂ dgaJOZT untilWith 7-50 Gy) receiving only splenocytes from overtly diabetic NOD mice
y y group Y developed diabetes (100%, 6[6). A clear protective effect was seen when

day 69 (group 2) developed diabetes. The incidence of insulitis was ~ - : )
investigated as well): five of 12 mice in group 2 developed insulitis in & CC-transfer was performed with 240° splenocytes from 1,25(0ks

) ; e .
contrast to the control group, where 42 of the 53 animals had insulitistreEltEd (day 21 until day 69) mic&(4/8,P<0 05.’ ). No protective effect

. - L was seen when a co-transfer was performed witk 20f splenocytes from
(P<0-01). In group 1, 10 of 16 animals developed insulitis (NS comparedControl or 1,25(OH)D-treated mice that received cyclophosphamilie (
with controls). ***P <0-005; *P<0-01. ' 3 yclophosp

(8/8) and® (11/11), respectively).

1) and 17% (2/12P<0-005) of those treated from day 21 until treatment also resulted in an important decrease of effector cells,

day 69 developed diabetes. Prolonging treatment to 30 days aftable to transfer diabetes. This elimination of effector cells was

CY did not further increase the degree of protection (data noeven clearer when treatment with 1,25(@QBJ was prolonged

shown). until 200days old: splenocytes from control mice transferred
The effect of 1,25(OH)D5 on the incidence of insulitis after diabetes in 92% (11/12) while splenocytes from 1,25(§0H)

CY injection was investigated as well. Interestingly, here thetreated mice transferred diabetes in only 7% (1R&,0-0001).

duration of treatment was important: only 42% (5/12) of mice in

group 2, receiving 1,25(0OHID; from day 21 until day 69, devel- Cytokine mRNA detection

oped insulitis in contrast to the control group, where 79% (42/53)Before CY, no differences in pancreatic mRNA levels of IL-2, IL-

of the animals presented with insulitB€0-01). In group 1, where 4, IL-10, IL-12, IFN-y or TGF{3 were seen between control and

1,25(0OH}Ds was stopped 20 days before CY administration, no1,25(OH}Ds-treated NOD mice (Fig. 3). After CY we not only

significant protection against the occurrence of insulitis was foundpbserved an increase in Thl-like mRNA levels, as described by

since a similarly high percentage (63%, 10/16) of animals develRotheet al, but also an increase in other cytokines, as seen by

oped insulitis (NS compared with controls). Faulkner-Jonest al. [7,8,31]. 1,25 (OH)D5 treatment was able to
significantly suppress this Thl-like cytokine mRNA production
Transfer and co-transfer experiments after CY. Indeed, 2 and 9 days after CY injection, the expression of

In co-transfer experiments splenocytes were used from untreatddl-12 and IFN-y was lower in mice treated with 1,25(0O)3

and 1,25(0OH)Ds-treated animals, taken 1week after CY admin- compared with control mice. This difference was not significant

istration, and also from age-matched 1,25(@bf}treated mice yet at 2 days, but became significant after 9 d&s @-05 for both

that did not receive CY. As previously described, splenocytes fronlL-12 and IFN<). No significant differences were noticed for IL-

1,25(OH)Ds-treated mice that did not receive CY significantly 10 and TGF8 after CY, and the mRNA levels of IL-2 and IL-4

(P<0-05) suppressed transfer of diabetes by splenocytes frowere very low in both groups (data not shown).

recently diabetic NOD mice, compared with mice receiving only

the diabetogenic splenocytes (Fig. 2) [2]. No suppression oEffect of 1,25(0OH)Ds on the induction of apoptosis in splenocytes

diabetes transfer was observed if splenocytes were taken frorand thymocytes after CY injection

age-matched control animals or from 1,25(@bY-treated mice  Confirming previous observations, a clear resistance against CY-

that had received CY 1 week earlier. These co-transfer experimeniaduced apoptosis was seen in splenocytes of control NOD mice

thus confirm that 1,25(OHP5 induced suppresser cells in NOD compared with C57BI/6 mice [23]. This appeared first, using the

mice and that CY was able to eliminate these cells. crude method of cell number counting. In the spleen 55% of the
These results, together with the previous data showing proteceells survived CY injection in NOD miceersus26% in C57BIl/6

tion by 1,25(0OH)D; despite CY injection, suggest that mice (P<0-05, Fig. 4a). Since in cell number counting no strict

1,25(OH)Ds was also active on effector cells. difference can be made between necrosis and apoptosis, we
To explore this, splenocytes from CY-injected mice were proceeded to use the more specific TUNEL method (Fig. 4b):

transferred into irradiated recipients. Transfer of splenocytesapoptosis was detected in 17% in NOD mice compared with 35%

from control or 1,25(OH)Ds-treated NOD mice, injected with in C57BI/6 mice P<0-00001). Interestingly, treatment with

CY 14 days earlier, transferred diabetes in 50% (5/10) and 29% (21,25(OH}D3 from day 21 until 1day before CY administration

7) of the cases, respectively. This suggests that 1,25{@H) (day 70) increased the sensitivity to CY-induced apoptosis. This
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Fig. 3. Pancreatic mRNA levels of IL-10, IL-12, IFN-and transforming growth factor-beta (T@f-before and 2 and 9days after
cyclophosphamide (CY) treatment both in control (Co, Co2d, Co9d) and 1,250@4tteated mice (B, D32d, D:9d). Cytokine mRNA levels

of IL-12 and IFN-< were lower in mice treated with 1,25(0O); compared with control mice (Fig. 3a,b). This difference became significant
9days after CY. No significant differences were seen for IL-10 and B@Hg. 3c,d). Cytokine mRNA levels are expressed relative t@the
actin polymerase chain reaction (PCR) product amplified from the same sample ((cytokineSeapigstopiesk 10 000). Meant s.e.m.

values are shown for each group? 20-05.

appeared from a trend to a lower percentage of splenocytesesponsible for the 1,25(OH)s-induced protection. Therapeutic

surviving the CY injection (46% remaining cells
1,25(OH)Ds-treated miceversus55% in control NOD mice, NS,

in

interventions that are believed to act via the induction of suppres-
sor T cells, but that have no effect on autoimmune effector cells,

Fig. 4a), but especially from a significant difference as demon-such as FCA or BCG, were indeed very sensitive to CY [9,10]. On
strated by the more reliable TUNEL technique (25% apoptosis irthe other hand, CY could not break the protection against diabetes

1,25(0OH)Ds-treated miceversus17% in control NOD mice,
P <0-001, Fig. 4b).

in animals treated with the streptococcal preparation, OK-432, a
substance believed to prevent diabetes by inhibiting the generation

Similar results were found in the thymus. As already describedpf effector cells responsible fg# cell destruction [11].

apoptosis induction by CY in the thymus was limited both in

We clearly demonstrate in the present study that CY indeed

C57BI/6 and NOD mice, as demonstrated by both techniques (Figeliminated the suppressor cells present in 1,25¢Dkfireated

4a,b) [23]. Nevertheless, in the thymus also, 1,25(DH)treat-

mice. Despite this elimination of suppressor cells, CY could not

ment clearly increased the percentage of apoptotic cells, as comreak the protection against insulitis or diabetes achieved by

firmed by cell counting (36% remaining cells in 1,25(QB}-
treated miceversus54% in control NOD miceP <0-05, Fig. 4a)
and the TUNEL technique (52% in 1,25(OfB)-treated mice
versusl6% in control NOD miceP <0-00001, Fig. 4b). Figure 5
shows representative histograms of these data.

DISCUSSION

Both the active form of vitamin D, 1,25(OkDs, as well as its non-

1,25(0OH}Ds. Hence, suppressor cells induced by 1,25(50H)

do not seem to be essential for protection. We therefore hypothe-
size that also potential autoimmune effector cells were influenced
by 1,25(0OH}D5 treatment.

The persistence of autoimmune effector cells after CY injec-
tion in NOD mice might be partly due to a resistance of NOD
lymphocytes to apoptosis. It has already been shown that NOD
lymphocytes are highly resistant to various apoptotic signals, such
as CY and dexamethasone [20-23]. A resistance and/or earlier

calcaemic structural analogues are effective in preventing spontaecovery of effectors after CY in the NOD model probably explains
neous insulin-dependent diabetes mellitus (IDDM) in the NODthe diabetogenic potential of CY. 1,25(O4B) treatment clearly
mouse model [1,2,32]. Previously, we explored the immune systenncreased the sensitivity of NOD lymphocytes to CY-induced

of NOD mice treated with 1,25(OHD; or analogues. The major

apoptosis, both peripherally in the spleen and centrally in the

difference between treated and control animals was a restorethymus. Moreover, transfer experiments demonstrated that the

regulator cell system in mice treated with 1,25(@P} or its
analogues [2,32]. It remained, however,

effector cells were indeed eliminated by 1,25(@BY treatment.

unclear whether th&his elimination of effector cells was especially clear when

induction of these suppresser cells was the only mechanisnreatment with 1,25(OHPs; was prolonged until 200 days old:

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$12181-187
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© 100 — 2 100 — splenocytes from control mice transferred diabetes in 92% (11/12)
3 (a) 8 while splenocytes from 1,25(ObDs-treated mice transferred
> 80| 2 80— diabetes in only 7% (1/16°<0-0001).
= £ Cytokine levels in the pancreases of control and 1,25¢Dkt)
g 60— : g 60— treated NOD mice after CY also revealed that local effector cells
o 40 |— o\‘; 20 |— %% were significantly suppressed in 1,25(QBj}-treated NOD mice,
e % as demonstrated by the lower mRNA levels for IL-12 and HNR
S 20— g 20 (— contrast to the higher levels in control NOD mice. High levels of
§ 0 Ill E o these Thl-like cytokines after CY have also been demonstrated in
_ _ control NOD mice in two independent studies [7,8,31]. Data on
C57BI/6 NOD NOD-D C5781/6 NOD NOD-D, Th2 cytokines after CY are less concordant: Rathal. found that
100 — (b) " 100 — IL-4 mRNA levels remained relatively constant after CY [7], while
2 B Faulkner-Jonest al. described a rise in IL-4 mRNA levels [31]. In
%’_ 80— *g_ 80— the present study we saw a diminished increase in Thl-like mRNA
S 60— § 60 — - levels in 1,25(0OH)Ds-treated NOD mice compared with controls
\‘g ° after CY, but no significant differences in Th2-like cytokines after
‘fc. 40 — ex ] 40 — CY. Therefore, we can summarize.that 1,25(abp treatmept
3 o = decreased effector cells but did not induce a Th1-to-Th2 shift.
& 20— |L| ILI E 20 ﬁ |L| In conclusion, 1,25(0OHPs treatment prevents not only spon-
taneous diabetes, but also CY-induced diabetes in NOD mice.

Fig. 4. A mean of 20 mice were analysed for cell number in spleen and
thymus. Cyclophosphamide (CY) was injected intraperitoneally 16 h before
analysis. The percentage of remaining cells compared with the untreate!

0
C57BI/6 NOD NOD-D,

0
C57BI/6 NOD NOD-D,

1,25(0OH}Ds has multiple effects that can explain this protection
against diabetes. First, there is the effect on thecell:
1,25(OH)}D3 influencess cell calcium metabolism and eventually
|@sulin secretion [33-35], and it has been described that

controls is indicated (a). Splenocytes and thymocytes were harvested 164125(OH)2D3 protects against IL{-induced( cell dysfurlction
after CY injection and stained with the terminal deoxynucleotidyl transfer-[36]. Second, 1,25(OHP; has clear effects on the immune

ase (TDT)-mediated FITC-dUTP nick end labelling (TUNEL) reaction. System. We have previously shown that suppressor cells are

Apoptosis is expressed as percentage TUNEL-positive cells F3).0x05
versus C57BI/6; **P<0-05 versus NOD; *** P<0-001 versus NOD;
*rk P <(0-0001versusC57BI/6; ***** P <(0-00001versusNOD.

induced by 1,25(0OHPs, and from the present study it is clear
that 1,25(0OH)D3 treatment also decreases effector cells. This may
be related to the apoptosis-enhancing effect of 1,256DKpn

(a)
200

[BLACK/6 Spleen CYP 16H.

200 NOD

NOD lymphocytes, leading to a better elimination of autoimmune
effector cells.
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