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SUMMARY

The immunomodulatory properties of the vitamin D analogue MC 1288 (20-epi-1a,25-dihydroxycho-
lecalciferol) were investigated in CIA in rats. The analogue was administered systemically at three
different time points; (i) for 10 consecutive days before collagen (CII) immunization; (ii) for 10
consecutive days after CII immunization; or (iii) for 7 consecutive days from disease onset. Treatment
initiated either 10 days before CII immunization or at the day of collagen immunization effectively
suppressed the development of arthritis. Treatment initiated at the day of the onset of arthritis reduced
the severity of joint inflammation. Significantly, doses which did not induce hypercalcaemia decreased
the incidence and severity of arthritis.In vivo treatment with the 20-epi analogue of 1a,25-dihydr-
oxycholecalciferol diminished the serum levels of antibodies to rat CII. Similarly, mitogen-induced
proliferation of lymph node cells from rat CII-immunized animals was reduced. The experiments
demonstrate that the vitamin D analogue MC 1288 has the ability to prevent, and furthermore to
suppress, already established CIA by its immunomodulatory properties without inducing hypercalcae-
mia.
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INTRODUCTION

1a,25-dihydroxycholecalciferol (1a,25(OH)2D3), the active form
of vitamin D3, has been shown to possess immunomodulatory
properties. However, the systemic use of 1a,25(OH)2D3 for treat-
ment of immunological disorders is limited, as it may lead to the
development of hypercalcaemia and hypercalcuria [1–3]. For this
reason, new vitamin D analogues are being synthesized and
investigated with regard to their potency on the immune system.
One such analogue is MC 1288 (20-epi-1a,25-dihydroxycholecal-
ciferol), which only differs from 1a,25(OH)2D3 in the altered
stereochemistry at carbon 20. MC 1288 has much stronger effects
than 1a,25(OH)2D3 on T cell activation. Receptors for
1a,25(OH)2D3 are expressed on monocytes and on activated T
and B cells [4,5]. The substance inhibits the T cell production of
IL-2 [6,7], interferon-gamma (IFN-g) [8,9] and granulocyte-
macrophage colony-stimulating factor (GM-CSF) [10]in vitro,
and antigen- or mitogen-activated T cells incubated with
1a,25(OH)2D3 show a decreased proliferation rate [6].

One of the main goals of the development of new immunomo-
dulatory drugs is their use in the treatment of immunological

disorders. The drug MC 1288 has been used in experimental rat
transplantation models, such as heart and small bowel transplanta-
tion, where it prolongs graft survival [11,12]. In experimental models
of autoimmune diseases only few papers have been published, where
a suppressive effect of 1a,25(OH)2D3 and its analogues on the
development of experimental lupus [13], encephalitis [13,14], thy-
roiditis [15] and diabetes [16] has been demonstrated. Also in CIA in
mice one study has been published in which CIA was suppressed
with dietary supplementation of 1a,25(OH)2D3 [30].

The model we have chosen to use is the collagen-induced
arthritis in the particularly arthritis-prone DA rat strain, where the
rats develop a chronic, remitting peripheral polyarthritis, with
many similarities to human rheumatoid arthritis (RA) [17]. CIA
development is MHC class II-restricted and is dependent on
functional T and B cells [18,19].In situ hybridization studies
have shown a dominance of Th1versusTh2 cytokines as early as
day 7 post-immunization (p.i.) [20]. Treatment with Th2-inducing
adjuvants such as alum which reverses the Th1 dominance and
induces IL-4 production ameliorates CIA [21].

Since 1a,25(OH)2D3 has profound immunomodulatory effects
on B and T as well as antigen-presenting cells (APC), cells which
are directly involved in the pathogenesis of CIA, we investigated
the in vivo effects of one 20-epi analogue of vitamin D3 on CIA.
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MATERIALS AND METHODS

Rats
Dark Agouti (DA) rats kept at the animal departments of
Karolinska Hospital, Stockholm, and of the Biomedical Center,
Uppsala, were used. All rats used were females and they were used
at an age of 8–12 weeks. The animal investigations were per-
formed with the approval of the ethical committee at Stockholm.

Collagen type II preparation
Rat collagen type II (CII) was used in all experiments. It was
prepared from the Swarm rat chondrosarcoma. Chondrosarcoma
tissue was grown subcutaneously and removed from exsanguinated
rats and minced through a sterile steel net. The purification was
performed according to Miller [22]. The purity and the intactness
of the CII a helices was determined by SDS–gel electrophoresis.
No degradation products (mol. wt<90 kD) could be detected.

Induction of arthritis
Rats were immunized intradermally at the base of the tail with
purified native CII dissolved in 0·1M acetic acid and emulsified in
Freund’s incomplete adjuvant (FIA; Difco, Detroit, MI) on ice. CII
(150mg) emusified in FIA was injected at a total volume of 200ml.

MC 1288 treatment
MC 1288 was obtained as a kind gift from Dr L. Binderup (Leo
Pharmaceutical, Ballerup, Denmark). The drug was dissolved in
propylene glycol, mol. wt 76, 10 g/mol (Riedel-de Haen, Seelze,
Germany). Each rat was injected intraperitoneally with 0·05mg/kg
body wt MC 1288 twice daily (approx. 50ml/rat). In the experiment
where the doses of MC 1288 were titrated, group 1 received
0·05mg/kg body wt MC 1288 twice daily, group 2 0·05mg/kg
body wt MC 1288 once daily, group 3 0·025mg/kg body wt
MC 1288 twice daily, group 4 0·025mg/kg body wt MC 1288
once daily, and group 5 received 50ml of the vehicle twice daily.
The twice daily dosage was chosen to minimize the hypercalcae-
mic effect of the drug [23].

Determination of incidence and severity of arthritis
To determine the day of onset of arthritis the rats were checked
each day from day 12 to day 20. After this time point rats were
checked two to three times every week. Rats were individually
scored according to a scheme previously used [24]. In short, 1 point
signifies swelling of one group of joints, for example metatarso-
phalangeal (MTP) or proximal interphalangeal (PIP) joints, 2
points signifies two groups of swollen joints, 3 points signifies
three (PIP, MTP and wrist or tarsal joints) groups of swollen joints,
and 4 points signifies swelling of the entire paw. The maximum
possible score for each animal is 16.

Mitogen-induced lymph node cell stimulation
Rats were immunized with rat CII in FIA as described above. Two
groups of rats were treated either with MC 1288 0·05mg/kg or with
propylene glycol twice daily intraperitoneally for 10 consecutive
days from the day of immunization. Draining lymph nodes were
removed day 10 p.i., i.e. 24 h after the last MC 1288 injection, and
single-cell suspensions were prepared from each rat. The cells
(2·5×106/ml) were incubated in sterile 96-well microtitre plates in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 2·5% fetal calf serum (FCS) and polyethylene glycol with
or without the addition of 2·5mg/ml concanavalin A (Con A). The

total cell culture time was 48 h. During the last 24 h of incubation
3H-thymidine was added and the incorporation of3H-thymidine in
the cells was measured in a liquid scintillation counter.

Anti-CII antibody determinations
Individual sera were collected from CII/FIA-immunized rats
treated with MC 1288 or with the vehicle at day 28 p.i. The sera
were stored at –208C until analysed. ELISA microtitre plates
(Dynatech, Plochingen, Germany) were coated with native rat
CII at 48C at a concentration of 10 mg/ml dissolved in 0·1M

acetic acid and incubated overnight at 48C. Analysis of the IgG1,
IgG2a and IgG2b anti-CII antibody levels was performed accord-
ing to Mattssonet al. [21]. After washing with PBS–Tween the
sera were added and serially diluted in 10-fold dilution steps from
1:10 to 1:10 000. As secondary antibodies, biotinylated goat anti-
rat isotype-specific IgG1, IgG2a and IgG2b antibodies were used
(Serotec, Oxford, UK). After incubation, streptavidin–alkaline
phosphatase (Jackson ImmunoResearch Labs, West Groove, PA)
was added and finally substrate buffer containing phosphatase
substrate (Sigma, St Louis, MO) was added. Optical density
(OD) was read at 405 nm. The titres of the anti-CII antibody sera
were calculated by comparison with the steep portion of the
titration curve of a pooled standard sera from rat CII-immunized
DA rats with high anti-CII titres. Statistical analysis was performed
on the levels of absorbance at a dilution of 1:1000. Sera from
treated and control treated rats were compared.

To determine the change in antibody titre, a pooled serum
collected from control treated arthritic rats was used for compar-
ison. Its titration point was determined from the steep portion of the
titration curve and was arbitrarily given the value 1·0. The
individual sera from the four treated groups were expressed as
the percentage of the titre of the control serum.

Monitoring
The animals were weighed before initiation of treatment, on day 10
p.i., and on the final day of the experiment. At these times the rats
were also bled for anti-CII antibody and serum calcium measure-
ments. The concentration of calcium was determined by complex
formation with cresolpthalein.

Statistical analysis
The significance of differences in arthritic scores was evaluated by
the Mann–Whitney rank test, the incidence of arthritis with the
Fisher’s exact test, and the significance of the difference in anti-
body titres and mitogen-induced proliferation with Student’st-test.

RESULTS

Effects of treatment with MC 1288 initiated prior to or immediately
after CII immunization (prophylactic treatment)
The first experiment was designed to see whether the vitamin D
analogue MC 1288 could inhibit the development of CIA. Treat-
ment with 0·05mg/kg twice daily was begun at the day of collagen
immunization and continued for 10 consecutive days. A pro-
nounced effect was seen in the MC 1288-treated group in regard
to the incidence of arthritis. The incidence day 28 p.i. was 50% (4/
8) in the MC 1288-treated group compared with 100% (8/8)
arthritic rats in the control group (Table 1). The mean severity of
the joint lesions, as determined by dividing the total arthritic score
by the total number of rats in the group at day 28 p.i., was also
reduced in the treated group (5·6versus12 (P< 0·05)).
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Another experiment was designed to determine if treatment
with MC 1288 before CII immunization would also down-regulate
the disease. The rats were treated during 10 consecutive days
intraperitoneally starting 10 days before immunization with CII/
FIA. The incidence in the MC 1288-treated group was determined.
At day 28 p.i. 50% (4/8) had developed arthritis compared with
87·5% (7/8) in the control group (not statistically significant).
However, the severity of joint inflammation was significantly
reduced at day 28 p.i. The mean arthritic score was 3·25 in the
treated group compared with 9·9 in the control group (P< 0·05).

One striking effect observed in these experiments was a loss of
weight among the drug-treated rats. The MC 1288-treated rats lost
an average of 49 g of their body weight during treatment (from
152 g to 103 g), whereas the control treated rats lost only 2 g,
despite the development of a more severe disease with higher

arthritis incidence. Body weights were measured day 10 p.i., i.e.
1 day after the termination of treatment. This weight loss coincided
with the development of hypercalcaemia in the treated rats day 10
p.i. (3·06 mmol/l in the MC 1288-treated groupversus2·46 mmol/l
in the control group).

Effects of treatment with MC 1288 initiated at the time of disease
onset (therapeutic treatment)
I.p. treatment with MC 1288 twice daily at the dose 0·05mg/kg was
initiated at the time when DA rats develop arthritis, i.e. 15 days
after collagen immunization. This treatment did not affect the
incidence of arthritis, since both the treated and the control group
developed an incidence of 100% (8/8versus8/8 arthritic rats).
However, the severity of the arthritic lesions was reduced in the
MC 1288-treated rats. The mean arthritic score was 7·9 compared
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Table 1. Rats were treated intraperitoneally with 0·05mg/kg 20-epi-1a,5-dihydroxycholecalciferol (MC 1288) twice daily, either
before collagen type II (CII) immunization (day –10 to day 0), immediately after CII immunization (day 0 to day 10) or at the time of

disease onset (day 15 to day 22).

Treatment Day –10 to day 0 Day 0 to day 10 Day 15 to day 22
No of rats 16 16 16

MC 1288-treated, incidence 4/8 4/8 8/8
Control treated, incidence 7/8 8/8 8/8
†MC 1288-treated, arthritic score (mean6 s.e.m.) 3·26 1·4 5·66 2·2 7·96 0·7
†Control treated, arthritic score (mean6 s.e.m.) 9·96 2·2* 12·06 1·1* 14·26 0·6*
‡MC 1288-treated, arthritic score (mean6 s.e.m.) 6·56 1·6 11·26 1·1 7·96 0·7
‡Control treated, arthritic score (mean6 s.e.m.) 11·36 2·0 12·06 1·1 14·26 0·6*

The incidence of arthritis and the arthritic score were determined 28 days post CII immunization.
*P<0·05.
†Arthritic scores at day 28 p.i. were counted and the sum divided by the total number of rats in each group. The result is expressed

as the mean6 s.e.m.
‡Arthritic scores at day 28 p.i. were counted and the sum divided by the total number of arthritic rats in each group. The result is

expressed as the mean6 s.e.m.
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Fig. 1. Incidence of arthritis. Five groups of rats (six animals in each group) were treated either with different doses of 20-epi-1a,25-
dihydroxycholecalciferol (MC 1288) or with the vehicle (propylene glycol) at an approximate dose of 50ml. Treatment was initiated at the day
of collagen type II (CII) immunization and continued until day 9 p.i. Figure 1 (incidence) and Fig. 2 (severity) are based on data from the same
experiment.



with a mean score of 14·3 (P¼ 0·01) in the group treated with
vehicle only (Table 1) at day 28 p.i., 6 days after the termination of
MC 1288 treatment.

Titration of the dose of MC 1288
Because of the negative effects on the weight and well being of the
rats caused by high doses (0·05mg/kg twice daily) of MC 1288,
four groups of rats were treated with different doses of MC 1288,
i.e. 0·05mg/kg twice daily, 0·05mg/kg once daily, 0·025mg/kg
twice daily and 0·025mg/kg once daily. A fifth group received
propylene glycol twice daily. The injections were given p.i. for 10
consecutive days starting at the day of CII immunization.

There was a decrease in arthritis susceptibility. In the two
groups which received the lowest doses of the drug, i.e. 0·025mg/
kg once or twice daily, the rats had an arthritis incidence of 16·7%
(1/6 rats in both groups developed joint swelling). The incidence in
the groups treated with 0·05mg/kg once or twice daily was 50% (3/
6) and 63% (4/6), respectively, compared with an incidence of 83%
(5/6) in the control treated group at day 28 p.i. (Fig. 1). The
difference between the two groups treated with 0·025mg/kg once or
twice daily was statistically significant compared with the control
group.

Similarly, the severity of arthritis was suppressed throughout
the experiment (Fig. 2). The difference was significant in the group
treated with the lowest dose of the analogue compared with the
control treated group at day 28 p.i. (P< 0·05).

It was significant that the animals which had received the low
doses of the vitamin D analogue had a favourable arthritis outcome
and an absence of hypercalcaemia (Fig. 3) and weight loss (Table 2).

Treatment with MC 1288 diminishes mitogen-induced proliferation
of lymph node cells and down-regulates the antibody response to
CII
Con A-induced proliferation was estimated in lymph node cells
from MC 1288-treated and control animals (Fig. 4). The mitogen-

induced response of lymph node cells from these rats was
depressed in the MC 1288-treated rats compared with rats treated
with the vehicle (P<0·05).

The serum antibody response to rat CII, in rat CII-immunized
rats, was dominated by a strong IgG2a response with only little
production of IgG1 and IgG2b antibodies. Treatment with
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Fig. 3. Calcium levels in serum (mmol/l, mean6 s.e.m.) of rats treated with
different doses of 20-epi-1a,25-dihydroxycholecalciferol (MC 1288) (see
legend to Fig. 1) from the day of collagen type II (CII) immunization until
day 9 p.i.



MC 1288 significantly diminished the dominant IgG2a response to
CII and also depressed the IgG1 response (Fig. 5a,b). The IgG2b
response was small but unaffected (Fig. 5c).

DISCUSSION

In this study, treatment of CIA with the vitamin D analogue
MC 1288 at doses ranging from 0·1mg/kg to 0·025mg/kg body wt
daily induced pronounced effects on the development of arthritis.
Prophylactic treatment affected the incidence as well as the
severity of the disease. Treatment given shortly after the onset of
symptoms significantly reduced the severity of the arthritis.

The dose 0·1mg/kg of MC 1288 was chosen because this dose
has proved optimal for the prolongation of graft survival after
experimental heart transplantation [11]. The major problem in the
studies of experimental graft survival was, however, the induction
of hypercalcaemia at therapeutic doses [11,23]. In our study the
animals treated with this dose of MC 1288 developed a
marked weight loss which coincided with the development of
hypercalcaemia. However, in contrast to experimental transplanta-
tion, the dose of MC 1288 could be reduced to a point where no
hypercalcaemia was induced and while reinforcing the clinical
anti-arthritic effect of the drug. This finding needs to be empha-
sized, since it has been very difficult to produce significant effects
in experimental models of autoimmunity or transplantation either
with vitamin D3 or with vitamin D3 analogues without the devel-
opment of hypercalcaemia. This finding may have important
implications for therapy.

Vitamin D analogues with an altered stereochemistry at carbon
20—MC 1288 is one example of such analogues—have much
more potent effects on cell growth regulation than 1a,25(OH)2D3

itself. For example, in inhibiting allogeneic T cell activation
MC 1288 is about 300 times more potent than 1a,25(OH)2D3

[25]. The exact reason for this increased potency is not clear, but
genomic post-receptor binding effects such as higher stability of
the drug–receptor complex rather than increased affinity for the
receptor may be involved [25].
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Table 2. Mean weight (6 s.e.m.) of rats treated with 20-epi-1a,25-dihy-
droxycholecalciferol (MC 1288) from the day of collagen type II (CII)
immunization until day 10 p.i.

Treatment Mean weight Mean weight Mean difference
mg/kg of MC 6 s.e.m. day 0 6 s.e.m. day 10 6 s.e.m.

MC 0·05×2 1546 6·4 1126 4·7 – 416 2·1
MC 0·05×1 1446 3·4 1326 2·4 – 126 4·8
MC 0·025×2 1516 3·3 1236 2·3 – 286 2·1
MC 0·025×1 1546 2·5 1556 2·6 þ 16 1·2
Control×2 1586 2·2 1636 3·3 þ 56 4·5
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Fig. 4. Mitogen-induced lymph node proliferation. Draining lymph node
cells were obtained from collagen type II (CII)-immunized and 20-epi-
1a,25-dihydroxycholecalciferol (MC 1288) (n¼ 3) or control (propylene
glycol) treated (n¼ 3) rats. Lymph node cells (2·5×106/ml) were incubated
with 2·5mg/ml concanavalin A (Con A) for 48 h, after which3H-thymidine
incorporation was determined.
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Several investigators have shown that 1a,25(OH)2D3 affects
the production of various cytokines by activated T cells.In vitro
inhibition of IL-2 [6,7], IFN-g [8,9] and GM-CSF [10] has been
observed. In addition, the secretion of IL-12 by macrophages is
inhibited [26]. Our data of a decreased responsiveness to the T cell
mitogen Con A suggest that the down-regulation of arthritis may be
due to an inhibition of T cell-induced proinflammatory
pathways participating in the pathogenesis of the disease, and
may also correspond to the finding of an increase of IL-4
expression in the lymph nodes day 7 p.i., which is associated
with a decreased arthritis susceptibility in certain inbred rat strains
[27] or in rats given antigen, i.e. CII, with the Th2 adjuvant alum
[21]. MC 1288 treatment may also induce an enhancing effect on
the production of IL-4 in CIA (own unpublished results).
Furthermore, other researchers have found thatin vivo treatment
with IL-4 alone or in combination with IL-10 attenuates CIA
[28,29].

Our data demonstrating a marked inhibition of CIA are in
agreement not only with effects of 1a,25(OH)2D3 on the develop-
ment of experimental autoimmune encephalomyelitis (EAE) [14],
but also with the recently published results of Cantornaet al. on
CIA in mice [30]. In this article CIA was suppressed by dietary
supplementation with 1a,25(OH)2D3. Furthermore, we have
demonstrated an inhibition of arthritis when the treatment was
begun before CII immunization, after CII immunization, as well as
after the arthritis onset. However, we regard the most important
finding to be that low doses of MC 1288, doses which do not induce
hypercalcaemia, still effectively suppress arthritis development.

Our results in the rat CIA model indicate that in the future
vitamin D analogues with increased immunomodulatory and
decreased hypercalcaemic effects may be further considered for
therapy of immunological conditions such as human autoimmune
arthritis.
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