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MC 1288 - A vitamin D analogue
with immunosuppressive effects on heart
and small bowel grafts

Abstract The vitamin D analogue
MC 1288 (20-epi-1a,25-dihydroxy-
cholecalciferol) was tested here for
its possible immunosuppressive
properties in vivo using different rat
transplantation models. MC 1288, in
a dose of 0.1 pg/kg daily, adminis-
tered intraperitoneally for 10 days,
was found to be effective in pro-
longing cardiac allograft surviv-

al. Untreated recipients rejected
their grafts around day 8 while

MC 1288 treatment delayed rejec-
tion until day 22 (P < 0.001). Addi-
tion of the immunostimulatory drug
LS-2616 (Linomide) reduced the
immunosuppressive effect of

MC 1288 and rejection occurred
around day 11. The immunosup-
pressive effect of MC 1288 on rejec-
tion following small bowel trans-

plantation was determined by mea-
suring the amounts of hyaluronan
(HA) secreted into the intestinal lu-
men. On day 6 post-transplantation
the amounts of intraluminal HA in
untreated animals was 29.2 + 5.3 ng/
min and cm, while in MC 1288-
treated animals it was just 5.0 +

1.6 ng/min and cm (P < 0.01). We
conclude that MC 1288 has immu-
nosuppressive effects that may
make it suitable for the prevention
of graft rejection.
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immunosuppression - Immuno-
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Heart transplantation, vitamin D
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Introduction

la,25-dihydroxycholecalciferol  [10,25(0OH),D;], the
active form of vitamin D, has been shown to possess
immunoregulatory properties. Receptors for 10,25
(OH),D; are expressed on monocytes and on activated
T and B cells [2, 15]. In vitro the substance inhibits the
T-cell production of interleukin-2 (IL-2) [12, 17], inter-
feron-gamma (IFN-y) [16, 19], and granulocyte-macro-
phage colony-stimulating factor (GM-CSF) [23], and
antigen- or mitogen-activated T cells incubated with
1a,25(0OH),D; show a decreased proliferation rate [17].
Because of the strong effects exerted on calcium me-
tabolism, systemic use of 1a,25(OH),D; for treatment
of immunological disorders is limited, as it may lead
to the development of hypercalcemia and hypercal-

ciuria [25). For this reason, new vitamin D Analogues
are being synthetized and investigated with regard to
their potency on the immune system. One such analo-
gue is MC 1288 (20-epi-1a,25-dihydroxycholecalcifer-
ol), which only differs from 10,25(OH),D; in the al-
tered stereochemistry at carbon 20 (Fig.1). MC 1288
has much stronger effects than 10,25(OH),D; on T-cell
activation in vitro. In a mouse thymocyte costimulatory
assay, the substance was over 7000 times more potent
than 1¢,25(0OH),D;, while in inhibiting allogeneic T-
cell activation, as investigated in a mixed lymphocyte re-
action, it was nearly 300 times more potent [3].

An important aspect of the development of new im-
munosuppressive drugs is their use in organ transplanta-
tion. Here, we have evaluated the immunosuppressive
effects of MC 1288 in various rat transplantation mod-
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10,25(0H),D3

Fig.1 Molecular structure of 1a,25-dihydroxycholecalciferol [1a,
25(0OH),;D;] and 20-epi-10,25-dihydroxycholecalciferol (MC 1288).
The only difference between the two molecules is the stereochem-
istry at carbon 20

els, one being the traditional heterotopic cardiac allo-
graft model, which is excellent in screening for poten-
tial immunosuppressants. In order to enhance this mod-
el, immunosuppressive treatment can be combined with
an immunostimulator. The immunostimulating agent
LS-2616 (Linomide), which totally abrogates the immu-
nosuppressive effect of cyclosporin A (CyA) [27], was
used here for this very purpose. MC 1288 was also test-
ed in the more complicated heterotopic small bowel
transplantation model, where rejection is more difficult
to control than after heart transplantation. Since it is
rather difficult to define the day of rejection after small
bowel transplantation, we have used a technique for
the determination of hyaluronan (hyaluronic acid; HA)
secreted into the intestinal lumen, something which has
previously been demonstrated to be a sensitive marker
for rejection [7]. Finally, the effects of MC 1288 were
tested on graft-versus-host reaction (GVHR) after
small bowel transplantation. This immunological event
is even harder to control by immunosuppressive agents
than is rejection.

Materials and methods

Ammals

Male PVG, Wistar/Kyoto (Wi/Ky), Lewis, and (LewisxBN)F,-hy-
brid (LxBN) rats were obtained from Mgllegaard (Skensved, Den-
mark). The animals were allowed to get settled for at least 1 week
before the experiments were started and had, during the whole
period, free access to food and water. At the time of operation,

MC 1288

rats that were to undergo heart transplantation weighed 150-
250 g and those to undergo small bowel transplantation weighed
210-270 g. Heart recipients and small bowel donors and recipients
were anesthetized with a mixture of chloral hydrate (180 mg/kg
body weight), pentobarbital (40 mg/kg body weight), and magne-
sium sulphate (90 mg/kg body weight), administered intraperitone-
ally. Heart donors were anesthetized by intraperitoneal injections
of Inactin (Byk, Gulden, Konstanz, Germany), 120 mg/kg body
weight. The experiments were approved of by the regional ethical
committee and treatment of the animals conformed to the “Prin-
ciples of laboratory animal care.”

Immunomodulating drugs

MC 1288 (20-epi-1a,25-dihydroxyvitamin D;) was a kind gift from
Dr. L.Binderup (Leo Pharmaceutical, Ballerup, Denmark). The
drug was dissolved in propylene glycol (Riedel-de Haén, Seelze,
Germany) and a volume of about 100 pl was injected intraperito-
neally daily for 10 days, starting on the day of transplantation.
L.S-2616 (Linomide; Kabi Pharmacia, Helsingborg, Sweden)
was dissolved in tap water and administered orally via a gastric
feeding tube. A total of 160 mg/kg body weight was given daily,
starting on day — 1, for as long as the grafts continued to function.

Experimental groups

The animals were assigned to nine different experimental groups,
as indicated in Table 1.

Heart transplantation

Hearts from PVG donors were transplanted heterotopically into
Wi/Ky recipients. The aorta of the donor heart was anastomosed
to the common carotid artery of the recipient and the pulmonary
artery to the jugular vein using a nonsuture technique [14]. In
brief, the carotid artery and the jugular vein were dissected free,
crossclamped caudally, and cut cranially. Short plastic tubes were
placed around the vessels, and the vessels were then turned inside
out over the tubes and fixed with ligatures. The heart was anasto-
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Table 1 Experimental groups

Heart transplantation, PVG — Wi/Ky

Group 1 (n=28) Untreated

Group 2 (n = 6) MC 1288, 0.05 pg/kg

Group 3 (n=8) MC 1288, 0.1 ug/kg

Group 4 (n=11) MC 1288, 0.1 ng/kg; LS-2616, 160 mg/kg

Small bowel transplantation, rejection

Group 5 (n=38) LxBN — Lewis, untreated

Group 6 (n = 6) LxBN — Lewis, MC 1288, 0.1 ug/kg
Group 7 (n =8) Lewis — Lewis, untreated

Small bowel transplantation, GVHR

Group 8 (n=9) Lewis — LxBN, untreated
Group 9 (n=6) Lewis — LxBN, MC 1288, 0.1 ug/kg

mosed, pulling the vessels of the graft over the tubes, and the ves-
sels were fastened with ligatures. When the transplantation was fin-
ished, a single dose of cefuroxim (Zinacef, Glaxo, Greenford, UK),
20 mg/rat, was given intramuscularly. Graft function was moni-
tored by daily palpation, and rejection was defined as the day
when no pulsations were detectable.

Small bowel transplantation

The bowel was dissected free on a vascular pedicle consisting of the
superior mesenteric artery and the portal vein. After hepariniza-
tion (300 IU/rat) the aorta was crossclamped proximally and tied
off distally to the superior mesenteric artery. A catheter was insert-
ed and the vascular system perfused with a low pressure (35 cm
H,0) using a cold (4°C) balanced salt solution containing histi-
dine and mannitol (FW solution) [S]. In the meantime, the lumen
was irrigated with 20 ml of the same FW solution. Until transplan-
tation the bowel was stored at 4°C in FW solution. The bowel was
transplanted heterotopically to the left renal vessels of the recipi-
ent using the same nonsuture technique as described above [14,
26]. After restoring the blood flow, the proximal end of the bowel
was closed blindly and the distal end anastomosed end-to-side to
the distal ileum of the recipient’s native bowel. A single dose of ce-
furoxim, 20 mg/rat, was given intramuscularly.

Assessment of GVHR

Animals were weighed and carefully inspected daily for signs of
GVHR. GVHR after semisyngeneic small bowel transplantation
is characterized by redness of the ears and paws, progressing to
dermatitis, secretion from the nose and eyes, hair loss, diarrhea,
and loss of weight.

Segmental perfusion

Segmental perfusion of the intestine was performed as described
elsewhere [7]. In brief, rats were anesthetized on day 6 and a 4-cm
long segment of the distal part of the transplanted bowel was dis-
sected free. Plastic catheters were carefully inserted into each end
of the segment and fixed with ligatures. The proximal catheter
was connected to a mechanical pump (ASID, Bonz) through
which (0.9 % NaCl was infused into the bowel at a flow rate of
0.2 ml/min. Via the distal catheter perfusate was collected in test
tubes at 10-min intervals. The collected fluid was centrifuged at
2000 g for 15 min, after which the supernatants were stored at
—70°C until analyzed.

Quantitative assay of HA

A commercially available radiometric assay (Kabi Pharmacia, Up-
psala, Sweden) was used to determine the amounts of HA in each
test tube. The technique is based on the binding of HA to specific
hyaluronic acid-binding proteins (HABP) [22]. Briefly, a 100-ul
sample is incubated for 60 min at 4-7°C with 200 ul '*I-labelled
HABP. Then, 100 ul HA-sepharose is added and the incubation
continues for 45 more min at the same temperature. Before centri-
fugation at 2000 g for 10 min, 2 ml of washing solution is added.
After decantation the radioactivity in the pellet is measured in a
gamma counter. A standard curve is constructed from samples
with known amounts of HA. Double analyses were performed on
each sample. The HA values are expressed as amount secreted
per minute and centimeter bowel, to correct for the fact that the
length of the segments perfused differed somewhat between the
animals.

Statistical analysis

Data are expressed as median values and ranges or as mean values
and standard error of the means (SEM). Differences between
groups were evaluated using the Mann-Whitney U-test (graft sur-
vival) or Student’s ¢-test (HA analysis). A P value below 0.05 was
considered statistically significant.

Results

Heart transplantation

Untreated Wi/Ky recipients of PVG cardiac allografts
rejected their grafts within 9 days and had a median sur-
vival time of 8 (range 7-9) days (Fig.2). Treatment with
MC 1288 in a daily dose of 0.1 ug/kg prolonged graft
survival to 22 (range 16-27) days (P <0.001 compared
to the untreated group). The lower dose, 0.05 pg/kg,
produced prolonged graft survival in some animals,
while in others no effect could be seen. The median sur-
vival time in this group was 12 (range 8-22) days
(P < 0.05 compared to the untreated group). The addi-
tion of LS-2616 resulted in the reversal of thé immuno-
suppressive effect induced by MC 1283 (P < 0.001); this
effect was seen in 10 out of 11 animals thus treated.

Small bowel transplantation — rejection

Analyses of the amount of HA secreted into the intes-
tinal lumen of the transplanted bowel on day 6 showed
a mean value of 5.0 + 1.6 ng/min and cm during the first
10 min of perfusion in animals treated with MC 1288,
while in untreated animals it was 29.2 + 5.3 ng/min and
cm (Fig.3). In untreated, syngeneically transplanted an-
imals the amount of HA secreted was 2.6 £ 1.0 ng/min
and cm.
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Fig.2 The effect of treatment with the vitamin D analogue
MC 1288 alone or in combination with the immunostimulatory
substance LS-2616 on heart allograft survival. MC 1288 was given
on days 0-9 in a daily dose of 0.05 or 0.1 ug/kg; LS-2616 was given
in a daily dose of 160 mg/kg as long as the grafts were functioning,
starting on day — 1. Each circle represents one animal. The height
of the bar represents the median graft survival time in each experi-
mental group :

Small bowel transplantation - GVHR

In untreated semisyngeneically transplanted animals,
signs of GVHR first appeared around day 7, where-
after the disease progressed until death occurred
around day 14 (range 10-16; Fig.4). Treatment with
MC 1288 had no beneficial effect and the median sur-
vival time in this group was 9.5 (range 7-14) days. The
two animals surviving for 14 days developed visible
signs of GVHR somewhat later than normal, while the
rest died without any signs of GVHR.

Discussion

In the present study, treatment of heart graft recipients
with the vitamin D analogue MC 1288, in a dose of
0.1 ng/kg for 10 days, was shown to significantly pro-
long graft survival. Median graft survival times for
MC 1288-treated animals was 22.0 days, while for un-
treated antmals it was just 8.0 days. The optimal dose in
the heart rejection model appeared to be 0.1 png/kg
since half this dose was effective in only some animals
and higher doses did not prolong graft survival further
(data not shown).

When screening for immunosuppressive substances,
it is common to compare effects and mechanisms of ac-
tion with those of CyA. In inhibiting allogeneic T-cell
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Fig.3 The recovery of hyaluronan (HA) during the first 10 min of
perfusion of small bowel grafts following syngeneic transplanta-
tion (control), semiallogeneic transplantation with treatment of
the recipient with MC 1288, 0.1 ug/kg (MC 1288), or semiallogene-
ic transplantation with untreated recipients (rejection). Data are
expressed as mean values and standard error of the mean

Rejection

activation, MC 1288 is about 2.7 x 10* times more po-
tent than CyA [3]. In the cardiac allograft model used
here, Wi/Ky recipients of PVG hearts treated with
10 mg/kg CyA on days 0-9 rejected their grafts around
day 19 [4, 27], which is at about the same time we ob-
served rejection in animals treated with MC 1288 in a

- dose of 0.1 pg/kg.

The immunostimulating substance LS-2616 totally
abrogates the immunosuppressive effect of CyA [27]
and has thus been used to study rejection under what
seems to be adequate immunosupgression, a situation
not uncommon after human organ transplantation. LS-
2616 stimulates natural killer (NK) cells [8] and macro-
phages [10], and enhances the in vitro production of
IL-1, IL-2, tumor necrosis factor-alpha (TNF-a), and
IFN-y [1, 10], but its exact mechanisms of action in
transplantation models are not yet ascertained.
MC 1288, in combination with LS-2616, gave a median
graft survival time of 11.0 days. This finding is more in
accordance with the results obtained after low-dose
treatment with 15-deoxyspergualin together with LS-
2616 than with those after combined CyA and LS-2616
treatment [4], indicating that CyA and MC 1288 do not
exert their immunosuppressive effects via exactly the
same mechanisms.
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Fig.4 The effect of treatment with the vitamin D analogue
MC 1288 on graft-versus-host reaction after small bowel transplan-
tation. MC 1288 was administered on days 0-9 in a daily dose of
0.1 ug/kg. Each circle represents one animal. The height of the bar
represents the median survival time in each experimental group

Rejection after small bowel transplantation appears
to be more difficult to control than rejection occurring
after transplantation of other organs, and in rat models
usually high doses of immunosuppressants have to be
used in order to achieve long-term functioning grafts.
Also, it is difficult to define the day of rejection after ex-
perimental small bowel transplantation by noninvasive
methods. The release of HA into the intestinal lumen
has been found to correlate well with the course of re-
jection [7] and can thus be used to measure the efficacy
of an immunosuppressive treatment. Using this tech-
nique we conclude that MC 1288, in the same dose as
in heart transplantation, also has a beneficial effect in
preventing rejection of small bowel grafts.

GVHR is often even more difficult to control than
rejection, and in the one-way GVHR model we could
not observe any positive effect of MC 1288 at all. We
can only speculate as to the reasons for this lack of effec-
tiveness. First, the dose may be insufficient, but since
not even a slight effect was observed, this does not
seem to be a plausible explanation. Second, the mecha-
nisms behind GVHR and rejection may be different
[6], resulting in the possibility that MC 1288 may be
able to control rejection but not GVHR. Most immuno-
suppressive drugs investigated can, however, postpone
GVHR to some degree.

1a,25(0OH),D; has been demonstrated, by several in-
vestigators, to affect the production of various cytokines
by activated T cells. Inhibition of IL-2 [12, 17], IFN-y
[16, 19], and GM-CSF [23] has been observed. Expres-
sion of the IL-2 receptor is, however, not altered [12,
18]. 10,25(0OH),D; can also inhibit the production of
IL-1 by monocytes [24]. Since IL-1 stimulates T-cell acti-

vation, some of the immunoregulatory effects exerted
by 1a,25(0OH),D; may be due to this effect on mono-
cytes [24]. Others have, however, found that the pres-
ence of monocytes is not necessary for the inhibition
of T-lymphocyte proliferation [9]. The effect on T-help-
er/inducer lymphocytes appears to be responsible for
both the suppression of T-cell proliferation and the inhi-
bition of immunoglobulin production by B cells [12].

Vitamin D analogues with an altered stereochemis-
try at carbon 20 — and MC 1288 is one example of this —
have much more potent effects on cell growth regula-
tion than 1a,25(0OH),D; itself. The reason for this is
not clear, but postreceptor binding effects, such as high-
er stability of the drug-receptor complex rather than in-
creased affinity for the receptor, appear to be responsi-
ble for this increased potency [3]. The calcemic effect
of MC 1288 is of about the same order as that of
1a,25(0OH),D;, but since MC 1288 is effective at much
lower concentrations, there appears to be no obvious
side effect on calcium metabolism. Thus, after 6 days of
treatment with MC 1288 in doses of 0.05 or 0.1 ug/kg,
just a moderate increase in serum calcium levels was
found in nontransplanted animals (data not shown).

Some in vivo experiments have been performed in
order to elucidate the immunoregulatory effects of
1a,25(0OH),D5 and its analogues. For instance, preven-
tion of the development of experimental autoimmune
encephalomyelitis (EAE) [11] and prolongation of non-
vascularized heart grafts [13] have been observed. In pa-
tients on hemodialysis, treatment with 1a(OH)D; re-
stores IL-2 production and lymphocyte functions [20,
21]. Similar effects have been seen in experiments using
vitamin D-deficient mice [28]. These observations, to-
gether with the in vitro findings of stimulatory effects
on monocytes/macrophages, indicate that 1,25
(OH),D; possesses both immunostimulating and immu-
nosuppressive properties, depending on the physiologi-
cal state.

Taken together, our results in rat transplantation
models indicate that, in the future, VitamipD analo-
gues — preferably the potent 20-epi-vitamin D, analo-
gues — may be used as immunoshippressive agents for
controlling graft rejection. The analogue MC 1288 has
shown promising immunosuppressive effects on both
cardiac and small bowel grafts.
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