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Abstract

We have previously reported that the association between Bsm I polymorphism, one of the vitamin D receptor genes (VDRG)
polymorphism, and multiple sclerosis (MS). In this report, we investigated the further possible role or relevance of VDRG in the
pathogenesis of MS. Apa I polymorphism was detected by PCR-RFLP from the DNA of 77 conventional MS patients and 95 healthy
controls. The study of the Bsm I and Apa I haplotypes was carried out by employing previously reported Bsm I data. The AA genotype
and the [A] allele in the profiles were significantly more prevalent in MS patients than in controls (P50.0070 and P50.0321,
respectively). In the [A] allele-positive MS patients, the positive rate of DPB1*0501 in HLA was significantly higher than that of the [A]

corr corrallele-positive controls and that of the [A] allele-negative MS patients even when the corrected P value (P ) was applied (P 50.0220
corrand P 50.0077, respectively). The frequency of DRB1*1501 was higher in the [A] allele-positive patients than in the [A]

uncorr uncorrallele-positive controls and the [A] allele-negative patients (P 50.0431 and P 50.0089, respectively), but the P values did not
reach statistical significance after P corrections. The rate of Bsm I and Apa I haplotypes was much higher in bA/bA-positive MS patients
than in the controls (P50.0003), and in the bA positive MS patients, the positive rate of DPB1*0501 was higher than that of the

corr corrbA-positive controls and that of the bA-negative MS patients (P 50.0308 and P 50.0033, respectively). These results indicate that
VDRG polymorphism may be associated with susceptibility to MS, and HLA alleles may correlate with risk for MS together with VDRG.
 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction 1,25(OH) D inhibits the production of the interleukins2 3

(IL) 1, 2, 6 and 12, tumor necrosis factors (TNF) a and b,
1,25-Dihydroxyvitamin D (1,25(OH) D ), the most and interferon (IFN) g [6–9]. These cytokines play pivotal3 2 3

potent metabolite of vitamin D , stimulates the intestinal roles in the development of T helper (Th) 1 cells, which3

absorption of calcium and phosphorus and the mobilization are involved in the pathogenesis of chronic inflammatory
of these minerals from bone [1,2]. However, its receptor autoimmune disorders [10]. Furthermore, the administra-
has been found to be localized in many tissues [1,3]. In the tion of 1,25(OH) D has been observed to completely2 3

immune system, peripheral blood monocytes and activated prevent experimental autoimmune encephalomyelitis
T lymphocytes have been reported to contain 1,25(OH) D (EAE), one of the most useful models of multiple sclerosis2 3

receptor (VDR), which indicates that 1,25(OH) D may (MS) [11].2 3

regulate some immune functions [4,5]. In fact, On the other hand, the major determinants of vitamin D
status are diet and sunlight exposure. Sunlight exposure
can normally compensate for even minimal dietary intakes*Corresponding author. Tel.: 181-11700-5375; fax: 181-11-700-5356.

E-mail address: niino@med.hokudai.ac.jp (M. Niino). [12], but heat intolerance is a well-recognized feature of
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MS [13], leading many patients to avoid prolonged expo- ‘conventional’ MS patients, as previously described [18–
sure to sunlight. A remarkable 40% of MS patients have 20], quite similar to those of Western MS patients. The
reported no sunshine exposure [2]. This is a likely factor control group was composed of 33 unrelated healthy men
contributing to the insufficient levels of vitamin D in the and 62 women ranging from 20 to 61 years old (mean,
MS population [2]. 34.4; S.D., 10.2). All of the patients and controls were

1,25(OH) D functions by means of nuclear VDR, and Japanese and were residents of Hokkaido, the norther-2 3

it has been reported that the VDR gene (VDRG) contains nmost island of Japan [21]. The differences in sex ratio and
some polymorphisms [14]. Apa I, one of the VDRG age between the patients and controls were not significant
polymorphisms, may affect the parathyroid response re- (P50.3246, P50.2813).
sulting in end-stage renal disease [15]. We have previously
reported the association between Bsm I polymorphism in 2.2. Analysis of VDRG polymorphism
VDRG and MS, suggesting that the bb genotype might
influence susceptibility to MS [16]. In the present study, to After obtaining informed consent of each of the sub-
determine whether the Apa I polymorphism exists in the jects, high-molecular-weight DNA was extracted from
VDRG, we investigated the Apa I polymorphism in 77 their peripheral blood cells. Referring to the original
patients with MS and 95 controls, considering the disease’s VDRG sequence (accession No. I33554), polymerase chain
clinical course and severity, MRI findings, human reaction (PCR) amplification was performed on a region
leukocyte antigens (HLA), and oligoclonal bands (OCB) in containing the Apa I polymorphism. The polymorphism
the cerebrospinal fluid (CSF). Furthermore, we investi- was detected using one primer in intron 8 (Ni-1: 59-
gated the association between MS and the Bsm I and Apa I gtcgctgagggatgg-39) and the other in exon 9 (Ni-2: 59-
haplotypes. gtcggctagcttctggat -39). After PCR-amplification of gen-

omic DNA using a PJ9600 thermal cycler (Perkin Elmer),
the PCR products were digested by the restriction enzyme

2. Patients and methods Apa I (BioLabs). The polymorphism was analyzed using
an Mupid -3 electrophoresis system (Cosmo Bio.). Apa Iæ2.1. Patients and controls detects a dimorphism with either one band at 400 bp (allele
A) or two bands at 232 bp and 168 bp (allele a).

Selected for this study were 77 unrelated patients with The PCR was carried out in a total volume of 15 ml,
relapsing and remitting type or secondary progressive type containing 50 ng of genomic DNA, 5 pmol of each primer,
MS who, after having been observed for at least 1 year, 250 mM dNTP, 10 mM KCl, 20 mM Tris–HCl, pH 8.2, 1.5
were diagnosed as having clinically definite MS according mM MgCl , 2% formamide, and 0.12U Taq polymerase2

to the criteria of Poser et al. [17]. (Table 1). They were (AmpliTaq ; Perkin Elmer). The PCR reaction mixtures
were then denatured at 9588C for 5 min, followed by 30
cycles of denaturation at 9588C for 1 min, annealing at

Table 1
5588C for 1 min, extension at 7288C for 1 min, and finalClinical profiles of MS patients
elongation for 10 min. Thereafter, each PCR product was

Total (n577)
digested by Apa I at 258C for 1 h. An 8-ml volume of each

Male: female 1:2.7 PCR product was mixed with 1 ml loading buffer (25%aAge 36.2611.2 ficoll, 0.25% bromophenol, 0.25% xylene cyanol FF,aAge at onset 25.668.9
containing 1 mM of EDTA) and electrophoresed for 40Course

d min through a 2% agarose gel at 100 V in 13TAE bufferR–R 43 (55.8%)
eS-P 34 (44.2%) containing 5 ml of ethidium bromide (10 mg/ml). The

aDuration 10.668.6 polymorphism was determined using a thermal imagingb,fEDSS 3.462.7 system FTI-500 (Fuji film).cMRI
I 3 (3.9%)
II 3 (3.9%) 2.3. Genomic HLA-DRB1 and -DPB1 typing
III 10 (13.0%)
IVa 9 (11.7%)

The methods of genomic HLA typing were previouslyIVb 17 (22.1%)
described [16]. In the current study, DRB1 alleles wereV 45 (58.4%)

OCB positively 28/52 (53.8%) determined in 71 MS patients and 67 controls, and DPB1
a alleles in 61 patients and 67 controls.Mean (years)6S.D.
b Mean EDSS6S.D.
c Grading of MRI was previously reported [19].
d 2.4. Magnetic resonance imagingR–R; relapsing-remitting course.
e S-P; secondary progressive course.
f EDSS; expanded disability status scale of Kurtzke. MRI analyses were performed on all 77 MS patients,
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and all scans were evaluated by the same neuroradiologist pling, age at onset, clinical course, disease duration, EDSS,
(K.M.), without his knowledge of the clinical profiles of and OCB-positive rate (data not shown). Clinical course
the patients, using previously described methods [19]. and disability, considered together with the duration of the

disease from onset to blood samplings calculated by a
2.5. Oligoclonal IgG band analysis previously applied method [22], were not associated with

the polymorphism (data not shown).
OCB analysis were performed on 52 patients the Divi-

sion of Clinical Chemistry of Vancouver Hospital and 3.2. Relationship between HLA-DPB1 and -DRB1
Health Sciences Center in Canada using a previously alleles and the [A] allele
described method [22]. The samples were tested by
isoelectric focusing and silver staining visualization using The association of HLA allele frequencies with MS,
a Resolve CSF kit (Isolab). considered in regard to the Apa I polymorphism, is shown

in Table 3. The positive rate of DPB1*0501 was sig-
2.6. Statistical analysis nificantly higher in the [A] allele-positive MS patients

(93.9%) than in the [A] allele-positive controls (63.2%)
corrComparisons between the various alleles of patients with (P 50.0220) and the [A] allele-negative MS patients2

corrMS and those of the controls were made using the x test (57.1%) (P 50.0077). The frequency of DRB1*1501,
for two-by-two or two-by-three tables and Fisher’s exact whose association with MS has been confirmed in many2test. The Student’s t-test, the x test and Fisher’s exact test populations, was increased in the [A] allele-positive pa-
were used to compare the clinical characteristics and the tients (35.7%) in comparison to the [A] allele-positive

uncorrMRI findings in the MS subgroups. The uncorrected P controls (15.8%) (P 50.0431) and the [A] allele-nega-uncorr
uncorrvalues (P ) were corrected by multiplying them by the tive patients (9.4%) (P 50.0089), although the P

number of comparisons to calculate the corrected P values values did not reach statistical significance after the Pcorr(P ). correction. Furthermore, we investigated which factor was
most significantly associated with the disease by calculat-
ing the odds ratio (OR) for the risk of developing the

3. Results disease in those individuals positive for the association
between the Apa I allele and HLA alleles. The highest OR

3.1. Apa I genotype and allele frequencies was observed in individuals positive for both the [A] allele,
and DPB1*0501 (OR53.776) or DRB1*1501 (OR5

We could clearly determine the type of Apa I poly- 2.069) (Table 4). These results suggest that the combina-
morphism in all the patients and controls. The proportions tion the [A] allele and HLA DPB1*0501 or DRB1*1501
of the three Apa I genotypes (AA, Aa, aa) were tabulated confers susceptibility to MS.
(Table 2). We found that the rate of the AA genotype in
MS patients (27.3%) was significantly higher than that in

3.3. Apa I and Bsm I haplotype frequenciesthe controls (9.5%) (P50.0070). The [A] allele was
excessively represented in the MS patient group (42.2%)

The Bsm I gene frequencies were quantified in the samecompared with control group (31.1%) (P50.0321).
population, and we have previously reported an associationAmong 77 patients, there was no association between
between Bsm I polymorphism in VDRG and MS [16]. WeApa I polymorphism and clinical background, including
obtained the haplotype of Bsm I and Apa I from thesuch factors as male-to-female ratio, age at blood sam-
previous and the present studies. The results showed that
the bA/bA frequency was much higher in MS patients

Table 2 (20.3%) than in the controls (2.4%) (P50.0003, Odds
Apa I polymorphism in MS patients and controls ratio510.30, 95%CI52.89–36.71).

MS patients Controls
n577 n595

3.4. Relationship between HLA -DPB1 and -DRB1
aGenotype frequencies alleles and the bA haplotype

AA 21 (27.3%) 9 (9.5%)
Aa 23 (29.9%) 41(43.2%)

The positive rate of DPB1*0501 was significantly higheraa 33 (42.9%) 45 (47.4%)
in the bA-positive MS patients (93.9%) than in the bA-bAllele frequencies corrpositive controls (63.0%) (P 50.0308) and the bA-A 65 (42.2%) 30(31.1%)

corrnegative MS patients (53.8%) (P 50.0033). The fre-a 89 (57.8%) 65 (68.9%)
a quency of DRB1*1501 was increased in the bA-positiveP50.0070.
b patients (37.5%) in comparison to the bA-positive controlsP50.0321, Odds ratio51.62, 95% confidence interval (CI)51.04–

uncorr
2.52. (14.8%) (P 50.0433) and in the bA-negative MS
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Table 3 4. Discussion
Antigen frequencies (%) of HLA-DPB1 and -DRB1 alleles in MS
patients and controls

We previously reported the association between Bsm I
A allele positive A allele negative polymorphism and VDRG, and overexpression of the [b]
MS patients Controls MS patients Controls allele (P50.0138) and homozygote bb (P50.0263) in MS
n533 n538 n528 n529 patients compared with controls [16]. In this study, we

investigated the association between Apa I polymorphismDPB1* 0201 45.5 34.2 50.0 34.5
0202 3.0 2.6 14.3 13.8 and MS, as well as that between the Bsm I and Apa I
0301 15.2 10.5 28.6 6.9 haplotype and MS. We found a significantly higher level of
0401 0.0 7.9 0.0 10.3 homozygote AA, the [A] allele and the bA/bA in MS
0402 5.9 23.7 7.1 10.3

a, b a b patients than in the controls. Furthermore, in [A] allele-0501 93.9 63.2 57.1 55.2
positive or bA-positive MS patients, the prevalence of0601 0.0 5.3 0.0 6.9

0901 9.1 10.5 21.4 13.8 DPB1*0501 was much higher than in each positive control
1301 0.0 5.3 3.6 3.4 or each negative MS patient even after the correction.
1401 3.0 2.6 0.0 17.2 Interestingly, we found higher levels of DRB1*1501 allele,
1701 0.0 0.0 3.6 0.0

whose association with MS has been confirmed in many1901 0.0 2.6 0.0 0.0
populations, in the [A] allele- or bA- positive MS patients

n542 n538 n532 n529 than in each of the positive controls and each of the
negative patients. Since the frequency of the [A] allele isDRB1* 0101 11.9 7.9 3.1 6.9

c,d c d1501 35.7 15.8 9.4 17.2 lower in Japanese than in Caucasians [14], the lower
1502 9.5 18.4 25.0 10.3 frequency of the [A] allele in Japanese may weaken MS’s
1602 2.4 2.6 0.0 3.4 association with the DR2-related HLA alleles in this
0303 2.4 0.0 0.0 0.0

population. Our findings need to be confirmed in larger0401 0.0 0.0 3.1 0.0
populations and in different ethnic groups. Nonetheless,0403 19.0 28.9 25.0 17.2

0405 33.3 34.2 28.1 20.7 the current results indicate a possible role of VDRG in the
0407 2.4 0.0 0.0 0.0 pathogenesis of MS, or its collusion with HLA class II
0410 4.8 5.3 6.3 0.0 molecules. We detected, however, no significant associa-
1101 2.4 2.6 0.0 6.9

tion between Apa I polymorphism and clinical course,1201 4.8 21.1 3.1 6.9
clinical severity, or cerebral abnormalities on MRI. There-1202 0.0 2.6 0.0 0.0

1301 0.0 0.0 3.1 0.0 fore, we concluded that Apa I polymorphism was unlikely
1302 2.4 7.9 3.1 10.3 to be associated with the development of MS.
1401 7.1 7.9 12.5 20.7 Recent studies have shed some light on the molecular
1403 4.8 2.6 3.1 3.4

basis of the immunomodulatory activity of 1,25(OH) D ,2 31405 4.8 5.3 3.1 3.4
which has been observed to inhibit T cell activation both in1406 4.8 2.6 0.0 3.4

0701 0.0 0.0 3.1 0.0 vitro and in vivo, and inhibit the secretion of IL-1, 2, 6,
0802 14.3 0.0 9.4 13.8 TNF, and IFN-g [7–9]. In addition, it has also been
0803 11.9 13.2 28.1 13.8 reported that 1,25(OH) D inhibits IL-12 production by2 30901 16.7 15.8 15.6 24.1

macrophages and dendritic cells [6]. Through this hor-1001 0.0 0.0 3.1 6.9
mone’s immunomodulatory functions, 1,25(OH) D may2 3a corrP 50.0220; odds ratio59.04; 95% CI52.24–36.43. inhibit the development or function of encephalitogenicb corrP 50.0077; odds ratio511.63; 95%CI52.83–47.69.

c uncorr cells in EAE [23]. In fact, it exerts an overall immuno-P 50.0431; odds ratio52.96; 95%CI51.03–8.49.
d uncorr suppressive effect, demonstrated by the rapid action ofP 50.0089; odds ratio55.37; 95%CI51.52–18.91.

1,25(OH) D in blocking EAE disease progression, and2 3

completely prevents EAE, a useful model of MS [11,24].
The biological actions of 1,25(OH) D appear to be2 3

uncorrpatients (6.5%) (P 50.0024), although the P values mediated through internuclear hormone-receptor [1,3], and
did not reach statistical significance after the P correction recently the structure of VDRG has been determined
(Table 5). We investigated which factor was most sig- [25,26]. It has also been reported that a VDRG poly-
nificantly associated with the disease by calculating the OR morphism may effect bone mass and bone turnover in
for the risk of developing the disease in individuals osteoporotic patients [14,27,28]. As well, an association
positive for the association between bA haplotype and between VDRG polymorphisms and bone mineral density
DPB1*0501 or DRB1*1501, and found the highest OR in has been observed in the Japanese population [29].
individuals positive for both the bA haplotype, and Yokoyama et al. have shown a negative association
DPB1*0501 (OR52.127) or DRB1*1501 (OR53.362) between the [A] allele and the progression of secondary
(Table 6). hyperparathyroidism [15], and Apa I polymorphism may
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Table 4
aRisk for MS in individuals positive for both the [A] allele and DPB1*0501 or DRB1*1501

[A] allele DPB1*0501 Patients (%) Controls (%) Odds ratio 95% CI
n561 n567

2 2 12 (19.7) 19 (28.4)
2 1 16 (26.2) 10 (14.9) 2.533
1 2 2 (3.3) 25 (37.3) 0.127
1 1 31 (50.8) 13 (19.4) 3.776 1.432<9.964

DRB1*1501 n574 n567
2 2 29 (39.2) 24 (35.8)
2 1 3 (4.1) 5 (7.5) 0.497
1 2 27 (36.5) 32 (47.8) 0.698
1 1 15 (20.3) 6 (9.0) 2.069 0.695<6.156

a Odds ratio for the risk of disease is calculated in each group by using the [A] allele-negative and DPB1*0501-negative or DRB1*1501-negative group
as a reference.

Table 5
HLA-DPB1*0501 and -DRB1*1501 alleles in bA positive MS patients and controls

bA positive bA negative

MS patients (%) Controls (%) MS patients (%) Controls (%)

n533 n527 n526 n531
a,b a bDPB1*0501 93.9 63.0 53.8 54.8

n540 n527 n531 n531
c,d c dDRB1*1501 37.5 14.8 6.5 16.1

a corrP 50.0308; odds ratio59.12; 95%CI52.14–38.92.
b corrP 50.0033; odds ratio513.29; 95%CI53.24–54.44.
c uncorrP 50.0433; odds ratio53.45; 95%CI51.04–11.47.
d uncorrP 50.0024; odds ratio58.70; 95%CI52.16–35.08.

induce different 1,25(OH) D effects in regard to its this VDR isoform, as a ligand, cannot normally transduce2 3

immunomodulatory function. calcitriol signals, which indicates the possible generation
The new VDR isoform translated by a new exon derived of phenotypic differences. It is highly probable that the

from intron 8 using an alternative splicing process might same type of change could occur in human VDRG. In the
negatively modulate the vitamin D signaling pathway in case of vitamin D resistant rickets, the exon skipping
rats [30]. Since exons 7–9 code the hormone binding site, occurred during RNA processing, probably owing to

Table 6
aRisk for MS in individuals positive for both bA and DPB1*0501 or DRB1*1501

bA DPB1*0501 Patients (%) Controls (%) Odds ratio 95% CI
n559 n558

2 2 12 (20.3) 14 (24.1)
2 1 14 (23.7) 17 (29.3) 0.961
1 2 2 (3.4) 10 (17.2) 0.233
1 1 31 (52.5) 17 (29.3) 2.127 0.805<5.624

DRB1*1501 n571 n558
2 2 29 (40.8) 26 (44.8)
2 1 2 (2.8) 5 (8.6) 0.359
1 2 25 (35.2) 23 (39.7) 0.9745
1 1 15 (21.1) 4 (6.9) 3.362 0.990<11.427

a Odds ratio for the risk of disease is calculated in each group by using the bA-negative and DPB1*0501-negative or DRB1*1501-negative group as a
reference.
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