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Vitamin D receptor and interleukin-1 mediated immunity Vitamin D plays a vital role on

receptor antagornst gene po'ymor_ monocyte/macrophage activation through vitamin D

_ . _ ~mediators shown to impair the growthMf tuberculosis
P.Selvaraj*, S.M.Kurian, A.M.Reetha, Niruparani in the macrophagésThe effects of vitamin D are exerted

Charles and P.R.Narayanan by the interaction with VDR. VDR is a nuclear hormone
Tuberculosis Research Centre, Indian Council of Medical Researand a member of the super family of steroid receptors
Chennai 600 031, India. which has a wide role in the regulation of calcium

homeostasis in a variety of tissbies
A cluster of a VDR alleles is linked to other genes in the
3" untranslated region (3'UTR) of VDR gene compléx

culosis (TB). To find out whether non-MHC genes Biallelic polymorphisms have been s_hown in t_he VDR
such as vitamin D receptor (VDR) and interleukin-1 9€Nn€- The 3" UTR allele polymorphisms are in strong
receptor antagonist (IL-LRA) genes are associatedlinkage dls_equmbrlum with restriction fragment length
with the susceptibility to spinal TB (extrapulmonary polymorphisms (RFLPs) located in intron B_s(ﬂ and
form of TB), the present study was carried out in spi- Apal) and_ exon 9 _'['_aql_) of the VDR region. The_
nal TB patients (n=66) and spouses of TB IC)atiemspolymorphl'sms identified in the gene cluster of VDR region
(spinal-TB and pulmonary-TB) ( n = 80) (family con- are Bsm site, alleleB andb; Apd site, a_IIeIesA anda;
tacts). A trend towards an increased per cent genotypeTaq site, allelesT andt; B, AandT are wild type alleles
frequency of IL-IRA genotype variant 22 (12.1%) was an_db, aandt, mutant aIIeI_es). Among the three polymor-
seen in spinal TB patients when compared to the con—Ph'smS’ Taql_polymorphlsm has been shown to be func-
trols (3.8%) (spouses of the patients) (P=0.057; oddst'ona”y more important.

ratio 3.5). No difference was observed in the frequency | neTad RELP defines a single base chag® Tin
of VDR genotypes between the overall spinal TB c0don 352 at the 3" end of t®Rgené. The less com-

patients and the family contacts. However, the VDR Mon allele offaq site designated dgmutant allele) has
mutant genotype tt was seen at a higher frequency in been associated with higher levels of MRNA expression

female patients with TB spine (TBS) (12.8%) than Thett genotype of the Iess common aIIeIé'gﬂ site has _
female contacts (4.2%) (P >0.05 not significant; been shown to be associated with both mineral dénsity

odds ratio 3.5). Among the contacts, a significantly resistance to primary and secondary hyperparathyroid-

increased frequency of wild type genotypd T (wild ism’, resistance to prostatic cantemd susceptibility to

homozygotes) was seen in female contacts (55.1%)arious infectious diseasés _ _
than male contacts (16.1%) P =0.0012). Similarly InTB, monocyt_es/macrophage_s pIayamaJorlroIelnthe
a significant decrease intt genotype was seen in N0st defence againbt.tuberculosisand secrete inflam-
female contacts (4.1%) than male contacts (25.8%)Matory cytokines at the site of lesiariL-IRA is a cyto-
(P=0.012). The present study suggests that IL-1RAKine factor which competes for the IL-1 binding site.
genotype 22 may be associated with the susceptibilitylL-IRA is also known as an acute phase protein with
to spinal TB. Moreover, vitamin D receptor tt geno- anti-inflammatory activities. The production of liaand
type may be associated with the susceptibility to spinal ”—'1? is antagonized by the IL-IRA genes/gene prod-
TB in female patients. The study reveals that multi- UCts® The genes for IL4 IL-1b, IL-1 receptor, IL-IRA

candidate genes may be associated with the suscep?r€ located in chromosome 2. IL-IRA gene sequence re-
tibility to spinal TB. vealed 86 base pair tandem repeat sequences (mini satel-

) o lite) in the intron 2 regiott. The IL-IRA allele 2 of the
OUR studies showed that apart from Major Histocompatepeat has been found to be associated with several auto-
bility Complex (MHC), non-MHC genes such as funcimmune diseas#s'’. Macrophages from heterozygous
tional mutant homozygotes (FMH) of mannose bindingarriers of IL-IRA allele have been shown to produce
protein (MBP) (also known as mannose binding lectimore IL-IRA and less IL- 4 than other genotyp&s
MBL)2?and mutant variant genotyp#)(of vitamin D Numerous studies have revealed the association of
receptor (VDR)are associated with the susceptibility teariant genotypes of VDR and IL-IRA genes in many
pulmonary tuberculosis (TB). In the present study, attemfectious and non-infectious diseases in various popula-
pts have been made to find out whether VDR and intépons. Though VDR and IL-IRA genes play an immuno-
leukin-1 receptor antagonist (IL-1RA) gene variants aregulatory role in infectious diseases, including TB, little
associated with the susceptibility to spinal TB. Vitamiattention had been paid to the VDR and IL-IRA gene
D, (1,25 dihydroxy vitamin [) is an immunoregulatory polymorphisms and their association with the susceptibil-

hormone and activates monocytes and stimulagds ity/resistance to pulmonary and extra pulmonary form of
TB. The goal of the present study was to find out whether

* For Correspondence, (e-mail : trcicmr@vsnl.com) non-MHC genes such as VDR and IL-IRA gene variants
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Our earlier studies revealed that both MHC (Major
Histocomptibility Complex) and non-MHC genes are
associated with the susceptibility to pulmonary tuber-
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are associated with the susceptibility to spinal TB5mM MgCl, 0.01% gelatin (Bangalore Genei, India),
(extrgpulmonary-TB). 0.02 mM dNTPs, 0.01 mM of each primer, 100 ng of DNA
Subijects included in this study were 66 spinal T@d 1 unit ofTagpolymerase (Bangalore Genei, India) in
patients and 80 family contacts (spouses of pulmonary @aR5mi reaction.
[n=47] and spinal tuberculosis$33] patients). Among  Ten microlitre of the PCR product was subjected to
the spinal TB patients, 27 were males and 39 wéiaj restriction enzyme digestion at%5for 3 h using
females. The mean age with standard error wag-83M9 manufacturer’s buffer (Bangalore Genei, India). Tag
for males and 4742.2 for females. Among the totaknzyme digested product was electrohoretically (80 volts
control subjects, 31 were males and 49 were females. Tdrel h) run on a 2% agarose gel containing rdl. ®f
mean age with standard error was 33.5 for males ethidium bromide (10mg/ml). Three banding patterns are
and 43.92.1 for females. observed after digestion of the 740 bp amplification frag-
Patients with clinically and radiologically active forrment, depending upon genotype (a) wild homoaygous
of spinal TB involving any vertebral body from the firs(TT): absence of th&ag polymorphism results in two
thoracic to the first sacral, inclusive, were studied. Thagments of 495 bp and 245 bp, (b) mutant homozygous
pre-treatment investigations were radiograph of the chét); presence of th&ad polymorphism results in
examination by culture of two specimens of pus from atiyee fragments of 290 bp, 245 bp and 205 bp, and (c)
abscess or sinus, with radiographic evidence of pulmonbegero-zygote carrieff): presence of all four fragments
TB. All these patients had received a supervised shé®b bp, 290 bp, 245 bp and 205 bp. The 245 bp fragment
course chemotherapy of 6 to 9 months duration aisc&onstant among all genotypes having been created by a
followed up for a period of 5 years after treatment. Thasenpolymorphic Tagl site within the amplification frag-
patients were treated 15 to 20 years earlier. At the timenant and acts as an internal control for digestion
blood sample collection, all these cured patients were in aGenotyping of IL_IRA was carried out as described
guiescent stage of the disedse earlie?%. The intron 2 of the IL-IRA gene contains a
Control subjects consisted of family contacts. Theyinisatellite consisting of 2 to 6 copies of an 86 bp tandem
were living together with the patients before, during anepeat sequence. IL-IRA gene was amplified using the
after treatment for a period of 10 to 15 years. All tliellowing primers: 5'-CTC AGC AAC ACT CCT AT-3,,
family contacts were clinically normal at the time adnd 5-TCC TGG TCT GCA GGT AA-3..
blood sample collection. The patients and the contactsThe PCR cycle condition was @lfor 20 s, 58C for
were not consanguineous to each other. The patients 20wland 7Z for 30s (35 cycles), using 10 mM Tris-HCI,
the contacts were randomly selected and belonged toghe8.3, 25 mM KCI, 3 mM MgCI2, 0.2 mM dNTPs,
same ethnic origin (Indo-Dravidian descent). They wedel mM of each primer, 100 ng of DNA and 1 uniffaf
Tamil-speaking south Indian population (belonging fmlymerase (Bangalore Genei, India) in axiiFeaction.
different communities/castes) living in and arounthe size variants were typed by electrophoresis of the
Chennai. PCR products in an ethidium-bromide stained 2% agarose
From the patients and control subjects, DNA was egel. Based on the size (base pair) of the PCR products
racted from peripheral blood white cells using salting adifferent alleles were determined. Further, based on the
proceduré. frequencies of the alleles, they are termed as allele-1
Genotyping of VDR for spinal TB patients was carrie@10 bp), 2 (240 bp), 3 (325 bp), 4 (500 bp) and 5
out by PCR-RFLP (polymerase chain reaction-restrictit@95 bp). Frequencies of the VDR and IL-IRA genotypes
fragment length polymorphism) method. Trej site inthe spinal TB patients and controls were analysed using
gene polymorphisms at codon 352 of the VDR gene wereanalysis with Yates correction by employing the Stat-
studied as described eartferCodon 352 in exon 9 iscalc program (Epi Info, Version-5; USD; Stone Mountain,
polymorphic, existing as either ATC or ATT, both o6A). The odds ratio (approximate relative risk) and the P-
which code for isoleucine and tke>T change is associ-values for significance have been represented wherever
ated with the loss of a Tagl restriction site. The resultingcessary.
alleles are designatedTad site present) of (Tad site No difference was observed in the VDR genotype fre-
absent) and three possible genotypes rebUjtTtandtt. quencies of the overall spinal TB patients and contacts
A 740 bp fragment of the VDR gene was amplified Kyable 1). However, a trend towards an increased fre-
PCR using the primers 5'-CAG AGC ATG GAC AG@uency of mutant homozygotes (it) was seen in female
GAG CAA-3' and 5'-GCA ACT CCT CAT GGC TGApatients (12.8%) than female contacts (4.1%0(05
GGT CTC-3' located within intron 8 and exon 9 of thaot significant; odds ratio 3.5). Similarly, a trend towards
VDR gené. an increased frequency of wild type homozygofEB (
The PCR conditions were 94 for 30s (denaturing), was seen in female contacts (55.1%) than female patients
63°C for 30s (annealing) and27C for 1 min (extension) (43.6%). An opposite picture on the genotype frequencies
(36 cycles) using 10nM TAPS [3-Tris (hydroxymethyfyvas seen in male patients and male contacts. An increased
methyl aminopropane sulfonic acid], pH 8.8, 50 mM KClrequency of wild type homozygot€eEN) was observed in
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Table 1.Per cent genotype frequencies of VDR genes in female and male patients with spinal TB and contacts.

% Genotype frequency

Overall contacts  Overall patients  Female contacts ~ Female patients Male contacts  Male patients

VDR genotype variants (h =80) (n =66) (h =49) (h =39) n{=31) i{=27)
TT (Wild homozygotes) 40.0 40.9 55.1* 43.6 16.1* 37.0
Tt (Heterozygote carrier) 47.5 455 40.8 43.6 58.1 48.2
tt (Mutant homozygotes) 12.5 13.6 4,1 12.8 25.8** 14.8

T, wild type allele t, mutant allele.
& 2P uncorrected > 0.05 (not significant : Odds ratio : 3.5)? P (corrected) = 0.0012; *¢2 P (corrected) = 0.012

male patients (37.0%) than male contacts (16.1%). Simi- Table 2 Pre cent genotype frequencies of IL-1RA alleles
larly, an increased frequency of mutant homozygdtgs ( in spinal TB patients and contacts

was seen in male contacts (25.8%) than male patients’| ;. % Genotype frequency
(14.8%). However, these increase were not significant. A genotype Coniacts Spinal - TB patients
significantly increased T (wild type homoztgotes) geno- (n=80) (=66)

type frequency was seen in female contacts (55.1%) than ;4 48.7 50.0

male contacts (16.1%fP€0.0012). On the other hand,a  , 413 318

significantly increased mutant genotype (tt) was seen

in male contacts (25.8%) than female contacts (4.1%) _, 3.8% 12.1*
(P=0.012). However, such difference were not observed 24' o.o 1 5

between male patients and female patients.
No difference was observed in the frequency of the « x: p (uncorrected) 0.057: Odds ratio : 3.5

variant IL-1RA genotypes between patients and control

subjects (Table 2). However, a trend towards an increal€s§ frequently in cases of pulmonary TB suggesting that
percentage frequency of the variant IL-1RA genotype Q'Qszzgenotype is associated with resistance to pulmonary
was seen in spinal TB patients (12.1%) than patient cdfe. - Further, In a study carried out in Indian leprosy
tacts (3.8%).P=0.057; odds ratio 3.5). patients, Ragt al* have foundt genotype to be associ-

In the present study, VDR gene variants are not assgzé?hdoyv'tz \txl/fseg:suslglz?alti%rgvsim ;’;hﬁ;?na;gng Izpfgfﬁe
ated with the susceptibility to spinal TB in the over yp P prosy.

patient group. However, a trend towards an increased fre-Our earlier study in pulmonary PBnd the present

. study in spinal TB suggest that tt genotype may be associ-
quency of_VDR_mutant genotype)(was seen in female ted with the susceptibility to pulmonary TB as well as
patients with spinal TB compared to female contacts.

lier studv i I TB led an i ny rapulmonary forms of TB in females. Mutant alleles of
earlier study In puimonary 15 revealed an increase VDR gene region have been shown to be associated

mutant genotypet) in female patients with pulmonarysyit increasedTag site: mutant allelé) and decreased
TB®. Moreover, the wild type homozygote¥T) are (ggpy site: mutant alleld) transcriptional activity of the
found to be decreased in female patients than female GpRR regiorf. It has been shown that all¢lglays an imp-
tacts. This suggests that the mutant genotifpef(VDR  otant role in female subjects. The VDR genotitpe

may be associated with the susceptibility to both pulmgssociated with bone mineral density as well as suscepti-
nary and spinal TB in female patients. On the contraryifity to TB in female&25 The females sex hormones as
trend towards an increased frequency of VDR wild typgl| as calcium intake probably influence the expression
genotypeTT) was seen with male spinal TB patients thaji the VDRs. This may influence the vitamin D-mediated
male contacts. Moreover, a decreased frequency of mutaphocyte/macrophage activation through VDRs. This in
genotype tt was seen with male patients than male cturn may influence the cidal activity of the monocyte/
tacts. This suggests that wild type genotyfgenay be macrophage function againbt.tuberculosis It has
associated with the susceptibility to spinal TB in mabeen suggested that VDR gene polymorphism may be of
patients and the mutant genotythenay be associatedimmunoregulatory importance for many disease pro-
with resistance in male patients. However, to sustantiaesse®23 However, the immune mechanism of suscepti-
this preliminary study further work is needed. The pres&ility to pulmonary or extrapul-monary TB as farfasj
study suggests that mutant homozygotgf the VDR polymorphism of VDR gene is concerned, has to be fur-
gene may contribute to host genetic variation in the other explored with the other genes of the VDR region.
come of TB in female subjects and resistance in male sub{n the present study, increased genotype frequency of
jects. Allelic variants of the VDR appear to be associatédIRA 22 was seen in the patients compared to control
with differential susceptibility to several infectious angubjects. The less common allele 2 (containing just two
non-infectious disese&s In the Gambian pulmonary TBrepeats of 86 bp) has been shown to be associated with

patients, thét genotype (mutant homozygotes) was fourigcreased IL-IRA protein production as well as decreased
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IL-1a productiori®. It has been suggested that the poly5. Clay, F.E., Cork, M.J., Tarlow, J.K., Blakemore, A.l., Harring-
morphism in the IL-IRA gene may be present in the ton, C.1., Lewis, F. and Duff, G.WHum. Genet 1994,94, 407-
regulatory area ItS?lf or in linkage dlseqU|I|br|um \_NthG. Mansfield, J.C., Holden, H., Tarlow, J.K., Di Giovine, F.S., Mc
another polymorphism that regulates the transcription of Dowell, T.L., Wilson, A.G., Holdsworth, C.D. and Duff, G.W.,

both IL-IRA and Il-la gene&. The variable repeat Gastroenterology1994,106 637-642.
; ; Louis, E., Satsangi, J., Roussomoustakaki, M., Parkes, M., Fan
sequence has been shown to contain three potential ﬂ)?oning’ oo e Tt 200095, 705710,

tein binding sites: an IFM-silencer A, an IFNs S|Ie_ncer 18. Danis, V.A., Mllington, M., Hyland, V.J. and Grennan, Dlin.
B, and an acute phase response eletnertirther, ithas  Exp. Immunal 1995,99, 303-310.
been suggested that the variable tandem repeat polym®rReetha,A.M., Sivasubramanian,S., Parthasarathy, R., Soma-

phism in intron 2 of the human IL-IRA gene may affe% Sl\;l{’l‘ldarasm' g-'i- a”% Pra:lh?)k?r' 'Et’ JF'North 1A99_;"'2i 7‘13-88
the activity of enhancer sequences that affect the trafissy qgqe o o0 oo THHEEIE ACES Hes 1R

cription of the_ IL-1RA g_ene and other cytokine géhesy1 Tarlow, J.K., Blakemore, A.l, Lennard, A., Solari, R., Hughes,
Several autoimmune diseases have been shown to bB.N., Steinkasserer, A. and Duff, G.Wum. Genet 1993,91,
associated with IL-IRA allele 2 (refs 15-17). Our earlier 403-404.

. P . . Bellamy, R., Ruwende, C., Corrah, T., McAdam, K.P., Thursz,
study did not show any association with IL-IRA allele 4 M. Whittle, H.C. and Hill. AV, S..J. Infect. Dis, 1999 179

and pulmonary TB However, increased frequency of IL-  721-724.

IRA genotype 22 was seen in spinal TB patients. IL-IR&. Roy, S., Frodsham, A., Saha, B., Hazra, S.K., Mascie-Taylor,
allele 2 has been shown to be associated with increasef-G-N.and Hill, A.V.S.J. Infect.Dis, 1999,179,187-191.
production of IL-IRA protein (anti-inflammatory) and?#: Eisman. JACurr. Opin. Genet. Dey1996,6, 361-365.

. . 25. Sainz, J., Van Tornout, J.M., Loro, M.L., Sayre,J., Roe, T.F.and
decreased IL-4 produc-tion (one of the inflammatory Gilsanz, V.N Engl. J. Med 1997 337, 77-82.

cytokines). The association on IL-IRA genotype 22 with

spinal TB found in the present study may be due A8KNOWLEDGEMENTS. S.M.K. is a recipient of a Senior Research
increased production of IL-IRA protein study may be durellowship from the Council of Scientific & Industrial Research, New

to increased production of IL-IRA protein at the site &felhi.

lesion in the spinal column to antagonize the inflammB@eceived 5 February 2000; revised accepted 28 July 2000
tory action of IL-Ta as wells as the IL{d cytokites. This

in turn gives protection against the detrimental effects.al

the inflammatory cytokines such as liaand IL-1b at

the site of lesion.

The present study suggests that VDR and IL-IRA geno-
types may be associated with the susceptibility to spinal
TB. Moreover, these genes may also play an immunoregu-
latory role in the mechanism of susceptibility/resistance to
pulmonary as well as extrapulmonary forms of TB.
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