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Oral vitamin D supplementation has been introduced into modern
medicine to prevent rickets without the knowledge that this may have
profound immunological consequences. The main vitamin D metabolite
calcitriol suppresses dendritic cell maturation and consecutive Th; cell
development, which has independently described as a key mechanism of
allergy development. Animal studies and epidemiological surveys now
provide a first link of early vitamin D supplementation and later allergy
where several vitamin D regulated genes seem to be involved. A rand-
omized clinical trial of vitamin D supplementation could be a further
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step to follow up the vitamin hypothesis.

Vitamin D supplementation in newborns is a
success story of modern medicine. It eradicated
rickets that had been endemic at the beginning of
the last century (1). Simple or common rickets,
also called ‘English disease,” emerges from depri-
vation of sunlight by air pollution, skin coverage
or restricting children from playing outdoors.

Preventive vitamin D doses were introduced in
the 1950s by ‘what has been the equivalent of a
tablespoon liver cod oil’ that had been proven
safe for the prevention of rickets. Vitamin Dy
(cholecalciferol but also vitamin D,, ergocalcif-
erol) is now used for oral rickets prophylaxis (2).
In some countries milk, cereals or infant formula
are fortified with up to 1000 IU cholecalciferol
per liter; in other countries pregnant women or
newborn children are prescribed between 500 and
1000 IU daily (1) where a clear distinction of
‘physiological’ or pharmacological doses is diffi-
cult. Natural sources of vitamin D are scarce,
mainly fatty fish, which is not part of the
newborn’s diet (3). Breast milk contains little
vitamin D, usually less than 20 IU/l (4, 5).
Importantly, oral doses are fully resorbed in the
intestinal tract while vitamin D production in the
skin by UV exposure reaches an equilibrium after
20 min (6). Oral exposure can therefore bypass
regulatory mechanisms in the skin and elicit
strong effects in the gut mucosa (7).

It was only in 1983 that vitamin D receptors
were described in lymphocytes (8). Following
extensive research, the endocrine action is now
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seen only as tip of the iceberg while the main
effects are observed in the immune system.
Calcitriol suppresses dendritic cell maturation
and consecutive Th; cell development mainly by
blocking the IL-12 signal (9). Such a delayed Th;
maturation has been independently implicated in
allergy (10) and finally led to the hypothesis that
allergy development may be a delayed side effect
of early rickets prophylaxis (11-14).

Allergy prevalence rates follow to some extent
the geographical and temporal trend (15) of
rickets prophylaxis in industrialized countries.
Also some observations like the lower prevalence
in anthroposophic communities (16), the farming
environment (14), or the convergence of East and
West German allergy rates (13) can be explained
by the use or avoidance of vitamin D. Some high
allergy prevalence countries like the United
States of America generally fortify milk while
in the United Kingdom and Germany only
margarine (17) and baby food is being fortified.
Any ecological comparison, however, is difficult
as vitamin D supplementation varies even within
countries. Most industrialized countries now use
commercial baby milk preparations that contain
vitamin D supplements. The ongoing Europrev-
all baby cohort study will provide a first overview
of vitamin D exposure in several European
countries.

This is urgently needed as already several
studies now support the vitamin hypothesis: A
study by Moneret-Vautrin et al. (18) showed a
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9.0-fold increased risk for sensitization under
combined peanut and calcidiol exposure. The
Milner et al. study (19) described in a cohort of
8285 3 yr old a 1.6-fold increased risk for food
allergy by multivitamin drops while the Hypp6-
nen et al. study (20) of 12,058 live-births showed
a similar 1.7-fold atopy risk if babies were treated
regular rather than irregular with vitamin D. As
both, the Milner and Hypponen study, did not
test exposed vs. never exposed children, the risk
estimate by Moneret-Vautrin seems to be even
more realistic.

Further evidence for the vitamin hypothesis
comes from genetic studies (21) as genes have been
well-known risk factors for rickets development
(22, 23). This is in accordance with more recent
molecular data where baseline expression of
several vitamin D related genes segregate in
families (S. Monks 2004, personal communica-
tion). It is therefore not unexpected, that DNA
variants in many vitamin D regulated genes have
now been associated with allergy (Table 1). New-
born mice can be sensitized more rapidly under
calcitriol load (56) while vitamin D receptor
knockout mice fail to develop allergic asthma (36).

Are there any arguments against the vitamin
hypothesis? Clearly, vitamin D metabolites
inhibit differentiation, maturation, activation,
and survival of dendritic cells leading to
impaired T cell activation in different models
of allo- and autoreactivity (57). Inhibition of
Th; type immune response, however, does not
necessarily imply allergy promotion. Also pre-
vious reports of inhibition or enhancement of
Th, response by vitamin D or its metabolites
are not fully conclusive. The existing immuno-
logical literature on vitamin D and Th,
response is difficult to interpret, with studies
performed in the presence or absence of antigen
presenting cells, at different T cell maturation
state, under variable co-stimulation, changing
dose and duration of vitamin D exposure (58).
Nearly all studies neglected the genetic back-
ground of laboratory animals [where mice
might not be a particular suited model as fur
bearing and night active animals that show
different expression in vitamin D regulated
genes (59)]. A detailed experimental work-up
of allergy induction by vitamin D is therefore a
future challenge.

Table 1. Genes that have been associated with allergy pathogenesis and are regulated by vitamin D metabolites

Gene Description Vitamin D regulation Allergy association
IL12B Growth factor for activated T and NK cells, stimulates Lyakh et al. (24) Randolph et al. (25), Morahan et al. (26),
the production of IFN-resting PBMC Hirota et al.(27), Wjst et al. (28)
IL12RB Low affinity receptor for interleukin12 Mahon et al. (29) Bassuny et al. (30), Takahashi et al. (31)
SPP/OPN Secreted phosphoprotein 1 (alias osteopontin) Shaffer and Gewirth (32) Personal communication Y. Tanino ATS (2004)
CD14 Mediates together with TLR4 the innate immune Wang et al. (33) Baldini et al. (34), Zambelli-Weiner et al. (35)
response to bacterial LPS and many more
CD23 Fc fragment of IgE receptor with low affinity Wittke et al. (36) Lewis et al. (37)
VDR Nuclear vitamin D receptor Wang et al. (33) Poon et al. (38), Raby et al. (39), Wjst (40)
TNF Tumor necrosis factor, secreted by macrophages, Hakim et al. (41) Migita et al. (42)
potent pyrogen by stimulation of interleukin 1
GC Vitamin D binding protein and many other Wang et al. (33) Laufs et al. (43), Wjst (44)
immunological functions
IFN Secreted by lymphocytes, many immunoregulatory Mahon et al. (29) Nagarkatti et al. (45)
functions, activator of macrophages
IL1RN Family of proteins and corresponding receptors, Wang et al. (33) Gohlke et al. (46)
involved in the inflammatory response
IL8 Interleukin-8 is a chemotactic factor that attracts Wang et al. (33) Heinzmann et al. (47)
neutrophils, basophils, and T-cells
ADRB2 (32 adrenergic receptor activates adenylate cyclase Wang et al. (33) Dewar et al. (48)
through G proteins
CARD15 Alias NOD2, activates NF B, confers responsiveness Wang et al. (33) Weidinger et al. (49)
to intracellular bacterial LPS
IL4R Interleukin 4 receptor, mediates IL4 and IL13 effects Wang et al. (50) Mitsuyuasu et al. (51), Wjst et al. (28)
by coupling to the JAK1/2/3-STAT6 pathway,
IL4 promotes Th, differentiation
ALOX5 Arachidonate 5-lipoxygenase, lipid peroxidating enzyme Wang et al. (33) Drazen et al. (52)
implicated in inflammatory disorders
FLG Filaggrin, aggregates keratin intermediate filaments Personal communication Palmer et al. (53)
Y. Oda Vitamin D workshop (2006)
SOCS3 Suppressor of cytokine signaling 3 Ekelund et al. (54) Morales et al. (55)

Ige, immunoglobulin E.
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Second, it could not be shown so far that
administration of oral vitamin D suppresses lung
dendritic cell development. It seems, however,
questionable if a direct effect on lung dendritic
cells is being necessary. Primary allergen contact
may occur also in the gut mucosa (with food
allergy being often the first sign of the allergy
career). Swallowed airborne allergens can bypass
gastric digestion (60—65). This might be partic-
ular important in newborns where both the
intestinal barrier function as well as the immune
function is not fully developed (66—68). While
natural sunlight exposure is leading to a rather
distributed vitamin D accumulation, it is only in
the GALT where oral supplementation is leading
to a high local exposure. Oral vitamin D can
already be converted in the gut mucosa in its
active metabolites [both colon cells (69) and
macrophages (70, 71) seem to have all necessary
enzymes], where paracrine effects are leading to a
massively down-regulation of CD83 and CCR2
on T cells (50). Both markers are involved in the
homing of T cells (72, 73); in a suppressed state
they may open new circulation routes of vitamin
D exposed lymphocytes to other ‘allergen hot-
spots’ like skin, upper and lower airways. So far,
a combined ab initio exposure of vitamin D and
allergen has not been tested in experimental
models, although the interaction is likely from
allergen (74) and vitamin D studies (7). Any
beaten track will last for many years or even
decades of specific immunoglobulin E (IgE)
memory (75).

Third, there are a few reports of a co-occur-
rence of atopic dermatitis and rickets in the same
patient (76). This might be a chance observation
as the temporal sequence of events in these
patients is not been known. An initial high
vitamin D exposure may have triggered atopic
dermatitis (leading to consecutive sun depriva-
tion). A concomitant food allergy could have
been also responsible for calcium poor diet
(leading to rickets). On the other hand, there
are also case reports on allergic reactions because
of calcipotriol application (77).

Fourth, oral vitamin D supplements have been
advocated in asthma therapy to antagonize
steroid induced osteoporosis (78) and more
recently to boost steroid responsiveness (79).
This highlights the diversity of vitamin D actions
but does not necessarily conflict with the vitamin
D hypothesis where early timing, appropriate
dose and allergen co-exposure is being relevant.

Fifth, there is an unexplained observation that
a low cord blood vitamin D serum level is
associated with low IL-10 serum levels (80). IL-
10 has variously been considered as a Th;-
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associated mediator, particular in mice, but is
also associated with more severe asthmatic dis-
ease in humans. Given the potential bias of any
observational study, the Zittermann study awaits
further confirmation as it also contradicts experi-
mental studies (24).

Sixth, in a recent epidemiological study of
mother—child pairs in Massachusetts, the mater-
nal intake of each additional 100 IU vitamin D
in the first and second trimester was associated
with a lower childhood risk of wheezing and
asthma in the child (81). A reduced number of
respiratory infections by vitamin D may already
be expected from previous studies (82-86). As
asthma was defined as two or more reports of
wheezing (plus either parental history of asthma
or child diagnosis of eczema), it is possible that
the protective effect on ‘asthma’ may simply
reflect the fact that vitamin D reduces also the
number of multiple wheezing episodes.

Finally, the intricate question is about the
relationship to the prevailing hygiene hypothesis.
The hygiene hypothesis assumes that improved
living standards have lead to less frequent infec-
tions, where a less challenged immune system is
misdirected to allergens. A reduced rate as well as
lower severity of respiratory infections has been
observed with vitamin D prophylaxis (G. Soldner
2004, personal communication) which is consis-
tent with the increased infection rates found in
many studies of vitamin D deficient children (82—
86). The mechanism behind this observation
probably relates to lower levels of antimicrobial
peptides like cathelicidin (87).

Hygiene and vitamin hypotheses therefore
agree on lower respiratory infection rates albeit
in a different context. Reduced infection rates are
a causal factor in the hygiene hypotheses while
they constitute a secondary effect in the vitamin
hypothesis. As pointed out earlier, the observa-
tion of a lower allergy rate in farm children may
be explained either by the under-use of vitamin D
supplements in children who consume primarily
unpasteurized milk (88) or by a direct antagon-
istic effect of higher bacterial exposure in the
farm environment (14). Calcitriol pulsed dend-
ritic cells show a blunted response to LPS (24, 89)
by down-regulating TLR4 expression leading to
a hyporesponsiveness to PAMPs (90). Calcitriol
is long known to suppress key effector functions
of IFN-y activated macrophages, leaving DCs in
an immature state (9) and reduced phagocyte
functions (91). Corollary, LPS down-regulates
vitamin D receptor levels (92), reduces VDR
promoter binding (93) with consecutive NFxb
activation (94) while at the same time CDS80/
CD86 and HLA-DR expression increases (95).
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In summary, it might be possible that the
ubiquitous oral vitamin D exposure induces
allergy in a genetically susceptible subgroup.
According to the ‘thrifty genotype’ hypothesis
(96, 97), the European population has been
selected for alleles favoring better use of sunlight
(98) which could be confirmed very recently by
selective sweeps in genes determining skin color
(99) and vitamin D metabolism (100, 101). Is the
allergy epidemic a drawback that we are now
facing by having over-optimized our vitamin D
system?

A randomized clinical trial of vitamin D
supplementation in newborns could provide an
answer to a question where all other explana-
tions failed so far (102). Unfortunately there
will be three major problems: The ubiquitous
vitamin D occurrence in infant formulas will
confound any clinical trial and lead to discase
also in the control group. The genetic variants
responsible for vitamin D sensitivity needed for
block randomization between test groups are
also not known. Finally, there is an ethical
challenge as such a trial risks inducing rickets in
the control group.

The last problem seems to be manageable.
Common rickets may not be viewed simply as
vitamin D deficiency (103) as many other
dietary factors like calcium, phytate, phosphate
and fibers are as important as sun exposure
(104-106). Current experience in an anthropo-
sophic clinic at 48 ° latitude estimates the
annual incidence of observing early rickets
signs to be in the range of 1-500 untreated
children (D. Hilgard 2004, personal communi-
cation) Risks may be further minimized by
careful examination of study participants at
regular intervals. Also the non-random assort-
ment of risk genes between study groups could
partially be overcome by randomization of
children with a history of parental allergy.
The ubiquitous exposure to supplemental vita-
min D seems to be the most difficult challenge
where additional actions may be necessary to
control any nutritional vitamin D intake. If
these difficulties could be overcome, such a
clinical trial could provide an explanation to
the allergy epidemic.

Acknowledgments

I wish to thank Sigrid Dold and Elisabeth Andr¢ for their
long-time support; Margret Bahnweg and Christine Braig
for excellent laboratory work; Elina Hypp6nen and Darja
Obradovic for many helpful discussions on vitamin D ef-
fects; Dorte Hilgard and Georg Soldner for sharing
unpublished clinical observations. I am supported by GSF
FE program 73922 and EU FP6 Europrevall. I declare that
I have no conflicts of interest.

480

References

1.

2.

11.

13.

14.

16.

17.

20.

WHARTON B, BisHop N. Rickets. Lancet 2003: 362:
1389-400.

VIETH R. Why ‘Vitamin D’ is not a hormone, and not a
synonym for 1,25-dihydroxy-vitamin D, its analogs or
deltanoids. J Steroid Biochem Mol Biol 2004: 8§9-90:
571-3.

. LAMBERG-ALLARDT C. Vitamin D in foods and as

supplements. Prog Biophys Mol Biol 2006: 92: 33-8.

. SALLE BL, DELVIN EE, LAPILLONNE A, BisHor NJ,

GLoRrIEUX FH. Perinatal metabolism of vitamin D. Am
J Clin Nutr 2000: 71: 1317S-24.

. SAKURAI T, FurRukawAa M, AsoH M, Kanno T, Koi-

IMA T, YoneEkUBO A. Fat-soluble and water-soluble
vitamin contents of breast milk from Japanese women.
J Nutr Sci Vitaminol (Tokyo) 2005: 51: 239-47.

. VIETH R. The pharmacology of vitamin D, including

fortification strategies. In: FELDMAN D, PIKE JW,
GLorIEUX FH, eds. Vitamin D, Second Edition, Vol. 2,
Chapter 61. Amsterdam: Elsevier 2005.

. Kutuzova GD, DeELuca HF. Gene expression profiles

in rat intestine identify pathways for 1,25-dihydroxy-
vitamin D(3) stimulated calcium absorption and clarify
its immunomodulatory properties. Arch Biochem
Biophys 2004: 432: 152-66.

. PrRovvEDINI DM, Tsoukas CD, Dertos LJ, MANOLA-

Gas SC. 1,25-dihydroxyvitamin D3 receptors in hu-
man leukocytes. Science 1983: 221: 1181-3.

. AporINI L. Tolerogenic dendritic cells induced by

vitamin D receptor ligands enhance regulatory T cells
inhibiting autoimmune diabetes. Ann N Y Acad Sci
2003: 987: 258-61.

. HoLt PG, Upnam JW, Sry PD. Contemporaneous

maturation of immunologic and respiratory functions
during early childhood: implications for development
of asthma prevention strategies. J Allergy Clin Immu-
nol 2005: 116: 16-24; quiz 25.

Wist M, DoLb S. Genes, factor X, and allergens: what
causes allergic diseases? Allergy 1999: 54: 757-9.

. ANNESI-MAESANO 1. Perinatal events, vitamin D, and

the development of allergy. Pediatr Res 2002: 52: 3-5.
Wist M. The triple T allergy hypothesis. Clin Dev
Immunol 2004: 11: 175.

WisT M. Another explanation for the low allergy rate
in the rural Alpine foothills. Clin Mol All 2005: 3: 7.

. Wist M, DHARMAGE S, ANDRE E, et al. Latitude, birth

date, and allergy. PLoS Med 2005: 2: ¢294.
Froistrur H, SwARrTZ J, BERGSTROM A, et al. Allergic
disease and sensitization in Steiner school children.
J Allergy Clin Immunol 2006: 117: 59-66.

BoLTE G, FRYE C, HOELSCHER B, MEYER I, WisT M,
HEemnricH J. Margarine consumption and allergy
in children. Am J Respir Crit Care Med 2001: 163: 277—
9

. MONERET-VAUTRIN DA, HATAHET R, KANNY G, AIT-

DiJaFER Z. Allergenic peanut oil in milk formulas. The
Lancet 1991: 338: 1149.

. MIiLNER JD, STEIN DM, McCARTER R, MooN RY.

Early infant multivitamin supplementation is associ-
ated with increased risk for food allergy and asthma.
Pediatrics 2004: 114: 27-32.

HyppONEN E, Sovio U, Wist M, et al. Vitamin D
supplementation in infancy and the risk of allergies in
adulthood: a birth cohort study. Ann Am Acad Sci
2004: 1037: 84-95.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

DAvVEY SMITH G, EBRAHIM S. ‘Mendelian randomiza-
tion” can genetic epidemiology contribute to under-
standing environmental determinants of disease? Int J
Epidemiol 2003: 32: 1-22.

PrerFrFer CH. Vererbung und Rachitis. Eine medizin-
geschichtliche Studie. Kinderklinik der Medizinische
Akademie Diisseldorf Inaugural-Dissertation 1936.
RIEDERER VON PAAR V. Uber die Rachitis in Miinchen
im Jahre 1935. Bayerische Ludwig-Maximilians-Uni-
versitdt Miinchen 1936.

LyakH LA, SANFORD M, CHEKOL S, YOUNG HA,
RoBERTS AB. TGF-{beta} and vitamin D3 utilize
distinct pathways to suppress IL-12 production and
modulate rapid differentiation of human monocytes
into CD83+ dendritic cells. J Immunol 2005: 174:
2061-70.

RANDOLPH AG, LANGE C, SiLvERMAN EK, et al. The
IL12B gene is associated with asthma. Am J Hum
Genet 2004: 75: 709-15.

MoRrAHAN G, HuaNG D, Wu M, et al. Association of
IL12B promoter polymorphism with severity of atopic
and non-atopic asthma in children. Lancet 2002: 360:
455-9.

Hirota T, Suzuki Y, HAasEGawA K, et al. Functional
haplotypes of IL-12B are associated with childhood
atopic asthma. J Allergy Clin Immunol 2005: 116: 789—
95.

Wist M, ALTMULLER J, FAus-KESSLER T, Braic C,
BAHNWEG M, ANDRE E. Asthma families show trans-
mission disequilibrium of gene variants in the vitamin
D metabolism and signalling pathway. Respir Res
2006: 7: 60.

ManoN BD, WITTKE A, WEAVER V, CANTORNA MT.
The targets of vitamin D depend on the differentiation
and activation status of CD4 positive T cells. J Cell
Biochem 2003: 89: 922-32.

Bassuny WM, IHARA K, KIMURA J, et al. Association
study between interleukin-12 receptor betal/beta2
genes and type 1 diabetes or asthma in the Japanese
population. Immunogenetics 2003: 55: 189-92.
TakAHASHI N, AKAHOSHI M, MATSUDA A, et al.
Association of the ILI2RB1 promoter polymorphisms
with increased risk of atopic dermatitis and other
allergic phenotypes. Hum Mol Genet 2005: 14: 3149-59.
SHAFFER PL, GEwWIRTH DT. Structural basis of VDR-
DNA interactions on direct repeat response elements.
EMBO J 2002: 21: 2242-52.

WANG TT, TAVERA-MENDOZA LE, LAPERRIERE D,
et al. Large-scale in silico and microarray-based iden-
tification of direct 1,25-dihydroxyvitamin D3 target
genes. Mol Endocrinol 2005: 19: 2685-95.

BaLbpint M, LonmAN IC, HALONEN M, ERricksoN RP,
HoLt PG, MARTINEZ FD. A Polymorphism in the 5
flanking region of the CD14 gene is associated with
circulating soluble CD14 levels and with total serum
immunoglobulin E. Am J Respir Cell Mol Biol 1999:
20: 976-83.

ZAMBELLI-WEINER A, EHRLICH E, STOCKTON ML, et al.
Evaluation of the CD14/-260 polymorphism and house
dust endotoxin exposure in the Barbados Asthma
Genetics Study. J Allergy Clin Immunol 2005: 115:
1203-9.

WITTKE A, WEAVER V, MAHON BD, AucusTt A, CAN-
TORNA MT. Vitamin D receptor-deficient mice fail to
develop experimental allergic asthma. J Immunol 2004:
173: 3432-6.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Vitamin D slant on allergy

Lewis G, RapsoMaNIKI E, Bouriez T, et al. Hyper IgE
in New Zealand black mice due to a dominant-negative
CD23 mutation. Immunogenetics 2004: 56: 564-71.
PooN AH, Larrise C, LEMIRE M, et al. Association of
vitamin D receptor genetic variants with susceptibility
to asthma and atopy. Am J Respir Crit Care Med 2004:
170: 967-73.

RABY BA, LAazarus R, SiLVERMAN EK, et al. Associ-
ation of vitamin D receptor gene polymorphisms with
childhood and adult asthma. Am J Respir Crit Care
Med 2004: 170: 1057-65.

Wist M. Genetic variants in the vitamin D receptor
and childhood asthma. BMC Genet 2005: 6: 2.
Hakim I, BAR-SHAvVIT Z. Modulation of TNF-alpha
expression in bone marrow macrophages: involvement
of vitamin D response element. J Cell Biochem 2003:
88: 986-98.

Micita O, NocgucHl E, Koca M, et al. Haplotype
analysis of a 100 kb region spanning TNF-LTA iden-
tifies a polymorphism in the LTA promoter region that
is associated with atopic asthma susceptibility in Japan.
Clin Exp Allergy 2005: 35: 790-6.

LAurs J, ANDRASON H, SIGVALDASON A, et al. Associ-
ation of vitamin D binding protein variants with
chronic mucus hypersecretion in Iceland. Am J Phar-
macogenomics 2004: 4: 63-8.

Wist M. Maternal vitamin D status and childhood
bone mass. Lancet 2006: 367: 1316.

NAGARKATTI R, Rao CB, RisHI JP, et al. Association
of IFNG gene polymorphism with asthma in the In-
dian population. J Allergy Clin Immunol 2002: 110:
410-2.

GoHLKE H, ILLIG T, BAHNWEG M, et al. Association of
the interleukin-1 receptor antagonist gene with asthma.
Am J Respir Crit Care Med 2004: 169: 1217-23.
HeiNnzMANN A, AHLERT I, Kurz T, BERNER R,
DEeicHMANN KA. Association study suggests opposite
effects of polymorphisms within IL8 on bronchial
asthma and respiratory syncytial virus bronchiolitis.
J Allergy Clin Immunol 2004: 114: 671-6.

DeEwaARrR JC, WILKINSON J, WHEATLEY A, et al. The
glutamine 27 beta2-adrenoceptor polymorphism is
associated with elevated IgE levels in asthmatic famil-
ies. J Allergy Clin Immunol 1997: 100: 261-5.
WEIDINGER S, KLopp N, RUMMLER L, et al. Associ-
ation of CARDI15 polymorphisms with atopy-related
traits in a population-based cohort of Caucasian
adults. Clin Exp Allergy 2005: 35: 866-72.

GrIFFIN MD, XiNG N, Kumar R. Gene expression
profiles in dendritic cells conditioned by 1,alpha,25-
dihydroxyvitamin D3 analog. J Steroid Biochem Mol
Biol 2004: 89-90: 443-448.

Mitsuvyasu H, IzuHARA K, Mao XQ, et al. Ile50Val
variant of IL4R alpha upregulates IgE synthesis and
associates with atopic asthma. Nat Genet 1998: 19:
119-20.

DRrRAZEN JM, YANDAVA CN, Duske L, et al. Pharma-
cogenetic association between ALOXS5 promoter
genotype and the response to anti-asthma treatment.
Nat Genet 1999: 22: 168-70.

PALMER CN, IRVINE AD, TERRON-KWIATKOWSKI A,
et al. Common loss-of-function variants of the epider-
mal barrier protein filaggrin are a major predisposing
factor for atopic dermatitis. Nat Genet 2006: 38: 441-6.
ExELUND E, SAAF A, TENGVALL-LINDER M, et al. Ele-
vated expression and genetic association links the

481



Wist

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

482

SOCS3 gene to atopic dermatitis. Am J Hum Genet
2006: 78: 1060-5.

MoraALEs O, FAuLps MH, LINDGREN UJ, HALDOSEN
LA. 1,alpha,25-dihydroxyvitamin D3 inhibits GH-in-
duced expression of SOCS-3 and CIS and prolongs
growth hormone signaling via the Janus Kkinase
(JAK2)/signal transducers and activators of transcrip-
tion (STATS) system in osteoblast-like cells. J Biol
Chem 2002: 277: 34879-84.

MATHEU V, BAck O, MonNDoc E, ISSAZADEH-NAVIKAS
S. Dual effects of vitamin D-induced alteration of TH1/
TH2 cytokine expression: enhancing IgE production
and decreasing airway eosinophilia in murine allergic
airway disease. J Allergy Clin Immunol 2003: 112: 585—
92.

NAGPAL S, NA S, RATHNACHALAM R. Noncalcemic
actions of vitamin D receptor ligands. Endocr Rev
2005: 26: 662-87.

BeLLou A, FinN WE. Costimulation: critical pathways
in the immunologic regulation of asthma. Curr Allergy
Asthma Rep 2005: 5: 149-54.

Znou C, AsseM M, TAy JC, et al. Steroid and xeno-
biotic receptor and vitamin D receptor crosstalk
mediates CYP24 expression and drug-induced osteo-
malacia. J Clin Invest 2006: 116: 1703-12.
PassaLAcQUA G, ALTRINETTI V, MARIANI G, et al.
Pharmacokinetics of radiolabelled Par j 1 administered
intranasally to allergic and healthy subjects. Clin Exp
Allergy 2005: 35: 880-3.

BURNETT GR, WickHAM M, FILLERY-TRAVIS A, et al.
Interaction between protein allergens and model gastric
emulsions. Biochem Soc Trans 2002: 30: 916-8.
JorDE W, JorDE UP. Antigen resorption from the
gastrointestinal tract. A historical perspective on the
pathophysiological foundation of modern sublingual/
oral immunotherapy. Chem Immunol Allergy 2003: 82:
25-32.

MoreNo FJ, MELLON FA, WickHAM MS, BOTTRILL
AR, MiLLs EN. Stability of the major allergen Brazil
nut 2S albumin (Ber e 1) to physiologically relevant
in vitro gastrointestinal digestion. FEBS J 2005: 272:
341-52.

WiLsoNn DR, Torres LI, DurHAM SR. Sublingual
immunotherapy for allergic rhinitis. Cochrane Data-
base Syst Rev 2003: CD002893.

UNTERSMAYR E, BAkos N, ScHoLL I, et al. Anti-ulcer
drugs promote IgE formation toward dietary antigens
in adult patients. FASEB J 2005: 19: 656-8.

HeLm RM, ERMEL RW, Frick OL. Nonmurine animal
models of food allergy. Environ Health Perspect 2003:
111: 239-44.

BraNDTZAEG PE. Current understanding of gastroin-
testinal immunoregulation and its relation to food
allergy. Ann N'Y Acad Sci 2002: 964: 13-45.
DIETERT RR, PIEPENBRINK MS. Perinatal immunotox-
icity: why adult exposure assessment fails to predict
risk. Environ Health Perspect 2006: 114: 477-83.
Cross HS, LipkiN M, KarrLAy E. Nutrients regulate the
colonic vitamin D system in mice: relevance for human
colon malignancy. J Nutr 2006: 136: 561-4.

QuinN CM, Jessup W, WONG J, KRITHARIDES L,
Brown AJ. Expression and regulation of sterol 27-
hydroxylase (CYP27A1) in human macrophages: a role
for RXR and PPARgamma ligands. Biochem J 2005:
385: 823-30.

71.

72.

73.

74.

75.

76.

7.

78.

79.

81.

82.

&3.

84.

85.

86.

87.

88.

MaTHIEU C, ADORINI L. The coming of age of 1,25-
dihydroxyvitamin D(3) analogs as immunomodulatory
agents. Trends Mol Med 2002: 8: 174-9.

CRAMER SO, TRUMPFHELLER C, MEHLHOOP U, MORE
S, FLEISCHER B, von BoNIN A. Activation-induced
expression of murine CD83 on T cells and identifica-
tion of a specific CD83 ligand on murine B cells. Int
Immunol 2000: 12: 1347-51.

Yorp AC, Fu S, HoNiG SM, et al. FTY720-enhanced T
cell homing is dependent on CCR2, CCR5, CCR7, and
CXCR4: evidence for distinct chemokine compart-
ments. J Immunol 2004: 173: 855-65.

WEINER HL. The mucosal milieu creates tolerogenic
dendritic cells and T(R)1 and T(H)3 regulatory cells.
Nat Immunol 2001: 2: 671-2.

MiTRE E, NutMAN TB. IgE memory: persistence of
antigen-specific IgE responses years after treatment of
human filarial infections. J Allergy Clin Immunol 2006:
117: 939-45.

Fox AT, Du Toit G, LANG A, Lack G. Food allergy
as a risk factor for nutritional rickets. Pediatr Allergy
Immunol 2004: 15: 566-9.

KrAGBALLE KE. Vitamin D in Dermatology. New
York: Marcel Dekker 2000.

Remb IR, VEALE AG, France JT. Glucocorticoid
osteoporosis. J Asthma 1994: 31: 7-18.

XystrRAKIS E, KusumMAkAR S, BosweLL S, et al.
Reversing the defective induction of IL-10-secreting
regulatory T cells in glucocorticoid-resistant asthma
patients. J Clin Invest 2006: 116: 145-55.

. ZITTERMANN A, DEMBINSKI J, STEHLE P. Low vitamin

D status is associated with low cord blood levels of the
immunosuppressive cytokine interleukin-10. Pediatr
Allergy Immunol 2004: 15: 242-6.

CaMARGO CAJ, Riras-SHIMAN SL, LitoNnjuA AA,
et al. Prospective study of maternal intake of vitamin
D during pregnancy and risk of wheezing illnesses in
children at age 2 years. J Allergy Clin Immunol 2006: in
press.

BEeser E, Cakmakct T. Factors affecting the morbidity
of vitamin D deficiency rickets and primary protection.
East Afr Med J 1994: 71: 358-62.

WAYSE V, Yousarzal A, MoGaLE K, FILTEAU S.
Association of subclinical vitamin D deficiency with
severe acute lower respiratory infection in Indian chil-
dren under 5 'y. Eur J Clin Nutr 2004: 58: 563-7.
NajapAa AS, HABasHNEH MS, KHADER M. The fre-
quency of nutritional rickets among hospitalized in-
fants and its relation to respiratory diseases. J Trop
Pediatr 2004: 50: 364-8.

SACHAN A, GurTA R, DAs V, AGARWAL A, AWASTHI
PK, BHATIA V. High prevalence of vitamin D deficiency
among pregnant women and their newborns in nor-
thern India. Am J Clin Nutr 2005: 81: 1060—4.

MuHE L, LULSEGED S, MAsoN KE, SiMoEs EA. Case-
control study of the role of nutritional rickets in the
risk of developing pneumonia in Ethiopian children.
Lancet 1997: 349: 1801-4.

Liu PT, StenGer S, L1 H, et al. Toll-like receptor
triggering of a vitamin D-mediated human antimicro-
bial response. Science 2006: 311: 1770-3.

PerkIN MR, STRACHAN DP. Which aspects of the
farming lifestyle explain the inverse association with
childhood allergy? J Allergy Clin Immunol 2006: 117:
1374-81.



89.

90.

91.

92.

93.

94.

95.

96.

Kurpers H, HuprA D, DE VRiEs VC, et al. Lipopoly-
saccharide-induced suppression of airway Th2
responses does not require IL-12 production by dend-
ritic cells. J Immunol 2003: 171: 3645-54.

SADEGHI K, WESSNER B, LAGGNER U, et al. Vita-
min D3 down-regulates monocyte TLR expression and
triggers hyporesponsiveness to pathogen-associated
molecular patterns. Eur J Immunol 2006: 36: 367-70.

HeLmiNG L, Bosk J, EHRCHEN J, et al. lalpha,25-Di-
hydroxyvitamin D3 is a potent suppressor of interferon
gamma-mediated macrophage activation. Blood 2005:
106: 4351-8.

PraMANIK R, AspLIN JR, LINDEMAN C, Favus MJ, Bal
S, Cok FL. Lipopolysaccharide negatively modulates
vitamin D action by down-regulating expression of
vitamin D-induced VDR in human monocytic THP-1
cells. Cell Immunol 2004: 232: 173-143.

DonG X, Lutz W, SCHROEDER TM, et al. Regulation
of relB in dendritic cells by means of modulated
association of vitamin D receptor and histone de-
acetylase 3 with the promoter. Proc Natl Acad Sci USA
2005: 102: 16007-12.

EquiLs O, Naik1 Y, SHAPIRO AM, et al. 1,25-Dihyd-
roxyvitamin D inhibits lipopolysaccharide-induced
immune activation in human endothelial cells. Clin Exp
Immunol 2006: 143: 58-64.

ALExis NE, LAy JC, ALMOND M, BROMBERG PA, Pa-
TEL DD, PEDEN DB. Acute LPS inhalation in healthy
volunteers induces dendritic cell maturation in vivo. J
Allergy Clin Immunol 2005: 115: 345-50.

NEeeL JV. Diabetes mellitus: a ‘thrifty’ genotype ren-
dered detrimental by ‘progress”? Am J Hum Genet
1962: 14: 353-62.

97

98

99

100.

101.

102.

103.

104.

105.

106.

Vitamin D slant on allergy

. GLuckMaN PD, HansoN MA. Living with the past:
evolution, development, and patterns of disease. Sci-
ence 2004: 305: 1733-6.

. Loomis WF. Vitamin D, sunlight, and natural selec-
tion. Science 1968: 159: 653.

. VoiGgHT BF, KUDARAVALLI S, WEN X, PRITCHARD JK.

A map of recent positive selection in the human gen-

ome. ¢72. PLoS Biol 2006: 4:

THompsoN EE, KuttaB-BourLos H, WITONSKY D,

YANG L, Roe BA, D1 RiENzo A. CYP3A variation and

the evolution of salt-sensitivity variants. Am J Hum

Genet 2004: 75: 1059-69.

GurtA RP, HE YA, PaTrick KS, HALPERT JR, BELL

NH. CYP3A4 is a vitamin D-24- and 25-hydroxylase:

analysis of structure function by site-directed muta-

genesis. J Clin Endocrinol Metab 2005: 90: 1210-9.

AMON A, PaHL A, SzeLeENYI 1. Is asthma research in

dead end? Exp Toxicol Pathol 2006 (Suppl. 2): 57: 45—

7.

HocHBERG ZE. Rickets: it’s not just vitamin D defici-

ency. Curr Opin Endocrinol Diabetes 2001: 8: 23-8.

TuHacHER TD, PeTTIFOR JM, FiscHER PR, OkoLoO SN,

PRENTICE A. Case-control study of breast milk calcium

in mothers of children with and without nutritional

rickets. Acta Paediatr 2006: 95: 826-32.

PeTTIFOR JM. Nutritional rickets: deficiency of vitamin

D, calcium, or both? Am J Clin Nutr 2004: 80: 17255~

9.

DunNIGAN MG, HENDERSON JB, HOLE DJ, BARBARA

MAWER E, BERRY JL. Meat consumption reduces the

risk of nutritional rickets and osteomalacia. Br J Nutr

2005: 94: 983-91.

483



