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Vitamin D and the Adaptive Immune System with Special Emphasis to Al-
lergic Reactions and Allograft Rejection
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Abstract: Tolerance induction is a fascinating option to prevent allergic diseases or allograft rejection. Calcitriol is the
hormonal form of vitamin D and is produced by two hydroxylation steps: a hepatic 25-hydroxylation of vitamin D and a
subsequent renal 1a-hydroxylation. Calcitriol has important immunomodulatory properties. Calcitriol can prevent those
inflammatory processes which are responsible for allograft rejection, whereas its effects on immunological responses re-
lated to allergic reactions are more complex and not fully elucidated. This article summarizes present knowledge on vita-
min D and the adaptive immune system. Experimental and clinical studies support the assumption that calcitriol can de-
crease the risk of allograft rejection. Prospective randomized clinical trials are however needed to clarify whether admini-
stration of calcitriol, some of its analogues, or simple vitamin D supplementation is able to prevent rejection in solid organ
transplanted patients. With respect to allergic reactions, human data are inconsistent at present. Some argue that vitamin D
deficiency may cause allergic reactions whereas others argue that vitamin D excess leads to an increased allergy risk. In
this context, current strategy of vitamin D supplementation in infants and the possibility of a bimodal effect on allergic re-

actions of both, vitamin D deficiency and excess are discussed.
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INTRODUCTION

In the 1960s, the prevalence of asthma and allergic reac-
tions began to increase worldwide [1]. Despite this global
phenomenon, the prevalence is higher in industrialized coun-
tries than in developing countries [2]. Nevertheless, in indus-
trialized countries allergic reactions are uncommon in farm-
ers children compared with the children of non-farmers [3].
It is estimated by the American Academy of Allergy,
Asthma & Immunology that approximately 36 million peo-
ple (11% of the US population) suffer from allergic rhinitis
and approximately 3 million people (about 3% of the US
population) suffer from asthma. The prevalence of atopic
dermatitis has doubled or tripled in industrialized countries
during the past three decades; 15 to 30% of children and 2 to
10% of adults are affected [4]. According to the hygiene
hypothesis, allergic diseases are caused by inappropriate
immunological responses to harmless antigens driven by an
immune response mediated by specific T helper cells.
However, the hygiene hypothesis of allergic reactions has
recently been questioned [5]. Thus, the etiology of allergic
reactions still remains largely unclear.

It was also in the 1960s that powerful immunosuppres-
sives became available and allowed performing solid organ
transplantation and helped decreasing the chance of allograft
rejection. In the 1980s, new techniques and new medications
helped making organ transplantation a safer, more effective
and more routine procedure. So far, approximately 25,000
lung transplantations, 75,000 heart transplantations, and
more than 400,000 kidney transplantations have been per-
formed worldwide. In addition, around 11,000 to 13,000
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liver transplantations are performed each year. Nevertheless,
prevention of acute and chronic allograft rejection still re-
mains a challenge.

Vitamin D has long been known for its essential role in
regulating calcium and bone metabolism. Within the last 20
years, however, it became also increasingly clear that vita-
min D exerts important immunomodulatory properties. This
review article outlines present knowledge on vitamin D’s
role in the adaptive immune system. In addition, possible
clinical implications with respect to allergic reactions and
allograft rejection are summarized.

PATHOPHYSIOLOGY OF ALLERGIC REACTIONS
AND ALLOGRAFT REJECTIONS

Pathophysiology of Allergy

During a first contact with the allergen, a sensitization
takes place with is characterized by an activation of specific
T helper (Th) cells. Th cells comprise a key component of
the immune defense and can be differentiated into at least 4
distinct subsets (Fig. 1). Th2 cells are important in eradicat-
ing parasites, whereas Thl cells provide protection against
intracellular pathogens. T helper 17 cells (Thl7) protect
against bacterial and fungal infection. Regulatory T cells
(Treg cells) are crucial for the maintenance of immunological
tolerance. Their major role is to shut down T cell-mediated
immunity toward the end of an immune reaction and to
suppress auto-reactive T cells. A strong Th2 predominance
leads to pathologic conditions such as overproduction of IgE
and allergic diseases, whereas a strong Thl predominance
leads to autoimmunity and severe allograft rejection. Th17
also contribute to autoimmune disease. Generally, the out-
come of Th cell differentiation is dictated by dendritic cell
(DCs), the microenvironment, or both. DCs are highly spe-
cialized antigen presenting cells (APCs). Their main function
is to process antigen materials and present it on the surface
to T cells. DCs are critical for the initiation of T cell re-
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sponses. For differentiation into subsets of Th cells, naive T
cells need to be first induced by macrophage-derived cytoki-
nes such as interleukin (IL)-1, IL-6, IL-12, and tumor necro-
sis factor (TNF)-a to differentiate into ThO cells. Thereafter,
these cells further differentiate under the influence of antigen
presenting DCs to Th subsets [6]. Thl cells produce IL-2
and interferon-y, whereas Th2 cells produce 1L-4, IL-5, and
IL-13. Human Th17 produce IL-17, IL-22, and IL-26 [7]. It
has been assumed that a subtle balance between Thl and Th2
cells is provided under normal conditions [8]. However, it
becomes also increasingly clear that regulation is much more
complex than previously thought. There is probably more
flexibility in cytokine production than would be predicted
from the terminal differentiation model of Thl versus Th2
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Fig. (1). Activation of T helper cells. Abbreviations: IL, interleukin;
TNF, tumor necrosis factor; IFN, interferon; Th, T helper; Treg,
regulatory T.

It is present knowledge that Th2 cells induce B cells to
produce specific IgE against the allergen. Allergic reactions
are characterized by excessive degranulation of mast cells
after activation by allergen-specific IgE, resulting in an
extreme inflammatory response. It also depends on the avail-
ability of protective factors whether or not an allergic reac-
tion occurs. IL-10 is such a protective factor. High levels of
IL-10 act as an inhibitor of mast cell degranulation [9], and
successful immunotherapy with bee venom is associated
with a sharp increase in IL-10 production by T ells [10]. In
addition, peripheral mononuclear cells from allergic indi-
viduals have lower spontaneous and stimulated IL-10 pro-
duction than those from normal subjects [11].

Pathophysiology of Solid Organ Rejection

Rejection is mediated through both T cells and humoral
immune (antibodies) mechanisms. The number of
mismatched alleles determines the speed and magnitude of
the rejection response. Solid organ rejection involves an
activation of T-lymphocytes against alloantigen by one of
two pathways: a direct interaction with foreign antigens
presented by endothelial cells, monocytes, or DCs in associa-
tion with major histocompatibility complex (MHC) proteins
and indirect interaction with foreign peptides processed and
presented by recipient APCs in association with recipient
MHC proteins [12]. This presentation of antigen results in an
activation of Thl cells. Other cytokines secreted such as
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TNF-a, I1L-4, 1L-5, and IL-6, stimulate the activation and
proliferation of macrophages, B cells, and other cells in-
volved in the inflammatory response. The immune cascade
leads to damage of the donor endothelial cells, vascular
smooth muscle cells, and myocytes which presents clinically
as acute or chronic rejection. It is also noteworthy that the
cytokine 1L-10 plays a pivotal regulatory role in tolerating
exogenous antigens [13] by inhibiting APC function and
cytokine production by macrophages and DCs, leading to
profound inhibition of Thl cell-mediated immunity.

Administration of immunosuppressive agents has re-
duced the risk of rejections substantially. The calcineurin
inhibitors (CNI) cyclosporine A (CsA) and tacrolimus
(FK506) downregulate expression of IL-2 and other proin-
flammatory cytokines. Azathioprine inhibits DNA synthesis
in lymphocytes and mycophenolte mofetil (MMF) blocks the
proliferative response. The mTOR (mammalian target of
rapamycin) inhibitors sirolimus (rapamycin) and its deriva-
tive everolimus block several events downstream of the IL-2
receptor. Immunospressive drugs such as glucocorticoids,
MMF, and mTOR inhibitors impair DC maturation and in-
hibit upregulation of costimulatory molecules. There is also
some evidence that the CNIs CsA and tacrolimus have an
inhibitory effect on DCs [14]. Immunosuppressive manage-
ment is, however, associated with severe short-term and
long-term adverse effects such as an increased risk of infec-
tion and malignancies. Some immunosuppressive agents
such as glucocorticoids and CNIs are associated with an
increased risk of osteoporosis [15]. In addition, CNIs are
nephrotoxic. Due to the aforementioned various side effects
of immunosuppressive agents, one can say that the ideal
immunosuppression would be no immunosuppression.

VITAMIN D AND THE ADAPTIVE IMMUNE SYS-
TEM

Vitamin D is metabolized by a hepatic hydroxylase into
25-hydroxyvitamin D (25(OH)D) and by a renal la-
hydroxylase into the vitamin D hormone 1,25 dihydroxyvi-
tamin D (calcitriol). This step is under control of parathyroid
hormone (PTH). However, in case of vitamin D defi-
ciency/insufficiency, renal synthesis of calcitriol becomes
substrate dependent. i.e. dependent on the circulating
25(OH)D concentration [16]. Calcitriol is also produced by
local 1a-hydroxylases from its precursor 25-hydroxyvitamin
D in various extra-renal cells, among them immune cells
such as monocytes, DCs, and B cells [6,17,18]. Here, cal-
citriol plays an important autocrine role. Uptake of 25(OH)D
into extra-renal tissues is reduced in case of low circulating
calcitriol levels [19]. Although it has been assumed that
extra-renal calcitriol concentrations depend on circulating
25(0OH)D levels [20], there is also evidence that the activa-
tion step of 250HD in extrarenal tissues into calcitriol is
independent of serum 250HD levels [21,22]. Receptors for
the vitamin D hormone (VDR) are expressed in almost all
tissues and cells, including different cells of the immune
system such as T cells, activated B cells, and DCs.

Activation of the adaptive immune system is complex.
Generally, it is of importance that specific pathways of the
specific immune system are adequately suppressed in order
to avoid autoimmune diseases, allograft rejection, and aller-
gic reactions. Of clinical importance is the fact that DCs may
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induce naive T cells in an immunogenetic direction but also
in a tolerogenic direction, depending on the state of their
maturation and their cell surface receptor [23,24]. Tolero-
genic DCs generally are semimature with increased expres-
sion of MHC class II and B7-2, but low expression of CD40
and no production of the proinflammatory cytokines IL-6
and TNF-a [25]. Calcitriol appears to generate tolerogenic
DCs in vivo, as demonstrated in models of transplanatation
and autoimmune disease [26,27]. DCs appear to be key tar-
gets of calcitriol [28]. Calcitriol arrest the differentiation and
maturation of DCs, maintaining them in an immature state,
as shown by decreased expression of maturation markers and
increased antigen uptake [29]. A number of studies have
demonstrated that treatment of DCs with calcitriol down-
regulates the expression of the costimulatory molecules
CD40, CD80, CD86. Calcitriol also decreases 1L-12 synthe-
sis. Calcitriol is able to enhance the secretion by DCs of the
anti-inflammatory and anti-allergic cytokine IL-10 [30]. In
addition, calcitriol inhibits NF-xB, which is involved in the
inflammatory response and in DC maturation [30]. Since
DCs play a central role in initiating immune responses, cal-
citriol could play a pivotal role in reducing immune recogni-
tion and blunting the immune response. In line with this
suggestion, calcitriol was shown to inhibit antigen-induced T
cell proliferation [31]. This effect may at least in part also be
due to an induction of T regulatory cells [26,27]. They are
able to inhibit T cell response and secrete high levels of IL-
10 when stimulated in the presence of dexamethasone and
calcitriol [32].

Administration of calcitriol can prevent strong Thl re-
sponses [33], whereas its effects on Th2 cells are more com-
plex and not fully elucidated [34]. Calcitriol has been re-
ported to upregulate [35-37], downregulate [38], or exert no
effect [39,40] on IL-4 production and Th2 differentiation.
Heine et al. [18] have demonstrated that activation of human
B cells induces 1-o-hydroxylase expression. Accordingly,
these B cells secrete significant amounts of calcitriol. Cal-
citriol enhances IL-10 expression of activated B cells more
than threefold [18]. Thus, activated B cells not only produce
allergic substances such as IgE but also an anti-allergic and
anti-inflammatory substance like IL-10.

VITAMIN D AND ALLERGIC REACTIONS
Experimental Data

VDR deficient mice fail to display major immune ab-
normalities [41] and do not develop experimental allergic
asthma [42], whereas mice with a deficiency in the 1-o hy-
droxylase, required for calcitriol synthesis, show enlarged
lymph nodes and a reduced number of CD4+ and CDS8+
peripheral T cells [43]. Since it has been suggested that the
VDR itself has specific regulatory effects [44], results from
VDR knock-out mice must be interpreted with care and
cannot be simply related to the situation in vitamin D defi-
cient humans. In patients with steroid resistant asthma, ad-
ministration of vitamin D was shown to reverse steroid resis-
tance through induction of IL-10 secreting T regulatory cells
[32]. Calcitriol can reduce airway inflammatory response in
bronchoalveolar lavage in a rat model of allergic asthma
[45]. This effect is at least in part due to a dose-dependent
attenuation of the expression of inducible nitric oxide syn-
thase. Calcitriol potentiates the beneficial effects of allergen
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immunotherapy in a mouse model of allergic asthma [25].
Calcitriol significantly reduces antigen-specific IgE levels,
airway hyperresponsiveness, eosinophilia, and Th2-related
cytokines concomitant with increased IL-10 levels in lung
tissue and antigen-specific IgA in serum [25]. On the con-
trary, early treatment with calcitriol augmented allergen
induced T cell proliferation along with Th2 cytokine and IgE
production in mice [46]. However, airway cosinophilia was
also decreased in this murine allergic airway disease. Al-
though investigations were performed with the vitamin D
hormone calcitriol, the authors suggest from their studies
that excess vitamin D supplementation could influence the
development of sustained Th2 response, leading to increased
prevalence of allergy.

Epidemiology

At present, the vitamin D hypothesis takes two forms:
Some argue that vitamin D deficiency may cause allergic
reactions whereas others argue that vitamin D excess leads to
an increased allergy risk. Wjst is a representative of the pro-
ponents of the latter hypothesis. He argues that the increase
in allergies in Bavaria after 1960 coincided with vitamin D
supplementation intervention programs to prevent rickets in
childhood. Moreover, both, adherence to these programs and
prevalence of allergies in children seem to be lower in farm-
ing communities in Bavaria (5). The farm protection is ob-
served mainly during the first year of life [47], when vitamin
D supplementation is also recommended. Wjst’s hypothesis
is based on the assumption that vitamin D may lead to Th2
predominance and increased IgE production. Wjst has also
assumed that margarine fortification in Germany (2.5 pg
vitamin D/100g margarine) may contribute to allergic dis-
eases [48]. Generally, his hypothesis is supported by findings
that maternal 25(OH)D in late pregnancy was inversely as-
sociated with asthma in their 9-year-old offspring [49]. Hyp-
ponen et al. [50] found that regular infant vitamin D supple-
mentation with 50 pg/day in the first year was associated
with a 66% and 46% higher risk for atopy and allergic rhini-
tis, respectively at age 31 years. In that investigation, asthma
risk at age 31 years was 4-times higher in subjects who had
received 50 pg or more vitamin D/day during infancy com-
pared to less than 50 pg vitamin D daily. Examinations of
250HD levels in 18,224 adults of NHANES III found no
sensitization to a single allergen. However, the prevalence of
allergic rhinitis increased across quartile groups of current
vitamin D serum levels [51].

It is noteworthy that several other epidemiological stud-
ies support the vitamin D deficiency hypothesis of allergic
reactions. In cord blood, 250HD levels were twice as high in
summer than in winter samples. Moreover, IL-10 levels and
the ratio of IL-10 to IgE were significantly higher in the
summer half year compared to the winter half year [52].
Results fit well together with observations that especially
infants who are born in late autumn and winter have an in-
creased risk of developing pollen and food allergy [53]. In a
prospective cohort study of almost 1200 mother-child pairs
from the Northeast of the US, a higher maternal intake of
vitamin D during pregnancy was associated with a lower risk
of recurrent wheeze in children 3 years of age [54]. Interest-
ingly, a strong north-south gradient was observed for the
prescription of drugs used to treat anaphylaxis in the United
States, with the highest rates found in New England. It has
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been assumed that these results may be due to lower vitamin
D status in the Northeast than in the South of the US [55].
Xystrakis et al. [32] administered calcitriol to blood cells of
healthy persons and steroid-resistant asthmatic patients and
found that the intervention enhanced subsequent responsive-
ness to dexamethasone for induction of IL-10. Obese sub-
jects with deficient 250HD levels (<25 nmol/l) did not differ
in the prevalence of allergic rhinitis and asthma compared to
vitamin D replete subjects. However, deficient subjects were
more likely to report atopic dermatitis than their vitamin D-
replete counterparts [56].

The question arises whether one of the two aforemen-
tioned hypothesis is incorrect or whether it is possible that
there is a biphasic effect of vitamin D on allergic diseases,
e.g. an increased allergy risk at inadequately low and also at
excessively high 25(OH)D levels? Such an effect also seems
to exist with respect to vitamin D and vascular calcification
[57]. It is noteworthy that in the healthy adult population
vitamin D intoxications such as hypercalcemia do not occur
until oral vitamin D intake and serum 25(OH)D concentra-
tions exceed 250 pg/day and 500 nmol/l, respectively [58].
The amount of 250 pg corresponds to an intake of approxi-
mately 3-5 pg/kg body weight in adults. In Germany, the
current vitamin D recommendation for infants is 10 pg/day.
Vitamin D supplements for infants usually contain 12.5
pg/tablet. Since milk formula for infants are fortified with 10
pg vitamin D per liter, a non-breast fed infant receives addi-
tional 7.5 pg vitamin D with 750 ml milk formula. The re-
sulting daily vitamin D intake of 20ng/day is still regarded
acceptable [59]. In newborn, a daily vitamin D supplement
of 10 pg is equivalent to 2.2 pg/kg body weight. A re-
analysis of an earlier study of our group in adults demon-
strates that a daily vitamin D intake of 0.45 pg/kg body
weight increases 25(OH)D levels by 50 nmol/l [60]. In small
children, a daily vitamin D intake of 0.67 pg/kg/day results
in similar 25(OH)D increases [61] when taking into account
that vitamin D2 has lower bioavailability than vitamin D3.
Data indicate that a daily vitamin D intake of 10 ug in in-
fants (equivalent to 2.2 ng/kg/day) should result in an in-
crease in circulating 25(OH)D levels of 164 — 245 nmol/l. A
mean intake of 20 pg vitamin D may thus result in 250HD
levels of up to 500 nmol/l, whereas even higher levels may
have been achieved in Finnish newborns, which were sup-
plemented with 50 pg vitamin D daily in the 1960s. There-
fore, it cannot be definitively ruled out that the strategy to
prevent rickets with daily vitamin D amounts of up to 20-50
pg may have resulted in high 25(OH)D levels. However, this
can only be clarified by initiating a representative cohort
study in German infants in order to measure 25(OH)D levels.
Beyond infancy, there is no evidence for a risk of excessive
25(0OH)D levels in the general population. Available data in
children and adolescents indicate that vitamin D status is
rather too low than too high [62]. It should also be men-
tioned that 2.5 pg vitamin D (the amount which is added to
100 g margarine in Germany) is very low. Available data
indicate that at least in adults 2.5 pg is irrelevant to increase
25(OH)D substantially [63].

Intervention Trials

Very few intervention trials are available so far. In a
small, randomized, double-blind, placebo-controlled trial,
vitamin D, supplementation (25 pg/day) significantly im-
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proved skin symptoms in children with winter-related atopic
dermatitis [64]. In a study in heart failure patients, vitamin
D; supplementation (50 pg/day) was able to increase blood
levels of the anti-allergic cytokine IL-10 [60]. However, the
effect on allergic reactions has not been elucidated in that
earlier investigation.

VITAMIN D AND ALLOGRAFT REJECTION
Experimental Data

Activation of the VDR by calcitriol can prolong allograft
survival in heart, kidney, liver, pancreatic islets, skin, and
small bowel allografts [29]. This effect is associated with the
inhibition of leukocyte infiltration into the allograft. In sev-
eral studies, acute rejection has been further delayed by
combining VDR activation with a suboptimal dose of CsA or
other immunosuppressive agents (see below). While in kid-
ney transplanted rats both CsA and calcitriol (1 pg/kg/d)
prevented early post-transplant increases in the Thl cell
derived proinflammtory cytokine IL-2, only calcitriol re-
sulted in an increase in the Th2 derived cytokines IL-10 and
IL-4. It has been assumed that this increase may also con-
tribute to improved graft tolerance [65]. Similar results were
observed in orthotopic liver transplanted rats. However,
treatment with relatively high doses of calcitriol (2.5 pg
calcitriol/kg/day) resulted in hypercalcemia [66,67]. A com-
bination of low calcitriol doses (0.25 pg calcitriol/ kg/day)
with 1.0 mg CsA/kg/day had an additive effect on limiting
lymphocyte proliferation and prolonging liver graft survival
[68]. In rat lung allotransplantation, calcitriol (0.5 pg/kg/day)
and CsA (2.5 mg/kg/day) but not tacrolimus (40 pg/kg/day)
administration had strong additive effects on arterial oxygen
content [69]. Calcitriol markedly inhibits hepatocyte apopto-
sis by promoting the anti-apoptosis genes Bcl-2 and Bcel-xL
and inhibiting the pro-apoptosis genes Bax and caspase-3.
Calcitriol also decreases TNF-d& and interferon-y proteins in
rat liver allograft [70].

Gregori et al. [26] have demonstrated that short treatment
with calitriol and MMF induces tolerance to fully mis-
matched mouse islet allografts. Peritransplant macrophages
and DCs from tolerant mice expressed down-regulated
CD40, CD80, and CD86 costimulatory molecules. In addi-
tion, DCs from the graft area of tolerant mice secrete, upon
stimulation with CD4+ cells, 10-fold lower levels of IL-12
compared with DCs from acutely rejecting mice, and induce
a CD4+ T cell response characterized by selective abrogation
of interferon-y production. In human monocytes, treatment
with high amounts of calcitriol or one of its analogs was able
to significantly reduce excretion of IL-12 and TNF-a. In
addition, expression of major histocompatibility complex
class II antigens HLA-DR and B7.1 was reduced [71].

The calcitriol doses administered to experimental rats are
usually much higher than the amount of calcitriol adminis-
tered to humans (0.25-2.5 pg/kg body weight/day versus
0.25-1.0 pg/day). Hypercalcemia is a well known adverse
effect of calcitriol treatment in humans, e.g. in patients with
chronic kidney disease [72]. Therefore, various vitamin D
analogs such as paricalcitol and ZK 191784 have been syn-
thesized [71,73] (Fig. 2). Besides their potent immunomodu-
latory properties the advantage of some of these vitamin D
analogs over calcitriol is that they have a lower hypercalce-
mic effect. This allows administering higher doses without
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increasing the risk of hypercalcemia [72], hypercalciuria
[71], or vascular calcification [74].
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Fig. (2). Chemical structure of calcitriol and two vitamin D ana-
logues.

Clinical Trials

Ardalan et al. [75] investigated the effects of calcitriol
treatment (0.5 pg/day) on the immunological response in a
prospective study in renal transplant recipients. Compared to
a control group, calcitriol treatment started in the donor,
resulted in a significant increase in Treg cells. It was as-
sumed that this result indicates a potent immunosuppressive
action of calcitriol. Four retrospective studies evaluating the
effects of calcitriol on allograft function in renal transplant
recipients have been published so far [76-79]. These studies
included between 48 and 110 patients. Achenbrenner et al.
[76] found a significant deceleration in the rate of loss of
renal function following calcitriol treatment. O’Herrin ef al.
[77] demonstrated prolonged graft survival in calcitriol
treated patients compared to controls over a period of 3
years. Tanaci et al. [78] reported fewer cases of acute rejec-
tion after calcitriol treatment in osteoporotic renal transplant
recipients. However, mean time of graft survival did not
differ between groups. In the largest of the four studies,
published by Sezer ef al. [79], the calcitriol treated group
(n=53) required fewer pulse steroid doses to deal with rejec-
tion compared with the 57 non-treated patients of the control
group. These results are in general agreement with a retro-
spective study in heart transplant recipients. In patients re-
ceiving calcitriol (0.5 or 1.0 pg/day) no change in episodes
of rejction, infection, or deaths compared to patients who
were not treated with calcitriol was detected [80]. However,
calcitriol treated patients required substantially lower cumu-
lative doses of CsA (29% and 28% for 1 and 2 years, respec-
tively) for protection of organ rejection than the control
group. Although cumulative corticosteroid doses from pa-
tient diaries did not differ between groups, patients adminis-
tered calcitriol received significantly lower corticosteroid
doses at some time points (at 3 and 24 months) [80]. These
results are of clinical importance since compared to other
solid organ transplant recipients cardiac transplant recipients
receive relatively high doses of immunosuppressive agents.
This is due to the much more fatal effects of cardiac allograft
failure compared to failure of other organs such as renal
allograft failure. Therefore, dose reduction in these patients
is highly welcome.
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We have recently used a different approach to study the
effects of calcitriol on clinical outcome in cardiac transplant
recipients [81]. We did not study the effects of orally admin-
istered calcitriol but analyzed total mortality according to
tertiles of circulating levels of endogenously synthesized
calcitriol. Total mortality was significantly higher in the
tertile with the lowest calcitriol levels compared to the tertile
with the highest calcitriol levels. Since rejection and infec-
tion contributed significantly to total mortality in our study,
results indicate the problem of optimal immunosuppressive
therapy in clinical practise, as well as the possibility of an
enhanced risk of rejection and infection in patients with low
calcitriol levels.

Generally, calcitriol does not have the adverse short-term
and long-term effects of immunosuppressive agents such as
CsA and tacrolimus. There is evidence that calcitriol admini-
stration has protective effects on post-transplant bone loss
[82] and is thus able to attenuate the bone loss caused by
immunosuppressive agents such as CsA and tacrolimus. In
addition, calcitriol does not appear to increase opportunistic
infections [83], and may also decrease the risk of developing
malignancies [84]. Since inflammatory processes may sup-
press circulating calcitriol levels, patients with allograft
rejection may be at risk to enter a vicious circle of low cal-
citriol levels, the need of high doses of nephrotoxic immuno-
suppressive agents, and frequent allograft rejection (Fig. 3).

AYA

. . Elevated
Renal Low circulating .
. . - proinflammatory,
impairment calcitriol levels .
cytokines

\ VAV,

Fig. (3). Proposed vicious circle of low calcitriol levels, renal im-
pairment, and inflammatory processes.

CONCLUSIONS

Tolerance induction is a fascinating option to prevent
allergic diseases or allograft rejection. There is accumulating
evidence that the vitamin D hormone calcitriol plays a piv-
otal role in the modulation of immune responses. Calcitriol
seems to downregulate Thl cell response and might thus
prevent pathophysiological reactions associated with in-
flammatory processes such as autoimmune reactions and
allograft rejection. Prospective clinical trials are however
needed to clarify whether administration of calcitriol or some
of its analogues is able to prevent rejections in solid organ
transplanted patients. In addition, regulation of endogenously
synthesized calcitriol in solid organ transplant recipients has
to be studied more detailed. In this context, the question
arises whether or not it is possible to increase circulating
calcitriol levels by simple vitamin D supplementation in
these patients. Moreover, the impact of renal impairment,
including drug-induced nephrotoxicity, and inflammatory
processes on circulating calcitriol levels needs further clarifi-
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cation. Some have argued that calcitriol-mediated downregu-
lation of the Thl cell response might result in a strong Th2
predominance, leading to an increased allergy risk. However,
data about the effect of calcitriol on Th2 differentiation are
inconsistent at present. It is noteworthy that several preven-
tive calcitriol effects suppressing allergic reactions have also
been explored during recent years. During the last three
decades the prevalence of both, chronic diseases which are
associated with an activation of Th2 cells such as allergies
and chronic diseases which are associated with an activation
of Thl cells such as rheumatoid arthritis, have increased in
western societies. This does not support the hypothesis that
the increased allergy prevalence is associated with a shift
from Thl predominance towards Th2 predominance
Moreover, there is evidence that vitamin D insufficiency and
deficiency rather than vitamin D excess are epidemic in
western societies [85]. Nevertheless, it cannot be definitively
ruled out at present that especially during infancy the rela-
tively high amounts of vitamin D that have been adminis-
tered or are still given may be harmful with respect to the
development of allergic reactions.

REFERENCES

[1 Eder, W.; Ege, M.J.; von Mutius, E. The asthma epidemic. N. Engl.
J. Med., 2006, 355,2226-2235.

[2] ISAAC: The International Study of Asthma and Allergies in Child-
hood (ISAAC) Steering Committee. Worldwide variation in preva-
lence of symptoms of asthma, allergic rhinoconjunctivitis, and
atopic eczema. Lancet, 1998, 357, 1225-1232.

[3] Gassner-Bachmann,; M.: Wiithrich, B. Farmers children have a low
prevalence of hay fever and asthma. Dtsch. Med. Wschr., 2000,
125,924-931. [in German].

[4] Williams, H.; Flohr, C. How epidemiology has challenged 3 pre-
vailing concepts about atopic dermatitis. J. Allergy Clin. Immunol.,
2006, 718,209-213.

[5] Wijst, M. Another explanation for the low allergy rate in the rural
Alpine foothills. Clin. Mol. Allergy, 2005, 3, 7.

[6] Zittermann, A. Vitamin D in preventive medicine — are we ignoring
the evidence? Br. J. Nutr., 2003, 89, 552-572.

[7] Laurence, A.; O’Shea, J.J. Ty-17 differentiation: of mice and men.

Nat. Immunol., 2007, 8, 903-905.

[8] Bieber, T. Atopic dermatitis. N. Engl. J. Med., 2008, 358, 1483-
1494.

[9] Royer, B.; Varadaradjalou, S.; Saas, P.; Guillosson, J.J.; Kantelip,
J.P.; Arock, M. Inhibition of IgE-induced activation of human mast
cells by IL-10. Clin. Exp. Allergy, 2001, 31, 694-704.

[10] Akdis, C.A.; Blesken, T.; Akdis, M.; Wiithrich, B.; Blaser, K. Role
of interleukin-10 in specific immunotherapy. J. Clin. Invest., 1998,
102,98-106.

[11] Borish, L.; Aarons, A.; Rumbyrt, J.; Cvietusa, P.; Negri, J.;
Wenzel, S. Interleukin-10 regulation in normal subjects and pa-
tients with asthma. J. Allergy Clin. Immunol., 1996, 97, 1288-1296.

[12] Taylor, D.O. Cardiac transplantation: drug regimens for the 21st
century. Ann. Thorac. Surg., 2003, 75, S72-S78.

[13] Akdis, C.A.; Blaser, K. Mechanisms of interleukin-10-mediated
immune suppression. Immunology, 2001, 103, 131-136.

[14] Adorini, L.; Giarratana, N.; Penna, G. Pharamacological induction
of tolerogenic dendritic cells and regulatory T cells. Semin. Immu-
nol., 2004, 16, 127-134.

[15] Zittermann, A.; Schleithoff, S.S.; Koerfer, R. Markers of bone
metabolism in congestive heart failure. Clin. Chim. Acta., 2006,
366, 27-36.

[16] Zittermann, A. Vitamin D and disease prevention with special
reference to cardiovascular disease. Prog. Biophys. Mol. Biol.
2006, 92, 39-48.

[17] Hewison, M.; Burke, F.; Evans, K.N.; Lammas, D.A.; Sansom,
D.M.; Liu, P.; Modlin, R.L.; Adams, J.S. Extra-renal 25-
hydroxyvitamin D3-1alpha-hydroxylase in human health and dis-
ease. J. Steroid Biochem. Mol. Biol., 2007, 103,316-321.

[18] Heine, G.; Niesner, U.; Hyun-Dong, C.; Steinmeyer, A.; Ziigel,
U.; Zuberbier, T.; Radbruch, A.; Worm, M. 1,25-dihydroxyvitamin

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Zittermann et al.

D3 promotes IL-10 production in human B cells. Eur. J. Immunol.,
2008, 38,2210-2218.

Gallieni, M.; Kamimura, S.; Ahmed, A.; Bravo, E.; Delmez, J.;
Slatopolsky, E.; Dusso, A. Kinetics of monocyte 1 alpha-
hydroxylase in renal failure. Am. J. Physiol., 1995, 268, F746-
F753.

Holick, M.F. Vitamin D: the underappreciated D-lightful hormone
that is important for skeletal and cellular health. Curr. Opin. Endo-
crinol. Diabetes, 2002, 9, 87-98.

Liu, P.T.; Stenger, S.; Li, H.; Wenzel, L.; Tan, B.H.; Krutzik, S.R.;
Ochoa, M.T.; Schauber, J.; Wu, K.; Meinken, C.; Kamen, D.L.;
Wagner, M.; Bals, R.; Steinmeyer, A.; Zigel, U.; Gallo, R.L.;
Eisenberg, D.; Hewison, M.; Hollis, B.W.; Adams, J.S.; Bloom,
B.R.; Modlin, R.L. Toll-like receptor triggering of a vitamin D-
mediated human antimicrobial response. Science, 2006, 311, 1770-
1773.

Schauber, J.; Dorschner, R.A.; Coda, A.B.; Biichau, A.S.; Liu,
P.T.; Kiken, D.; Helfrich, Y.R.; Kang, S.; Elalich, H.Z.; Stein-
meyer, A.; Ziigel, U.; Bikle, D.D.; Modlin, R.L.; Gallo, R.L. Injury
enhances TLR2 function and antimicrobial peptide expression
through a vitamin D-dependent mechanism. J. Clin. Invest., 2007,
117,803-811.

Frasca, L.; Amendola, A.; Hornick, P.; Brookes, P.; Aichinger, G.;
Marelli-Berg, F.; Lechler, R.I.; Lombardi, G. Role of donor and re-
cipient antigen-presenting cells in priming and maintaining T cells
with indirect allospecificity. Transplantation, 1998, 66, 1238-1243.
Ng, W.F.; Hernandez-Fuentes, M.; Baker, R.; Chaudhry, A
Lechler, R.I. Reversibility with interleukin-2 suggests that T cell
anergy contributes to donor-specific hyporesponsiveness in renal
transplant patients. J. Am. Soc. Nephrol., 2002, 13,2983-2989.
Taher, Y.A.; van Esch, B.C.A.M.; Hofman, G.A.; Henricks, P.A.J.;
van Oosterhout, J.M. 1,a,25-Dihydroxyvitamin D3 potentiates the
beneficial effects of allergen immunotherapy in a mouse model of
allergic asthma: role of IL-10 and TGF-B. J. Immunol., 2008, 180,
5211-21.

Gregari, S.; Castrati, M.; Amuchastegui, S.; Smiroldo, S.; Davalli,
AM.; Adorini, L. Regulatory T cells induced by 1 alpha,25-
dihydroxyvitamin D3 and mycophenolate mofetil treatment medi-
ate transplantation tolerance. J. Immunol., 2001, 167, 1945-1953.
Gregori, S.; Giarratana, N.; Smiroldo, S.; Uskokovic, M.; Adorini,
L. A lalpha,25-dihydroxyvitamin D(3) analog enhances regulatory
T-cells and arrests autoimmune diabetes in NOD mice. Diabetes,
2002, 517, 1367-1374.

Mathieu, C.; Adorini, L. The coming of age of 1,25-
dihydroxyvitamin D3 analogs as immunomodulatory agents.
Trends Mol. Med., 2002, 8, 174-179.

Adorini, L.; Amuchastegui, S.; Daniel, K.C. Prevention of chronic
allograft rejection by vitamin D receptor agonists. [mmunol. Let-
ters, 2005, 100, 34-41.

Adorini, L.; Giarratana, N.; Penna, G. Pharmacological induction
of tolerogenic dendritic cells and regulatory T cells. Sem. Immu-
nol., 2004, 16, 127-134.

Bhalla, A.K.; Amento, E.P.; Serog, B.; Glimcher, L.H.1,25-
Dihydroxyvitamin D3 inhibits antigen-induced T cell activation. J.
Immunol., 1984, 133, 1748-1754.

Xystrakis, E.; Kusumakar, S.; Boswell, S.; Peek, E.; Urry, Z.;
Richards, D.F.; Adikibi, T.; Pridgeon, C.; Dallman, M.; Loke, T.K.;
Robinson, D.S.; Barrat, F.J.; O'Garra, A.; Lavender, P.; Lee, T.H.;
Corrigan, C.; Hawrylowicz, C.M. Reversing the defective induction
of IL-10-secreting regulatory T cells in glucocorticoid-resistant
asthma patients. J. Clin. Invest., 2006, 116, 146-155.

Rigby, W.F.; Denome, S.; Fanger, M.W. Regulation of lymphokine
production and human T lymphocyte activation by 1,25-
dihydroxyvitamin D3. Specific inhibition at the level of messenger
RNA. J. Clin. Invest., 1987, 79, 1659-1664.

Litonjua, A.A.; Weiss, S.T. Is vitamin D deficiency to blame for
the asthma epidemic? J. Allergy Clin. Immunol., 2007, 120, 1031-
1035.

Boonstra, A.; Barrat, F.J.; Crain, C.; Heath., V.L.; Savelkoul, H.F.;
O'Garra, A. lalpha,25-Dihydroxyvitamin d3 has a direct effect on
naive CD4(+) T cells to enhance the development of Th2 cells. J.
Immunol., 2001, 167, 4974-4980.

Cantorna, M.T.; Woodward, W.D.; Hayes, C.E.; DeLuca, H.F.
1,25-dihydroxyvitamin D3 is a positive regulator for the two anti-
encephalitogenic cytokines TGF-beta 1 and IL-4. J. Immunol.,
1998, 160, 5314-5319.



Vitamin D and the Adaptive Inmune System

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Overbergh, L.; Decallonne, B.; Waer, M., Rutgeerts, O.; Valckx,
D.; Casteels, K.M.; Laureys, J.; Bouillon, R.; Mathieu, C.
lalpha,25-dihydroxyvitamin D3 induces an autoantigen-specific T-
helper 1/T-helper 2 immune shift in NOD mice immunized with
GADGS5. Diabetes, 2000, 49, 1301-1307.

Staeva-Vieira, T.P.; Freedman, L.P. 1,25-dihydroxyvitamin D3
inhibits IFN-gamma and IL-4 levels during in vitro polarization of
primary murine CD4+ T cells. J. Immunol., 2002, 168, 1181-1189.
Nashold, F.E.; Hoag, K.A.; Goverman, J.; Hayes, C.E. Rag-1-
dependent cells are necessary for 1,25-dihydroxyvitamin D(3) pre-
vention of experimental autoimmune encephalomyelitis. J. Neu-
roimmunol., 2001, 119, 16-29.

Mattner, F.; Smiroldo, S.; Galbiati, F.; Muller, M.; Di Lucia, P.;
Poliani, P.L.; Martino, G.; Panina-Bordignon, P.; Adorini, L. Inhi-
bition of Thl development and treatment of chronic-relapsing ex-
perimental allergic encephalomyelitis by a non-hypercalcemic ana-
logue of 1,25-didydroxyvitamin D(3). Eur. J. Immunol., 2000, 30,
498-508.

Mathieu, C.; Van Etten, E.; Gysemans, C.; Decallonne, B.; Kato,
S.; Laureys, J.; Depovere, J.; Valckx, D.; Verstuyf, A.; Bouillon, R.
In vitro and in vivo analysis of the immune system of vitamin D re-
ceptor knockout mice. J. Bone Miner. Res., 2001, 16,2057-2065.
Wittke, A.; Weaver, V.; Mahon, B.D.; August, A.; Cantorna, M.T.
Vitamin D receptor-deficient mice fail to develop experimental al-
lergic asthma. J. Immunol., 2004, 173, 3432-3436.

Panda, D.K.; Miao, D.; Tremblay, M.L.; Sirois, J.; Farookhi, R.;
Hendy, G.N.; Goltzman, D. Targeted ablation of the 25-
hydroxyvitamin D lalpha -hydroxylase enzyme: evidence for
skeletal, reproductive, and immune dysfunction. Proc. Natl. Acad.
Sci. US4, 2001, 98, 7498-7503.

Wittke, A.; Chang, A.; Froicu, M.; Harandi, O.F.; Weaver, V.;
August, A.; Paulson, R.F.; Cantorna, M.T. Vitamin D receptor ex-
pression by the lung micro-environment is required for maximal
induction of lung inflammation. Arch. Biochem. Biophys., 2007,
460,306-313.

Zhou, Y.; Zhou, X.; Wang, X. 1,25-dihydroxyvitamin D3 pre-
vented allergic asthma in a rat model by suppressing the expression
of inducible nitric oxide synthase. Allergy Asthma Proc., 2008, 29,
258-267.

Matheu, V.; Bick, O.; Mondoc, E.; Issazadeh-Navikas, S. Dual
effects of vitamin D-induced alteration of TH1/TH2 cytokine ex-
pression: enhancing IgE production and decreasing airway eosino-
philia in murine allergic airway disease. J. Allergy Clin. Immunol.,
2003, 712, 585-592.

Von Mutius, E. Influences in allergy: epidemiology and the envi-
ronment. J. Allergy Clin. Immunol., 2004, 113,373-379.

Wijst, M. Margarine: a supplement may be decisive. Thorax, 2008,
63,474.

Gale, C.R.; Robinson, S.M.; Harvey, N.C.; Javaid, M.K.; Jiang, B.;
Martyn, C.N.; Godfrey, K.M.; Cooper, C.; and the Princess Anne
Hospital Study Group. Maternal vitamin D status during pregnancy
and childhood outcomes. Eur. J. Clin. Nutr., 2008, 62, 68-77.
Hypponen, E.; Sovio, U.; Wjst, M.; Patel, S.; Pekkanen, J.; Hartika-
inen, A.L.; Jarvelinb, M.R. Infant vitamin d supplementation and
allergic conditions in adulthood: northern Finland birth cohort
1966. Ann. N. Y. Acad. Sci., 2004, 1037, 84-95.

Wijst, M.; Hypponen, E. Vitamin D serum levels and allergic
rhinitis. A/lergy, 2007, 62, 1085-1086.

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 Immu., 2004, 15, 242-246.
Nilsson, L.; Bjorkstein, B.; Hattevig, G.; Kjellmann, B.; Sigurs, N.;
Kjellmann, N.I.M. Season of birth as predictor of atopic manifesta-
tions. Arch. Dis. Child, 1997, 76, 341-344.

Camargo, C.A.; Rifas-Shiman, S.L.; Litonjua, A.A.; Rich-Edwards,
J.W.; Weiss, S.T.; Gold, D.R.; Kleinman, K.; Gillman, M.W.
Maternal intake of vitamin D during pregnancy and risk of recur-
rent wheeze in children at 3 y of age. Am. J. Clin. Nutr., 2007, 85,
788-795.

Camargo, C.A.; Clark, S.; Kaplan, M.S.; Lieberman, P.; Wood,
R.A. Regional differences in EpiPen prescriptions in the United
States: the potential role of vitamin D. J. Allergy Clin. Immunol.,
2007, 120, 131-136.

Oren, E.; Banerji, A.; Camergo, C.A. Vitamin D and atopic diso-
erdes in an obese population screened for vitamin D deficiency. J.
Allergy Immunol., 2008, 121, 533-534.

[57]
[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Inflammation & Allergy - Drug Targets, 2009, Vol. 8, No. 2 7

Zittermann, A.; Schleithoff, S.; Koerfer, R. Vitamin D and vascular
calcification. Curr. Opinion Lipidol., 2007, 18, 41-46.

Hathcock, J.N.; Shao, A.; Vieth, R.; Heaney, R. Risk assessment
for vitamin D. Am. J. Clin. Nutr., 2007, 85, 6-18.

Deutsche Gesellschaft fiir Ernahrung, Osterreichische Gesellschaft
fiir Erndhrung, Schweizerische Gesellschaft fir Erndhrungsfor-
schung, Schweizerische Vereinigung fiir Erndhrung. Referenzwerte
fiir die Nihrstoffzufuhr. 1* edition. Umschau Braus GmbH, Frank-
furt /M, 2000

Schleithoff, S.S.; Zittermann, A.; Tenderich, G.; Berthold, HK.;
Stehle, P.; Koerfer, R. Vitamin D Supplementation Improves Cyto-
kine Profile In Patients With Congestive Heart Failure: A Double-
Blind, Randomized, Placebo-Controlled Trial. Am. J. Clin. Nutr.,
2006, 83, 754-759.

Zittermann, A. Serum 25-hydroxyvitamin D response to oral
vitamin D intake in children. Am. J. Clin. Nutr., 2003, 78, 496-497.
Cashman, K.D. Vitamin D in childhood and adolescence. Postgrad.
Med. J., 2007, 83,230-235.

Heaney, R.P.; Davies, K.M.; Chen, T.C.; Holick, M.F.; Barger-
Lux, M.J. Human serum 25-hydroxycholecalciferol response to ex-
tended oral dosing with cholecalciferol. Am. J. Clin. Nutr., 2003,
77,204-210.

Sidbury, R.; Sullivan, A.F.; Thadhani, R.I.; Camargo, C.A. Ran-
domized trial of vitamin D supplementation for winter-related
atopic dermatitis in Boston: a pilot study. Br. J. Dermatol., 2008,
159,245-247.

Redaelli, C.A.; Wagner, M.; Giinter-Duwe, D.; Tian, Y.H.; Stahel,
P.F.; Mazzucchelli, L.; Schmid, R.A.; Schilling, M.K. lalpha,25-
dihydroxyvitamin D3 shows strong and additive immunomodula-
tory effects with cyclosporine A in rat renal allotransplants. Kidney
Int., 2002, 61, 288-296.

Zhang, A.B.; Zheng, S.S.; Jia, C.K.; Wang, Y. Role of 1,25-
dihydroxyvitamin D3 in preventing acute rejection of allograft fol-
lowing rat orthotopic liver transplantation. Chin. Med. J., 2004,
117,408-412.

Zhang, A.; Zhang, M.; Wang, Y.; Xie, H.; Zheng, S. Calcitriol
prolongs recipient survival by inducing expression of zinc-finger
protein A20 and inhibiting its downstream gene following rat or-
thotopic liver transplantation. Immunopharmacol. Immunotoxicol.,
2006, 28, 591-600.

Zhang, A.B.; Zheng, S.S. Strong additive effect of calcitriol and
cyclosporine A on lymphocyte proliferation in vitro and rat liver al-
lotransplantations in vivo. Chin. Med. J., 2006, 119, 2090-2095.
Stammberger, U.; Kubisa, B.; Gugger, M.; Ayuni, E.; Claudio, R.;
Grodzki, T.; Schmid, R.A. Strong additive effect of 1,25-
dihydroxycholecalciferol and cyclosporine A but not tacrolimus in
rat lung allotransplantation. Eur. J. Cardiothorac. Surg., 2003, 24,
196-200.

Zhang, A.; Wang, Y.; Xie, H.; Zheng, S. Calcitriol inhibits hepato-
cyte apoptosis in rat allograft by regulating apoptosis-associated
genes. Int. Immunopharmacol., 2007, 7, 1122-1128.

Ziigel, U.; Steinmeyer, A.; Giesen, C.; Asadullah, K. A novel
immunosuppressive lalpha,25-dihydroxyvitamin D3 analog with
reduced hypercalcemic activity. J. Invest. Dermatol., 2002, 119,
1434-1442.

Brancaccio, D.; Bommer, J.; Coyne, D. Vitamin D receptor activa-
tor selectivity in the treatment of secondary hyperparathyroidism.
Drugs, 2007, 67, 1981-1998.

Adorini, L. 1,25-Dihydroxyvitamin D3 analogs as potential thera-
pies in transplantation. Curr. Opin. Invest. Drugs, 2002, 3, 1458-
1463.

Mathew, S.; Lund, R.J.; Chaudhary, L.R.; Geurs, T.; Hruska, K.A.
Vitamin D receptor activators can protect against vascular calcifi-
cation. J. Am. Soc. Nephrol., 2008, 19, 1509-1519.

Ardalan, M.R.; Maljaei, H.; Shoja, M.M.; Piri, A.R.; Khosroshahi,
H.T.; Noshad, H.; Argani, H. Calcitriol started in the donor, ex-
pands the population of CD4+ CD25+ T cells in renal transplant
recipients. Transplant Proc.,2007, 39, 951-954.

Aschenbrenner, J.K.; Hullett, D.A.; Heisey, D.M.; Pirsch, J.D.;
Sollinger, H.W.; Becker, B.N. 1,25-Dihydroxyvitamin D3 (1,25-
(OH)2D3) has salutary effects on renal allograft function (abstract).
Transplantation, 2000, 69, S229.

O'Herrin, J.K.; Hullett, D.A.; Heisey, D.M.; Sollinger, H.W.;
Becker, B.N. A retrospective evaluation of 1,25-dihydroxyvitamin
D(3) and its potential effects on renal allograft function. Am. J.
Nephrol., 2002, 22, 515-520.



8 Inflammation & Allergy - Drug Targets, 2009, Vol. 8, No. 2

[78]

[79]

(80]

(81]

Tanaci, N.; Karakose, H.; Guvener, N.; Tutuncu, N.B.; Colak, T.;
Haberal, M. Influence of 1,25-dihydroxyvitamin D3 as an immu-
nomodulator in renal transplant recipients: a retrospective cpohort
study. Transplant Proc., 2003, 35, 2885-2887.

Sezer, S.; Uyar, M.; Arat, Z.; Ozdemir, F.N.; Haberal, M. Potential
effects of 1,25-dihydroxyvitamin D3 in renal transplant recipients.
Transplant Proc., 2005, 37,3109-3111.

Briffa, N.K.; Keogh, A.M.; Sambrook, P.N.; Eisman, J.A. Reduc-
tion of immunosuppressant therapy requirement in heart transplan-
tation by calcitriol. Transplantation, 2003, 75,2133-2134.
Zittermann, A.; Schleithoff, S.S.; Gétting, C.; Fuchs, U.; Kuhn, J;
Wiost, S.; Kleesiek, K.; Tenderich, G.; Koerfer, R. Calcitriol defi-
ciency and 1-year mortality in cardiac transplant recipients. Trans-
plantation, 2009, 87, 118-124.

(82]

(83]

(84]

(85]

Zittermann et al.

Shane, E.; Addesso, V.; Namerow, P.B.; McMahon, D.J.; Lo, S.H.;
Staron, R.B.; Zucker, M.; Pardi, S.; Maybaum, S.; Mancini, D.
Alendronate versus calcitriol for the prevention of bone loss after
cardiac transplantation. New Engl. J. Med., 2004, 350, 767-776.
Cantorna, M.T.; Hullett, D.A.; Redaelli, C.; Brandt, C.R.; Humpal-
Winter, J.; Sollinger, H.W.; Deluca, H.F. 1,25-Dihydroxyvitamin
D3 prolongs graft survival without compromising host resistance to
infection or bone mineral density. Transplantation, 1998, 66, 828-
831.

Giovannucci, E. Dietary influences of 1, 25(OH)2 vitamin D in
relation to prostate cancer: a hypothesis. Cancer Causes Control,
1998, 9, 567-582.

Holick, M.F. Vitamin D deficiency. New Engl. J. Med., 2007, 357,
266-281.

Received: December 23,2008

Revised

: January 30, 2009

Accepted: February 3, 2009



