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Abstract

Mice lacking the vitamin D receptor (VDR) are resistant to airway inflammation. Pathogenic immune
cells capable of transferring experimental airway inflammation to wildtype (WT) mice are present
and primed in the VDR KO mice. Furthermore, the VDR KO immune cells homed to the WT lung
in sufficient numbers to induce symptoms of asthma. Conversely, WT splenocytes, Th2 cells and
hematopoetic cells induced some symptoms of experimental asthma when transferred to VDR KO
mice, but the severity was less than that seen in the WT controls. Interestingly, experimentally
induced vitamin D deficiency failed to mirror the VDR KO phenotype suggesting there might be a
difference between absence of the ligand and VDR deficiency. Lipopolysaccharide (LPS) induced
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inflammation in the lungs of VDR KO mice was also less than in WT mice. Together the data suggest
that vitamin D and the VDR are important regulators of inflammation in the lung and that in the
absence of the VDR the lung environment, independent of immune cells, is less responsive to
environmental challenges.
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Introduction

Asthma is a chronic lung disease that has increased in prevalence since the early 1980s
especially in children. It has been suggested that there is a connection between vitamin D
exposure early in life and the risk of developing asthma and allergies [1-3]. The active form
of vitamin D (1,25-dihydroxyvitamin D3; 1,25(0OH),D3) can modulate the immune response
with beneficial effects on autoimmune diseases (reviewed in [4]). In models of experimental
allergic asthma there is evidence that 1,25(0OH),D3 treatment can be beneficial [5,6], has no
effect [7] or is harmful [5,7] when various markers of this disease are examined. More
information on the role of vitamin D and 1,25(OH),D3 in experimental asthma is required to
resolve the controversy.

The vitamin D receptor (VDR) is a member of the steroid thyroid superfamily of nuclear
receptors. Ligand binding through the VDR mediates several biological activities, including
regulation of T helper (Th) cell development and Th cytokine profile [8-10]. Located on
chromosome 12q, genome wide screens have identified the VDR as a candidate gene associated
with asthma [11,12]. However, a recent study with asthmatic children found 13 single
nucleotide polymorphisms in the VDR but could not find preferential transmission of VDR
variants to children with asthma [13]. In addition, a second study has reported that the VDR
gene is not associated with the pathogenesis of asthma or the expression of related allergic
phenotypes such as eosinophilia and changes in total IgE [14]. The discrepancies are probably
due to the different populations of patients studied and different outcomes measured.

The development of airway inflammation, airway hyperresponsiveness (AHR), mucus
production and high serum IgE levels is characteristic of experimental models of asthma [15,
16]. CD4+ type 2 helper (Th2) cells play an important role in the production of IgE and the
growth and differentiation of mast cells, basophils, and eosinophils [17,18]. In asthmatics CD4
+ T cells producing IL-4, IL-5and IL-13 have been identified in bronchoalveolar lavage (BAL).
In model systems, adoptive transfer of antigen-specific lymphocytes, and antigen primed Th2
cells transferred experimental asthma to naive animals including increased AHR and
eosinophilia [19,20]. In response to airborne allergens, the immune system of an asthmatic
generates a Th2 biased immune response that causes lung airway inflammation.

VDR KO mice have been shown to be resistant to the development of experimental allergic
asthma [7]. VDR KO mice induced to develop allergic asthma with ovalbumin (OVA) failed
to develop airway inflammation, eosinophilia, or AHR, despite having high IgE concentrations
and elevated Th2 cytokines (I1L-13, and IL-5) in the periphery [7]. Interestingly, the IL-4
response was less in the VDR KO mice than the WT controls [7]. The experiments performed
here used a series of adoptive transfer experiments followed by OV A stimulation to determine
whether the failure of the VDR KO mice to develop experimental asthma resided in the immune
system or the non-immune local lung environment. The data show that VDR KO splenocytes
transfer experimental asthma to WT mice. Furthermore, asthma symptoms are induced in the
VDR KO mice with transfer of WT immune cells but the severity of the disease is less than in
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the WT mice. The data point to a defect in the VDR KO lung micro-environment that results
in the decreased infiltration of pathogenic lymphocytes, eosinophils, and the diminished
induction of airway hyperresponsiveness.

Materials and Methods

Mice

VDR KO, OTII (OVA specific T cell receptor transgenic), and WT C57BL/6 mice were bred
and maintained at the Pennsylvania State University (University Park, PA). For some
experiments the mice were fed a diet devoid of vitamin D exactly as described [21].
Experimental procedures were approved by the Office of Research Protection’s Institutional
Animal Care and Use Committee at the Pennsylvania State University.

Immunization and challenge protocol

Donor mice were injected i.p. with OVA (0.1 mg Grade I11; Sigma-Aldrich, St. Louis, MO) in
aluminum hydroxide (1 mg; Pierce, Rockford, IL) ond 0 and d 5. This is the standard priming
protocol used previously to induce experimental allergic asthma in mice [7].

Culture of splenocytes for adoptive transfer

Splenocytes from donor mice (WT, and VDR KO) were resuspended at 2 x 10%/ml in complete
RPMI 1640 (Sigma) and cultured for 3 days at 37°C in the presence of 200 pg/ml OVA. For
some experiments 20 U/ml IL-2 was added to the cultures. In additional experiments OTII (T
cell receptor transgenic and OV A specific) splenocytes were cultured with 200 pg/ml OVA
and Th2 driving conditions (500 U/ml IL-4 (BD Biosciences Pharmingen, San Diego, CA) and
neutralizing IFN-y antibodies- 1 ng/ml). The cultured splenocytes were layered onto
Histopaque-1077 (Sigma) to isolate the live cells and cultured for an additional 4 days with 20
U/ml IL-2. After 7 days in culture the cells were washed and resuspended in sterile saline. 1 x
107 cells were injected (i.p.) into recipient mice. Recipients were challenged i.n. (3 days
following the i.p. injection) with 20 ul and 40 pg OVA for 3 consecutive days.

Bone marrow transplant

In order to distinguish between donor derived and recipient cells B6.SJL-Ptprca Pep3®/BoyJ
mice that carry the CD45.1 allele and C57BL/6 mice that carry CD45.2 were used. The recipient
mice were treated with antibiotic (gentamicin 100 mg/ml, Butler, Dublin, OH) in acidified
water (pH 2.5-3) for one week prior to the irradiation and the treatment continued for 10 days
following transplantation. The recipient mice were treated with 950 cGy of lethal radiation
using a cesium (Cs137) research irradiator to ablate the bone marrow (BM). The BM cells from
6-10 week-old donor mice were isolated and diluted in sterile saline to a final volume of 2 x
108 cells per 200ul and injected intravenously into the retro-orbital venous sinus of 6-10 week-
old recipient mice. Reconstitution was determined 4-6 weeks following transplantation by
isolating peripheral blood mononuclear cells and staining for the expression of the donor
CD45.1 allele by FACS analysis. The recipient mice were then immunized to induce allergic
asthma with OVA as described [7].

LPS induced lung inflammation

Mice were anesthetized with isoflurane (Abbott Laboratories, Chicago, IL), and 10 pg LPS
(from Escherichia coli 055:B5; Sigma-Aldrich) was diluted in 20 pl of sterile saline or sterile
saline alone and administered i.n. Mice were sacrificed at 3, 24 and 48 h post-exposure.
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Bronchoalveolar lavage (BAL)

ELISA

The trachea was exposed through a midline incision and cannulated with a 24 gauge sterile
needle (Small Parts Inc, Miami Lakes, FL). BAL was isolated by flushing 1 ml of sterile saline
two times through the lung and collecting 2 ml of BAL per mouse. Total cell numbers and
polymorphonuclear cells (PMN) were counted from each sample using an ADVIA 120
Hematology System (Bayer Diagnostic, Tarrytown, NY).

Serum levels of total IgE and OV A-specific IgE were measured by ELISA (Pharmingen). The
detection limit for total IgE level was 100 pg/ml. For analysis of OV A-specific IgE the plates
were coated with OVA (20mg/ml) and levels were compared to values of control untreated
mice.

OVA-specific cytokine secretion was determined from spleen cultures. Seventy-two hours
after OVA (2 mg/ml) restimulation, supernatants from triplicate wells were removed. Cytokine
levels were measured using ELISA OptEIA™ Mouse Sets (Pharmingen) for IL-2, IL-4, IL-5,
and IFN-y. The IL-13 ELISA was from R&D systems (Minneapolis, MN). The detection limits
were 12.5 pg/ml for 1L-2, 31.25 pg/ml for IL-4, 62.5 pg/ml for IL-5, 40 pg/ml for IL-13 and
125 pg/ml for IFN-y.

Flow cytometric Analysis

Peripheral blood mononuclear cells, splenocytes or BAL (10 cells) were incubated with
antibodies for cell surface marker analysis. Antibodies used included PE conjugated anti-
mouse CD4, IgM, CD69 Abs, and FITC conjugated anti-mouse CD45, CD45.1, CD8, B220,
CD62L, CD11b Abs (BD Pharmingen). Stained cells were analyzed using a XL-MCL benchtop
cytometer (Beckman Coulter, Miami, FL).

Airway Hyperresponsiveness

Respiratory function was measured as described (Whole Body Plethysmograph; [7]) by
determining the Penh values for each methacholine concentration. Results are reported as the
relative Penh value for each methacholine concentration compared with baseline values. When
exposing unanesthetized mice with obstructed airways to methacholine; some mice undergo
considerable distress. In cases where mice show extreme difficulty breathing, the experiment
is terminated. AHR was also measured by examining respiratory resistance using a mechanical
ventilator and anesthetized mice as described [22]. In this method, mice are anesthetized and
the full methacholine dose response can be evaluated. Results are reported as respiratory
resistance with increasing concentrations of methacholine.

Histopathology

Lungs were fixed in formalin, sectioned and stained with hematoxylin and eosin (H&E) at the
Animal Diagnostic Laboratory (University Park, PA). The sections were scored blindly on a
scale of 0—4 for inflammation and epithelial thickening exactly as described [7]. Inflammation:
0-no inflammation, 1-inflammatory cells present, 2-multiple loci of inflammation, 3-many
inflammatory cells around bronchi, 4-inflammatory cells throughout the lung. Epithelial
thickening: 0-normal, 1-some epithelial thickening, 2-multiple loci of thickened airway, 3-
airways nearly completely obstructed by epithelial thickening, 4-normal structure not present.
The scores for inflammation and epithelial thickening were added together and divided by 2
(range from 0-4). The results are presented as means + SEs. LPS induced inflammation was
scored using a different scale as reported by others [23]. Lungs were collected at 3, 24, and
48h post-LPS. Interstitial inflammation, intra-alveolar inflammation, edema and thrombi
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formation were each scored blindly on a scale of 0-3, with 0 - absent, 1 - mild, 2 - moderate,
and 3 - severe and making the total inflammation score from 0-12.

Data Analysis

Results are expressed as the mean + SE. Statistical analysis was performed using unpaired T-
test and ANOVAs (StatView, SAS Institute, Cary, NC). A value of p < 0.05 was considered
statistically significant.

Results

Vitamin D deficiency has mild effects on the severity of asthma

Vitamin D deficient mice were generated and either treated or not with 1,25(0OH),D3. The same
method has been used to generate vitamin D deficient mice previously, and by 8-9 weeks of
age the mice have no detectable 25(OH),D3 or 1,25(0OH),D5 in circulation [24,25]. Confirming
the vitamin D deficiency there was no detectable levels of circulating 25(0OH),D3 and serum
calcium values increased with the 1,25(OH),D3 treatment. (Fig. LA and data not shown). Mice
were then immunized with OV A to develop allergic asthma. Examination of the lungs of these
mice revealed that histopathology scores of vitamin D deficient mice were lower than 1,25
(OH),D3 fed vitamin D deficient mice ((P<0.05, Fig. 1B). IL-4, IL-13, total IgE and OVA
specific IgE were similar from cells and serum of vitamin D deficient and 1,25(0OH),D3 treated
mice (Fig. 1C-E). Except for a small change in histopathology severity the symptoms of
experimental allergic asthma in vitamin D deficient mice were similar to the 1,25(0OH),D5 fed
controls.

Primed VDR KO splenocytes transfer allergic asthma to WT mice

We have previously shown that mice lacking the VDR fail to develop allergic asthma [7]. To
determine whether WT antigen specific splenocytes could transfer the disease into VDR KO
mice, WT and VDR KO mice were primed with OV A and their splenocytes were removed and
cultured in vitro with OVA for three days. Following culture the splenocytes were 60-70 % B
cells, and the remainder were T cells (data not shown). Importantly there were not differences
in the fraction of B and T cells between VDR KO and WT splenocytes when injected (data not
shown). These cells were injected into naive recipients and the recipients were then challenged
i.n. with OVA over 3 days. WT mice that received WT splenocytes (WT:WT) showed
infiltration of eosinophils and lymphocytes in both the perivascular and peribronchial space of
the lung (data not shown, and Fig. 2C). Transfer of primed VDR KO cells into WT (WT:VDR
KO) mice also resulted in inflammation of the lung that was phenotypically identical to that
of WT recipients of WT cells (Fig. 2A and C). In contrast, VDR KO mice that received WT
(VDR KO:WT) cells had little inflammation in the lung (Fig. 2B). As controls, VDR KO mice
that received VDR KO cells (VDR KO:VDR KO), showed no disease development similar to
unreconstituted VDR KO mice (data not shown). The lung histopathology scores from recipient
VDR KO mice were significantly lower than in WT mice receiving WT cells or in WT mice
receiving VDR KO cell (Fig. 2C).

Consistent with the histopathology scores; WT mice that received primed splenocytes from
either WT or VDR KO (WT:WT, WT:VDR KO) mice had elevated AHR responses at low
doses of methacholine (Fig. 3). Note that complete methacholine dose curves could not be
completed for WT:WT or WT: VDR KO recipients as the mice developed severe respiratory
distress and difficulty breathing above 10 mg/ml methacholine and analysis had to be
terminated. By contrast, VDR KO:WT recipients had no difficulty breathing at any of the tested
methacholine concentrations. Consistent with the AHR and histopathology scores, VDR
KO:WT recipients had lower IL-5and IL-13 production (Table 1). The levels for IL-2 and I1L-4
were below the detection level (data not shown). In contrast all groups produced high and
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equivalent amounts of IFN-y (data not shown). As shown previously [7] VDR KO mice had
elevated total IgE levels (Table 1).

These experiments were repeated using splenocytes from OVA primed WT mice with the
addition of IL-2 during the in vitro OVA restimulation. The inclusion of IL-2 during in vitro
restimulation resulted in a higher percentage of T cells 40-50% (data not shown). As described
above, the IL-2 driven primed WT T cells transferred disease to naive WT mice (AHR and
lung inflammation) but the WT splenocytes did not induce AHR or lung inflammation when
transferred to naive VDR KO mice (data not shown).

OT-11 Th2 cells induced experimental asthma is less severe in VDR KO recipients

In order to increase the frequency of antigen specific and Th2 subtype cells; splenocytes from
OVA specific transgenic mice (OT-11 mice) were cultured with OV A under Th2 conditions for
one week. The splenocytes were 90% T cells (by flow cytometry) and secreted high levels of
IL-4, IL-5 and IL-10 (data not shown). WT recipients of the transgenic T cells developed AHR
(data not shown) and inflammation in the lung (Fig. 4A). OT-I1 transgenic T cells also induced
inflammation in the lungs of VDR KO recipients (Fig. 4B); however, VDR KO recipients
remained hyporesponsive to methacholine challenge (data not shown). While inflammation
and epithelial hyperplasia were induced in VDR KO mice that received OT-Il Th2 cells, the
severity of the disease in the lung was less than that of the WT recipients of the same cells (Fig.
4B and 4C); with a P value of 0.078). Restimulated splenocytes from the VDR KO recipients
secreted less IL-4 and IL-5 than WT recipients of the same OT-II cells (Fig. 4D).

Intranasal LPS induced inflammation is less severe in VDR KO mice

To determine whether the lungs of VDR KO mice were responsive to non-protein antigens
such as bacterial LPS, VDR KO and WT mice were exposed i.n. to LPS or with sterile saline
asacontrol. At 3, 24 and 48 h post LPS exposure lungs were harvested and analyzed. WT mice
exhibited marked lung histological abnormalities, characterized by thickening of the alveolar
septum, diffuse infiltration of inflammatory cells and peribronchial inflammation. The extent
of lung pathology was more severe in WT mice when compared with VDR KO mice (data not
shown). Composite lung histopathology scores 3h, 24h, and 48h post-LPS were 4.7+0.8, 7.2
+0.5 and 8.6+0.6 in WT mice and 3.1+0.3, 2.8+0.2, and 2.1+0.4 in VDR KO mice. The values
from the WT mice were significantly different (P<0.05) at 24 and 48h post-LPS treatment
when compared to the VDR KO values from the same time point. Consistent with the
histopathology scores AHR responses were high in WT but not VDR KO mice exposed to LPS
(Fig. 5A). The composition of BAL was also analyzed before and following LPS administration
inWT and VDR KO mice. Attime zero there were no significant differences in the total number
or cell type in BAL fluid from WT and VDR KO mice. At 3h post-LPS administration a strong
increase in the total cell numbers was observed. The BAL was characterized by increased
numbers of PMN in the WT mice and significantly fewer PMN in the BAL from VDR KO
mice (Fig. 5B). These data show that the VDR KO lung is resistant to inflammation induced
by the bacterial polysaccharide LPS.

VDR KO recipients of WT BM show reduced asthma severity compared to WT mice

To determine if other hematopoietic cells could rescue development of allergic asthma in the
VDR null mice, we performed BM transplantation experiments followed by induction of
allergic asthma. VDR KO mice were sublethally irradiated and given WT BM transplants. The
transplants were successful since analysis of the blood from the recipient mice showed that the
lymphocytes were 88-97% of donor origin (CD45.1+). These mice were then immunized to
induce experimental allergic asthma. Histopathology sections revealed that VDR KO recipients
of WT BM (VDR KO:WT BM) developed inflammation and epithelial hyperplasia in the lungs
that was greater than the non-transplanted VDR KO mice following induction of allergic
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asthma (Fig. 6A). However, the severity of the histopathology scores in VDR KO:WT BM
mice were less (although not significant P=0.084) than WT mice (Fig. 6A). Importantly, the
VDRKO:WT BM mice had significantly higher histopathology scores than untransplanted and
allergic asthma induced VDR KO mice (Fig. 6A, P<0.05). Other markers of asthma severity
(IL-4, IL-10, and IL-5) were not different between WT and VDR KO:WT BM recipients (data
not shown).

We measured lung resistance as a measure of AHR in the VDR KO:WT BM mice that were
induced to develop asthma using mechanical ventilation (Fig. 6B). While the VDR KO:WT
BM mice showed elevated AHR responses, this was lower than that seen in similarly treated
WT mice (Fig. 6B). In addition, unsensitized VDR KO (Fig. 6B) or WT (data not shown) mice
did not respond at any dose of methacholine.

Discussion

It has previously been shown that the VDR KO mouse is resistant to the development of
experimental allergic asthma [7]. Interestingly, vitamin D deficiency did not mimic VDR
deficiency and the vitamin D deficient mice developed experimental asthma although the
severity of the inflammation and hyperplasia in the lungs of these mice was somewhat less
than the scores from mice supplemented with 1,25(0OH),D3 (Fig. 1). There are a number of
possible explanations for the difference in allergic asthma development between VDR and
ligand deficient mice. The first possibility is that vitamin D deficiency is incomplete since mice
are nocturnal animals and small amounts of vitamin D can be produced from white light or
supplied via the milk of the dams that are not vitamin D deficient. If vitamin D depletion was
more complete itis possible that the development of experimental allergic asthma in the vitamin
D deficient and VDR KO mice would be similar. Conversely, it’s possible that the VDR has
non-ligand dependent effects on the development of experimental asthma and in the absence
of the receptor this mode of regulation is absent. Lastly, it is possible (although unlikely) that
the effects of VDR deficiency on experimental asthma are a result of the high levels of
endogenous 1,25(0OH),D3 that circulate in the VDR KO mouse and the 1,25(0OH),D3 acts in
a non-VDR dependent fashion. There is at least one other example of a disease model where
vitamin D and VDR deficiency do not result in the same phenotype. It has been shown in the
multiple sclerosis model (experimental autoimmune encephalomyelitis) that vitamin D
deficiency accelerates and VDR deficiency prevents symptom development [24,26].
Conversely, in models of inflammatory bowel disease, disease development is more severe in
vitamin D deficiency and VDR deficiency [25,27].

The failure of the VDR KO mouse to develop experimental asthma is not due to a failure of
immune cells to be primed and activated. The data show that OVA primed VDR KO
splenocytes function in a similar manner to WT splenocytes when transferred to WT mice for
experimental asthma induction (Fig. 2 and 3). Therefore the ability of T and B cells to be primed
and activated in the VDR KO host is adequate for the development of pathogenic immune cells
(Fig. 2 and 3). The data also suggest that VDR KO T cells are able to home to the WT lung
where they accumulate and induce AHR and immunopathology.

However, the VDR KO mouse is resistant to the induction of lung inflammation; even though
pathogenic T cells are primed and activated. WT primed splenocytes were unable to transfer
experimental asthma to VDR KO mice (Fig. 2 and 3). Furthermore, when transferred to VDR
KO mice, WT OT-II transgenic Th2 cells caused disease in the VDR KO host however the
magnitude of the response was less than that seen in WT recipients. Similarly, while
hematopoetic reconstitution of the VDR KO mice rendered the mice more susceptible to
induction of experimental allergic asthma, the reconstituted VDR KO mice still had less severe
airway inflammation than WT mice. Although, pathogenic immune cellsand T cells are present
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and primed in the VDR KO host they must fail to reach the lung and therefore experimental
asthmaiis less. The data point to a failure of the lung microenvironment to attract the pathogenic
cells to the lungs.

The VDR KO mice were also hypo-responsive when challenged via the airways with bacterial
LPS and the response was significantly less than the WT (Fig. 5) controls. The response to
LPS is controlled by signaling through pattern recognition receptors like the toll receptors
(TLR, TLR4 for LPS) present on the lung epithelium and innate immune cells. The decreased
response of the VDR KO mice to LPS suggests that the VDR may be important in regulating
TLR signaling. Vitamin D has been shown to regulate TLR mediated events in both
macrophage and dendritic cells (DC). TLR mediated macrophage production of 1L-12, and
TNF-a production can be inhibited by 1,25(0OH),D3 [28,29] and LPS stimulation of
macrophages upregulated VDR expression [30]. Conversely, 1,25(0OH),D3 inhibited
expression of TLR-4 which could decrease LPS responsiveness of these cells [31]. Clearly,
1,25(0OH),D3, the VDR and TLRs are important and interdependent regulators of the early
innate immune response. The decreased response of the VDR KO mice to i.n. LPS suggests
that the immediate innate response in the lung is impaired and points to an important role of
vitamin D, 1,25(0OH),D3 and the VDR in regulation of these pathways in the lung.

The data presented here support an important role of vitamin D, 1,25(0OH),D3 and the VDR in
the lung response to inflammatory signals, specifically, the innate immune response.
Significant inflammation in the VDR KO lung is not rescued by transplantation of WT immune
splenocytes, T cells or hematopoetic cells pointing to decreased responsiveness of the lung
microenvironment in the absence of the VDR.
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Figure 1. Development of experimental allergic asthma in vitamin D deficient and 1,25(OH)oD3
treated mice

Vitamin D deficient mice were fed diets that either contained 1,25(0OH),D3 (1,25D3) or
remained vitamin D deficient. Unsensitized (US) or OVA primed mice. A) Serum calcium
values were significantly (*, P<0.05) elevated in 1,25D3 treated mice. B) Blinded
histopathology scores were averaged for the different groups of mice as described in the
methods. Vitamin D deficient mice developed less inflammation and epithelial hyperplasia
than 1,25D3 treated vitamin D deficient mice (*, P<0.05). Levels of cytokine and IgE in vitamin
D deficient or 1,25D3 treated mice with allergic asthma C) IL-5, and D) IL-13 production from
re-stimulated splenocytes and E) total IgE levels in the serum.
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Figure 2. Histopathology of the lungs following adoptive transfer of primed splenocytes

Lungs were fixed, sectioned and stained with H&E for analysis of inflammation as described
in the Material and Methods. A representative section from a WT mouse A) that received
primed VDR KO cells (WT:VDR KO, score 3.5), a representative section from a VDR KO
mouse B) that received primed WT cells (VDR KO:WT, score 0). C) Summary of the
histopathology scores of 7-9 mice each. *Significantly different from the other two groups
(P<0.05).
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Figure 3. AHR responses from WT and VDR KO recipients of either WT or VDR KO primed cells
Penh values from WT recipients of primed WT cells (WT:WT) were significantly different
than WT recipients of primed VDR KO cells (WT:VDR KO) at 3 and 6 mg/ml methacholine
(p<0.05). WT:WT and WT:VDRKO mice could not be exposed to methacholine
concentrations higher than 6 and 12 mg/ml respectively because the mice showed considerable
difficulty breathing and distress. VDR KO:WT mice showed low responses to all methacholine
concentrations tested.
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Figure 4. VDR KO recipients of OT-I1 Th2 cells exhibit reduced airway inflammation
Representative lungs from A) WT (scored 3) and B) VDR KO (scored 2) recipients of OT-1I
Th2 cells. C) Blinded histopathology scores from 7 WT and 21 VDR KO recipients of OT-II
Th2 cells. The results from the VDR KO mice were consistently lower than the WT recipients
of the same cells, however there was a great deal of variability and the results did not reach

significance (P=0.078). D) Cytokine response of splenocytes from WT and VDR KO recipients
restimulated with OVA. IL-4 and IL-5 levels were significantly higher from WT than VDR

KO mice (P<0.05).
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Figure 5. Decreased inflammation in VDR KO mice following LPS challenge

WT (n=6) and VDR KO (n=6) mice were exposed i.n. with 10 ug of LPS. A) AHR responses
of mice 24 hours post LPS exposure using the whole body plethysmograph. B) PMN influx in
the BAL of WT and VDR KO mice 3 hours post LPS exposure.
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Figure 6. WT bone marrow reconstitution of VDR KO mice induces AHR and lung inflammation
that is less than the WT response

Airway inflammation and AHR in WT, VDR KO and VDRKO:WT BM recipients induced to
develop experimental asthma. A) Histopathology scores of lungs from WT, VDR KO and
VDRKO:WT BM mice induced to develop allergic asthma (n=4-6). B) AHR responses
(respiratory resistance) of mice treated as in (A). Unsensitized VDR KO and WT (UN) mice
did not respond to any dose of methacholine. VDR KO:WT BM transplanted mice had elevated
AHR responses to increasing doses of methacholine. VDRKO:WT BM AHR values were
lower than the WT response at 16 mg/ml (P=0.083), 32mg/ml (P=0.733), 64 mg/ml (P=0.065)
and 100 mg/ml (P=0.117) methacholine.
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Table 1

Cytokine and IgE responses of WT and VDR KO recipients of primed splenocytes.
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Recipient Donor IL-5 (pg/ml) IL-13 (pg/ml) Total IgE (ng/ml)
WT WT 4420 + 1067 8615 + 1605 52+ 15
WT VDR KO 4710 + 124& 8134 + 2992* 110+ 49
VDR KO WT 1437 £ 510 3096 + 1110 2017 + 1471

*
IL-5 and IL-13 levels were significantly lower from VDR KO recipients compared to WT recipients.

tIgE levels in the VDR KO recipient were significantly higher than the WT recipients.
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