


fi~hle I .  It1 v i v o  effects of D-hormone in mice with targeted gene deletions. 

Genotype Efl'ects of D-hormone Experimental Models References 
Tested 

Wildtype Suppressed MS. lupus, IBD, 5,8,9,16,17 
arthritis, type-l diabetes 

IL-4 KO Reduced M S I I 

VDR KO No effect M S 12 

IL-2 KO No effect IBD 13 

IL-I0 KO Suppressed IBD 9 

IN VIVO TARGETS OF D-HORMONE 
In vivo targets of the D-hormone in experimental MS 
include a number of inflammatory cytokines (Table 1). D- 
hormone treatment of mice with experimental MS result- 
ed in inhibition of lymphocyte accumulation in the lymph 
nodes"'. Mice treated with the D-horm,>nc had fewer cells 
secreting TNF-a and IFN-y". In addition, D-hormone 
treatment increased the level of IL-4 and TGF-1 produced 
in the animalsI0. The ability to produce IL-4 is important 
for the function of D-hormone, since D-hormone treat- 
ment was ineffective for suppressing experimental MS in 
mice that were deficient in IL-4 (IL-4 KO, Table 1)". As 
expected, D-hormone was ineffective at inhibiting experi- 
mental MS in VDR KO animals". Vitamin D deficiency 
accelerated the development of IBD in IL-10 KO mice, 
and colitis symptoms in IL-I0 KO mice were suppressed 
by D-hormone treatment (Table 1)" Conversely, the coli- 
tis that develops in IL-2 KO mice was unaffected by vita- 
min D status". In addition, colitis in 1L-2 KO mice was 
not suppressed by D-hormone treatment (Table ])I3. The 
net result of D-hormone treatment in experimental 
autoimmunity includes decreased symptoms, which paral- 
lel the reduced production of Thl associated cytokines 
and TNF-a, and a concomitant increase in cytokines that 
correspond to the resolution of inflammation and 
decreased severity of autoimmunity. IL-4 and IL-2 pro- 
duction have been shown to be crucial for the effectiveness 
of D-hormone in experimental autoimmunity. Overall, 
the action of D-hormone in vivo functions to suppress 
autoimmunity by inhibiting Thl cell associated responses 
and increasing Th2 and other regulatory T cell processes. 

NOVEL D-HORMONE TARGETS IN THE COLON 
OF MICE WITH EXPERIMENTAL IBD 
When D-hormone targets were probed in experimental 
IBD, results were consistent with previous findings: 
Untreated vitamin D deficient IL-10 KO mice developed 
more severe IBD, as shown by larger small intestinelbody 
weight ratios (9.0 & 0.6'X)) compared to the D-hormone 
treated IL-10 KO mice (6.5 & 0.70/;1). Based on the high 
expression of TNF-a in the colons of IL-10 KO mice 
(data not shown), microarray analysis was done using 
colon tissue. Microarray analysis was performed exactly 
as describedI4 and repeated once using total RNA from 

different mice (Tables 2 and 3). The inclusion criteria for 
genes reported were ( I )  the gene was up- or downregulat- 
ed 2-fold or more in one of the experiments, (2) the gene 
was up- or downregulated by 1.3-fold or more in the sec- 
ond experiment in the same direction as the first, and (3) 
the microarray spot for the gene had a combined median 
fluorescent intensity (median green fluorescence median 
background + median red fluorescence median back- 
ground) of more than 100 on both array replicates. Two 
hundred thirty-nine downregulated (Table 2) and 298 
upregulated (Table 3) potential targets of the D-hormone 
were identified using these criteria. 

Table 4 shows the results for 6 genes. The expression of 
VDR is known to be positively regulated by the D-hor- 
mone. As expected, D-hormone treatment of the IL-10 
KO mouse increased the expression of VDR mRNA in 
the colons of D-hormone treated mice. Interestingly, 
calmodulin and calcium binding protein A6 (calcyclin) are 
expressed in colonic tissue, and it seems reasonable that 
vitamin D would increase expression of these calcium reg- 
ulators. Three genes (TNF-a, lipopolysaccharide-induced 
TNF-a factor, and TNF receptor) involved in the regula- 
tion of TNF-a were inhibited by D-hormone in the 
colons of IL-10 KO mice. The inhibition of these TNF-a 
related genes by D-hormone correlated with decreased 
severity of colitis in D-hormone treated IL-10 KO mice. 
Elevated TNF-a secretion has been shown to play a role 
in Crohn's disease, and treatments that inhibit TNF-a 
secretion have been shown to be effective for treating IBD 
in humans. 

D-HORMONE SELECTIVELY REGULATES 
IMMUNE FUNCTION 
Clearly, D-hormone is a potent suppressor of autoim- 
mune diseases. Based on the ability of the D-hormone to 
suppress autoimmunity and to prolong allograft survival, 
scientists have labeled it "immunosuppressive". However, 
the effect of the D-hormone on immune function has not 
been shown to be broadly immunosuppressive. D-hor- 
mone treatment was tested for an effect on the ability of 
a host to fight an infection with Candidu albicans or 
Herpes simplex virusI5. Mice were treated with the D- 
hormone at levels previously shown to be effective at pro- 
longing allograft transplantsI5. As controls, mice were 
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