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METHODS USEFUL FOR VITAMIN D
DEFICIENCY AND RELATED DISORDERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is the U.S. national phase of International Application
No. PCT/US2009/039355, filed Apr. 2, 2009, which claims
the benefit of U.S. Provisional Patent Application Ser. Nos.
61/041,898, filed Apr. 2, 2008, and 61/161,292, filed Mar. 18,
2009, the entire disclosures of which are hereby incorporated
herein by reference.

BACKGROUND

1. Field of the Disclosure

The disclosure relates generally to methods for diagnosing
and treating diseases and disorders, and related compositions
and kits useful therefor. More particularly, the disclosure
relates to methods for diagnosing and treating catabolism-
related vitamin D deficiency and susceptibility thereto,
related compositions and kits, and methods for preventing
and treating related disorders.

2. Brief Description of Related Technology

Humans acquire vitamin D from dietary sources and from
the UV light-dependent conversion of 7-dehydroxcholesterol
to vitamin D;. Vitamin D, (or cholecalciferol) and vitamin D,
(or ergocalciferol) are collectively referred to as “vitamin D”
and are fat-soluble precursors to the active vitamin D hor-
mones. Metabolism of vitamin D, and vitamin D, occurs
primarily in the liver to produce 25-hydroxyvitamin D5 and
25-hydroxyvitamin D,, respectively (collectively referred to
herein as “25-hydroxyvitamin 1)), which are prohormones
of the respective active vitamin D hormones. Further meta-
bolic activation of these vitamin D prohormones occurs
mainly in the kidneys by a cytochrome P450 enzyme,
CYP27B. CYP27B is also expressed in many extra-renal
vitamin D target tissues and can effect local activation of
25-hydroxyvitamin D to produce autocrine and/or paracrine
hormonal responses. Specifically, 25-hydroxyvitamin D; is
metabolized to the active hormone 1,25-dihydroxyvitamin
D; (or calcitriol) and 25-hydroxyvitamin D, is metabolized to
the active hormone 1,25-dihydroxyvitamin D, (collectively
referred to herein as “1,25-dihydroxyvitamin D”).

The vitamin D hormones regulate a variety of cellular
processes via interactions with vitamin D receptors (VDR). In
particular, the vitamin D hormones regulate blood calcium
levels by controlling the absorption of dietary calcium by the
small intestine and the reabsorption of calcium by the kid-
neys. Excessive hormone levels can lead to abnormally
elevated urine calcium (hypercalciuria), blood calcium (hy-
percalcemia) and blood phosphorus (hyperphosphatemia).
Vitamin D deficiency, on the other hand, is associated with
secondary hyperparathyroidism, parathyroid gland hyperpla-
sia, hypocalcemia, chronic kidney disease (CKD), and meta-
bolic bone diseases such as osteitis fibrosa cystica, osteoma-
lacia, rickets, osteoporosis, and extraskeletal calcification.
Vitamin D hormone has been reported to have many diverse
“non-classical” biologic effects beyond its “classical” effects
on the parathyroid hormone system. Such effects have been
reported in connection with cellular proliferation, the
immune system and the cardiovascular system, including the
renin-angiotensin system, blood pressure, cellular growth
and differentiation, antifibrosis, red blood cell formation, hair
growth, and muscular function.

Catabolism of vitamin D prohormones, hormones, and
analogs is accomplished through the action of cytochrome

10

15

20

25

30

35

40

45

50

55

60

65

2

P450 enzymes. The cytochrome P450 enzyme CYP24 cata-
lyzes the first step in the catabolism of various vitamin D
compounds. In particular, for example, CYP24 carries out the
conversion of 25-hydroxyvitamin D; to 24,25-dihydroxyvi-
tamin D, and the conversion of 1,25-dihydroxyvitamin D,
(calcitriol) to 1,24,25-trihydroxyvitamin D, eventually giv-
ing rise to calcitroic acid. CYP24 can also hydroxylate at the
23 position, resulting in the production of the terminal
metabolite 1,25-dihydroxyvitamin D,-26,23-lactone. Fur-
ther processing by Phase II catabolic enzymes ultimately
leads to clearance of vitamin D compounds from the body.

SUMMARY

One aspect of the disclosure herein is a method of diagnos-
ing susceptibility for catabolism-related vitamin D deficiency
in a patient, including measuring a patient’s level of CYP24
expression and/or activity, or a proxy indicative thereof, for
example by obtaining a tissue, blood, or cell sample from a
patient and assaying the sample for CYP24 expression and/or
activity, or a proxy indicative thereof, wherein abnormally
elevated CYP24 expression and/or activity indicates a sus-
ceptibility for catabolism-related vitamin D deficiency. In one
embodiment, the patient is vitamin D replete, and the method
further includes inhibiting and/or preventing vitamin D defi-
ciency by administering a CYP24 inhibitor to the patient in
response to abnormally elevated CYP24 expression and/or
activity. In another embodiment, the patient is vitamin D
deficient, and the method further includes treating the vitamin
D deficiency by administering a CYP24 inhibitor to the
patient in response to abnormally elevated CYP24 expression
and/or activity.

Another aspect of the disclosure herein is a method of
diagnosing susceptibility for catabolism-related vitamin D
deficiency in a patient, including measuring a patient’s level
of FGF23, for example by obtaining a tissue, blood, or cell
sample from a patient and assaying the sample for FGF23
concentration, wherein abnormally elevated FGF23 concen-
tration indicates a susceptibility for catabolism-related vita-
min D deficiency. The method can further include any one of
the treatment or prevention methods described herein.

Another aspect of the disclosure herein is a method of
diagnosing and treating a patient, including measuring a
patient’s CYP24 expression and/or activity, or a proxy indica-
tive thereof, and administering a CYP24 inhibitor to the
patient in response to abnormally elevated CYP24 expression
and/or activity. The method can further include obtaining a
tissue, blood, or cell sample from the patient and assaying the
sample for CYP24 expression and/or activity, or a proxy
indicative thereof.

Preferably at the time of the measurement of CYP24
expression and/or activity, or proxy indicative thereof, the
patient is not undergoing active vitamin D therapy.

Preferably, the patient is one who does not have cancer.

The method can further include measuring the patient’s
25-hydroxyvitamin D levels and treating vitamin D defi-
ciency by administering the CYP24 inhibitor to a vitamin D
deficient patient.

The method can further include administering to the
patient one or more of vitamin D prehormones, prohormones,
and analogs of any of the foregoing, preferably a compound
selected from cholecalciferol, ergocalciferol, 25-hydroxyvi-
tamin D2, 25-hydroxyvitamin D3, and combinations thereof.
For example the therapy can include administration of 25-hy-
droxyvitamin D3. Preferably the therapy includes adminis-
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tration of a therapeutically effective amount of 25-hydroxyvi-
tamin D3 to restore the patient’s 25-hydroxyvitamin D levels
to at least 30 ng/mL.

The method can further include measuring the patient’s
25-hydroxyvitamin D levels and inhibiting and/or preventing
vitamin D deficiency by administering the CYP24 inhibitor to
a vitamin D replete patient.

In one type of embodiment, the patient has Chronic Kidney
Disease, for example selected from Stage 1 and Stage 2, or
selected from Stage 3 and Stage 4.

In one type of embodiment, the patient has hyperparathy-
roidism. For example, the patient’s PTH level is above the
target range for the patient’s Stage of CKD.

In one type of embodiment, the patient has a deficiency in
1,25-dihydroxyvitamin D3.

The method can further include avoiding active vitamin D
therapy or reducing the level of or omitting active vitamin D
therapy if the patient is undergoing active vitamin D therapy.

The method can further include administering 25-hydrox-
yvitamin D to the patient in an amount sufficient to increase
1,25-dihydroxyvitamin D levels.

In one embodiment, the CYP24 inhibitor is also a vitamin
D receptor agonist.

The method can include measuring the level of FGF23 in
the patient as a proxy for the level of CYP24 expression
and/or activity, wherein a level of FGF23 greater than the
upper value of the normal range indicates abnormally
elevated CYP24 expression. For example, a level of FGF23 at
least two times, at least four times, at least 10 times, or at least
40 times greater than the upper value of the normal range
indicates abnormally elevated CYP24 expression.

The method can include measuring the concentration of
one or more catabolic byproducts of CYP24 in serum or
another bodily fluid as a proxy for CYP24 activity.

The method can further include measuring the concentra-
tion of one or more precursors to the one or more catabolic
byproducts of CYP24 in serum or another bodily fluid and
calculating a ratio of concentrations of one or more catabolic
byproducts of CYP24 to serum concentrations of one or more
corresponding precursors as a proxy for CYP24 activity.

In one embodiment, the catabolic byproducts of CYP24
include one or both of 24,25-dihydroxyvitamin D and 1,24,
25-trihydroxyvitamin D.

In one embodiment, the measuring of CYP24 activity
includes measuring one or more ratios selected from the
group consisting of 24,25-dihydroxyvitamin D to 25-hydrox-
yvitamin D and 1,24,25-trihydroxyvitamin D to 1,25-dihy-
droxyvitamin D.

In one embodiment, the catabolic byproducts of CYP24
include the 24-hydroxylated and/or 23-hydroxylated cata-
bolic byproducts of one or more members selected from the
group consisting of paricalcitol, doxercalciferol, 22-oxacal-
citriol, dihydrotachysterol, and 26,26,26,27,27,27-hexafluo-
rocoalcitriol (falecalcitriol).

In one embodiment, the measuring of CYP24 expression
and/or activity, or proxy indicative thereof follows acute or
chronic administration of a CYP24 substrate. In this embodi-
ment, preferably the CYP24 substrate is not a dual-action
inhibitor and VDR agonist, as described below.

In one embodiment, one or more measurements comprise
serum concentrations.

In one embodiment, the measuring of CYP24 expression
includes measuring CYP24 mRNA in tissues, plasma, or
cells.

In one embodiment, the measuring of CYP24 expression
includes measuring CYP24 protein in tissues, plasma, or
cells.
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In one embodiment, the measuring of CYP24 activity
includes measuring CYP24 enzymatic activity in tissues,
plasma, or cells.

In one embodiment, the tissues or cells are selected from
the group consisting of kidney tissue, liver tissue, parathyroid
gland tissue, peripheral blood mononuclear cells, and buccal
cells.

In one embodiment, the abnormally elevated CYP24
expression and/or activity is at least 2-fold, at least 3-fold, at
least 4-fold, at least 10-fold, or at least 100-fold increased
over normal CYP24 expression and/or activity.

Another aspect of the disclosure includes a kit, including
an assay for measuring the levels of one or more CYP24
catabolic byproducts, and instructions for practicing a
method described herein. The kit can further include an assay
for measuring the levels of one or more corresponding pre-
Ccursors.

Anotheraspect of the disclosure includes akit including an
assay for measuring the level of CYP24 protein, and instruc-
tions for practicing a method described herein. The assay can
include an immobilized anti-CYP24 antibody, and a labeled
anti-CYP24 antibody.

Another aspect of the disclosure includes a pharmaceutical
formulation for treating or preventing vitamin D deficiency
including an effective amount of a CYP24 inhibitor. The
formulation can further include an effective amount of 25-hy-
droxyvitamin D3.

Another aspect of the disclosure includes a pharmaceutical
formulation for treating or preventing hyperparathyroidism
including an effective amount of a CYP24 inhibitor. The
formulation can further include an effective amount of 25-hy-
droxyvitamin D3. The pharmaceutical formulation can be for
treating hyperparathyroidism secondary to Chronic Kidney
Disease, for example Stage 3 or Stage 4 CKD.

Another aspect of the disclosure includes a CYP24 inhibi-
tor for use in treating or preventing vitamin D deficiency.

Another aspect of the disclosure includes a CYP24 inhibi-
tor for use in treating or preventing hyperparathyroidism, for
example hyperparathyroidism secondary to Chronic Kidney
Disease, for example Stage 3 or Stage 4 CKD.

Another aspect of the disclosure includes use of a CYP24
inhibitor for the manufacture of a medicament for treating or
preventing vitamin D deficiency.

Another aspect of the disclosure includes use of a CYP24
inhibitor for the manufacture of a medicament for treating or
preventing hyperparathyroidism, for example hyperparathy-
roidism secondary to Chronic Kidney Disease, for example
Stage 3 or Stage 4 CKD.

For the compositions, methods, uses, and kits described
herein, preferred features, such as components, composi-
tional ranges thereof, substituents, conditions (e.g., charac-
teristics of patient populations), and method steps, can be
selected from the various examples provided herein.

Further aspects and advantages will be apparent to those of
ordinary skillin the art from a review of the following detailed
description, taken in conjunction with the drawings. While
the method is susceptible of embodiments in various forms,
the description hereafter includes specific embodiments with
the understanding that the disclosure is illustrative, and is not
intended to limit the invention to the specific embodiments
described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

For further facilitating the understanding of the present
invention, nine drawing figures are appended hereto.



US 8,962,239 B2

5

FIG. 1 shows a graph of serum parathyroid hormone (PTH)
levels over time in rats fed an adenine-rich diet or a control
diet.

FIG. 2 shows a graph of serum parathyroid hormone (PTH)
levels in adenine-fed rats treated with three different vitamin
D compounds for one week.

FIG. 3 shows a graph of 1,25-(OH),-D; (calcitriol) levels
in adenine-fed and control-diet-fed rats and in adenine-fed
animals treated with three different vitamin D compounds.

FIG. 4 shows a graph of CYP24 expression in kidney tissue
from adenine-fed and control-diet fed rats and from adenine-
fed animals treated with three different vitamin D com-
pounds. RFI indicates the relative fold induction.

FIG. 5 shows a graph of CYP24 expression in parathyroid
gland tissue from adenine-fed and control-diet fed rats and
from adenine-fed animals treated with three different vitamin
D compounds.

FIG. 6 shows a graph of serum FGF23 levels in adenine-fed
and control-diet fed rats and in adenine-fed animals treated
with three different vitamin D compounds.

FIG. 7 shows a graph of FGF23 levels and osteoclacin
levels in kidney tissue from adenine-fed and control-diet fed
rats.

FIG. 8 shows a graph of relative CYP24 induction in rats
treated with vitamin D (25-hydroxyvitamin D, and 25-hy-
droxyvitamin D) for 2 weeks.

FIG. 9 shows changes 25-OH-D levels in humans in
response to administration of placebo and (57,7E,167,23E)-
(18,3R)-25-nor-25-t-butylsulfonyl-9,10-seco-5,7,10(19),16,
23-cholestapentaene-1.3-diol.

FIG. 10 shows relative CYP24 inductionin kidney tissue in
normal and adenine-induced uremic rats, showing that basal
expression of CYP24 (vehicle) and induced expression of
CYP24 by 1,25-dihydroxyvitamin D, (1, 25(0H),D,).

FIG. 11 shows relative CYP24 induction in parathyroid
gland tissue in normal and adenine-induced uremic rats,
showing that basal expression of CYP24 (vehicle) and
induced expression of CYP24 by 1,25-dihydroxyvitamin D,
(10,25(0H),D,).

FIG. 12 shows relative expression of CYP24 and
CYP27B1 in normal rats, adenine-induced uremic rats, and
adenine-induced uremic rats treated with 1,25-dihydroxyvi-
tamin Dj, with resultant exacerbation of vitamin D defi-
ciency.

FIG. 13 shows relative expression of CYP24 and
CYP27B1 in normal rats versus normal rats on a vitamin-D
deficient diet, and between adenine-induced uremic rats on a
normal diet and on a vitamin-D deficient diet.

FIG. 14 shows relative induction of CYP24 expression in
HEK cells incubated with 1,25-dihydroxyvitamin D5 alone or
with a CYP24 inhibitor.

FIG. 15 shows the 3H-thymidine incorporation (%) in
HEK cells treated with 1,25-dihydroxyvitamin D, alone or in
combination with a CYP24 inhibitor at various concentra-
tions.

FIG. 16 shows the relative expression of CYP24 in HPK 1 a-
ras cells treated with 1,25-dihydroxyvitamin D; alone or in
combination with FGF23.

FIG. 17 shows the relative induction of CYP24 in normal
rats versus normal rats fed a vitamin D deficient diet, and
normal rats fed a vitamin D deficient diet that were treated
with various concentrations of 25-hydroxyvitamin D;.

FIG. 18 shows the relative induction of CYP24 in rats fed
a normal diet supplemented with adenine (“Adenine
Vehicle”) versus a vitamin D deficient diet supplemented
with adenine and versus rats fed a vitamin D deficient diet
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supplemented with adenine and treated with various concen-
trations of 25-hydroxyvitamin D;.

FIG. 19 shows the effect of 25-hydroxyvitamin D5 on the
concentration of 1,25-dihydroxyvitamin D; in uremic vita-
min D deficient rats versus otherwise normal vitamin D defi-
cient rats.

DETAILED DESCRIPTION

“Vitamin D deficiency” is generally defined as a condition
in a human patient or other mammal in which serum 25-hy-
droxyvitamin D levels is below 30 ng/mL (see National Kid-
ney Foundation guidelines, NKF, Am. J. Kidney Dis. 42:S1-
S202 (2003), incorporated herein by reference). “Vitamin D
deficiency” includes “vitamin D insufficiency,” defined as
serum 25-hydroxyvitamin D of at least 16 ng/ml and less
than 30 ng/mL, “mild” vitamin D deficiency, defined as serum
25-hydroxyvitamin D of 5-15 ng/mL, and “severe” vitamin D
deficiency, defined as serum 25-hydroxyvitamin D below 5
ng/mL.

As used herein, the term “vitamin D replete” is defined as
a condition in a human patient or other mammal in which
serum 25-hydroxyvitamin D levels is at or above 30 ng/mL.

The term “at risk™ as used herein generally refers to those
patient populations having characteristics or diseases associ-
ated with vitamin D deficiency. Specific examples include,
but are not limited to, subjects with Stage 1, 2, 3, 4 or §
chronic kidney disease; infants, children and adults that do
not drink vitamin D fortified milk (e g lactose intolerant
subjects, subjects with milk allergy, vegetarians who do not
consume milk, and breast fed infants); subjects with rickets;
subjects with dark skin (e.g., in the U.S., 42% of African
American women between 15 and 49 years of age were vita-
min D deficient compared to 4% of white women); the elderly
(who have a reduced ability to synthesize vitamin D and also
are more likely to stay indoors); chronically or acutely and
severely ill adults (who are likely to stay indoors, in hospitals,
in intensive care facilities, institutional and assisted-care
facilities including subjects with Alzheimer’s disease or men-
tally ill); subjects who cover all exposed skin (such as mem-
bers of certain religions or cultures); subjects who always use
sunscreen (e.g., the application of sunscreen with a Sun Pro-
tection Factor (SPF) value of 8 reduces production of vitamin
D by 95%, and higher SPF values may further reduce vitamin
D); subjects with fat malabsorption syndromes (including but
not limited to cystic fibrosis, cholestatic liver disease, other
liver disease, gallbladder disease, pancreatic enzyme defi-
ciency, Crohn’s disease, inflammatory bowel disease, sprue
or celiac disease, or surgical removal of part or all of the
stomach and/or intestines); subjects with inflammatory bowel
disease; subjects with Crohn’s disease; subjects who have had
small bowel resections; subjects with gum disease; subjects
taking medications that increase the catabolism of vitamin D,
including phenytoin, fosphenytoin, phenobarbital, carbam-
azepine, and rifampin; subjects taking medications that
reduce absorption of vitamin D, including cholestyramine,
colestipol, orlistat, mineral oil, and fat substitutes; subjects
taking medications that inhibit activation of vitamin D,
including ketoconazole; subjects taking medications that
decrease calcium absorption, including corticosteroids; sub-
jects with obesity, diabetes mellitus, insulin resistance syn-
drome, endothelial dysfunction (vitamin D deposited in body
fat stores is less bioavailable); subjects with osteoporosis;
postmenopausal women; individuals with cardiovascular dis-
ease, atherosclerosis, and/or heart failure; and/or critically-ill
hospitalized subjects.
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In one embodiment, the patient does not have cancer. A
“cancer” refers to the presence of cells possessing charactet-
istics typical of cancer-causing cells, such as uncontrolled
proliferation, immortality, metastatic potential, rapid growth
and proliferation rate, and certain characteristic morphologi-
cal features. Often, cancer cells will be in the form ofa tumor,
but such cells may exist alone within a human or animal, or
may be a non-tumorigenic cancer cell, such as a leukemia
cell. Cancers include, but are not limited to breast cancer, lung
cancer, bronchus cancer, colorectal cancer, prostate cancer,
pancreas cancer, stomach cancer, ovarian cancer, urinary
bladder cancer, brain or central nervous system cancer,
peripheral nervous system cancer, esophageal cancer, cervi-
cal cancer, a melanoma, uterine or endometrial cancer, cancer
of the oral cavity or pharynx, liver cancer, kidney cancer,
testis cancer, biliary tract cancer, small bowel or appendix
cancer, salivary gland cancer, thyroid gland cancer, adrenal
gland cancer, osteosarcoma, and a chondrosarcoma.

As used herein, the term “hyperparathyroidism™ refers to
one or more of primary hyperparathyroidism, secondary
hyperparathyroidism, hyperparathyroidism secondary to
chronic kidney disease (Stage 3, 4 or 5) and hyperparathy-
roidism secondary to vitamin D deficiency.

The terms “subject” and “patient” as used herein generally
include humans, mammals (e.g., dogs, cats, rodents, sheep,
horses, cows, goats), veterinary animals and zoo animals,
preferably humans.

The term “CYP24 expression and/or activity” as used
herein generally includes transcription to produce CYP24
mRNA, translation to produce CYP24 protein, and the com-
bination of transcription and translation to produce CYP24
protein, as well as activity of the CYP24 enzyme directly or
by calculating the ratio of CYP24 products to CYP24 sub-
strates.

As used herein, the term “vitamin D compound” generally
includes vitamin D prehormones (e.g., cholecalciferol and
ergocalciferol), vitamin D prohormones (e.g.. 1a.-hydroxyvi-
tamin Dj, la-hydroxyvitamin Ds, 25-hydroxyvitamin Dj,
and 25-hydroxyvitamin D,), active vitamin D hormones, ana-
logs of the foregoing, and combinations of any of the forego-
ing. Specific examples include, but are not limited to, vitamin
D; (cholecalciferol), vitamin D, (ergocalciferol), 25-hydrox-
yvitamin D;, 25-hydroxyvitamin D,, 1a,25-dihydroxyvita-
min D5, la,25-dihydroxyvitamin D,, 1a,25-dihydroxyvita-
min D, and vitamin D analogs (including all hydroxy and
dihydroxy forms), including 1,25-dihydroxy-19-nor-vitamin
D,, 22-oxacalcitriol, dihydrotachysterol. and 26,26,26,27,27,
27-hexafluorocalcitriol (falecalcitriol).

Asused herein, the terms “active vitamin D”” and “activated
vitamin D” refer to a vitamin D compound that is hydroxy-
lated in at least the 1o position. Active vitamin D compounds
include calcitriol, 1,25-dihydroxyvitamin D,, alfacalcidol,
doxercalciferol, 22-oxacalcitriol, and paricalcitol.

As used herein, the phrase “therapeutically effective
amount” refers to an amount of therapeutic or prophylactic
agent (e.g.,a CYP24 inhibitor or dual action CYP24 inhibitor
and VDR agonist) that would be appropriate for an embodi-
ment of the present invention, and that will elicit the desired
therapeutic or prophylactic effect or response when adminis-
tered in accordance with the desired treatment regimen. More
specifically, a “therapeutically effective amount™ means an
amount effective to prevent development of, to eliminate, to
correct, or to retard the progression of the relevant condition,
e.g. vitamin D deficiency. Determination of a therapeutically
effective amount is well within the capability of those skilled
in the art, especially in light of the detailed disclosure pro-
vided herein.
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A “therapeutically effective dose” refers to that amount of
the active ingredients that results in achieving the desired
effect. Toxicity and therapeutic efficacy of such active ingre-
dients can be determined by standard pharmaceutical proce-
dures in cell cultures or experimental animals, e.g., determin-
ing the LD, (the dose lethal to 50% of the population) and the
EDy, (the dose therapeutically effective in 50% of the popu-
lation). The dose ratio between toxic and therapeutic effects is
the therapeutic index, which is expressed as the ratio between
LDs, and EDs,. A high therapeutic index is preferred. The
data obtained can be used in formulating a range of dosage for
use in humans. The dosage of the active ingredients prefer-
ably lies within a range of circulating concentrations that
include the EDy, with little or no toxicity. The dosage can
vary within this range depending upon the dosage form
employed, and the route of administration utilized.

As used herein, the term “comprising” indicates the poten-
tial inclusion of other agents, elements, steps, or features, in
addition to those specified.

One aspect of the disclosure provides a method for diag-
nosing catabolism-related vitamin D deficiency. The method
includes measuring CYP24 expression and/or activity in a
vitamin D deficient patient and correlating abnormally
elevated CYP24 expression and/or activity with catabolism-
related vitamin D deficiency. In response to abnormally
elevated CYP24 expression and/or activity, the method can
further include administering a CYP24 inhibitor to the vita-
min D deficient patient.

Another aspect of the disclosure provides a method for
diagnosing susceptibility for catabolism-related vitamin D
deficiency. The method includes measuring CYP24 expres-
sion and/or activity in a patient and correlating abnormally
elevated CYP24 expression and/or activity with susceptibil-
ity for catabolism-related vitamin D deficiency. Inresponse to
abnormally elevated CYP24 expression and/or activity in a
vitamin D replete patient, the method can further include
inhibiting and/or preventing vitamin D deficiency by admin-
istering a CYP24 inhibitor to the vitamin D replete patient. In
response to abnormally elevated CYP24 expression and/or
activity in a vitamin D deficient patient, the method can
further include treating vitamin D deficiency by administer-
ing a CYP24 inhibitor to the vitamin D deficient patient.

Yet another aspect of the disclosure provides a method for
treating or preventing vitamin D deficiency and/or hyperpar-
athyroidism. The method includes measuring CYP24 expres-
sion and/or activity in a patient, or a proxy therefor, and
administering a CYP24 inhibitor to the patient in response to
abnormally elevated CYP24 expression and/or activity. The
method can include treating vitamin D deficiency by admin-
istering the CYP24 inhibitor to a vitamin D deficient patient
having abnormally elevated CYP24 expression and/or activ-
ity. The method can further include inhibiting and/or prevent-
ing vitamin D deficiency by administering the CYP24 inhibi-
tor to a vitamin D replete patient having abnormally elevated
CYP24 expression and/or activity. The method can include
inhibiting and/or preventing hyperparathyroidism by admin-
istering the CYP24 inhibitor to a patient having abnormally
elevated CYP24 expression and/or activity. The method can
also include inhibiting and/or preventing a deficiency of 1,25-
dihydroxyvitamin D by administering the CYP24 inhibitor to
a patient having abnormally elevated CYP24 expression and/
or activity.

Another aspect of the disclosure provides a method for
treating or preventing vitamin D deficiency in a patient. The
method includes measuring CYP24 expression and/or activ-
ity in the patient and administering a CYP24 inhibitor to the
patient in response to abnormally elevated CYP24 expression
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and/or activity. The method further includes avoiding exac-
erbation of increased CYP24 levels and vitamin D deficiency
in the patient in response to abnormally elevated CYP24
expression and/or activity, e.g. by reducing, avoiding (omit-
ting), or ceasing activation of the vitamin D binding receptor
(VDR) by outside influences, for example by reducing, avoid-
ing (omitting), or ceasing administration of active vitamin D
compounds. The method can further include administering a
vitamin D supplement to the patient, such as by administering
25-hydroxyvitamin D (e.g., 25-hydroxyvitamin D,) to the
patient. The method can further include measuring the intact
parathyroid hormone (PTH) levels and 25-hydroxyvitamin D
levels in the patient. In one embodiment, the patient has
abnormally elevated PTH level and normal 25-hydroxyvita-
min D level. In another embodiment, the patient has abnor-
mally elevated PTH levels and abnormally decreased 25-hy-
droxyvitamin D level (e.g., vitamin D deficiency). In another
embodiment, the patient has normal PTH levels and abnor-
mally decreased 25-hydroxyvitamin D levels. The method
can further include measuring glomerular filtration rate
(GFR) in the patient to determine the Stage of Chronic Kid-
ney Disease. In one embodiment, the patient will have CKD
selected from stages 1-5. In another embodiment, the patient
will have CKD selected from stages 1 and 2. In another
embodiment, the patient will have CKD selected from stages
3 and 4.

One embodiment of the disclosure provides for measuring
CYP24 activity by measuring the level of fibroblast growth
factor-23 (FGF23) in a patient. Another embodiment pro-
vides for measuring CYP24 expression and/or activity by
measuring the level of one or more catabolic byproducts of
CYP24 (including but not limited to, 24,25-dihydroxyvita-
min Dy, 25-hydroxyvitamin D,-26,23-lactone, 1,24,25-trihy-
droxyvitamin Dj, 24,25-dihydroxyvitamin D,, or 1,24,25-
trihydroxyvitamin D, or the terminal products of CYP24
activity on vitamin D3 metabolites including calcitroic acid
or 1,25-(0OH),D;-26,23-lactone). Another embodiment pro-
vides for measuring CYP24 activity by measuring ratios of
one or more catabolic byproducts of CYP24 to one or more
corresponding precursors (e.g. the ratio of 24,25-dihydrox-
yvitamin D to 25-hydroxyvitamin D, or the ratio of 1,24,25-
trihydroxyvitamin D to 1,25-dihydroxyvitamin D). Still other
embodiments provide for measuring CYP24 expression by
measuring the level of CYP24 mRNA in a patient, the level of
CYP24 protein in a patient, and/or the level of CYP24
enzyme activity in a patient. Another embodiment provides
for measuring CYP24 activity by measuring CYP24 metabo-
lite(s) of other CYP24 substrates which could be introduced
(e.g., by injection), metabolized by CYP24, and then mea-
sured.

Another aspect of the disclosure provides akit for diagnos-
ing catabolism-related vitamin D deficiency. In one embodi-
ment, the kit includes an assay or other apparatus for measur-
ing CYP24 mRNA, protein or enzymatic activity, and
instructions for use, for example according to a method dis-
closed herein.

The diagnostic kit and methods disclosed herein are con-
templated to include embodiments including any combina-
tion of one or more of the additional optional elements, fea-
tures, and steps further described below (including those
shown in the figures), unless stated otherwise.

It also is specifically understood that any numerical value
recited herein includes all values from the lower value to the
upper value, i.e., all possible combinations of numerical val-
ues between the lowest value and the highest value enumer-
ated are to be considered to be expressly stated in this appli-
cation. For example, if a concentration range or a beneficial
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effect range is stated as 1% to 50%, it is intended that values
such as 2% to 40%, 10% to 30%, or 1% to 3%, etc., are
expressly enumerated in this specification. These are only
examples of what is specifically intended.

In one aspect, the present disclosure provides a method of
diagnosing catabolism-related vitamin D deficiency. The
method includes measuring CYP24 expression and/or activ-
ity in a vitamin D deficient patient and correlating abnormally
elevated CYP24 expression and/or activity with catabolism-
related vitamin D deficiency. In response to abnormally
elevated CYP24 expression and/or activity, the method can
further include administering a CYP24 inhibitor to the vita-
min D deficient patient.

In another aspect, the present disclosure provides a method
of diagnosing susceptibility for catabolism-related vitamin D
deficiency. The method includes measuring CYP24 expres-
sion and/or activity in a patient and correlating abnormally
elevated CYP24 expression and/or activity with susceptibil-
ity for catabolism-related vitamin D deficiency. Inresponse to
abnormally elevated CYP24 expression and/or activity in a
vitamin D replete patient, the method can further include
inhibiting and/or preventing vitamin D deficiency by admin-
istering a CYP24 inhibitor to the vitamin D replete patient. In
response to abnormally elevated CYP24 expression and/or
activity in a vitamin D deficient patient, the method can
further include treating vitamin D deficiency by administer-
ing a CYP24 inhibitor to the vitamin D deficient patient.

In yet another aspect, the present disclosure provides a
method of treating or preventing vitamin D deficiency and/or
hyperparathyroidism. The method includes measuring
CYP24 expression and/or activity, or a proxy therefor, in a
patient and administering a CYP24 inhibitor to the patient in
response to abnormally elevated CYP24 expression and/or
activity. The method can include treating vitamin D defi-
ciency by administering the CYP24 inhibitor to a vitamin D
deficient patient having abnormally elevated CYP24 expres-
sionand/or activity. The method can include inhibiting and/or
preventing vitamin D deficiency by administering the CYP24
inhibitor to a vitamin D replete patient having abnormally
elevated CYP24 expression and/or activity. The method can
include inhibiting and/or preventing hyperparathyroidism by
administering the CYP24 inhibitor to a patient having abnor-
mally elevated CYP24 expression and/or activity. The
method can also include inhibiting and/or preventing a defi-
ciency of 1,25-dihydroxyvitamin D by administering the
CYP24 inhibitor to a patient having abnormally elevated
CYP24 expression and/or activity.

Vitamin D deficiency is associated with a host of additional
diseases and disorders, including secondary hyperparathy-
roidism, parathyroid gland hyperplasia, hypocalcemia, pso-
riasis, chronic kidney disease (CKD), and metabolic bone
diseases such as fibrogenesis imperfecta ossium, osteitis fib-
rosa cystica, osteomalacia, rickets, osteoporosis, osteopenia,
osteosclerosis, renal osteodystrophy, and extraskeletal calci-
fication. The methods in accordance with the present disclo-
sure also are useful for treating or preventing diseases or
disorders associated with vitamin D deficiency.

The current standard of care for CKD patients states that
patients should have their PTH and 25-hydroxyvitamin D
levels measured. In Stage 3 and Stage 4 patients, if the plasma
intact parathyroid (PTH) level is elevated (e.g., above the
targetrange for the stage of CKD) and the 25-hydroxyvitamin
D is decreased (<30 ng/ml), then the patient 1s treated with a
vitamin D, supplement (ergocalciferol). See “Guideline 7:
Prevention And Treatment Of Vitamin D Insufficiency And
Vitamin D Deficiency In People With CKD (Algorithm 1)” of
National Kidney Foundation K/DOQI clinical practice guide-
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lines for bone metabolism and disease in chronic kidney
disease, Am J Kidney Dis 42:S1-S202, 2003 (Suppl 3), incor-
porated herein by reference. For CKD Stage 3 (GFR Range
30-59 ml/min/1.73 m?), the target PTH level is 35-70 pg/ml
(3.85-7.7 pmol/L)). For CKD Stage 4 (GFR Range 15-29
ml/min/1.73 m?), the target PTH level is 70-110 pg/ml (7.7-
12.1 pmol/L).

Onthe other hand, ifthe PTH level is above the target range
for the stage of CKD and the serum levels of 25-hydroxyvi-
tamin D are >30 ng/ml, then the patient is treated with an
active vitamin D hormone (e.g., calcitriol, alfacalcidol, or
doxercalciferol). See “Guideline 8A: Active Vitamin D
Therapy In Stages 3 And 4 CKD (Algorithm 2)” of National
Kidney Foundation K/DOQI clinical practice guidelines for
bone metabolism and disease in chronic kidney disease, Am
J Kidney Dis 42:S1-8202, 2003 (Suppl 3), incorporated
herein by reference.

Without intending to be bound by any particular theory,
FIG. 12 shows that if the level of 25-hydroxyvitamin D is
normal, treating with an active vitamin D hormone per guide-
lines will increase the levels of CYP24, and therefore will
exacerbate vitamin D deficiency despite reducing PTH levels.
In patients with chronic kidney disease and elevated PTH
levels, CYP24 overactivity should be managed by (a) using a
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CYP24 inhibitor and/or (b) avoiding further exacerbation of 25

increased CYP24 levels and vitamin D deficiency.

Accordingly, another aspect of the disclosure provides a
method for treating or preventing hyperparathyroidism sec-
ondary to chronic kidney disease (preferably Stages 3 and 4)
in a patient. The method includes measuring CYP24 expres-
sion and/or activity in the patient and administering a CYP24
inhibitor to the patient in response to abnormally elevated
CYP24 expression and/or activity. The method preferably
further includes avoiding exacerbation of increased CYP24
levels and vitamin D deficiency, if present, by avoiding
administration of active vitamin D. The method can further
include administering vitamin D supplementation to the
patient, preferably with 25-hydroxyvitamin D (e.g., 25-hy-
droxyvitamin D;). The method can further include measuring
25-hydroxyvitamin D level in the patient. In one embodi-
ment, the patient has abnormally elevated PTH levels and
normal 25-hydroxyvitamin D levels. In another embodiment,
the patient has abnormally elevated PTH levels and abnor-
mally decreased 25-hydroxyvitamin D levels. In vet another
embodiment, the patient has normal PTH levels and abnor-
mally decreased 25-hydroxyvitamin D levels. The method
can further include measuring glomerular filtration rate
(GFR) in the patient to determine the stage of the chronic
kidney disease.

In one embodiment, and without intending to be bound by
any particular theory, FGF23 level is used as a proxy for
CYP24 expression and/or activity. In another embodiment,
and without intending to be bound by any particular theory,
elevated FGF23 itself is a marker for susceptibility to vitamin
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causation (i.e., whether through catabolism by CYP24, or
not). The level of FGF23 in abiological sample obtained from
a patient can be determined by a variety of techniques known
to one skilled in the art. For example, concentrations of intact
FGF-23 (iFGF23) and median C-terminal FGF-23 (cFGF23)
can be measured using ELISA kits available from IMMU-
TOPICS (San Clemente, Calif., USA). Measurements of the
foregoing species are preferably made as serum concentra-
tions, although concentrations can be measured in plasma,
serum or other bodily fluids (e.g., saliva) or tissues. Normal
iFGF23 levels are in the range of 0 to 90 pg/mL for healthy
adulthumans (Fliser etal. J. Am. Soc. Nephrol. 18:2601-2608
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(2007), Ibrahim et al. Int. Urol. Nephrol. 41(1):163-169
(2009)). Normal cFGE23 levels are in the range of 0 to 85
reference units (RU)/mL for healthy adult humans (Tebbin et
al. Mayo Clin. Proc. 80(6):745-751 (2005)). A level of FGF23
greater than the upper value of the normal range would be
indicative of abnormally elevated CYP24 expression. The
further the level of FGF23 is from the upper end of the normal
range, the greater the correlation to abnormally elevated
CYP24 expression. Elevated FGF23 according to the meth-
ods described herein will be at least 2-fold greater than nor-
mal, for example 3-fold, 4-fold, 5-fold, 10-fold, 50-fold, 100-
fold, or 1000-fold.

In another embodiment, CYP24 activity is measured by
measuring the level of one or more catabolic byproducts of
CYP24. The level of catabolic byproducts of CYP24 in a
biological sample obtained from a patient can be determined
by a variety of techniques known to one skilled in the art. For
example, CYP24 catabolic byproducts can be measured by
immunoassays such as enzyme-linked immunosorbent
assays (ELISAs), radioimmunoassays (RIAs), immunofluo-
rescent assays, and the like. Another approach to measure
CYP24 byproducts such as 25-hydroxyvitamin D;-26,23-
lactone or 1,25-dihydroxyvitamin D,-26,23-lactone would
take advantage of their high affinity to natural vitamin D
binding proteins such as vitamin D binding protein (DBP) or
vitamin D receptor. Such proteins also can be modified by
methods knownto one skilled in the art to have greater affinity
or selectivity for such vitamin D products. Synthetic antibod-
ies or proteins having affinity for vitamin D metabolites of
interest could also be generated using techniques such as
phage-display or yeast display and could be incorporated into
akitto determine vitamin D metabolite and CYP24 catabolic
byproduct concentration. Other techniques to measure
CYP24 catabolic byproducts include high performance lig-
uid chromatography (HPLC) in combination with UV-visible
spectroscopy, fluorescence spectroscopy, mass spectrometry,
and the like. CYP24 activity also can be measured by mea-
suring ratios of one or more catabolic byproducts of CYP24 to
one or more corresponding precursors. CYP24 catabolic
byproducts include 24-hydroxylated natural and synthetic
vitamin D compounds. Examples of natural CYP24 catabolic
byproducts include 24,25-dihydroxyvitamin D;, 1,24,25-tri-
hydroxyvitamin D,, 24,25-dihydroxyvitamin D,, and 1,24,
25-trihydroxyvitamin D,. Additional products of CYP24 can
also be 23-hydroxylated such as the 25-hydroxyvitamin
D;-26,23-lactone or the 1,25-dihydroxyvitamin D;-26,23-
lactone. Additional examples of CYP24 catabolic byproducts
include the products obtained by 24-hydroxylation of syn-
thetic vitamin D compounds. Synthetic vitamin D com-
pounds include paricalcitol (ZEMPLAR®), doxercalciferol
(HECTOROL®), 22-oxacalcitriol, alfacalcidol, and 26,26,
26,27.27,27-hexafluorocalcitriol (falecalcitriol). Measure-
ments of the foregoing species are preferably made as serum
concentrations, although concentrations can be measured in
serum or other bodily fluids (e.g., saliva). Measurements can
be made after acute or chronic administration of a CYP24
substrate.

The corresponding precursor compounds of CYP24 cata-
bolic byproducts include, for example, 25-hydroxyvitamin
Dj, 1,25-dihydroxyvitamin D;, 25-hydroxyvitamin D,, and
1,25-dihydroxyvitamin D,. The level of corresponding pre-
cursor compounds can be measured along with CYP24 cata-
bolic byproducts, and ratios of one or more catabolic byprod-
ucts of CYP24 to one or more corresponding precursors can
be used to obtain a value for CYP24 activity. For example,
ratios including 24,25-dihydroxyvitamin D to 25-hydroxyvi-
tamin D and 1,24,25-trihydroxyvitamin D to 1,25-dihydrox-



US 8,962,239 B2

13

yvitamin D can be measured and used to obtain CYP24 activ-
ity. Measurements of the foregoing species are preferably
made as serum concentrations, although concentrations can
be measured in serum or other bodily fluids (e.g., saliva).
Measurements can be made after acute or chronic adminis-
tration of a CYP24 substrate.

In another embodiment, CYP24 expression is determined
by measuring the level of CYP24 mRNA in a patient. The
level of mRNA in a biological sample obtained from a patient
can be determined by a variety of techniques known to one
skilled in the art. In Northern blotting, for example, mRNA
levels can be quantified by hybridizing radioactively- or fluo-
rescently-labeled probes with mRNA samples that have been
separated by electrophoresis and/or bound to a membrane or
other solid support. DNA microarray technologies provide
another means for quantifying mRNA levels, whereby a fluo-
rescently-labeled mRNA sample is allowed to hybridize with
tens to hundreds of thousands of DNA oligonucleotides
affixed to a solid support in a defined pattern. Techniques that
provide signal amplification are particularly useful when low
levels of mRNA are present. For example, quantitative real
time-polymerase chain reaction (QRT-PCR) provides mRNA
quantification by conversion of the target mRNA to the cor-
responding DNA molecule, followed by amplification via the
polymerase chain reaction. By using a fluorescently labeled
primer, mRNA levels can be monitored in real-time during
the amplification process.

In another embodiment, CYP24 expression is determined
by measuring the level of CYP24 protein in a patient. The
level of protein in a biological sample obtained from a patient
can be determined by a variety of techniques known to one
skilled in the art. In Western blotting, for example, protein
levels can be quantified by detecting the binding of an anti-
body specific for the target protein with protein samples that
have been separated by electrophoresis and/or bound to a
membrane or other solid support. Assays that rely on the
binding of a specific antibody to a target antigen (e.g. CYP24)
can take a variety of forms, and in addition to Western blotting
(immunoblotting), examples of such assays include enzyme-
linked immunosorbent assays (ELISAs), radioimmunoassays
(RIAs), immunofluorescent assays, and the like. Protein lev-
els also can be measured by various staining, spectroscopic,
and spectrometric detection techniques, optionally in combi-
nation with various separation techniques. Examples of
detection techniques include Coomassie staining, silver
staining, UV-visible spectroscopy, fluorescence spectros-
copy, mass spectrometry, and the like. These detection tech-
niques can be combined with separation techniques, such as
electrophoresis, capillary electrophoresis, high performance
liquid chromatography (HPLC), fast protein liquid chroma-
tography (FPLC), thin layer chromatography (TLC),
Luminex® xMAP® multiplexing technology for gene quan-
tification, and the like.

In yetanother embodiment, CYP24 activity is measured by
measuring the level of CYP24 enzyme activity in a patient.
The level of enzymatic activity in a biological sample
obtained from a patient can be determined by a variety of
techniques known to one skilled in the art. In the case of
CYP24, enzymatic activity can be measured by measuring
the conversion of 25-hydroxyvitamin D; to the corresponding
24-hydroxylated product. For example, conversion of 25-hy-
droxyvitamin D5 to 24,25-dihydroxyvitamin D5 can be
assessed by incubating a biological sample from a patient
with aradioactively-labeled 25-hydroxyvitamin D, substrate,
separating the reaction products by HPLC, and measuring the
radioactivity of the 24,25-dihydroxyvitamin D; peak com-
pared to the total radioactivity.
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In one aspect, CYP24 expression and/or activity can be
measured in one or more of tissues, plasma, and cells of a
vitamin D deficient or vitamin D replete patient. CYP24
expression and/or activity can be measured in tissues
obtained by a tissue biopsy, and can include tissues such as,
but not limited to, skin tissue, kidney tissue, liver tissue,
parathyroid gland tissue, and the like. In one embodiment,
kidney tissue is preferred. In another embodiment, parathy-
roid gland tissue is preferred. CYP24 expression and/or activ-
ity also can be measured in cells, including cells obtained
from the blood, such as peripheral blood mononuclear cells,
and cells obtained from swabs of tissues, such as buccal cells.
In one embodiment of the methods herein, CYP24 expression
and/or activity is measured by a systemic indicator (e.g.
peripheral blood mononuclear cells or serum), in preference
to a tissue-based measurement of overexpression, which can
occur in tumor growth.

In one aspect, CYP24 expression and/or activity is abnor-
mally elevated. Normal levels of CYP24 expression and/or
activity are defined as 1 relative unit (RU) measured based on
the mean value of CYP24 expression and/or activity from
50-100 “normal” donors where CYP24 mRNA has been pre-
pared and used as a reference.

The basal level for CYP24 can be established from samples
(e.g. kidney, skin, blood, serum, plasma, saliva, buccal swab)
collected in normal individuals from various population
groups based on, for example, gender, ethnicity, and/or age.
CYP24 RNA level can be established from tissues (e.g. kid-
ney or skin biopsy) or cells (e.g. buccal swab) by real-time
PCR, Luminex® xMAP® multiplexing technology, or
another technique. CYP24 protein level will be measured in
these tissues by using techniques such as Luminex® xMAP®
multiplexing technology and Western-blot. The mean value
for the CYP24 RNA level or the CYP24 protein level will be
recorded as 1 RU.

The normal levels of 24-hydroxylated natural and synthetic
vitamin D compounds such as 24,25-dihydroxyvitamin D;,
1,24,25-trihydroxyvitamin D, or lactones can be established
from samples (e.g. blood, plasma, saliva) in absolute quantity
based on a standard curve using techniques such as HPLC,
gas chromatography, mass spectrometry, and methods previ-
ously cited. The absolute values of the 24-hydroxylated natu-
ral and synthetic vitamin D compounds will be used as the
normal levels by the physician.

If the level of CYP24 RNA, the level of CYP24 protein, or
the absolute value of a 24-hydroxylated natural or synthetic
vitamin D compound in a patient falls outside of the “normal”
range, the patient has abnormally elevated CYP24 expression
and/or activity. For example CYP24 expression and/or activ-
ity can be at least 2-fold increased over normal CYP24
expression and/or activity, at least 3-fold increased, at least
4-fold increased, at least 5-fold increased, or at least 10-fold
increased over normal CYP24 expression and/or activity. It is
contemplated that abnormally elevated CYP24 expression
and/or activity could be as much as hundreds or thousands of
times increased over normal CYP24 expression and/or activ-
ity (e.g., 100x, 500x, 1000x, 5000x, etc.).

In one embodiment, a physician will determine if a patient
has abnormally elevated CYP24 expression and/or activity by
collecting at least one sample (e.g. blood, plasma, saliva,
serum, buccal swab) from the patient and measuring the level
of CYP24 RNA, the level of CYP24 protein, or the absolute
value of a 24-hydroxylated natural or synthetic vitamin D
compound. If one or several measured parameters falls out-
side of the “normal” range, and preferably at least 2-fold,
3-fold, 4-fold increased, etc., as described above, the physi-
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cian will diagnose the patient as having abnormally elevated
CYP24 activity and/or expression and may presctibe a
CYP24 inhibitor.

CYP24 inhibitors can include organic molecules, single-
stranded or double-stranded nucleic acids (e.g. sense, anti-
sense, or missense oligonucleotides; aptamers; sense, anti-
sense, or missense polynucleotides; sense, anti-sense, or
missense DNA; sense, anti-sense, or missense RNA; and
siRNA), peptides, carbohydrates, and proteins (e.g. antibod-
ies, antibody fragments, hormones, hormone analogs, glyco-
proteins, and lectins). In one embodiment, the CYP24 inhibi-
tor comprises the compound disclosed as Formula IX
(Compound 1) in U.S. Pat. No. 6,380,408 (col. 6), which is
(57,7E,167,23E)-(1S,3R)-25-nor-25-t-butylsulfonyl-9,10-
seco-5,7,10(19),16,23-cholestapentaene-1,3-diol. In another
embodiment, the CYP24 inhibitor comprises an azole com-
pound such as, for example, (R)—N-(2-(1H-imidazol-1-y1)-
2-phenylethyl)-4'-chlorobiphenyl-4-carboxamide, ketocona-
zole, metronidazole, clomethiazole, itraconazole, and
fluconazole.

One class of organic molecule inhibitors of CYP24
includes analogs of vitamin D compounds. Examples of
la,25-dihydroxyvitamin D, analogs which have CYP-24
inhibition activity are disclosed in U.S. Pat. Nos. 6,380,408;
7,101,865;7,166,585; and 6,982,258, and U.S. patent appli-
cation Ser. No. 10/738,248, incorporated herein by reference
in their entirety, and include 23,23-difluoro-24-sulfone vita-
min D; compounds, 25-sulfone vitamin D; compounds,
24,24-difluoro-25-sulfone vitamin D3 compounds, 24-sul-
foximine vitamin D, compounds, 16-ene-25-oxime vitamin
D, compounds, and 16-ene-25-oxime ether vitamin D5 com-
pounds, 24-sulfone vitamin D5 compounds, and 24,24-dif-
luoro vitamin D, compounds. In one aspect of the method, the
molecule can be selected from pure CYP24 inhibitors, for
example  (57,7E)-(1S,3R)-24-(S)-phenylsulfoximine-25-
nor-9,10-seco-5,7,10(19)-cholestatriene-1,3-diol (see U.S.
Pat. No. 7,101,865, Compound I(a)). In another aspect of the
method, the molecule can be selected from compounds which
are both CYP24 inhibitors and vitamin D agonists, for
example (5Z,7E,167,23E)-25-nor-25-t-butylsulfonyl-9,10-
seco-5,7,10(19),16,23-cholestapentaene-1,3f-diol (see U.S.
Pat. No. 6,380,408, Formula IX, Compound 1) and (57,7E,
167)-(18,3R)-25-(0-allyl)-N-t-butyloxime-9,10-seco-5,7,
10(19),16-cholestatetraene-1,3f-diol (see U.S. Pat. No.
6,982,258, Compound I(g)).

CYP24 inhibitors optionally can be administered in com-
bination with other agents that increase vitamin D levels in
the body. Agents known in the art to increase vitamin D levels
in the body are encompassed by the present disclosure and
include, for example, vitamin D,, 25-hydroxyvitamin D,,
1,25-dihydroxyvitamin D,, vitamin Ds, 25-hydroxyvitamin
Dj, and 1,25-dihydroxyvitamin D;. Preferably, active vita-
min D compounds are avoided in favor of vitamin D prehor-
mones, vitamin D prohormones, and analogs thereof.

Both cholecalciferol and ergocalciferol are metabolized
into prohormones by enzymes primarily located in the liver of
the human body. Cholecalciferol is metabolized into a pro-
hormone 25-hydroxyvitamin D,, and ergocalciferol is
metabolized into two prohormones, 25-hydroxyvitamin D,
and 24(8S)-hydroxyvitamin D,. Cholecalciferol and ergocal-
ciferol also can be metabolized into prohormones outside of
the liver in certain cells, such as enterocytes, by enzymes
which are identical or similar to those found in the liver.
Elevating concentrations of either precursor increases pro-
hormone production; similarly, lowering precursor concen-
trations decreases hormone production. Surges in the blood
levels of cholecalciferol and/or ergocalciferol (“cholecalcif-
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erol/ergocalciferol”) can transiently raise intracellular Vita-
min D concentrations, accelerating prohormone production
and elevating intracellular and blood prohormone concentra-
tions.

Blood levels of 1,25-dihydroxyvitamin D are precisely
regulated by a feedback mechanism which involves PTH. The
renal 1a-hydroxylase (or CYP27B1) is stimulated by PTH
and inhibited by 1,25-dihydroxyvitamin D. When blood lev-
els of 1,25-dihydroxyvitamin D fall, the parathyroid glands
sense this change via intracellular vitamin D receptors and
secrete PTH. The secreted PTH stimulates expression of renal
CYP27B1 and, thereby, increases production of vitamin D
hormones. As blood concentrations of 1,25-dihydroxyvita-
min D rise again, the parathyroid glands attenuate further
PTH secretion. As blood PTH levels fall, renal production of
vitamin D hormones decreases. Rising blood levels of 1,25-
dihydroxyvitamin D also directly inhibit further vitamin D
hormone production by CYP27B1.

Substantial surges in the blood levels of cholecalciferol,
ergocalciferol, and 25-hydroxyvitamin D also can cause up-
regulation of CYP24 as a response, to catabolize the transi-
tory excess of vitamin D substrates. Similarly, rising blood
levels of 1,25-dihydroxyvitamin D can cause up-regulation of
CYP24 activity.

Without intending to be bound by any particular mode of
operation, it is believed that overexpression of CYP24 is the
cause of at least some forms of vitamin D deficiency, operat-
ing independently of, but potentially complicated by, defi-
ciencies in substrates and/or sunlight.

Accordingly, in one type of embodiment of the methods
disclosed herein, a CYP24 inhibitor will be administered
alone, or without administration of a vitamin D compound
(e.g. cholecalciferol, ergocalciferol, vitamin D prohormone,
vitamin D hormone, or analogs thereof), most preferably
without administration of an active vitamin D hormone or
analog thereof. In another embodiment of the methods dis-
closed herein, a CYP24 inhibitor will be administered alone,
or when a vitamin D compound (e.g. cholecalciferol, ergo-
calciferol, vitamin D prohormone, vitamin D hormone, or
analogs thereof) is also administered, the vitamin D com-
pound will be administered in a modified release formulation
to avoid surges in blood levels of the compound (e.g. a sus-
tained or extended release formulation), or via a slow-push IV
delivery method.

In one aspect, the present disclosure provides a kit for
diagnosing catabolism-related vitamin D deficiency. The kits
in accordance with the present disclosure provide a measure
of CYP24 expression and/or activity, and include kits mea-
suring one or more properties including levels of CYP24
catabolic byproducts or precursors to the catalytic byprod-
ucts, levels of CYP24 mRNA, levels of CYP24 protein, and/
or levels of CYP24 enzyme activity. In one embodiment, the
kit includes an immobilized anti-CYP24 antibody, a labeled
anti-CYP24 antibody, and instructions for use, for example
according to a method disclosed herein. Other kits involving
antibody-based detection are also contemplated by the
present disclosure. For example, kits for measuring CYP24
expression can measure the level of CYP24 catabolic byprod-
ucts. The kits can include an assay for measuring the levels of
one or more corresponding precursors to the catalytic byprod-
ucts. One such kit can include an antibody (or functional
fragments thereof) specific fora CYP24 catabolic byproduct,
and an antibody specific for vitamin D compounds including
CYP24 catabolic byproducts. Proteins with high affinity for
vitamin DD metabolites and CYP24 catabolic byproducts such
as DBP or VDR or synthetically derived proteins or macro-
molecules can also be contemplated for use in place of the
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antibody in such kits. It is contemplated that one of the afore-
mentioned antibodies is immobilized to a solid support and
the other antibody possesses a label for detection. In another
example, a kit for measuring CYP24 expression can include
an immobilized CYP24 catabolic byproduct, and an anti-
CYP24 antibody. CYP24 activity is measured with the afore-
mentioned kit by measuring the ability of CYP24 catabolic
byproducts to compete with the immobilized CYP24 cata-
bolic byproduct for binding to the anti-CYP24 antibody.

In another aspect, the disclosure includes a pharmaceutical
formulation for treating or preventing vitamin D deficiency
including an effective amount of a CYP24 inhibitor. The
formulation can further include an effective amount of 25-hy-
droxyvitamin D;.

In yetanother aspect, the disclosure includes a pharmaceu-
tical formulation for treating or preventing hyperparathyroid-
ism including an effective amount of a CYP24 inhibitor. The
formulation can further include an effective amount of 25-hy-
droxyvitamin D;. The pharmaceutical formulation can be for
treating hyperparathyroidism secondary to Chronic Kidney
Disease, for example Stage 1 or Stage 2 CKD.

The exact formulation, route of administration, and dosage
is determined by an individual physician in view of the
patient’s condition. Dosage amounts and intervals can be
adjusted individually to provide levels of the active ingredi-
ents that are sufficient to maintain therapeutic or prophylactic
effects.

Such formulations can be in the form of, for example,
granules, powders, tablets, capsules, syrup, suppositories,
injections, emulsions, elixirs, suspensions or solutions. The
instant formulations can be formulated for various routes of
administration, for example, by oral administration, by nasal
administration, by rectal administration, subcutaneous injec-
tion, intravenous injection, intramuscular injections, or intra-
peritoneal injection. The following dosage forms are given by
way of example and should not be construed as limiting the
instant invention.

For oral, buccal, and sublingual administration, powders,
suspensions, granules, tablets, pills, capsules, gelcaps, and
caplets are acceptable as solid dosage forms. These can be
prepared, for example, by mixing one or more of the CYP24
inhibitors or dual action CYP24 inhibitor and VDR agonist of
the instant invention with at least one additive such as a starch
or other additive. Suitable additives are sucrose, lactose, cel-
lulose sugar, mannitol, maltitol, dextran, starch, agar, algi-
nates, chitins, chitosans, pectins, tragacanth gum, gum arabic,
gelatins, collagens, casein, albumin, synthetic or semi-syn-
thetic polymers or glycerides. Optionally, oral dosage forms
can contain other ingredients to aid in administration, such as
an inactive diluent, or lubricants such as magnesium stearate,
or preservatives such as paraben or sorbic acid, or antioxi-
dants such as ascorbic acid, tocopherol or cysteine, a disinte-
grating agent, binders, thickeners, buffers, sweeteners, fla-
voring agents or perfuming agents. Tablets and pills may be
further treated with suitable coating materials known in the
art.

Liquid dosage forms for oral administration may be in the
form of pharmaceutically acceptable emulsions, syrups, elix-
irs, suspensions, and solutions, which may contain aninactive
diluent, such as water. Pharmaceutical formulations and
medicaments may be prepared as liquid suspensions or solu-
tions using a sterile liquid, such as, but not limited to, an oil,
water, an alcohol, and combinations of these. Pharmaceuti-
cally suitable surfactants, suspending agents, emulsifying
agents, may be added for oral or parenteral administration.

As noted above, suspensions may include oils. Such oil
include, but are not limited to, peanut oil, sesame oil, cotton-
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seed oil, corn oil and olive oil. Suspension preparation may
also contain esters of fatty acids such as ethyl oleate, isopro-
pyl myristate, fatty acid glycerides and acetylated fatty acid
glycerides. Suspension formulations may include alcohols,
such as, but not limited to, ethanol, isopropyl alcohol, hexa-
decyl alcohol, glycerol and propylene glycol. Ethers, such as
but not limited to, poly(ethyleneglycol), petroleum hydrocar-
bons such as mineral oil and petrolatum; and water may also
be used in suspension formulations.

For nasal administration, the pharmaceutical formulations
and medicaments may be a spray or aerosol containing an
appropriate solvent(s) and optionally other compounds such
as, but not limited to, stabilizers, antimicrobial agents, anti-
oxidants, pH modifiers, surfactants, bioavailability modifiers
and combinations of these. A propellant for an aerosol for-
mulation may include compressed air, nitrogen, carbon diox-
ide, or a hydrocarbon based low boiling solvent.

Injectable dosage forms generally include aqueous suspen-
sions or oil suspensions which may be prepared using a suit-
able dispersant or wetting agent and a suspending agent.
Injectable forms may be in solution phase or in the form ofa
suspension, which is prepared with a solvent or diluent.
Acceptable solvents or vehicles include sterilized water,
Ringer’s solution, or an isotonic aqueous saline solution.
Alternatively, sterile oils may be employed as solvents or
suspending agents. Preferably, the oil or fatty acid is non-
volatile, including natural or synthetic oils, fatty acids,
mono-, di- or tri-glycerides.

For injection, the pharmaceutical formulation and/or medi-
cament may be a powder suitable for reconstitution with an
appropriate solution as described above. Examples of these
include, but are not limited to, freeze dried, rotary dried or
spray dried powders, amorphous powders, granules, precipi-
tates, or particulates. For injection, the formulations may
optionally contain stabilizers, pH modifiers, surfactants, bio-
availability modifiers and combinations of these.

For rectal administration, the pharmaceutical formulations
and medicaments may be in the form of a suppository, an
ointment, an enema, a tablet or a cream for release of com-
pound in the intestines, sigmoid flexure and/or rectum. Rectal
suppositories are prepared by mixing one or more compounds
of the instant invention, or pharmaceutically acceptable salts
or tautomers of the compound, with acceptable vehicles, for
example, cocoa butter or polyethylene glycol, which is
present in a solid phase at normal storing temperatures, and
present in a liquid phase at those temperatures suitable to
release a drug inside the body, such as in the rectum. Oils may
also be employed in the preparation of formulations of the
soft gelatin type and suppositories. Water, saline, aqueous
dextrose and related sugar solutions, and glycerols may be
employed in the preparation of suspension formulations
which may also contain suspending agents such as pectins,
carbomers, methyl cellulose, hydroxypropyl cellulose or car-
boxymethyl cellulose, as well as buffers and preservatives.

The formulations of the invention may be designed to be
short-acting, fast-releasing, long-acting, and sustained-re-
leasing as described below. Thus, the pharmaceutical formu-
lations may also be formulated for controlled release or for
slow release.

The instant compositions may also comprise, for example,
micelles or liposomes, or some other encapsulated form, or
may be administered in an extended release form to provide a
prolonged storage and/or delivery effect. Therefore, the phar-
maceutical formulations and medicaments may be com-
pressed into pellets or cylinders and implanted intramuscu-
larly or subcutaneously as depot injections or as implants
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such as stents. Such implants may employ known inert mate-
rials such as silicones and biodegradable polymers.

Specific dosages may be adjusted depending on conditions
of disease, the age, body weight, general health conditions,
sex, and diet of the subject, dose intervals, administration
routes, excretion rate, and combinations of drugs. Any of the
above dosage forms containing effective amounts are well
within the bounds of routine experimentation and therefore,
well within the scope of the instant invention.

Besides those representative dosage forms described
above, pharmaceutically acceptable excipients and carries are
generally known to those skilled in the art and are thus
included in the instant invention. Such excipients and carriers
are described, for example, in “Remingtons Pharmaceutical
Sciences” Mack Pub. Co., New Jersey (1991), which is incor-
porated herein by reference.

Suitable modified release formulations for vitamin D com-
pounds are disclosed in application PCT/US2008/061579,
published as WIPO publication WO 2008/134512 (Nov. 6,
2008), and the disclosure thereof is incorporated herein by
reference. It is contemplated that such formulations can also
include compatible CYP24 inhibitors and dual-action CYP23
inhibitors and VDR agonists.

EXAMPLES

The following examples are provided for illustration and
are not intended to limit the scope of the invention.

The Examples below support the following conclusions.

CYP24 gene expression is strongly induced by 1,25-dihy-
droxyvitamin Dy in tissues from both normal and uremic rats.

Constitutive expression of CYP24 is relatively higher in
healthy kidney compared to other tissues. In uremic rats,
however, basal expression of CYP24 is markedly elevated.
This suggests that mechanisms associated with the uremic
state may be involved in regulating CYP24 expression.

CYP24 is significantly induced by 1,25-dihydroxyvitamin
D in parathyroid glands of uremic animals compared to those
from normal animals, suggesting that repeated dosing may
lead to increased resistance.

Expression of CYP27B1 in uremic rats does not correlate
with diminished levels of 1,25-dihydroxyvitamin D,, sug-
gesting a more prominent role for CYP24 in lowering vitamin
D levels in uremia.

In normal animals, CYP24 expression is dependent upon
vitamin D status; vitamin D deficiency markedly decreases
CYP24 expression levels. Uremic animals exhibit higher
basal levels of CYP24 expression which do not change in a
state of vitamin D deficiency. This suggests that in uremia,
mechanisms independent of vitamin D regulate CYP24 lev-
els. This may have an impact on vitamin D status in uremia.

Elevated basal expression of CYP24 in the uremic kidney
may be a significant mechanism contributing to underlying
25(OH)D; and 1,25-dihydroxyvitamin D; deficiency and
resistance to vitamin D) hormone replacement therapy. Com-
pounds which inhibit CYP24 may be useful in maintaining
vitamin D status and overcoming CYP24 resistance to
therapy.

FGF23 synergizes with 1,25-dihydroxyvitamin D to
induce CYP24 RNA production. In a uremic situation, a high
level of FGF23 might contribute to further elevate CYP24,
making a patient resistant to vitamin D treatment.

CYP24 levels decrease in vitamin D deficient animals and
increase to normal or higher levels after treatment with 25-hy-
droxyvitamin D.
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CYP24 levels do not change in uremic vitamin D deficient
rats and do not increase after treatment with 25-hydroxyvita-
min D, which suggests a loss of vitamin D control in uremic
rats.

In vitamin D deficient uremic rats, CYP24 RNA levels are
elevated compared to vitamin D deficient animals. This can
explain why, after dosing with 25-hydroxyvitamin D, for two
weeks, the levels of 1,25-dihydroxyvitamin D, are lower in
vitamin D deficient uremic rats compared to vitamin D defi-
cient animals.

Example 1
Animal Model of Vitamin D Deficiency

To obtain an animal model of vitamin D deficiency, rats
were fed an adenine-rich diet. After 7 days, elevated parathy-
roid hormone (PTH) levels were observed by an intact PTH
(iPTH) Elisa Kit in adenine-fed animals compared to control-
diet animals, and after 29 days, secondary hyperparathyroid-
ism had developed in adenine-fed animals, but not in animals
receiving the control diet (FIG. 1). iPTH level was signifi-
cantly reduced by treatment of adenine-fed animals with vita-
min D compounds. As shown in FIG. 2, iPTH level in
adenine-fed animals was restored to a level similar to control-
fed animals by treating the adenine-fed animals with 1,25-
(OH),-D; (calcitriol or 1,25-dihydroxyvitamin D), 25-OH-
D, (calcidiol or 25-hydroxyvitamin Dj), or 1,25-(OH),-D,
(1,25-dihydroxyvitamin D,).

Vitamin D hormone status of the adenine-fed and control
animals was assessed by measuring the level of 1,25-(OH),-
D; (calcitriol or 1,25-dihydroxyvitamin D,), the active form
of vitamin D by mass spectrometry. Adenine-fed animals
displayed a reduction in vitamin D hormone status compared
to animals fed a control diet (FIG. 3). Vitamin D status in
adenine-fed animals was restored to the level of control-fed
animals by treating the adenine-fed animals with 1,25-
(OH),-Dj. In contrast, treatment of adenine-fed animals with
25-OH-D; (calcidiol or 25-hydroxyvitamin D) or 1,25-
(OH),-D, (1,25-dihydroxyvitamin D,) did not significantly
affect the 1,25-(OH),-D; levels of these animals (FIG. 3).

Example 2
CYP24 Expression in Vitamin D Deficiency

To determine the relationship between vitamin D defi-
ciency and CYP24 level, CYP24 expression was measured by
gRT-PCR in adenine-fed rats and control-diet-fed animals. In
kidney tissue of adenine-fed animals, CYP24 expression was
abnormally elevated approximately 7-fold compared to kid-
ney tissue of control-diet fed animals (FIG. 4). Treatment of
adenine-fed animals with vitamin D compounds further
induced CYP24. As shown in FIG. 4, treatment of adenine-
fed rats with 1,25-(OH),-D, (calcitriol or 1,25-dihydroxyvi-
tamin D), 25-OH-D; (calcidiol or 25-hydroxyvitamin D),
or 1,25-(OH),-D, (1,25-dihydroxyvitamin D,) resulted in
2-fold to 25-fold elevation of CYP24 expression activity. In
parathyroid gland tissue of adenine-fed animals, CYP24
expression activity was abnormally elevated approximately
3-fold compared to parathyroid gland tissue of control-diet
fed animals (F1G. 5). Treatment of adenine-fed animals with
vitamin D compounds dramatically induced CYP24. As
shown in FIG. 5, treatment of adenine-fed rats with 1,25-
(OH),-D; (calcitriol or 1,25-dihydroxyvitamin Dy), 25-OH-
Dj (calcidiol or 25-hydroxyvitamin D), or 1,25-(OH),-D,
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(1,25-dihydroxyvitamin D,) resulted in 50-fold to 14,000-
fold elevation of CYP24 expression activity.

Example 3
FGF23 Expression in Vitamin D Deficiency

To determine the relationship between vitamin D defi-
ciency and fibroblast growth factor-23 (FGF23) level, serum
FGF23 level was measured in adenine-fed rats and control-
diet fed animals. In adenine-fed animals, serum FGF23 level
was abnormally elevated at least 53-fold compared to control-
diet fed animals (FIG. 6). Adenine-fed animals treated with
vitamin D compounds also showed elevated levels of FGF23.
As shown in FIG. 6, treatment of adenine-fed rats with 1,25-
(OH),-D, (calcitriol or 1,25-dihydroxyvitamin D,), 25-OH-
D; (caleidiol or 25-hydroxyvitamin Ds), or 1,25-(OH),-D,
(1,25-dihydroxyvitamin D,) resulted in at least 74-fold eleva-
tion of FGF23 levels compared to control-diet fed animals.

Levels of FGF23 and osteoclacin, a biomarker for bone
formation, were measured in kidney tissue from adenine-fed
rats and control-diet fed animals. FGF23 was elevated
approximately 55-fold and osteoclacin was elevated approxi-
mately 1.5-fold in adenine-fed animals compared to control-
diet animals (FIG. 7).

Example 4

CYP24 Expression in 25-Hydroxyvitamin D
Treatment

FIG. 8 shows a graph of relative CYP24 induction in rats
treated with vitamin D (25-hydroxyvitamin D, and 25-hy-
droxyvitamin D) for 2 weeks. Normal rats were intrave-
nously administered 16 pg/kg 25-hydroxyvitamin D,, 25-hy-
droxyvitamin D, and a control vehicle for 2 weeks, Blood
was collected and CYP24 expression was measured by real-
time PCR.

Example 5

The effect of 57,7E,167,23E)-(1S,3R )-25-nor-25-t-butyl-
sulfonyl-9,10-seco-5,7,10(19),16,23-cholestapentaene-1,3-
diol on 25-hydroxyvitamin D levels was assessed in human
subjects. Subjects were dosed with placebo or the compound
ondays 1,3, 5, 8, and 10. Twenty-four hours after the last dose
of the compound, 25-hydroxyvitamin D level was measured.
The percent change in serum 25-hydroxyvitamin D is shown
in FIG. 9 (p=0.1 for both 90 mcg and 180 mcg).

Exaniple 6

Sprague-Dawley rats were treated i.v. daily with vehicle or
0.5 meg/kg 1,25-dihydroxyvitamin D5 for 1 week. Organs
were collected 24 hours after the last dosing. CYP24 gene
expression was determined by real-time PCR. The results are
shown in FIG. 10.

Sprague-Dawley rats were fed a standard diet (normal) or
a uremia-inducing diet containing 0.75% adenine (uremic)
for 4 weeks. Animals were then dosed 1.v. daily with vehicle
or 0.5 meg/kg 1,25-dihydroxyvitamin D, for 7 days. Organs
were collected 24 hours after the final dosing. CYP24 gene
expression was determined by real-time PCR and normalized
to GAPDH levels. Relative expression values are normalized
to the vehicle-treated group (relative expression=1). The
results are shown in FIG. 11.
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FIGS. 10 and 11 show that basal expression of CYP24 is
significantly elevated in kidney (FIG. 10), but not parathyroid
gland (FIG. 11), in the uremic rat compared to the normal rat.
However, induced expression of CYP24 by 1,25-dihydrox-
yvitamin D, (1a,25(0OH),D,) is markedly greater in parathy-
roid gland from uremic compared to normal animals. “*”
denotes a significant difference in CYP24 expression
between vehicle and 1,25-dihydroxyvitamin D, treatment in
normal and uremic rats. “**” represents a significant differ-
ence between vehicle-treated normal and uremic rats. “}”
denotes significant difference in CYP24 induction levels
between normal and uremic rats treated with 1,25-dihydrox-
yvitamin D;. Significance was set at a p value cutoff of <0.05.
Data are presented as mean+SEM. Numerals above each bar
signifies relative fold induction to normal-vehicle.

Example 7

CYP24 and CYP27B1 expression was measured using the
same protocol outlined above in Example 6 with respect to
FIG. 11. Serum levels of 25(OH)D, and 1,25-dihydroxyvita-
min D, were measured by LC-MS. Serum PTH was measured
by ELISA IMMUTOPICS (San Clemente, Calif.,, USA)
according to manufacturer’s instructions. Briefly, serum
samples were spiked with [26,27-°H,] 25(OH)D, or [25,26-
2H,] 1,25-dihydroxyvitamin D, and dissolved in acetonitrile
to serve as an internal standard. 1,25-dihydroxyvitamin D, or
25(OH)D, and internal standards were extracted from serum
using Accubond II ODS-C18 100 mg, 1 mL SPE cartridges
(Agilent Technologies). The collected fractions were evapo-
rated to dryness under a steady stream of nitrogen gas and the
residues reconstituted in 50 uL. of methanol/H,0 (80/20; v/v)
and analyzed using LC-MS/MS (Waters Alliance HPL.C-Wa-
ters Quattro Ultima mass spectrometer). Relative expression
values are normalized to the vehicle-treated group (relative
expression=1). The results are shown in FIG. 12.

FIG. 12 shows that increased basal CYP24 expression, in
the absence of changes to CYP27B1, may contribute to lower
levels of 1,25-dihydroxyvitamin D, in uremic rats. Treatment
with 1,25-dihydroxyvitamin D, causes a reduction in serum
25-(OH)D, levels. Treatment with 1,25-dihydroxyvitamin D,
causes a reduction in PTH, but also drastically induces
CYP24 expression. Asterisk represents a statistically signifi-
cant difference between normal and uremic groups for
CYP27B1 (*) and CYP24 (**). In the upper panel, (¥)
denotes a significant difference in vitamin D levels between
normal and uremic rats. Statistical significance was deter-
mined using student’s independent t test with p value cut off
of <0.05. Data are presented as mean+SEM.

Example 8

Vitamin D deficiency was induced in Sprague-Dawley rats
by feeding a diet lacking vitamin D for 6 weeks. Normal rats
were fed a standard diet containing vitamin D. Uremia was
induced by oral administration (gavage) of 0.2% adenine
solution for the last 2 weeks. Non-uremic controls rats were
administered vehicle by oral gavage. Serum and organs were
collected 24 hours after the last dose of adenine. Gene expres-
sion was determined by real-time PCR. Measurement of
serum levels of 25(OH)D, and 1,25-dihydroxyvitamin D; is
detailed above with respect to Example 7. The results are
shown in FIG. 13.

FIG. 13 shows that increased basal expression of CYP24 is
not dependent on vitamin D metabolite levels in uremic rats.
“*” denotes a significant difference between groups relative
to non-uremic normal. “**” represents a significant differ-
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ence between CYP27B1 normal and CYP27B1 vitamin D
deficient (VD Def) diet. Statistical significance was deter-
mined using student’s independent t test with p value cut off
of <0.03. Data are presented as mean+SEM. Non-detectable
levels are designated as “ND.”

Example 9

HEK cells were seeded at 25,000 cells per well (24-well
plate) and incubated with 1,25-dihydroxyvitamin D, (10 nM)
alone or with a CYP24 inhibitor (MK-24(S)—S(O)(NH)-Ph-
1,see U.S. Pat. No. 7,101,865, compound I(a)) (10 nM) for 6,
24, 48 and 72 hours, Cells were collected and RNA was
prepared using TRIZOL® reagent. CYP24 was quantified
using real-time PCR. The results are shown in FIG. 14.

The results show that CYP24 induction is markedly
extended by 1,25-dihydroxyvitamin D, in the presence of
CYP24 inhibitor MK-24(S)—S(O)(NH)-Ph-1.

Example 10

HEK cells were transferred into 96-well plates at 2000
cells/well density. After 2 days of growth in 96-well plates the
cells were treated with 1,25-dihydroxyvitamin Dy at the final
concentrations 107°-107"* M in combination with the MK-24
(S)—S(O)(NH)-Ph-1 compound with the varied final con-
centration of 0, 1, 10 and 50 nM. After overnight treatment
[*H]-thymidine was added to cells, 0.2 mCi/well in KGM
media for 16 h. The radioactivity incorporation was counted
using a scintillation counter after the addition of 25 ml of
scintillation fluid. The results are shown in FIG. 15. The data
were represented as an incorporation of thymidine in cpm
depending on 1,25-dihydroxyvitamin D; concentration. Each
data point represents at least 4 independent trials.

The results show that inhibition of CYP24 activity
enhances the anti-proliferative effects of 1,25-dihydroxyvi-
tamin D; in cultured HEK cells approximately 3 orders of
magnitude.

Example 11

HPK1a-ras cells were treated with 0, 1, 10, and 100 nM of
1,25-dihydroxyvitamin D, (calcitriol), with or without 100
ng/ml of FGF23, and CYP24 RNA expression was measured
after 8 hours. The results show that the presence of FGF23
synergizes with 1,25-dihydroxyvitamin D, to induce CYP24
RNA production (FIG. 16).

Example 12

Sprague Dawley rats were fed either a normal diet or a
vitamin D deficient diet for a period of four weeks. Animals
were then injected daily for two weeks with either 25-hydrox-
yvitamin D; at 0.6, 3, or 18 meg/kg or vehicle as per the axis
label in FIG. 17. Kidneys were collected 24 hours after the
last injection and CYP24 mRNA levels were measured by
real-time PCR. Results are shown in FI1G. 17.

Example 13

Sprague Dawley rats were fed either a normal diet (Ad-
enine Vehicle group) or a vitamin D deficient diet (Vit. D
def./Adenine Vehicle group) for a period of four weeks. Fol-
lowing this treatment, animals were orally administered,
daily for two weeks, 100 mg of adenine. Animals were then
injected daily for another two weeks with either 25-hydrox-
yvitamin D, at 0.6 or 18 meg/kg or vehicle as per the axis label
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in FIG. 18. Kidneys were collected 24 hours after the last
injection and CYP24 mRNA levels were measured by real-
time PCR. Results are shown in FIG. 18.

Example 14

FIG. 19 shows the levels of 1,25-dihydroxyvitamin D, in
vitamin D deficient uremic rats compared to vitamin D defi-
cient rats that were dosed with 6 or 18 mcg/kg of 25-hydrox-
yvitamin D for two weeks.

The foregoing description is given for clearness of under-
standing only, and no unnecessary limitations should be
understood therefrom, as modifications within the scope of
the invention may be apparent to those having ordinary skill
in the art.

Throughout the specification, where compositions are
described as including components or materials, it is contem-
plated that the compositions can also consist essentially of, or
consist of, any combination of the recited components or
materials, unless described otherwise.

The practice of a method disclosed herein, and individual
steps thereof, can be performed manually and/or with the aid
of electronic equipment. Although processes have been
described with reference to particular embodiments, a person
of ordinary skill in the art will readily appreciate that other
ways of performing the acts associated with the methods may
be used. For example, the order of various of the steps may be
changed without departing from the scope or spirit of the
method, unless described otherwise. In addition, some of the
individual steps can be combined, omitted, or further subdi-
vided into additional steps.

Injurisdictions that forbid the patenting of methods that are
practiced on the human body, the meaning of “administering”
of a composition to a human subject shall be restricted to
prescribing a controlled substance that a human subject will
self-administer by any technique (e.g., orally, inhalation,
topical application, injection, insertion, etc.). The broadest
reasonable interpretation that is consistent with laws or regu-
lations defining patentable subject matter is intended. In juris-
dictions that do not forbid the patenting of methods that are
practiced on the human body, the “administering” of compo-
sitions includes both methods practiced on the human body
and also the foregoing activities.

All patents, publications and references cited herein are
hereby fully incorporated by reference. In case of conflict
betweenthe present disclosure and incorporated patents, pub-
lications and references, the present disclosure should con-
trol.

What is claimed is:

1. A method of diagnosing and treating catabolism-related
vitamin D deficiency or a susceptibility thereto in a patient
having Chronic Kidney Disease, comprising:

requesting a test providing the results of a measurement,

direct or indirect, of a patient’s CYP24 expression and/
or activity, wherein abnormally elevated CYP24 expres-
sion and/or activity indicates a susceptibility for catabo-
lism-related vitamin D deficiency; and

administering an effective amount of a pharmaceutically

acceptable formulation comprising a CYP24 inhibitor to
the patient in response to abnormally elevated CYP24
expression and/or activity to treat or prevent catabolism-
related vitamin D deficiency defined as a total serum
level of 25-hydroxyvitamin D below 30 ng/mlL..

2. The method of claim 1, wherein said test comprises
obtaining a tissue, blood or other bodily fluid, or cell sample
from the patient and assaying the sample for a direct or
indirect measure of CYP24 expression and/or activity.
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3. The method of claim 1, wherein, at the time of said
measurement, the patient is not undergoing active vitamin D
therapy.

4. The method according to claim 1, wherein the patient
does not have cancer.

5. The method according to claim 1, further comprising
requesting a test providing the results of the patient’s 25-hy-
droxy vitamin D levels and treating vitamin D deficiency by
administering the CYP24 inhibitor to a vitamin D deficient
patient.

6. The method according to claim 5, further comprising
administering to the patient one or more of vitamin D prehor-
mones, prohormones, and analogs of any of the foregoing.

7. The method of claim 6, wherein said therapy comprises
administration of a compound selected from cholecalciferol,
ergocalciferol, 25-hydroxy vitamin D,, 25-hydroxyvitamin
D,, and combinations thereof.

8. The method of claim 7, wherein said therapy comprises
administration of 25-hydroxyvitamin D;.

9. The method of claim 8, wherein said therapy comprises
administration of a therapeutically effective amount of 25-hy-
droxyvitamin D to restore the patient’s 25-hydroxy vitamin
D levels to at least 30 ng/ml..

10. The method according to claim 1, further comprising
requesting a test providing the results of the patient’s 25-hy-
droxyvitamin D levels and inhibiting and/or preventing vita-
min D deficiency by administering the CYP24 inhibitor to a
vitamin D replete patient.

11. The method according to claim 1, wherein the Chronic
Kidney Disease is Stage 1 or Stage 2.

12. The method according to claim 1, wherein the Chronic
Kidney Disease is Stage 3 or Stage 4.

13. The method according to claim 1, wherein said patient
has hyperparathyroidism.

14. The method according to claim 1, wherein the patient’s
PTH level is above the target range for the patient’s Stage of
CKD.

15. The method according to claim 1, wherein the patient
has a deficiency in 1,25-dihydroxy vitamin Dj.

16. The method according to claim 1, further comprising
avoiding active vitamin D therapy, or, if the patient is under-
going active vitamin D therapy then reducing the level of or
omitting active vitamin D therapy.

17. The method according to claim 16, further comprising
administering the vitamin D prohormone 25-hydroxyvitamin
D to the patient in an amount sufficient to increase 1,25-
dihydroxy vitamin D levels.

18. The method according to claim 1, wherein the CYP24
inhibitor is also a vitamin D receptor agonist.
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19. The method according to claim 2, wherein the test
comprises assaying the concentration of one or more cata-
bolic byproducts of CYP24 in serum or another bodily fluid as
a measure of CYP24 activity.

20. The method according to claim 19, wherein the test
comprises assaying the concentration of one or more precut-
sors to the one or more catabolic byproducts of CYP24 in
serum or another bodily fluid and calculating a ratio of con-
centrations of one or more catabolic byproducts of CYP24 to
serum concentrations of one or more corresponding precur-
sors as an measure of CYP24 activity.

21. The method according to claim 20, wherein the cata-
bolic byproducts of CYP24 include one or both of 24,25-
dihydroxyvitamin D and 1,24,25-trihydroxy vitamin D.

22. The method according to claim 20, wherein the-assay-
ing comprises measuring one or more ratios selected from the
group consisting of 24,25-dihydroxyvitamin D to 25-hy-
droxy vitamin D and 1,24,25-trihydroxyvitamin D to 1,25-
dihydroxy vitamin D.

23. The method according to claim 19, wherein the cata-
bolic byproducts of CYP24 include the 24-hydroxylated and/
or 23-hydroxylated catabolic byproducts of one or more
members selected from the group consisting of paricalcitol,
doxercalciferol, 22-oxacalcitriol, dihydrotachysterol, and
26,26.26,27,27,27-hexafluorocalcitriol (falecalcitriol).

24. The method according to claim 19, wherein the assay-
ing follows acute or chronic administration of a CYP24 sub-
strate.

25. The method according to claim 19, wherein the test
comprises assaying the concentration of one or more cata-
bolic byproducts of CYP24 in serum.

26. The method according to claim 2, wherein the assaying
comprises measuring CYP24 mRNA in tissues, plasma, or
cells.

27. The method according to claim 2, wherein the assaying
comprises measuring CYP24 protein in tissues, plasma, or
cells.

28. The method according to claim 2, wherein the assaying
comprises measuring CYP24 enzymatic activity in tissues,
plasma, or cells.

29. The method according to claim 2, wherein the tissue or
cell sample is selected from the group consisting of kidney
tissue, liver tissue, parathyroid gland tissue, peripheral blood
mononuclear cells, and buccal cells.

30. The method according to claim 1, wherein the patient
has abnormally elevated CYP24 expression and/or activity
that is at least 2-fold increased over normal CYP24 expres-
sion and/or activity.

31. The method according to claim 1, wherein the CYP24
inhibitor is a pure inhibitor of CYP24 or a dual-action CYP24
inhibitor/VDR agonist.
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