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G7) ABSTRACT

A method for treating a T-cell immunodeficiency in a
mammal by administering an amount of a vitamin D
compound, such as vitamin Dj, its active form 1a,25-
dihydroxyvitamin D5 or other compounds exhibiting vita-
min D-like activity, to the mammal for a sufficient period of
time to improve or restore the immunity of the mammal.

17 Claims, 6 Drawing Sheets

MG /9L

P <0.001

SERUM CALCIM

] —

SERUM CALCIM

<000t
>06

< 0.001
< 0.05

- -p4D

<005
< 0.001

TP <0.001

(MG /DL)

SERUM CALCIM

> 0,08
—F=
T T f
NORMAL +0
>03 >03
~D+P

0 25

WEEKS FEEDING PELLET



U.S. Patent Sep. 18, 2001 Sheet 1 of 6

FIG. 1a

\\\\\\\\M

________
N o]

S S
S —
S 5
\
a 3
e
E e
(7]
2 -
!

-2 )

"o ///////////////-8

\\\\\\\\\\\\\\\

i////////o

_______
(-}

FIG. 1b

" /////////////////fm

/////////////////



FG. 2a

W,
| -

________
Si (wn)

__________
5 (o)

FIG. 2b



nt

U.S. Pate

FIG. 3a

N\

\\\\\\\\\\\\\mm
NA\GE

\\\\\\\\
©oql A2
. So -
A NINNE

_________

o o] o o o
(¥p] — (@)} ~ w
—{ i

_________
o

FIG. 3b



FIG. 4a

///mm

FIG. 4b

__________________
[e»)

555555
< s & &8 & 8
~N N — — — —



U.S. Patent Sep.

EAR RADIOACTIVITY RATIO

EAR RADIOACTIVITY RATIO

4.0 +

w
(@]
1

\N
o
1

1.0

— N w = on )] ~! co w
v 1 . 1 . .t .t r.t r 1.1 .1

A/O

+

DNFB

o

A/0 | DNFS
+D+P

18, 2001 Sheet 5 of 6 US 6,291,444 B1
FIG. ba
P < 0.001 <0.001 <0.001 <0.001
>0.1 < 0.05 =0.05
[ A0
KN bpnrs L
N \ S
NN S
JENLENLENLZN
ZN\N ﬂ%&\ /\\ —% \ v
A/0 DNFB' A /O DNFB' A /0 DNFB = A /O DNFB
-D -D+D NORMAL +D
P< 001 <0.01
>01 >0.2

FIG. 5b



U.S. Patent Sep. 18, 2001 Sheet 6 of 6 US 6,291,444 B1

FIG. ba

20011 P<o00l <0001 <000l < 0.001
>01 ~0.05 < 0.05

150 -

100 -

(X 106 CFLLS)

LYPHOCYTE NUMBER IN THYMUS

(&2
o

NN

NN
DN

AN
AR

00

N

> \
N
O\_‘

N

DNFB

\

TSSO

A /O DNFB' A/O DNFB A /0 DNFB
D -D+ NORMAL +D
1201 p > 01 >0.1 <001] <0001
>0.3 ~0.02 <0.001

10041 A A70-

41 K DNFB-SI
7N N
N \\ ’/§ / § 7 §
74& %§ —//A\ ——/Ax\

/
—
F

o

=
o

- Y
~

O DNFB' A/O DNFB' A /O DNFB = A /0 DI
-D ~D+D NORMAL +D

FIG. 6b



US 6,291,444 B1

1

TREATMENT OF T-CELL
IMMUNODEFICIENCIES WITH VITAMIN D
COMPOUNDS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of application
Ser. No. 09/159,616 filed Sep. 24, 1998, now abandoned,
which in turn is a division of application Ser. No. 08/648,898
filed Nov. 12, 1996, now U.S. Pat. No. 5,880,114, which in
turn is a continuation-in-part of application Ser. No. 08/413,
915 filed Mar. 30, 1995, now abandoned, which in turn is a
continuation of application Ser. No. 08/078,555 filed Aug.
10, 1993, now abandoned.

This invention was made with United States Government
support awarded by the National Institutes of Health (NIH),
Grant No. DK-14881. The United States Government has
certain rights in this invention.

TECHNICAL FIELD

The present invention relates to cell mediated immunity
functions in mammals, and more particularly to a method for
improving impaired cell mediated immunity in a mammal
by the administration of a vitamin D compound, such as
vitamin D, its active form 1a,25-dihydroxyvitamin D5 or
other compounds exhibiting vitamin D-like activity, to the
mammal for a sufficient period of time to improve or restore
the immunity of the mammal.

BACKGROUND AND SUMMARY OF THE
INVENTION

Although historically vitamin D has been associated with
the regulation of mineral metabolism, it now appears certain
that its functions are not confined to this system (Manolagas,
Hustmyer, and Yu, (1989) Proc. Soc. Exp. Biol. Med. 191,
238-245). Receptors for the active form of vitamin D, i.e.
1,25-30 dihydroxyvitamin D(1,25-(OH),D,) are found in
peripheral blood lymphocytes and thymus lymphocytes
(Malogagas, Prowedini, and Tsoukas, (1985) Mol. Cell.
Endocrinol. 43, 113-122) of rat and human origin. In vitro
1,25-(OH),D; decreases one protein while increasing
another in activated human lymphocytes (Yu, Hustmyer,
Garvey, and Manolagas, C. (1991) Proc. Natl. Acad. Sci. 88,
8347-8351). Furthermore, 1,25-(OH),D; in vitro exerts an
anti-proliferative action on peripheral blood mono-nuclear
cells (Manolagas, Provvedini, Murray, Tsoukas, and Deftos,
(1986) J. Clin. Endocrinol. Metab. 63, 394-400),
decreases—Interlukin-2 (IL-2) production by
phytohemagglutinin-activated human peripheral mono-
nuclear cells and decreases IL-1 activity in monocytes
(Manolagas, (1988) in “Vitamin D: Molecular, Cellular and
Clinical Endocrinology (Norman, Schaefer, Grigoleit, and
Herrath, Eds.), pp. 282-290, Walter de Gruyter, Berlin,
N.Y.). Inhibition of immunoglobulin synthesis by
1,25-(OH),D; in B-lymphocytes has also been reported
(Provvedini, Tsoukas, Deftos, and Manolagas, (1986) J.
Immunol. 136, 2734-2740).

Although various biological functions for vitamin D com-
pounds have been discovered, as indicated above, the role of
vitamin D and other compounds having vitamin D-like
activity on the immune system in mammals is poorly
defined. To begin the assessment of the impact of vitamin D
and other compounds having vitamin D-like activity on the
immune system in vivo, the present disclosure provides a
vitamin D deficiency model in mice and then studies the
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2

effect of this deficiency on cell mediated immunity. The
effect of readministration of vitamin D compounds was then
studied to determine whether or not any immune deficiency
could be improved or restored.

Severe vitamin D deficiency has been produced in mice as
evidenced by severe hypocalcemia and an absence of
25-hydroxyvitamin D5 in blood. These and vitamin
D-sufficient mice were sensitized with dinitrofluorobenzene
(DNFB). Sensitivity to DNFB was determined by treatment
of one ear with DNFB. The ratio of thickness of the treated
ear to that of non-treated ear was used as an index of
cell-mediated immune reaction. The incorporation of
3H-thymidine into DNA of the ear was also used as an index
of cell-mediated immunity as was the response of thymus
lymphocytes to concanavalin A.

Vitamin D deficiency markedly decreased the ear thick-
ness ratio and *H-thymidine incorporation ratio. Similarly,
the incorporation of *H-thymidine into DNA of Concanava-
lin A treated thymus lymphocytes was significantly reduced
in vitamin D deficiency. These results show that in vivo
vitamin D deficiency impairs cell-mediated immunity. The
provision of a vitamin D-sufficient diet for 8 weeks corrected
the impaired response of the immune system, while vitamin
D administration for 3 weeks did not.

Thus, in accordance with the present disclosure, it has
been found that lack of vitamin D in vivo impairs cell
mediated immunity resulting in an immune deficiency in
mammals. Additionally, it has been found that this immune
deficiency in mammals may be improved dramatically by
the administration of vitamin D compounds such as vitamin
D; and 1a,25-dihydroxyvitamin D5 as well as by other
compounds having vitamin D-like activity, resulting in res-
toration if not complete repair of the immune deficiency of
the mammal.

It has thus been discovered that a vitamin D compound
may be utilized to treat immunodeficiencies categorized as
either acquired immunodeficiencies or inherited immunode-
ficiencies. Acquired immunodeficiencies include human
immunodeficiency virus-1 (HIV-1) infection, Herpes virus
infections, Epstein-Barr virus infections, lepromatous lep-
rosy and diminished immune capacity resulting from skin
burns in burn patients, i.e. burn-related immunodeficiency.
Inherited immunodeficiencies include adenosine deaminase
deficiency (ADA SCID), purine nucleotide phosphorylase
deficiency (PNP SCID), severe combined immune defi-
ciency (IL-2 receptor deficiency, i.e. X-LINKED SCID),
DiGeorge syndrome (no thymus), partial DiGeorge syn-
drome (thymic aplasia) and Bare lymphocyte syndrome (no
MHC class I or II molecules to mediate positive selection of
T cells in the thymus).

The results of the vitamin D deficiency model presented
herein also support the use of vitamin D compounds to treat
specific T-cell immunodeficiencies. These T-cell immuno-
deficiencies include leucocyte adhesion deficiency, lazy-
leucocyte syndrome, reticular dysgenesis, and Wiskott-
Aldrich syndrome (WAS).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a bar graph of serum calcium concentration in
mice for four groups (-D, -D+D, normal, and +D) at age 13
weeks in the first experiment, and FIG. 1b is a bar graph of
serum calcium concentration in mice for two groups (-D+P
and +D+P) supplied a pellet diet for 8 weeks after feeding
-D or +D purified diets for 13 weeks in the second experi-
ment;

FIG. 2qa is a bar graph of serum 25-hydroxyvitamin D5
concentration in mice for the same four groups at 13 weeks
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in the first experiment, and FIG. 2b is a bar graph of serum
25-hydroxyvitamin D4 concentration in mice for the same
two groups in the second experiment;

FIG. 3a is a bar graph of the effect of deficiency and
supplementation with vitamin D on spleen weight of mice in
the first experiment, and FIG. 3b is a bar graph illustrating
the same effects with respect to the second experiment;

FIG. 4a is a bar graph of the ear thickness ratio of
DNFB-challenged ear to control ear for mice in the first
experiment, and FIG. 4b is a bar graph of the same ear
thickness ratio with respect to the mice in the second
experiment;

FIG. 5a is a bar graph of the ear radioactivity ratio of
DNEFB challenged ear to control ear for the mice in the first
experiment, and FIG. 5b is a bar graph illustrating the same
ear radioactivity ratio with respect to the mice in the second
experiment; and

FIG. 6a is a bar graph of the comparison of lymphocyte
number and thymus of the four mouse groups in the first
experiment, and FIG. 6b is a bar graph of the effect of
vitamin D deficiency on the stimulation index of thymus
lymphocytes in mice non-sensitized or sensitized with
DNEFB for the same four mouse groups in the first experi-
ment.

DISCLOSURE OF THE INVENTION

The present invention comprises a method for treating
immune deficiency in a mammal which comprises admin-
istering to the mammal an amount of vitamin D compound
sufficient to improve the immunity of the mammal.
Preferably, the vitamin D compound is administered in an
amount of from about 0.1 ug to about 2 mg per day
depending upon the vitamin D compound administered.
Also, the vitamin D compound is preferably administered
daily to the mammal for about 3 weeks to about 8 months.

As used herein the term “vitamin D compound” encom-
passes compounds which control one or more of the various
vitamin D-responsive processes in mammals, i.e. intestinal
calcium absorption, bone mobilization, bone mineralization,
and cell differentiation. Thus the vitamin D compounds
encompassed by this invention include cholecalciferol and
ergocalciferol and their metabolites, as well as the synthetic
cholecalciferol and ergocalciferol analogs which express
calcemic or cell differentiation activity. Without limiting the
vitamin D compounds encompassed by the present
invention, these synthetic cholecalciferol and ergocalciferol
analogs comprise such categories of compounds as the
5,6-trans cholecalciferols and 5,6-trans-ergocalciferols, the
fluorinated cholecalciferols, the side chain homologated
cholecalciferols and side chain homologated AZ*-
cholecalciferols, the side chain truncated cholecalciferols,
the 19-nor cholecalciferols and ergocalciferols, and the
10,19-dihydrovitamin D compounds.

Structurally, the vitamin D compounds encompassed may
be represented by the formula
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where R° and R” each represent hydrogen or taken together
R® and R7 represent a methylene group, R® represents
hydrogen, hydroxy or a protected hydroxy, and the side
chain group R in the above-shown structure, may represent
any steroid side chain types. More specifically R can rep-
resent a saturated or unsaturated hydrocarbon radical of 1 to
35 carbons, that may be straight-chain, branched or cyclic
and that may contain one or more additional substituents,
such as hydroxy- or protected-hydroxy groups, fluoro,
carbonyl, ester, epoxy, amino or other heteroatomic groups.
Preferred side chains of this type are represented by the

structure below
V\%‘/ Z

N

where the stereochemical center (corresponding to C-20 in
steroid numbering) may have the R or S configuration, (i.e.
either the natural configuration about carbon 20 or the 20-epi
configuration), and where Z is selected from the group
consisting of Y, —0Y, —CH,0Y, —C=CY and
—CH=CHY, where the double bond may have the cis or
trans geometry, and where Y is selected from the group
consisting of hydrogen, methyl, —CR>0 and a radical of the
structure,

Rl RZ R3

/
C—FR’

— (CHy)y—C——(CHy)y

R4

where m and n, independently, represent the integers from 0
to 5, where R' is selected from the group consisting of
hydrogen, hydroxy, protected hydroxy, fluoro,
trifluoromethyl, and C,_5-alkyl, which may be straight chain
or branched and, optionally, bear a hydroxy or protected-
hydroxy substituent, and where each of R*, R> and R*,
independently, is selected from the group consisting of
hydrogen, fluoro, trifluoromethyl and C,_s-alkyl, which may
be straight-chain or branched, and optionally, bear a hydroxy
or protected-hydroxy substituent, and where R and R,
taken together, represent an oxo group, or an alkylidene
group,=CR*R>, or the group —(CH,)p—, where p is an
integer from 2 to 5, and where R* and R*, taken together,
represent an oxo group, or the group —(CH,)q—, where q
is an integer from 2 to 5, and where R® represents hydrogen,
hydroxy, protected hydroxy, or C,_s-alkyl.

A “protected hydroxy” group is a hydroxy group pro-
tected by any group commonly used for the temporary or
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