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Two siblings with vitamin-D-dependent rickets type II:
no recurrence of rickets for 14 years after cessation of therapy
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Abstract. Rickets in a 3-year-old boy and his 1-year-old sister,
both with alopecia, was cured by treatment with 50,000IU of
vitamin D, daily for 2 years and did not recur within 14 years
after cessation of therapy. A diagnosis of vitamin-D-depen-
dent rickets type I was made in these patients at the ages of
20 and 18 years based on the findings that 1,25-dihydroxyvita-
min D; [1,25(OH),D5] did not inhibit DNA biosynthesis in
phytohaemagglutinin-stimulated lymphocytes and that cul-

tured skin fibroblasts showed impaired nuclear uptake and-

normal cytosol binding of [*H]1,25(0OH),D;. Surprisingly, the
serum 1,25(OH),D levels of these patients were high and their
serum 24,25-dihydroxyvitamin D levels were low, although
neither patient showed any symptoms except alopecia. The
presence of vitamin D metabolite imbalances in the absence of
rickets in these patients might be explained by differences in
sensitivity to 1,25(0OH);D; of bone formation and vitamin D
metabolism. In addition, changes of sensitivity to treatment
with vitamin D derivatives might be a consequence of differ-
entiation of target cells. From the present findings, it is sug-
gested that in this disease treatment with a sufficient dose of
vitamin D derivatives should be initiated in the active phase of
rickets.
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Introduction

Vitamin-D-dependent rickets type II is a hereditary disease
characterized clinically by rickets and is frequently associated
with alopecia. This disorder is due to a spectrum of derange-
ments of the 1,25-dihydroxyvitamin D[1,25(OH),D] receptor-
effector system in target organs. The resistance to 1,25(OH),D
has been suggested to be the consequence of structural varia-
tions in the receptor molecule [10], since recent studies using
monoclonal antibodies against the 1,25(OH),Dj; receptor indi-
cated that all patients tested possessed the receptor protein
[16].

Great variety in the clinical features of the patients, in
their responses to therapy with vitamin D derivatives and in
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Abbreviations: cyclic AMP = adenosine 3’,5'-cyclic monophos-
phate; PHA = phytohaemagglutinin; 1,25(OH),D = 1,25-dihy-
droxyvitamin D; 24,25 (OH),D = 24,25-dihydroxyvitamin D;
25(0OH)D = 25-hydroxyvitamin D

biochemical findings have been reported [2, 4, 9, 11, 14, 15].
Patients showing spontaneous healing in their teens [10, 11]
and others who died in the absence of effective therapy during
early childhood [2, 7, 13] have been reported.

This paper reports two siblings with vitamin-D-dependent
rickets type II with alopecia, whose rickets was cured by treat-
ment with 50,000IU vitamin D, daily for 2 years. The rickets
did not recur within 14 years after cessation of therapy, al-
though the patients showed imbalances of serum vitamin D
metabolite concentrations.

Patients and methods

A 41-month-old boy (patient 1) and his 20-month-old sister
(patient 2) were admitted to Tokushima University Hospital
for evaluation of alopecia and rickets. Their parents are phys-
ically normal first cousins. The two patients were born by nor-
mal delivery after full-term pregnancy. Their scalp hair began
to fall out after birth and alopecia developed at 1-2 months of
age. Their development was within normal limits throughout
childhood, but a waddling gait and deformity of the lower legs
were noted from 16 to 18 months of age.

On admission to hospital, patients 1 and 2 weighed 11.6kg
(—1.5SD) and 8.0kg (—2.0SD) and were 83.7cm (—2.7SD)
and 76.2cm (—1.1SD) in height. Alopecia, genu valgum (pa-
tient 1), genu varum (patient 2), Harrison groove, rosary and
muscle weakness were observed, and the wrist and ankle
joints were thickened.

Before treatment, the serum calcium levels of patients 1
and 2 were 9.0 and 9.6 mg/dl (normal range 8.8-10.8 mg/dl),
serum phosphorus levels were 3.7 and 3.5mg/dl (normal
range 4.5-6.5mg/dl), alkaline phosphatase activities were 35.5
and 37.8 Bodansky units (normal range 0.65-3.3 Bodansky
units), and their values for tubular reabsorption of phos-
phorus were 90% and 83% (normal range 85% —98% ), respec-
tively. They both showed generalized aminoaciduria. On
radiological evaluation of the skeleton, typical metaphyseal
features of rickets with cupping and fraying, which indicated
active rickets, were observed in the hand, elbow, shoulder,
ankle, knee and hip joints of both patients.

As these patients were suspected as having atypical phos-
phate diabetes, treatment was started with 50,0001U vitamin
D, every other day (Fig.la,b). This did not result in any
improvement in 2 months, so the dosage was increased to
50,000IU daily. When this treatment had been continued for
1218 months, coincidental with improvement in the levels of
serum phosphorus and alkaline phosphatase activity, a calcifi-
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Fig.1a,b. Sequential serum levels of calcium (Ca), phosphorus (P)
and alkaline phosphatase activity (ALP) of a patient 1 and b patient 2
before, during and after treatment with vitamin D,

cation line appeared in metaphyseal areas of their long bones.
After about 2 years of therapy, normal levels of serum phos-
phorus and alkaline phosphatase activity, and normal skeletal
radiographs were obtained. The treatment was discontinued
after daily administration of 5,0001IU vitamin D, for 6 months,
when the patients were 6 and 4 years old.

In both patients, serum biochemical data and skeletal
radiographs on follow-up for 14 years after cessation of treat-
ment did not reveal any indications of active rickets, although
total alopecia persisted. When these patients were 20 and 18
years old, they were re-investigated because of the severe
rickets and alopecia observed in their early childhood, and a
diagnosis of vitamin D-dependent rickets type I was made.

Cytosol binding and nuclear uptake of [*H]1,25(0OH),D;
by cultured skin fibroblasts and the effect of 1,25(OH),D; on
DNA biosynthesis in phytohaemagglutinin (PHA)-stimulated
lymphocytes were investigated as reported previously [18].
The levels of calcium, phosphorus and alkaline phosphatase
activity were determined by automated methods. Serum para-
thyroid hormone (C-terminal fragment) was determined by
radioimmunoassay (PTH-C kit: Eiken Immunochemical Lab-
oratory, Tokyo). Urinary adenosine 3’,5'-cyclic monophos-
phate (cyclic AMP) was analysed by competitive protein-bind-
ing assay [17]. The maximal tubular reabsorption of phos-
phate per volume of glomerular filtrate was measured by the
method of Walton and Bijvoet [20]. The serum concentrations
of 25-hydroxyvitamin D [25(OH)D] and 24,25-dihydroxyvita-
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min D[24,25(OH),D] were measured by competitive protein-
binding assay and that of 1,25(OH),D by radioreceptor assay
as reported previously [19].

Results

As an easy and rapid diagnostic test for a defect of the
1,25(OH),D; receptor-effector system [18], the effect of
1,25(OH),D5 on the rate of thymidine incorporation into
PHA-stimulated lymphocytes was investigated (Fig.2).
Thymidine incorporation into PHA-stimulated lymphocytes
of these patients was not inhibited by 107 to 107’ M
1,25(OH),D5, which caused dose-dependent inhibition of the
incorporation of thymidine into PHA-stimulated lymphocytes
of normal subjects.

Next we measured the binding of [H]1,25(OH),D; in
the cytosol of skin fibroblasts and their nuclear uptake of
[’H]1,25(0OH),D5 (Table 1). The binding capacities and affin-
ities of the cytosol of cultured skin fibroblasts from these pa-
tients were normal, but the capacities of these cells for nuclear
uptake were decreased to 15% and 31%, respectively, of that
of control subjects, although the nuclear affinities were nor-
mal.

We then examined the homeostatic parameters of calcium
and phosphorus balance of these patients who showed com-
pletely normal skeletal radiological findings (Table 2). The
serum calcium and phosphorus levels, and alkaline phos-
phatase activity were normal. The urinary calcium and phos-
phorus excretion was also within normal limits. Urinary cyclic
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Fig. 2, Effect of the dose of 1,25(OH),D; on the rate of thymidine in-
corporation into PHA-stimulated lymphocytes of six control subjects
(e——e), patient 1 (0——0) and patient 2 (0——0). Values are
means + SD for triplicate determinations

Table 1. Binding of [*H]1,25(OH),Ds in cytosol and nuclear uptake of
[PH]1,25(0OH),D; by intact skin fibroblasts

Cytosol binding Nuclear uptake
Capacity  Affinity Capacity Affinity
(fmol/mg  (aM) (fmol/107 (nM)
protein) cells)
Patient1 32 0.32 6.7 0.094
Patient2 34 0.75 10.7 0.089
Control 31+4 0.52+£0.22 70.9%13.6 0.068 £0.013
n) 5 5 9 9
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Table 2. Biochemical data on patient 1 (20 years old) and patient 2
(18 years old). TmP/GRF = Maximal tubular reabsorption of phos-
phate per volume of glomerular filtrate

Patient 1 Patient2 Normal
values

Serum

Calcium 9.67 9.50 8.8 — 10.8
(mg/dh)

Phosphorus 3.87 3.33 30 — 45
(mg/dl)

Alkaline phosphatase 132.00 76.000  40.0 —110.0
Tum

Parathyroid hormone 0.57 0.43 0.1 — 05
(ng/ml)

25-Hydroxyvitamin D 7.00 5.00 120 £ 1.5
(ng/ml)

24,25-dihydroxyvitamin D 0.11 0.16 1.2 = 0.1
(ng/ml}

1,25-dihydroxyvitamin D 100.30 94.10 410 = 3.0
(pg/ml)

Urine

Calcium 0.062 0.122 <0.22
(mg/mg creatinine)

Phosphorus 368.00  338.000 145.00 — 759.00
(ug/mg creatinine)

TmP/GFR 3.92 3.57 2.05—- 5.90

Cyclic AMP 6.07 8.35 281 049

(nmol/d] glomerular filtrate)

Aminoaciduria - - -

AMP was slightly increased, but there was no aminoaciduria.
The serum PTH level was slightly increased in patient 1 and
normal in patient 2. The serum levels of 1,25(OH),D,
25(OH)D and 24,25(OH),D were high, low and very low,
respectively, in both patients.

Discussion

In these patients a diagnosis of vitamin-D-dependent rickets
type II was made on the basis of the findings that 1,25(0OH),Ds
did not inhibit DNA biosynthesis in PHA-stimulated lympho-
cytes and that cultured skin fibroblasts from the patients
showed impaired nuclear uptake and normal cytosol binding
of [*H]1,25(0H),D3, although the patients had normocalc-
aemia. Some patients with this disease show normocalcaemia
with hypophosphataemia [7, 15] and one patient was reported
to have hypophosphataemia and increased serum alkaline
phosphatase activity when rickets recurred after cessation of
treatment [3]. At 3 and 1 years of age, our patients showed ric-
kets on many joints and alopecia, which suggested marked re-
sistance to 1,25(OH),D [8, 15]. Moreover they showed
generalized aminoaciduria as another indication of secondary
hyperparathyroidism during active rickets, although their
serum PTH levels were not measured. These findings suggest
that the suppression of hyperparathyroidism and normaliza-
tion of phosphorus were related to recovery from rickets in
these patients.

For 14 years after cessation of treatment, these patients
maintained normalized serum levels of calcium, phosphorus,
PTH and alkaline phosphatase activity. Moreover skeletal
radiological findings were also normal, although the circu-

lating 1,25(OH),D level was high and the 25(OH)D and
24,25(0H),D levels were low in both patients. The serum
24,25(OH),D concentrations of these patients were as low as
those reported for patients with this disease before treatment
[19]. A low level of 24,25(OH),D may be a specific character
of this disease, as previously suggested [19], because
1,25(OH),D stimulates 24,25(OH),D synthesis mediated by
the receptor for 1,25(OH),D [5, 6, 8]. 25-Hydroxyvitamin D-
24-hydroxylase activity in skin fibroblasts from normal sub-
jects becomes detectable on exposure of cells to 1,25(OH),D;
at 107° M, and on increasing the 1,25(OH),D; concentration it
increases to an apparent maximum at 1078 M [8, 10], although
Griffin and Zerwekh [9] reported that maximal and half maxi-
mal responses of the enzyme occurred after exposure to
107°M and 5 x 107" M 1,25(OH),Ds, respectively.

In contrast, increases in collagen synthesis and alkaline
phosphatase activity in osteoblastic MC3T3-E1 cells are
stimulated by 1,25(0H),D; at 1077-10"M, which is a
physiological concentration range [12]. In addition, in normal
skin fibroblasts and MC3T3-E1 the affinities of the cytosol
receptor for 1,25(OH),D; and the nuclear uptake of
1,25(0H),D; are 107Y-10"°M [12]. These different sen-
sitivities to 1,25(OH),D; of the bone formation system and
24-hydroxylase inducing response may at least partly explain
the normal findings in bone but imbalances of serum vitamin
D metabolites in these patients.

However, it is still difficult to explain why rickets did not
recur in these patients after cessation of therapy although
their cells continued to exhibit a genetic defect that caused re-
sistance to the action of 1,25(OH),D. One possible explana-
tion is that the residual 1,25(OH),D receptor-effector system
in target organs of the patients may have been stimulated by
the treatment. Recently, physiological concentrations of
1,25(OH),D5 were found to affect differentiation of various
cells in vitro [1, 12]. Thus another possible explanation is that
differentiation of target cells may have been important in
maintaining calcium and phosphorus homeostasis which re-
sulted in normal mineralization. Liberman et al. [13] reported
a patient who seemed to respond strikingly to 24,25(OH),D3
and in whom normocalcaemia persisted for a long time after
all treatment was stopped. Cases of this disease showing a
change in the degree of resistance to 1,25(OH),D [7] or spon-
taneous healing [10, 11] have also been reported. These previ-
ous findings may be due to cellular differentiation during
treatment with vitamin D derivatives.

From findings in these patients, we conclude that treat-
ment with a sufficient amount of vitamin D derivatives for an
adequate period in the active phase of vitamin-D-dependent
rickets type Il is essential in its therapy.

Acknowledgements. This work was supported by grant 62570428 from
the Ministry of Education, Science and Culture of Japan and a grant
from the Mother- and Child’s Health Foundation.

References

1. Abe E, Miyaura C, Sakagami H, Takeda M, Konno K, Yamazaki
T, Yoshiki S, Suda T (1981) Differentiation of mouse myeloid
leukemia cells induced by 1e,25-dihydroxyvitamin D;. Proc Natl
Acad Sci USA 78:4990-4994

2. Balsan S, Garabedian M, Liberman UA, Eil C, Bourdeau A,
Guillozo H, Grimberg R, LeDeunff MJ, Liberherr M, Guimbaud
P, Broyer M, Marx ST (1983) Rickets and alopecia with resistance
to 1,25 dihydroxyvitamin D: two different clinical courses with



10.

two different cellular defects. J Clin Endocrinol Metab 57:803—
811

. Balsan S, Garabedian M, Larchet M, Groski AM, Cournot G,

Tau C, Bourdeau A, Silve C, Ricour C (1986) Long-term noctur-
nal calcium infusions can cure rickets and promote normal
mineralization in hereditary resistance to 1,25-dihydroxyvitamin
D. J Clin Invest 77:1661-1667

. Clemens TL, Adams JS, Horiuchi N, Gﬂchrest BA, Cho H,

Tsuchiya Y, Matsuo N, Suda T, Holick MF (1983) Interaction of
1,25-dihydroxyvitamin D; with keratinocytes and fibroblasts from
skin of a subject with vitamin-D-dependent rickets type II. J Clin
Endocrinol Metab 56: 824-830

. Colston K, Feldman D (1982) 1,25-Dihydroxyvitamin D; recep-

tors and functions in cultured pig kidney cells (LLC PK1). J Biol
Chem 257:2504-2508

. Feldman D, Chen T, Cone C, Hirst M, Shani S, Benderli A,

Hochberg Z (1982) Vitamin D resistance rickets with alopecia:
cultured skin fibroblasts exhibit defective cytoplasmic receptor
and unresponsiveness to 1,25-(OH),Ds. J Clin Endocrinol Metab
55:1020-1022

. Fraher LJ, Karmali R, Hinde FRJ, Hendy GN, Jani H, Nicholson

L, Grant D, O’Riordan JLH (1986) Vitamin-D-dependent rickets
type II: extreme end organ resistance to 1,25-dihydroxyvitamin D5
in a patient without alopecia. Eur J Pediatr 145:389-395

. Gamblin GT, Liberman UA, Eil C, Downs RW Jr, DeGrange

DA, Marx SJ (1985) Vitamin-D-dependent rickets type II: defec-
tive induction of 25-hydroxyvitamin D3-24 hydroxylase by 1,25-di-
hydroxyvitamin Dj; in cultured skin fibroblasts. J Clin Iavest
75:954-960

. Griffin JE, Zerwekh JE (1983) Impaired stimulation of 25-hy-

droxyvitamin D-24-hydroxylase in fibroblasts from a patient with
vitamin D dependent rickets, type 1I; a form of receptor-positive
resistance to 1,25-dihydroxyvitamin Ds. J Clin Invest 72:1190—
1199

Hirst MA, Hochman HJ, Felman D (1985) Vitamin D resistance
and alopecia: a kindred with normal 1,25-dihydroxyvitamin D
binding, but decreased receptor affinity for deoxyribonucleic acid.
J Clin Endocrinol Metab 60:490-495

11.

12.

13.

14.

16.

17.

18.

19.

20.

57

Hochberg Z, Benderli A, Levy J, Vardi P, Weisman Y, Chen T,
Feldman D (1984) 1,25-Dihydroxyvitamin D resistance, rickets,
and alopecia. Am J Med 77:805-811

Kurihara N, Ishizuka S, Kiyoki M, Haketa Y, lkeda K,
Kumegawa M (1985) Effects of 1,25-dihydroxyvitamin D; on
osteoblastic MC3T3-E1 cells. Endocrinology 118:940-947
Liberman UA, Samuel R, Halabe A, Kauli R, Edelstein S, Weis-
man Y, Papapoulos SE, Clemens TL, Fraher LJ, O’Riordan JLH
(1980) End-organ resistance to 1,25-dihydroxycholecalciferol.
Lancet 1:504-507

Liberman UA, Eil D, Marx SJ (1983) Resistance to 1,25-dihy-
droxyvitamin D. Association with heterogeneous defects in cul-
tured skin fibroblasts. J Clin Invest 71:192-200

. Marx SJ, Liberman UA, Eil C, Degrange DE, Bliziotes MM

(1985) Resistance to 1,25-dihydroxycholecalciferol in man and in
other species. In: Norman AW, Schaefer K, Grigoleit H-G, Her-
rath DV (eds) Vitamin D: chemical, biochemical and clinical up-
date. de Gruyter, New York, pp 107-116

Pike JW, Dokoh S, Haussler MR, Liberman UA, Marx SJ, Eil C
(1984) Vitamin Ds-resistant fibroblasts have immunoassayable
1,25-dihydroxyvitamin D5 receptors. Science 224 879-881

Sato T, Saito K, Takezawa T, Fujishima T, Iijima T, Kuninaka A,
Yoshino H (1981) Urinary excretion of cyclic nucleotides and
principal electrolytes in healthy humans of different ages. Clin
Chim Acta 110:215-225

Takeda E, Kuroda Y, Saijo T, Toshima K, Naito E, Kobashi H,
Iwakuni Y, Miyao M (1986) Rapid diagnosis of vitamin D-depen-
dent rickets type II by use of phytohemagglutinin-stimulated lym-
phocytes. Clin Chim Acta 155:245-250

Takeda E, Kuroda Y, Saijo T, Naito E, Kobashi H, Yokota I,
Miyao M (1987) lo-Hydroxyvitamin D treatment of three pa-
tients with 1,25-dihydroxyvitamin D-receptor-defect rickets and
alopecia. Pediatrics 80:97-101

Walton RJ, Bijvoet OLM (1975) Nomogram for derivation of
renal threshold phosphate concentration. Lancet IT1:309-310

Received April 8, 1988 / Accepted February 16, 1989



