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Vitamin D-dependent rickets is a syndrome in 
which the clinical and biochemical features of rick- 
ets or osteomalacia occur in individuals who do not 
have vitamin D deficiency and are corrected by 
treatment with vitamin D in doses that are clearly 
above the physiologic range [1-3]. One form of the 
disease apparently results from deficient renal pro- 
duction of 1,25-dihydroxyvitamin D (1,25(OH)zD). 
Thus affected subjects exhibit either low or low nor- 
mal values for serum 1,25(OH)zD [3, 4] and respond 
to small, possibly physiologic, doses of 
1,25(OH)2D3 [1, 2]. 

On the other hand, we reported a woman with 
hypocalcemia, secondary hyperparathyroidism, 
osteomalacia, and osteitis fibrosa cystica with nor- 
mal values for serum 25-hydroxyvitamin D (25- 
OHD) and markedly elevated values for serum 
1,25(OH).,D in whom hypocalcemia, secondary hy- 
perparathyroidism, and radiographic skeletal 
changes were corrected by vitamin D [5]. We attrib- 
uted the findings to refractoriness of target organs 
to 1,25(OH).,D and termed the entity vitamin D-de- 
pendent rickets type II [5]. 

Since then, a number of additional cases have been 
reported. In some instances the onset of the dis- 
order was sporadic [5, 7] and in others it was famil- 
ial [3, 6, 8]. When sporadic, the disease occurs only 
in females [5, 7] whereas when familial, it occurs in 
both males and females [3, 6]. Onset of the disorder 
is observed commonly in infancy [3, 6, 7] and less 
commonly in childhood [8] or during adolescence 
[5]. Symptoms include grand mal seizure [5], bone 
pain [6, 7], and muscle weakness [6, 7]. Pares- 
thesias are not described. Clinical signs include a 
positive Chvostek [6], cranial bossing [7], bowing of 
the lower extremities [5, 6, 7], waddling gait [5, 6], 
small stature [6], oligodentia [8], and amelogenesis 
imperfecta [8]. Fractures [7] and pseudofractures 
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[3, 6, 7] may occur. Except for bowing of the lower 
extremities (genu valgus or varus) and the abnormal 
gait. most of the findings are reversed by treatment 
with vitamin D or its analogues. Surgery may be re- 
quired to treat the deformities of the lower ex- 
tremities [5.6]. 

Several familial cases with congenital alopecia 
were reported in two families in whom the parents 
were first cousins [3, 8]. In both families there were 
other siblings who were normal. Four of the af- 
fected siblings died in infancy of pneumonia [3, 8]. 
In two of them, the pneumonia and death were at- 
tributed directly to hypocalcemia and rickets [3]. 
Another family with two affected siblings was re- 
ported in which alopecia did not occur and the par- 
ents were not related [6]. 

The biochemical and clinical manifestations of 
secondary hyperparathyroidism include hypo- 
phosphatemia [3, 6, 7], increases in urinary cyclic 
AMP [5, 7] and urinary hydroxyproline [5, 7], 
aminoaciduria [5, 6], and osteitis fibrosa cystica [5, 
7]. These abnormal findings are reversed by correc- 
tion of the hypocalcemia and secondary hyper- 
parathyroidism [3, 5, 7]. As in other types of rick- 
ets, the osteitis fibrosa cystica may be a more prom- 
inent feature of the bone disease than the rickets or 
osteomalacia [5]. 

Without treatment fractional intestinal absorption 
of 4~Ca is abnormally low [6, 7], serum 25-OHD and 
24,25-dihydroxyvitamin D are normal [3, 5, 7], and 
serum 1,25(OH)2D is consistently increased, with 
values ranging from 137 pgJml [5] to as high as 745 
pg/ml [8]. In normal individuals there is a highly sig- 
nificant direct correlation between serum 
1,25(OH)2D and fractional intestinal absorption of 
47Ca so that circulating 1.25(OH)2D is normally a 
major determinant of calcium absorption [9]. In the 
syndrome, the low intestinal absorption of calcium 
despite marked increases in serum 1,25(OH)2D are 
thus striking characteristic features. 
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The increases in serum 1,25(OH)2D have been at- 
tributed to secondary hyperparathyroidism [5, 6] 
and when present,  to hypophosphatemia as well [6]. 
However ,  in some instances there was a clear in- 
crease in serum 1,25(OH)2D after treatment with vi- 
tamin D [5, 6] or 25-OHD [3] had corrected the 
hypocalcemia and secondary hyperparathyroidism. 
In normal subjects, vitamin D in pharmacologic 
doses, 100,000 units a day for 4 days, significantly 
lowers mean serum 1,25(OH).,D without changing 
serum calcium and phosphorus (Stern, P.H.,  and 
Bell, N.H. ,  unpublished observations). Large doses 
of vitamin D increase mean serum 25-OHD, de- 
crease mean serum 1,25(OH)._,D significantly in 
chicks and rats, and inhibit chick renal 25-OHD-lc~- 
hydroxylase [10]. The increase in serum 
1,25(OH)2D after treatment with vitamin D in some 
patients with the syndrome is therefore abnormal. It 
is not known whether  this represents a defect in the 
renal hydroxylating enzyme,  a delay in utilization 
and clearance of the metabolite from the circula- 
tion, or a combination of these factors. 

Pharmacologic doses of vitamin D and its metab- 
olites or analogues are required and were used for 
treatment, the familial forms of the disease being 
particularly refractory.  Doses used ranged from 0.1 
to 30 mg per day for vitamin D [5-8], from 0.05 to 
1.5 mg per day for 25-OHD:~ [3, 6-8], and from 5 to 
20 gg per day for 1,25(OH)._,D..~ [3, 6, 8]. One patient 
exhibited a defect in the hepatic production of 25- 
OHD [7]. Such a defect has not been reported in 
other patients with the syndrome. Two adults re- 
quired 20/ ,g/day of 1,25(OH)2D3 for adequate treat- 
ment [6], whereas one 16-year-old girl did not re- 
spond to as much as 20/*g/day [8] and a 4-year-old 
girl did not respond to as much as 8 p,g/day of 
1,25(OH).,D:~. These doses of 1,25(OH)2D:~ are clear- 
ly higher than those required to treat vitamin D-de- 
pendent rickets type I [l ,  2]. 

Three patients with the syndrome underwent un- 
eventful pregnancies and had normal infants [7, 11; 
and Marx, S.J., personal communication]. Serum 
1,25(OH).2D is normally increased in pregnancy 
[12]. In one patient, the values were as high as or 
higher than those observed in normal pregnant 
women and serum immunoreactive parathyroid 
hormone remained within the normal range [11]. 
The mechanism for the increase in serum 
1,25(OH)=,D in this patient is not known. In this re- 
gard it is interesting to note that increases in serum 
1,25(OH).,D are present in rats during pregnancy 
and lactation [13]. Increases also occur  in nephrec- 
tomized pregnant rats [ 14]. Whereas 1,25(OH)2D in- 
creases in the maternal circulation, it is either ab- 
sent or present only in small concentrations in the 
rat fetus [15, 16]. The inability of 1,25(OH)._,D to 

readily cross the placenta presumably accounts for 
the fact that infants of mothers with the syndrome are 
normal. Recent evidence indicates that 1,25(OH)2D 
is produced by rat placental tissue [17] and by hu- 
man decidua [18]. The physiologic significance of 
these findings is yet to be determined. 

The nature of the defect in the target organs of 
patients with the syndrome is obscure.  Recent stud- 
ies with human tissues suggest that 1,25(OH)2D 
may be internalized in association with its serum 
transport protein by target tissue to form a complex 
with the cytosol receptor  [ 19, 20]. Whether  vitamin 
D-dependent rickets type II will prove to be a heter- 
ogeneous disease in its pathogenesis remains to be 
determined. It is possible that defects may be found 
at a number of  steps including entry of 1,25(OH).,D 
into the cell, association of the sterol with the cyto- 
sol receptor,  transport  of the sterol-receptor com- 
plex to the cell nucleus, or later events concerned 
with translation or transcription. Clearly, more in- 
formation is needed to determine the pathogenesis 
of this interesting disease. 
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