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Case Report

Effect of calcium supplementation on bone deformity and
histopathological findings of skin papules in a pediatric
patient with vitamin D—dependent rickets type 2A:

A case report
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e Calcium supplementation can be used to treat rickets in VDDR2A.

e Multiple skin papules comprise one skin phenotype in patients with VDDR2A.
o Altered DNA-binding domain of the VDR gene usually leads to skin symptoms.

Abstract. Vitamin D—dependent rickets type 2A (VDDR2A) is an autosomal recessive disease caused by pathogenic
variants of the vitamin D receptor (VDR) gene. VDDR2A rickets are usually resistant to native or active vitamin
D treatment because of impaired active calcium absorption against the calcium concentration gradient, which is a
ligand-dependent VDR action in the small intestine. Alopecia due to an impaired skin follicular cycle is occasionally
observed in patients with VDDR2A. Among the pathogenic VDR variants, most in the DNA-binding domain and
some in the ligand-binding domain, which affect the dimerization of VDR with the retinoic X receptor, are associated
with alopecia. Herein, we report a case of VDDR2A caused by compound heterozygous pathogenic variants of the
DNA-binding domain of VDR. Active vitamin D treatment did not ameliorate genu varum, rachitic changes in the
roentgenogram, or abnormal laboratory findings. However, oral administration of calcium lactate dramatically
improved these findings. The patient also experienced hair loss at two months of age and multiple papules on
the skin at two yr of age, which did not improve with vitamin D or calcium supplementation. We also report the
histopathological findings of skin papules in this patient.
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Introduction

Vitamin D—-dependent rickets type 2A (VDDR2A)
is an autosomal recessive disease caused by pathogenic
variants of the vitamin D receptor (VDR) gene (1).
VDDR2A rickets are usually resistant to native or
active vitamin D treatment. Vitamin D acts via the
vitamin D receptor (VDR) in the small intestine, which
increases active calcium absorption against the calcium
concentration gradient by increasing the expression of
TRPVE, calbindin9k, and PMCAIb and is impaired
in patients with VDDR2A (2). Alopecia, owing to an
impaired skin follicular cycle, also occurs in some
patients with VDDR2A; alopecia in VDDR2A is related
to pathogenic VDR variants located in the DNA-binding
domain (DBD) or ligand-binding domain (LBD), and
shows impaired dimerization of the retinoic X receptor
1).

Herein, we report a case of VDDR2A caused by
compound heterozygous pathogenic variants in the DBD
ofthe VDR gene. We also report skin phenotypes, such as
alopecia and skin papules, as well as the histopathological
findings of the skin papules, in this patient.

Case Report

A 2-yr, 3-mo-old male pediatric patient with
suspected rickets was referred to the pediatric department
from the orthopedics department of Okayama University
Hospital. He was born to non-consanguineous parents
via cephalic delivery at 41 wk gestation. His height and
body weight at birth were 51 cm (standard deviation
[SD], 0.95) and 4190 g (SD, 2.57), respectively. His 5-min
Apgar score was 9. The patient was fed artificial milk,
had no food allergies, and was often outdoor without
sunscreen. The patient was weaned at 11 mo of age and
follow-up milk was not used. His motor development was
unremarkable and he was able to walk alone at 11 mo
of age. During a health checkup at 1 yr and 6 mo of age,
genu varum was noted, and the patient was referred
to our hospital’s orthopedic department. Radiological
examination revealed no rachitic changes (Figs. 1A and
B), and physiological bow leg or Blount’s disease was
suspected. However, at the follow-up at 2 yr and 3 mo
of age, genu varum and rachitic changes were obvious
on a roentgenogram (Figs. 1C-E).

At the patient’s first visit to the pediatric
department (a in Fig. 2), his height was 84.2 cm (SD,
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Fig. 1. Radiological (lower leg: A, D, G, J, M, and P; distant metaphysis of the left femur: B, E, H, K, O, and Q) and bow
leg (C, F, I, and L) changes during treatment. (A and B) The 21-mo-old patient at the first visit to the orthopedic
department. Bow leg was observed, but rachitic changes were not apparent. (C—E) The 27-mo-old patient at the
first visit to the pediatric department. The bow leg worsened and rachitic changes were visible in the metaphysis
of the femur. (F—H) The 30-mo-old patient. Three months after initiating active vitamin D treatment, the bow
leg did not improve, and the rachitic changes worsened. (I-K) The 33-mo-old patient. Three months after adding
calcium lactate in addition to active vitamin D, the bow leg and rachitic changes improved. (—O) The 39-mo-old
patient at 1 yr after initiating treatment. (P and Q) The 57-mo-old patient. The femoral deformity persisted, but
the alighment improved. Treatment during this period is shown in the upper part of the figure.
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—1.10); however, his growth rate decreased after 1 yr of
age (Fig. 2A). Hair loss began at 2 mo of age and the
patient developed incomplete alopecia (Fig. 3A), and
sparse eyebrows. Multiple 1-3-mm papules were also
observed on his skin from the age of 2 yr (Figs. 3B-D).
Laboratory examinations revealed hypocalcemia (8.7 mg/
dL) and hypophosphatemia (4.0 mg/dL) with an elevated
alkaline phosphatase (ALP) level (512 U/L [IFCC]; Japan
Society of Clinical Chemistry [JSCC] measurement
values exchanged with the International Federation
of Clinical Chemistry and Laboratory Medicine [IFCC]
measurement values using the following formula: ALP
[IFCC] =0.35 x ALP [JSCC]) and an intact parathyroid
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Fig. 2. Clinical course before and after visiting the pediatric
department. (A) Growth chart of the patient.
Specific points in time are marked as follows: a, first
visit to the pediatric department and alfacalcidol
treatment initiation; b, calcium lactate initiation;
¢, 3 mo after starting calcium lactate; d, 1 yr after
starting treatment. (B) Changes in laboratory
examinations between a and d in Fig. 2A. Specific
points a—d show the same points a—d in Fig. 2A.
Alkaline phosphatase (ALP) measurement values
by the Japan Society of Clinical Chemistry (JSCC)
were exchanged with International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC)
measurement values using the following formula:
ALP (IFCC) = 0.35 x ALP (JSCC).

hormone (PTH) level (386 pg/mL). Decreased 25(0OH)
vitamin D (10 ng/mL) and increased 1,25(0OH), vitamin
D (192 pg/mL) levels were observed.

Based on the clinical features and laboratory
examination results, VDDR2A was considered. The
patient’s mother was hesitant about the diagnosis of
VDDR2A and subjected her son to genetic analysis
for VDR. A nutritionist suggested a deficiency in
vitamin D and calcium intake after weaning, which
became sufficient after the first visit to the pediatric
department. Therefore, the patient was initially treated
with alfacalcidol (because native vitamin D cannot be
prescribed in Japan), considering vitamin D—deficient
rickets. However, rickets and laboratory data did not
improve with increasing alfacalcidol dose (Figs. 1F-H,
b in Figs. 2A and B). Therefore, oral administration
of calcium lactate 0.75 g/d (97.5 mg of calcium) was
initiated and improvements were observed in the
clinical and radiological phenotypes of ricket (Fig. 1I-K,
¢ in Figs. 2A and B). To check whether the further
increase in alfacalcidol under calcium supplementation

Fig. 3. Features of the patient’s skin (A-D) and
histopathological findings of the skin papule (E).
(A) Hair loss. (B-D) Appearance of the skin of the
thighs (B, whole thighs; C, low magnification; D,
high magnification), where many 1-3-mm papules
were observed. (E) A cyst was filled with stratum
corneum and consisted of stratified squamous
epithelium without a granular layer (hematoxylin
and eosin [HE]; scale bar, 100 pm).

A case of VDDR2A with skin lesions

doi: 10.1297/cpe.2024-0079

133



affects abnormalities in laboratory examinations,
such as elevated PTH levels, we increased the dose
of alfacalcidol to 1.25 pg/d (between b and ¢ in Fig.
2B). However, PTH levels did not decrease; therefore,
we considered that calcium supplementation alone
ameliorated the bone phenotype and abnormalities in
laboratory examinations and decided to increase the
dose of calcium supplementation. After increasing the
oral administration of calcium lactate to 1.0 g/d (130
mg calcium), the laboratory abnormalities completely
improved (d in Fig. 2A), and the patient’s lower-limb
alignment continued to improve (Figs. 1L-Q).

In contrast to the improved rickets phenotype,
alopecia and small papules on the skin did not improve
with vitamin D or calcium lactate supplementation.
Pathological examination of the papular tissue revealed
a cyst filled with stratum corneum consisting of stratified
squamous epithelium, some areas of which lacked a
granular layer (Fig. 3E).

Soon after the initiation of calcium lactate
administration (at 2 yr and 5 mo of age), the VDR
gene was analyzed in the patient and his family after
informed consent was obtained from the parents. Genetic
analysis was approved by the Ethics Committee of
Okayama University Hospital (1701-038; January 6,
2023). All procedures were performed in accordance with
the 1964 Declaration of Helsinki and 2021 Japanese
Ethical Guidelines for Clinical Research and their later
amendments. All exon and exon—intron boundaries of the
VDR gene were analyzed using genomic DNA extracted
from peripheral blood leukocytes using a QIAamp
DNA Blood Mini Kit (Qiagen Inc., Tokyo, Japan). The
PCR amplicons were purified using a QIAquick PCR
Purification Kit (Qiagen Inc.) and sequenced using a
BigDye Terminator Cycle Sequencing F'S Ready Reaction
Kit and Genetic Analyzer (ABI Prism 310; Applied
Biosystems, Foster City, CA, USA). The primer pairs
used for PCR amplification and sequencing of each exon
and exon—intron boundary are listed in Supplementary
Table 1. The sequence reads were aligned with the
reference sequences from GenBank (NG_008731.1). Two
variants, p.Arg30Ter and p.Arg50GIn, derived from the
father and mother, respectively, were identified in this
patient (Fig. 4). These variants were previously reported
to be pathogenic and located in the DBD of the VDR
(3-5); therefore, VDDR2A was diagnosed.

Because the patient and his family moved to
another prefecture in Japan before he reached 5 yr of
age, we were unable to follow his clinical course.

Vitamin D and VDR are required for calcium
homeostasis, mainly by accelerating the absorption of
calcium and phosphorus in the intestine (6). In VDDR2A,
calcium absorption in the small intestine is impaired
owing to its resistance to active vitamin D, and secondary
hyperparathyroidism leads to hypophosphatemia and
rickets. In our patient, active vitamin D treatment
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Fig. 4. Results of VDR analysis of the patient and his
family. The red arrow indicates the basal change
from cytosine to thymine at c.88 (c.88C>T)
resulting in p.Arg30Ter. Green arrow indicates
the basal change from guanine to adenine at c.149
(c.149G>A) resulting in p.Arg50GIn. The father
harbored a heterozygous p.Arg30Ter variant,
whereas the mother harbored a heterozygous
p-Arg50GIn variant. The patient harbored both
the variants in a compound heterozygous manner.
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did not ameliorate the clinical symptoms of rickets,
and genu varum worsened. In the small intestine,
calcium is absorbed in ligand-bound VDR-dependent
and -independent manners. In a ligand-bound VDR-
dependent manner, calcium is absorbed against a calcium
concentration gradient from the intestinal lumen to the
blood via the transcellular pathway (2). In contrast,
calcium is absorbed through a calcium concentration
gradient via the paracellular pathway, in a VDR-
independent manner. Experiments using systemic VDR-
ablated mice revealed that calcium could be absorbed
without VDR and that the ratio of calcium to phosphorus
in the diet affects the efficacy of calcium absorption in
the small intestine (7-9). A previous report showed
that high-dose calcium lactate supplementation alone
improved laboratory parameters in an adult patient with
VDDR2A and homozygous p.Arg30Ter, who exhibited
high ALP levels and secondary hyperparathyroidism
despite high-dose active vitamin D and calcium lactate
treatments (10). Similar to this adult patient, calcium
supplementation, which raises the calcium/phosphorus
ratio in the small intestine, dramatically improved not
only laboratory abnormalities such as high ALP and
PTH levels, but also clinical phenotypes such as genu
varum and growth disturbance in our patient. However,
the treatment dose of calcium was relatively small
(97.5-130 mg/d; approximately 1/4—1/3 of the estimated
average requirement of daily calcium intake in Japanese
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boys aged 1-2 yr, 350 mg/d) (11). This finding may be
partially attributed to the residual VDR function of the
p.-Arg50GIn variant. A previous report demonstrated
that native vitamin D treatment improved laboratory
abnormalities in a 3-yr-old brother and 1-yr-old sister
with VDDR2A caused by homozygous p.Arg50GIn in
the VDR gene, and treatment was not required for
rickets after approximately 3 yr of native vitamin D
treatment (4, 12). In contrast to our patient, Tamura
et al. reported a 2-yr-old girl with VDDR2A caused by
uniparental disomy of chromosome 12, who required
high-dose calcium supplementation (300 mg/kg/d) in
contrast to our patient (13). Based on these results, the
required dose of calcium supplementation to treat the
bone phenotype of VDDR2A has a broad spectrum that
might be affected by various factors, such as residual
VDR function, amount of calcium and phosphorus
intake, and duration and status of bone mineralization
before the start of calcium supplementation. Additional
functional analysis or analysis of transgenic animals is
required to confirm the residual VDR function

The patient presented with alopecia. The hair
follicle cycle after birth comprises of three stages: catagen
(follicular growth), anagen (follicular regression),
and telogen (resting). Follicular development begins
before birth and leads to a follicular cycle (14). Ligand-
independent VDR action is necessary for a normal hair
follicular cycle. Systemic or epidermis-specific VDR-
ablated mice show normal first hair coating; however, hair
loss after the first cycle and VDR itself act as regulators
of the catagen stage (7, 14, 15). The VDR comprises an
N-terminal DBD and a C-terminal LBD. Two zinc-finger
motifs located in the DBD and the sequence from the
N-terminus to the second zinc-finger motif play crucial
roles in skin abnormalities in VDDR2A, although the
detailed mechanisms have not been elucidated (14,
16). Two pathogenic VDR variants, p.Arg30Ter and
p-Arg50GIn, have been identified. Located in the first
zinc-finger motif, p.Arg30Ter is assumed to produce a
truncated VDR protein by escaping nonsense-mediated
RNA decay (1, 10, 17). Located between the first and
second zinc-finger motifs, p.Argb0GIn affects the normal

VDR protein structure after the first zinc-finger motif (1).
Previously reported patients with VDDR2A accompanied
by homozygous p.Arg30Ter or p.Arg50GIn variants show
alopecia (3, 4, 10, 17). Normalization of calcium levels
did not ameliorate alopecia in our patient, a finding
consistent with systemic VDR-ablated mice (7) and
previously reported patients with VDDR2A mutations
(3,12, 13, 18). In addition to the alopecia, multiple small
skin papules were observed. Our results revealed that
skin papules were observed in adult (19) and pediatric
patients with VDDR2A, similar to young epidermis-
specific VDR-ablated mice (15). The histopathological
findings of the skin papules in our patient resembled
those in systemic VDR-ablated mice and adult patients (7,
19). Furthermore, VDR-knockout mice exhibit defective
epidermal differentiation, as shown by reduced levels of
involucrin and loricrin and loss of keratohyalin granules
(20). Similar to alopecia, normalization of the serum
mineral status did not improve the skin papules. To
treat skin lesions in patients with VDDR2A, the recovery
or compensation of impaired ligand-independent
VDR function in the hair follicle cycle and epidermal
differentiation is necessary.

In conclusion, oral calcium supplementation
ameliorated the rachitic phenotype in a pediatric
patient with VDDR2A caused by compound heterozygous
pathogenic variants located in the DBD of VDR. This
case demonstrates that alopecia and multiple papules
on the skin should be considered clinical phenotypes of
VDDR2A.

Conflict of interests: Tomonori Tetsunaga
receives employment/advisory roles from Teijin
Nakashima Medical and Seiryoukai Takahashi Central
Hospital and research funding from Zimmer Biomet. The
other authors have no financial support or relationships
that may lead to any conflicts of interest.

Acknowledgments

We thank the patient and his family for their
participation in the study.

References

1. Feldman D, J Malloy P. Mutations in the vitamin D receptor and hereditary vitamin D-resistant rickets. Bonekey Rep

2014;3: 510. [Medline] [CrossRef]

2. Bouillon R, Van Cromphaut S, Carmeliet G. Intestinal calcium absorption: Molecular vitamin D mediated mechanisms.

J Cell Biochem 2003;88: 332-9. [Medline] [CrossRef]

3. Mechica JB, Leite MO, Mendonca BB, Frazzatto ES, Borelli A, Latronico AC. A novel nonsense mutation in the first zinc
finger of the vitamin D receptor causing hereditary 1,25-dihydroxyvitamin D3-resistant rickets. J Clin Endocrinol Metab

1997;82: 3892—4. [Medline] [CrossRef]

4. Saijo T, Ito M, Takeda E, Huq AH, Naito E, Yokota I, ef al. A unique mutation in the vitamin D receptor gene in three
Japanese patients with vitamin D-dependent rickets type II: utility of single-strand conformation polymorphism analysis
for heterozygous carrier detection. Am J Hum Genet 1991;49: 668—73. [Medline]

5. Malloy PJ, Tasic V, Taha D, Tiitiinciiler F, Ying GS, Yin LK, et a/. Vitamin D receptor mutations in patients with hereditary
1,25-dihydroxyvitamin D-resistant rickets. Mol Genet Metab 2014;111: 33—40. [Medline] [CrossRef]

6. Holick MF. Vitamin D deficiency. N Engl J Med 2007;357: 266-81. [Medline] [CrossRef]

A case of VDDR2A with skin lesions

doi: 10.1297/cpe.2024-0079

135


http://www.ncbi.nlm.nih.gov/pubmed/24818002?dopt=Abstract
http://dx.doi.org/10.1038/bonekey.2014.5
http://www.ncbi.nlm.nih.gov/pubmed/12520535?dopt=Abstract
http://dx.doi.org/10.1002/jcb.10360
http://www.ncbi.nlm.nih.gov/pubmed/9360557?dopt=Abstract
http://dx.doi.org/10.1210/jcem.82.11.4384
http://www.ncbi.nlm.nih.gov/pubmed/1652893?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24246681?dopt=Abstract
http://dx.doi.org/10.1016/j.ymgme.2013.10.014
http://www.ncbi.nlm.nih.gov/pubmed/17634462?dopt=Abstract
http://dx.doi.org/10.1056/NEJMra070553

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Li YC, Amling M, Pirro AE, Priemel M, Meuse J, Baron R, ef al. Normalization of mineral ion homeostasis by dietary
means prevents hyperparathyroidism, rickets, and osteomalacia, but not alopecia in vitamin D receptor-ablated mice.
Endocrinology 1998;139: 4391-6. [Medline] [CrossRef]

Masuyama R, Nakaya Y, Tanaka S, Tsurukami H, Nakamura T, Watanabe S, ef al. Dietary phosphorus restriction reverses
the impaired bone mineralization in vitamin D receptor knockout mice. Endocrinology 2001;142: 494—7. [Medline]
[CrossRef]

Masuyama R, Nakaya Y, Katsumata S, Kajita Y, Uehara M, Tanaka S, et al. Dietary calcium and phosphorus ratio regulates
bone mineralization and turnover in vitamin D receptor knockout mice by affecting intestinal calcium and phosphorus
absorption. J Bone Miner Res 2003;18: 1217-26. [Medline] [CrossRef]

Kinoshita Y, Ito N, Makita N, Nangaku M, Fukumoto S. Changes in bone metabolic parameters following oral calcium
supplementation in an adult patient with vitamin D-dependent rickets type 2A. Endocr J 2017;64: 589-96. [Medline]
[CrossRef]

Ministry of Health Law. Dietary Reference Intakes for Japanese (2020). 2019. https://www.mhlw.go.jp/content/001151422.
pdf.

Takeda E, Yokota I, Kawakami I, Hashimoto T, Kuroda Y, Arase S. Two siblings with vitamin-D-dependent rickets type
II: no recurrence of rickets for 14 years after cessation of therapy. Eur J Pediatr 1989;149: 54—7. [Medline] [CrossRef]
Tamura M, Isojima T, Kawashima M, Yoshida H, Yamamoto K, Kitaoka T, ez a/. Detection of hereditary 1,25-hydroxyvitamin
D-resistant rickets caused by uniparental disomy of chromosome 12 using genome-wide single nucleotide polymorphism
array. PLoS One 2015;10: e0131157. [Medline] [CrossRef]

Bikle DD. Ligand-independent actions of the vitamin D receptor: More questions than answers. JBMR Plus 2021;5:
e10578. [Medline] [CrossRef]

Joko Y, Yamamoto Y, Kato S, Takemoto T, Abe M, Matsumoto T, et al. VDR is an essential regulator of hair follicle
regression through the progression of cell death. Life Sci Alliance 2023;6: €202302014. [Medline] [CrossRef]

Erben RG, Soegiarto DW, Weber K, Zeitz U, Lieberherr M, Gniadecki R, et al. Deletion of deoxyribonucleic acid binding
domain of the vitamin D receptor abrogates genomic and nongenomic functions of vitamin D. Mol Endocrinol 2002;16:
1524-37. [Medline] [CrossRef]

Zhu W, Malloy PJ, Delvin E, Chabot G, Feldman D. Hereditary 1,25-dihydroxyvitamin D-resistant rickets due to an
opal mutation causing premature termination of the vitamin D receptor. ] Bone Miner Res 1998;13: 259—-64. [Medline]
[CrossRef]

Damiani FM, Martin RM, Latronico AC, Ferraz-de-Souza B. Normal bone mass and normocalcemia in adulthood despite
homozygous vitamin D receptor mutations. Osteoporos Int 2015;26: 1819-23. [Medline] [CrossRef]

Miller J, Djabali K, Chen T, Liu Y, loffreda M, Lyle S, et al. Atrichia caused by mutations in the vitamin D receptor gene
is a phenocopy of generalized atrichia caused by mutations in the hairless gene. J Invest Dermatol 2001;117: 612-7.
[Medline] [CrossRef]

Xie Z, Komuves L, Yu QC, Elaliech H, Ng DC, Leary C, et al. Lack of the vitamin D receptor is associated with reduced
epidermal differentiation and hair follicle growth. J Invest Dermatol 2002;118: 11-6. [Medline] [CrossRef]

Hasegawa et al.

doi: 10.1297/cpe.2024-0079

136


http://www.ncbi.nlm.nih.gov/pubmed/9751523?dopt=Abstract
http://dx.doi.org/10.1210/endo.139.10.6262
http://www.ncbi.nlm.nih.gov/pubmed/11145614?dopt=Abstract
http://dx.doi.org/10.1210/endo.142.1.8050
http://www.ncbi.nlm.nih.gov/pubmed/12854831?dopt=Abstract
http://dx.doi.org/10.1359/jbmr.2003.18.7.1217
http://www.ncbi.nlm.nih.gov/pubmed/28367941?dopt=Abstract
http://dx.doi.org/10.1507/endocrj.EJ16-0583
http://www.ncbi.nlm.nih.gov/pubmed/2558018?dopt=Abstract
http://dx.doi.org/10.1007/BF02024336
http://www.ncbi.nlm.nih.gov/pubmed/26153892?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0131157
http://www.ncbi.nlm.nih.gov/pubmed/34950833?dopt=Abstract
http://dx.doi.org/10.1002/jbm4.10578
http://www.ncbi.nlm.nih.gov/pubmed/37673445?dopt=Abstract
http://dx.doi.org/10.26508/lsa.202302014
http://www.ncbi.nlm.nih.gov/pubmed/12089348?dopt=Abstract
http://dx.doi.org/10.1210/mend.16.7.0866
http://www.ncbi.nlm.nih.gov/pubmed/9495519?dopt=Abstract
http://dx.doi.org/10.1359/jbmr.1998.13.2.259
http://www.ncbi.nlm.nih.gov/pubmed/25708797?dopt=Abstract
http://dx.doi.org/10.1007/s00198-015-3076-3
http://www.ncbi.nlm.nih.gov/pubmed/11564167?dopt=Abstract
http://dx.doi.org/10.1046/j.0022-202x.2001.01438.x
http://www.ncbi.nlm.nih.gov/pubmed/11851870?dopt=Abstract
http://dx.doi.org/10.1046/j.1523-1747.2002.01644.x

