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Introduction: X-linked hypophosphatemic rickets is part of a larger group of hereditary

diseases characterized by renal phosphate loss, which causes growth disorders, rickets, and

osteomalacia. These conditions are characterized by disorders in phosphate equilibrium,

which is essential for bone formation.

Case Report: A female patient presented with bone deformities of the inferior extremities,

prominent joints, and loss of teeth. She received initial management with oral calcium and

orthotics in inferior extremities, with poor clinical outcome. PHEX gene sequencing revealed

a pathogenic variant c.1601C>T (p.Pro534Leu).

Discussion: XLHR is caused by mutations in the PHEX gene; to date, more than 460

mutations have been associated with the disease. Clinically, it is characterized by bowing of

the lower extremities, decreased growth, musculoskeletal complaints, dental abscesses, and

other clinical signs and symptoms of rickets.
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Introduction
X-linked hypophosphatemic rickets (XLHR, MIM 307,800), also known as vitamin

D resistant rickets, familial hypophosphatemic rickets, or phosphate diabetes, is part of

a larger group of hereditary diseases characterized by renal phosphate loss causing

growth disorders, rickets, and osteomalacia.1,2 These conditions are characterized by

disorders in phosphate equilibrium, which is essential for bone formation.1,2 As in

XLHR, autosomal dominant hypophosphatemic rickets (MIM 193,100), tumor-

induced osteomalacia; hyperphosphatemic familial tumoral calcinosis (MIM

617,993), and oncogenic osteomalacia and hereditary hypophosphatemic rickets with

hypercalciuria (MIM 241,530) are part of a group of conditions known as hypopho-

sphatemic syndrome.1,3,4 It is estimated that XLHR has a prevalence of one in every

20,000 newborns and follows a dominant X-linked inheritance.5–8

XLHR is caused by mutations in the PHEX gene; to date, more than 460

mutations associated with this condition have been reported in the literature.5,9,10

The gene is located in Xp22.1.5–8 Clinically, the disease is characterized by bowing

of the lower extremities, decreases in the growth rate after the child starts to walk,

musculoskeletal complaints, stress fractures, dental abscesses, and clinical signs

characteristic of rickets.3,4,11

We report the case of a pediatric Colombian patient with clinical, radiological,

and molecular diagnoses of XLHR. Written parental consent was obtained in order

to include case details and accompanying images.
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Case Report
A 9-year-old patient presented with symptoms that began

during the first year of life. The symptoms consisted of bone

deformities in the lower limbs, coupled with prominent

joints and loss of teeth (Figure 1A and B). She received

management using calcium, and orthosis in the lower limbs,

without improvement of the symptoms. She reported having

a maternal, male cousin with a history of deformities in the

lower extremities with no genetic or metabolic studies, as he

lived in a rural, disperse area and had no access to specialty

medicine. No other family members reported bone deformi-

ties, growth alterations or genetic studies done.

Elevated alkaline phosphatase was documented, at 656 μ/L
(maximum reference value of 269 μ/L), normal serum calcium

of 8.9mg/dL (reference range 8.4–10.2mg/dL), and decreased

serum phosphorus of 2.7 mg/dL (reference range 2.9–5.1 mg/

dL). Additionally, decreased levels of 25-OH-vitamin D:

12.77 ng/mL (reference range: 30–70 ng/mL) and slightly

elevated parathyroid hormone (PTH) levels of 67.24 pg/mL

(reference range 12–65 pg/mL) were found. Renal function

(creatinine 0.3 mg/dL, BUN 17), other electrolytes (sodium

138 mg/dL, potassium 4.4 mg/dL, and chloride 114 mg/dL),

and the renal ultrasound were within normal limits. The urine

sample did not show proteinuria or hematuria, and 24 hrs urine

calcium was normal. The urine phosphorus/creatinine relation

in urine was greater than 1 (reference range 0.05–0.25), and

the maximum tubular excretion for phosphate relative to the

glomerular filtration rate was 2.3 mg/dL (normal range

2.5–4.5 mg/dL).

X-rays of the long bones, taken at 4 years of age, showed

widening of the proximal metaphyses of femurs and poor

definition of bone contours (Figure 2A–C). Deformities in

flexion of the distal diaphyses were observed, and there were

similar findings in radii, ulnas, and tibias, as well as dorsal

column deterioration (Figure 3A and B). All findings were

compatible with a metabolic disorder such as rickets or

osteomalacia.

The clinical result raised the suspicion of XLHR, so

sequencing of the gene PHEX was performed. Whole

exome sequencing (WES) approach was performed.

Approximately 214,000 exons from all encoded sequences

were enriched for consensus using genomic DNA frag-

ments of >340,000 probes against the human genome. The

sequencing was performed on the Illumina HiSeq 4000

Figure 1 Anterior (A) and posterior (B) view of the patient at 15 years of age.
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platform until approximately 100–130X read depth was

attained. Only variants in the coding region and flanking

intronic regions with a minor allele frequency <1% were

evaluated. Selected MAFs were compared using the fol-

lowing datasets: 1000 Genomes Project Consortium,

dbSNP, Exome Variant Server, and Exome Aggregation

Consortium (ExAc). A pathogenic variant, c.1601C>T (p.

Pro534Leu) heterozygote, was found. The finding was

confirmed by Sanger sequencing and was compatible

with the diagnosis of XLHR.

This mutation causes a substitution of semi-conserved

amino acid, which can affect the secondary structure of

PHEX protein. The position at which this substitution occurs

is preserved in all species, and in silico analysis predicted that

this variant is likely to be detrimental to the structure and

function of the protein, with bioinformatics analyses predict-

ing the changes to be either harmful or pathogenic.12 This

mutation has been previously been described in the literature

and has two entries in the ClinVar database as a pathogenic

variant, confirming the diagnosis of XLHR.12–16

Figure 2 X-rays showing deterioration of bone structures of lower limbs, as well as the progression of the deformity ((A). 4 years of age (B) 11 years of age (C) 16 years of age).

Figure 3 X-rays showing deterioration of dorsal spine ((A) 4 years old (B) 11 years old).
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Discussion
The PHEX gene (MIM 307,800) has been implicated in

XLHR, and more than 460 associated mutations associated

with this condition have been reported in the literature.17

The variant found in the patient was described for the first

time in 1997 by a multicenter group that performed genetic

sequencing of patients with XHLR using an analog mouse

gene and included centers in Germany, the United

Kingdom, and the United States.18 It has also been the

subject of many studies, mainly case reports that analyzed

the genetic trees of families including individuals with

a diagnosis of XLHR. One of these studies, published in

2016, analyzed data from 18 families in China with

XLHR-affected family members and found that three

members of the family with decreased growth rates and

limb deformities had the c.1601C>T mutation.7,13–20 Other

studies of Korean children with hypophosphatemic rickets

have reported the same variant found in our patient.21 In

Colombia, there is a subdiagnosis of this pathology and we

found no reports in literature with genetic confirmation.

The PHEX gene encodes a metalloprotease, a member

of the M13 family of zinc-dependent proteases of the cell

membrane type II, and is expressed in the bone, teeth,

lung, ovary, testes, and parathyroid gland.9,22,23 The

PHEX gene has been reported to be involved in the reg-

ulation of fibroblast growth factor-23 (FGF-23) by degrad-

ing it into inactive fragments.9 Inactivation of the PHEX

gene prevents the normal degradation of FGF-23, leading

to a decrease in the reabsorption of renal phosphorus by

suppression of the expression of the sodium–phosphorus

co-transporters IIA and IIC in the apical surface of the

proximal tubule of the nephron, causing an increase in the

urinary excretion of phosphorus.9,22,23 FGF-23 also inhi-

bits the action of 1-α-hydroxylase, which decreases 1α, 25

(OH) 2D3 and likewise the absorption of phosphate in the

intestine and bone.9,22,23 There are other more complex

models that explain the pathophysiology of the disease,

including the participation not only of PHEX, FGF-23 but

also of other molecules such as MEPE (an extracellular

matrix phosphoglycoprotein).9,22,23

The kidney is the most important organ in the regula-

tion of the balance of phosphorus. The rate of reabsorption

of phosphorus depends on the physiological needs of the

body, and 70% to 80% of reabsorption is performed in the

proximal tubules, 5% to 10% in the distal tubules, and 2%

to 3% in the collecting tubules.5,6 Sodium phosphate co-

transporters are responsible for ensuring the reabsorption

of phosphorus in the proximal tubules.5,6 There are three

types of sodium–phosphate co-transporters: I, II, and III,

of which IIA is responsible for 70% of phosphorus reab-

sorption in the proximal tubules.5,6 In patients with hypo-

phosphatemic rickets, these mechanisms are altered, and

phosphorus is not adequately reabsorbed.5,6

In addition to renal mechanisms for the reabsorption of

phosphorus, intestinal absorption, mainly in the jejunum,

is an important factor for the maintenance of phosphorus

homeostasis.5,6 Intestinal absorption must be similar to the

renal excretion in order to maintain a neutral balance and

depends upon the action of hormones including the para-

thyroid hormone, FGF-23, and the active form of vitamin

D, the 1α, 25-dihydroxyvitamin D3 (1α, 25 (OH) 2D3).5,6

The most common clinical manifestations are altera-

tions in growth, leading to short stature, usually associated

with the presence of bone deformities and bowing of the

lower limbs, and symptoms of resistance to vitamin

D.3,4,11 Bone pain, enthesopathy, and infrequent, mild

muscle complaints have also been described as part of

the clinical spectrum.3,4,7,11 As growth continues, deformi-

ties appear in the lower limbs such as genu valgus or genu

varus, secondary to involvement, in the epiphyseal regions

of the distal part of the femur and the proximal part of the

tibia.3,4,7,11 Other findings include pectus carinatum; dental

defects such as abscesses without caries; clinical signs

characteristic of rickets such as rachitic rosary, cranio-

tabes, Harrison’s groove (a horizontal channel in the

lower end of the chest caused by the diaphragm that

pushes the ribs inwards at its attachment); and in adults,

the development of osteomalacia.3,4,7,11

Patients present with hypophosphatemia, elevated alka-

line phosphatase, and normal serum calcium levels,

whereas PTH may be normal or increased. Molecular

analysis is used to confirm the diagnosis of hypophospha-

temic rickets, especially if there are high levels of FGF-

23.23,24

Treatment is based on phosphate supplements in the form

of oral salts and metabolites, calcitriol or 1-hydroxylated

vitamin D analogs.3–5,24 Several different adverse effects,

such as gastrointestinal side effects and the risk of hypercal-

ciuria with nephrocalcinosis, have been reported using this

regime.3–5,24 Its effectiveness may be incomplete because of

a transient increase in serum phosphorus and bone deformi-

ties, with residual short stature.3–5,24 At the beginning of

2018, the use of Burosumab® was approved by the FDA

for the treatment of XLHR.25 Burosumab® is a recombinant

human IgG1 monoclonal antibody that is designed to bind to
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FGF-23 and reduce its activity.26,27 Some studies have shown

positive clinical impact with the use of Burosumab® at a dose

of 1 mg/kg every 2 weeks, finding improvement in serum

phosphorus levels and tubular reabsorption of phosphorus, as

well as a decrease in bone pain and the severity of bone

deformities.26,27 Burosumab® has been included as part of

the XLHR management protocols.26,27

In Colombia, there is an underdiagnosis of this pathol-

ogy and we lack molecular characterization of this popula-

tion. This is in part due to the health system. Many

patients cannot access specialty care medicine as they

live in rural and disperse areas. We emphasize the impor-

tance of molecular and genetic confirmation of these

pathologies in developing countries in order to offer ade-

quate and early treatment that will improve patients’ qual-

ity of life and decrease the economic burden on the health

system.

Conclusions
XLHR leads to compromised function of bone metabolism

in most patients. Early identification and multidisciplinary

diagnostic studies are vital for the establishment of appro-

priate management and to improve the quality of life of

affected patients.
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