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Hereditary hypophosphatemic rickets

Luis Velasquez-Jones,' Mara Medeiros-Domingo?

ABSTRACT

Hereditary hypophosphatemic rickets (HHR) are a group of diseases characterized by renal phosphate wasting causing growth retardation,
rickets and osteomalacia. The most common form is the X-linked dominant hypophosphatemic rickets caused by inactivating mutations in
the PHEX gene. The other hereditary hypophosphatemic syndromes present a lower prevalence. These include autosomal dominant
hypophosphatemic rickets, autosomal recessive hypophosphatemic rickets types 1 and 2 and the hereditary hypophosphatemic rickets
with hypercalciuria. This article reviews the genetic basis of the different types of HHR, clinical manifestations, biochemical characteristics in

blood and urine and new aspects of treatment.
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INTRODUCTION

The kidney is the most important organ in the regulation
of phosphorus balance in the body. Only the ionized form
and plasma phosphate complex are ultrafiltrated in the
glomerulus. In the renal tubules of the nephron, between
~80 and 97% of the filtered phosphorus is reabsorbed. In
the proximal tubule, between 70 and 80% of phosphorus
is reabsorbed, 5 to 10% in the distal tubule, and 2 to 3% in
the collecting tubules. !

In the proximal tubule, transport of phosphorus is
coupled to that of sodium. In this segment of the nephron,
phosphorus transport is mediated by the sodium-phosphate
co-transporters. Three sodium-phosphate (NaPi) co-trans-
porters have been described, referred to as type I, type II
and type III. Of these, it is considered that the sodium-phos-
phate co-transporter Ila is the most important because it is
responsible for ~70% of the phosphate reabsorption in the
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proximal tubule of the nephron.'? The sodium-phosphate
co-transporters take an ion of phosphorus and an anion of
sodium. They are released into the cytoplasm of the cells of
the proximal tubule of the nephron. Phosphorus then leaves
the cell by the action of the Na+-K+-ATPase pump located
at the basolateral portion of the tubular cell.!

Another important participant in phosphate homeo-
stasis is intestinal absorption. Most ingested phosphorus
is absorbed in the duodenum, mainly in the jejunum,
through passive diffusion through the paracellular space.
When the phosphorus concentration in the intestinal lu-
men is low, it can be actively absorbed through an intra-
cellular process dependent on type IIb sodium-phosphate
co-transporter.!?

To maintain a neutral balance of phosphate, the
amount of phosphate absorbed in the intestine should be
similar to the amount excreted, mainly in the urine. This
balance is maintained and regulated by the concerted ac-
tion of different hormones and factors such as parathyroid
hormone, fibroblastic-23 (FGF-23) growth factor, and the
active form of vitamin D, la, 25-dihydroxyvitamin D,
(10,25(0OH),D,).!

Different pictures of hereditary hypophosphatemias
have been described. Each one shows decrease in renal
tubular reabsorption of phosphate associated with rickets
and osteomalacia.® These changes differ among each
other based on their mode of hereditary transmission,
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clinical manifestations, vitamin D metabolism, and treat-
ment response.

The most frequent form of familial hypophosphatemia
is inherited as an X-linked dominant trait and is referred to
as X-linked hypophosphatemic rickets or X-linked hypo-
phosphatemia (XLH) and comprises almost 80% of cases
of hereditary hypophophatemic rickets. The two forms
transmitted by autosomal inheritance include autosomal
dominant hypophosphatemic rickets (AEDHR) and au-
tosomal recessive hypophosphatemic rickets (ARHR).?
Finally, the last variant is hereditary hypophosphatemic
rickets with hypercalciuria (HHRH), which is inherited as
an autosomal dominant trait (Table 1).!-3

X-LINKED HYPOPHOSPHATEMIC RICKETS

Definition

X-linked hypophosphatemic rickets or X-linked hypo-
phosphatemia (XLH) has also received the names of “vita-
min D-resistant rickets (VDRR),” “familial hypophospha-
temic rickets”, “vitamin D-resistant hypophosphatemic
rickets” and “phosphate diabetes.”*> The term “vitamin
D-resistant rickets” should not be used any longer because
this disorder is not characterized by vitamin D resistance.
An incidence of 1:20,000 has been estimated and, as men-
tioned, is the most common form of XLH.®

Genetics and pathophysiology

XLH is a disorder linked to chromosome X with complete
penetration after 1 year of age. The loci of the disease has
been located in Xp22.1.7 The gene PHEX codifies the

production of a protein of 749 amino acids referred to as
PHEX (Phosphate regulating gene with Homologies to
Endopeptidases on the X chromosome).® From its descrip-
tion, different mutations in this gene have been identified
in patients with XLH.%1°

The PHEX gene codifies a metalloproteinase zinc
M13 that is expressed in bones and teeth and, to a less-
er degree, in the lung, ovary and testicles but not in the
kidney. This gene encodes a peptidase attached to mem-
branes whose substrate is a humoral phosphaturic factor,
FGF-23.!112 FGF-23 is mainly produced in bone osteo-
cytes'? and induces loss of phosphate in the kidney by
suppression of the sodium-phosphate co-transporters type
lia and lic on the apical surface of the proximal tubule
of the nephron, causing development of hyperphosphatu-
ria.'3-1¢ Also, FGF-23 induces —through the inhibition of
the expression of CYP,,,B, which encodes the action of
the 1-a-hydroxylase— the lesser production of the active
metabolite of vitamin D, 1a,25(0OH),D,, which decreases
absorption of phosphate in the intestine and bone.!3-16-18

Under normal conditions, PHEX degrades the FGF-23
into inactive fragments, thus avoiding the excessive in-
crease of phosphate excretion and development of hypo-
phosphatemia. However, mutations in PHEX in patients
with XLH'?29 allow the maintenance of elevated levels of
FGF-23. This induces changes of renal tubular absorption
of phosphates and development of hypophosphatemia.?!
It has been recently suggested that the action of the PHEX
is carried out through an intermediary metabolite, the ex-
tracellular bone matrix protein (ECMP), which controls
the circulating levels of FGF-23.3 At the same time, the

Table 1. Hereditary hypophosphatemic rickets: genes, protein mutations and laboratory findings in blood or plasma and urine

XLH ADHR ARHR type 1 ARHR type 2 HHRH
Gene PHEX FGF23 DMP1 ENPP1 SLC34A3
Locus Xp22 12p13 4922 6923 9924
Protein PHEX FGF23 DMP1 ENPP1 NaPi-llc
Phosphate (b) Low Low Low Low Low
Calcium (b) Normal Normal Normal Normal Normal
1,25(0H),D, Normal/Low Normal/Low Normal/Low Normal/Low High
PTH (s) Normal/High Normal Normal/High Normal Low
FGF-23 (b) High/Normal High/Normal High/Normal High/Normal Normal
Phosphate (u) High High High High High
Calcium (u) Low Low Normal/Low Normal/Low High

XLH, X-linked hypophosphatemia; ADHR, autosomal dominant hypophosphatemic rickets; ARHR, autosomal recessive hypophosphatemic rickets; HHRH, hereditary hypo-

phosphatemic rickets with hypercalciuria; PTH, parathyroid hormone; b, blood; u, urine.

Modified from Santos? and Bonnardeaux and Bichet.?
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action of the FGF-23 is mediated through FGF-23 recep-
tors subtypes 1, 3 and 4 and the transmembranal Klotho
co-receptor.!3-22

In the disease pathogenesis, a defect is found in the
renal tubular reabsorption of phosphate and a lesser pro-
duction of 10,25(0OH),D, by the kidney. Also, after treat-
ment, secondary hyperparathyroidism can occur and even
tertiary in the long term.?*> On the other hand, it has been
hypothesized that severe hypophosphatemia induces
the development of ricketic lesions by compromising
the apoptosis of the hypertrophic chondrocytes in bone
growth plate.?*

Clinical manifestations

The most common clinical manifestations in XLH are
corporal growth delay with low stature. Affected patients
usually do not present with hypotonia or weakness, tetany
or convulsive crisis, frequent manifestations in children
with dependent rickets or vitamin D deficiency.?

The fundamental biochemical alteration, hypophos-
phatemia, may be present from birth or may develop
from 6 to 12 months of age. When hypophosphatemia
is present, skeletal growth is delayed and, occasionally,
also bone age.’ In affected children who develop ricketic
lesions, the disease is usually recognized when the child
begins to walk; however, if bone radiographic studies are
conducted in the first year of life, the initial ricketic le-
sions can be observed.

As corporal growth progresses in children without
treatment, deformities of the lower extremities occur,
which include development of genu valgum or genu var-
um due to the presence of epiphyseal ricketic lesions in the
distal part of the femur and proximal tibia.’ In severe cases
there may be bone deformities such as coxa vara or tibias
in shape of a saber. Bone fractures are more common in
affected adults.

Usually the length of the chest is normal in children
with XLH, so the short stature is mainly due to shortening
of the lower extremities.!” Some patients develop chest de-
formities, mainly the so-called “pectus carinatum.” On the
other hand, unlike what is seen in patients with rickets, de-
ficient or dependent on vitamin D, the presentation of costal
rosary or upper extremity deformities is rare (Table 2).

Also, patients with severe forms of XLH may pres-
ent with maxillofacial deformities, with delay in dental
development and fractures, abscesses or loss of teeth.

Enlargement of the cavity that contains the pulp is also
frequently seen.®2°

Clinical manifestations of rickets are usually less
apparent in females than in males of the same family;!”
however, females may also present severe bone deformi-
ties. On the other hand, wide variations can be observed
in bone compromise and on growth development in mem-
bers of a family, even of the same gender, despite the pres-
ence of comparable degrees of hypophosphatemia.

Laboratory and imaging studies

The basic biochemical alterations in children with XLH
consist of the presence of hypophosphatemia, increased
alkaline phosphatase, and phosphaturia (Table 3).!
Variation in age of onset of hypophosphatemia has been
observed in patients affected, from the neonatal stage
until after 6 months.’ Serum alkaline phosphatase lev-
els are elevated, particularly in children with evidence
of rickets.

Serum calcium concentration may be normal or mildly
reduced. Serum magnesium is usually normal as well as
the creatinine concentration in these patients with pre-
served glomerular filtration.

Parathyroid hormone levels are usually normal. How-
ever, some patients may develop secondary or tertiary
hyperparathyroidism after long periods of treatment with
phosphates.?’

The active metabolite levels of vitamin D,
1a25(0OH),D;, is usually within normal limits, but these
levels are inadequately low in relation with the degree of
hypophosphatemia.! In some patients low serum levels of
1a,25(0OH),D, are found (Table 1).

Table 2. Clinical manifestations in three family members with XLH
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Propositus Brother Brother
Age (years) 9 75 25
Gender M M M
Foot position (age
started, months) 9 1 11
Walking (age started,
months) 15 14 15
Genu valgum (age
started, months) 12 24 4
Pigeon chest + - +
Rachitic rosary - + -
M, male; XLH, X-linked hypophosphatemia.
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Rarely has metabolic acidosis been found in some
children with XLH, which is corrected with convention-
al treatment with phosphates and vitamin D. It has been
speculated that this transient alteration of the acid-base
balance may be caused by a decrease of titratable acid or
phosphate depletion, which affects production of adenos-
ine 5-triphosphatase; thus, reabsorption of bicarbonate in
the tubule of the nephron.?

Blood findings described contrast with the altera-
tions observed in type 1 vitamin D-dependent rickets
and Fanconi syndrome. In the first case, severe hypo-
calcemia is common with normal or slightly low serum
phosphate levels as a consequence of the parathyroid
hormone levels; likewise, in these cases serum levels of
1a,25(OH),D, are greatly reduced or undetectable. In
cases of children with Fanconi syndrome, severe hypo-
phosphatemia hyperchloremic metabolic acidosis is also
found as a result of the accompanying proximal tubular
acidosis (Table 4).2

Characteristically, XLH patients have decreased
proximal renal tubular reabsorption of phosphate and in-
creased urinary excretion; in addition, maximum tubular
transport for phosphate reabsorption is reduced as well as
the percentage of tubular phosphate reabsorption.

The normal value of the tubular reabsorption of phos-
phate (TRP) is >80% and is calculated as follows:

TRP =1 - [(Up/Pp) x (Pcrea/Ucrea)]

Table 3. Laboratory findings in a 9-year-old child with XLH

Results Normal values

Blood

Hemoglobin (g/dl) 15.7 13-17

CO, total (mEq/l) 225 22-28

Creatinine (mg/dl) 0.9 0.4-1.0

Calcium (mg/dl) 9.0 8.8-10.8

Phosphate (mg/dl) 21 4.5-6.5

ALP (BU) >33 5-12

Magnesium (mg/dl) 2.1 1.8-3.0
Urine

pH 5.0

Density 1.025

Glucose Negative

Calcium (mg/kg/24 h) 0.5 <4

TPR (%) 40 >80

XLHR, X-linked hypophosphatemia; ALP, alkaline phosphatase; TPR, tubular phos-
phate reabsorption.

where Pp, Up, Pcrea, and Ucrea refer to the concentra-
tions in plasma (P) and urine (U) phosphate (p) and creati-
nine (create).!»?8

The maximum threshold represents the phosphate
concentration in the plasma above that which the renal
tubular phosphate reabsorption capacity is already satu-
rated. When this last value is linked with the glomerular
filtration rate (GFR) it is called “maximum tubular phos-
phate transport” (TmP/VFG).3° In children between 2 and
15 years of age the normal values of TmP/VFG vary from
3.5-7.5 mg/dl (1.15-2.44 mmol/1)."-?® This value is calcu-
lated according to the following formula:

TmP/GFR = Pp - [(Up x Pcrea)/Ucrea]

Excretion of calcium via the urine is normal or low
in untreated patients. Usually, these patients do not pres-
ent with aminoaciduria or glycosuria, which allows carry-
ing out the differential diagnosis in patients with Fanconi
syndrome who, in addition to severe hypophosphatemia
also have the characteristic urinary triad of phophaturia,
gl6ycosuria and aminoaciduria (Table 5).23

Imaging studies

The finding of ricketic skeletal lesions in children with
XLH is common. In severe cases, different degrees of
bone demineralization may also be observed. Epiphyseal
cartilage calcification defects are detected on x-rays, espe-
cially at the distal ends of the long bones.

Remarkably, there is an enlargement of the space be-
tween the epiphysis and metaphysis, and the metaphyseal
line of calcification has an irregular and “frayed” appear-
ance, forming a “cup” image with concavity towards the
epiphyseal side.” Histologically, the skeletal lesion is gen-
eralized and is characterized by the presence of increased
proportions of unmineralized osteoid (collagen) and de-
fects of mineralization.

Treatment

Because the function of the PHEX gene has not been com-
pletely elucidated, a specific treatment is not yet avail-
able that is aimed at the underlying pathophysiological
alterations in this disease. For this reason, current recom-
mended treatment remains the combination of phosphate
and 1a,25(0OH),D,. It has been observed that children who
start treatment before 1 year of age have less problems

424

Bol Med Hosp Infant Mex



Hereditary hypophosphatemic rickets

Table 4. Initial biochemical alterations in blood in three types of rickets of renal origin

Type of rickets Creatinine Calcium Phosphate AP Bicarbonate 10,25(0H),D, PTH
XLH N N W "1 N No| Not
Type | VDDR N W No| " N Wi )
FS No 1* No| W 5 Ll N N

AP, alkaline phosphatase; XLH, X-linked hypophosphatemia; VDDR, vitamin D-dependent rickets; FS, Fanconi syndrome; PTH, parathyroid hormone.
N, normal; 1 and 111, increased and highly increased; | and | ||: decreased and highly decreased.

*In lactating patients with nephrotic cystinosis.

Table 5. Initial biochemical alterations in urine in three types of rickets of
renal origin

Type of rickets ~ Glucose ~ Aminoacids Phosphates  Calcium
XLH N N " !
Type | VDDR N No1t No1* l
FS M1 M 11 t

XLH, X-linked hypophosphatemia; VDDR, vitamin D-dependent rickets; FS, Fan-
coni syndrome.

N, normal; 1 and 111, increased and highly increased; |, decreased.

*Initially as a consequence secondary to hypoparathyroidism.

with growth than those who begin treatment later.3! In re-
cent years the usefulness of growth hormones has been
suggested in these patients.

The recommended oral phosphate preparation consists
of the dissolution of 136 g of dibasic sodium phosphate and
58.5 g phosphoric acid (85% n) in a liter of water. One mil-
liliter of solution contains 30 mg of elemental phosphorus.

The recommended dose of phosphate varies from 30-90
mg/kg/day, with an average of 60 mg/kg/day divided into
four doses.!”?® Other authors have recommended lower
initial doses, 20-40 mg/kg/day.'® From a practical point of
view, if a phosphate solution is used, one can start with 5
ml (150 mg) four times a day (600 mg/day) doses and then
increase the dose to 10 m1 (300 mg) or 15 ml (450 mg), four
times a day? to achieve a total dose of 1-2 g/day.! The main
problems that arise are the frequency with which the doses
should be administered during the day and the diarrhea that
develops in the first weeks.® This treatment should be con-
tinued until growth has concluded. Subsequently, it should
be individualized during adulthood.!

Is recommended that treatment with phosphate solu-
tion be administered simultaneously with 1a,25(0OH),D.
It is convenient, at the beginning, to start with low doses
of active vitamin D and gradually increase the dose. The
recommended dose is ~0.02-0.03 pg/kg/day!%17-28 which,

for example, in a child weighing 8 kg, means the adminis-
tration of a second oral dose of 0.25 pg per day.

The use of calcinimetics such as cinacalcet has recent-
ly been suggested as adjuvant treatment of patients with
XLH.® In eight patients with XLH it was noted that the
administration of a phosphate dose induced a transitory
increase of serum phosphate, decrease of ionized calcium
and elevation of parathyroid hormone levels, whereas the
concomitant administration of phosphates and cinacalcet
gave as a result a greater reduction of ionized calcium,
suppression of parathyroid hormone and increase of se-
rum phosphate.?3?

The concentrations of calcium, phosphate and cre-
atinine in blood, as well as urinary calcium excretion,
should be monitored monthly in order to avoid as much
as possible the development of hypercalcemia and hy-
percalciuria.

Early treatment combined with phosphate solution and
active vitamin D metabolite allows for improvement in
growth speed and biochemical and radiological alterations
of rickets. In this regard it has been observed that treated
patients have an increase in the mineral volumetric density
of trabecular bone in the distal part of the radius, although
this volumetric density is smaller in the cortical area of the
diaphysis. This probably reflects that the bone mineraliza-
tion defect is not completely corrected with the currently
used treatments.’* Children presenting with major bone
deformities usually require surgical intervention, espe-
cially osteotomies in the lower extremities. During treat-
ment with phosphate solution and vitamin D, episodes of
hypercalcemia and hypercalciuria may occur; the latter
have shown a correlation with the development of neph-
rocalcinosis in these patients.'?334 It has also been ob-
served that patients who developed nephrocalcinosis and
calcification in cardiac tissues received the highest dose of
phosphates and 10,25(0H),D,.%?%33 Therefore, achieving
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normal phosphate concentrations in the serum, which are
permanent, should not be an obligatory goal of treatment
with phosphates. This is also difficult to achieve due to
the poor tolerance to its intake because of the risk of the
development of hyperparathyroidism and nephrocalcino-
sis.>1® When a patient develops hypercalciuria (calcium/
creatinine ratio in a urine sample >0.3 or >4 mg/kg/24 h
on 24 h urine collection) the use of potassium citrate solu-
tion has been suggested during treatment because alkalini-
zation of the urine is useful in preventing the precipitation
of calcium in the renal tubules.?®

An important biomarker of the skeletal response is the
activity of alkaline phosphatase in serum. It is found to
be moderately elevated before treatment and decreases
progressively with treatment and is a useful indicator of
improvement of bone lesions.

Also, as mentioned, development of tertiary hyper-
parathyroidism has been described as a complication of
the treatment instituted. This has led to the indication of
parathyroidectomy in some patients.33-37

Failure of the linear growth in children with XLH has
been attributed to hypophosphatemia and an alteration in
bone metabolism. However, the responsible causes have
not been fully defined. It has been proposed that in some
patients a deficiency in the production of growth hormone
can also occur, thereby worsening its retardation. How-
ever, defects in secretion of growth hormone has been
proven only in some of the affected patients.?

Treatment with recombinant human growth hormone
in patients with XLH is still controversial.'”-*® In a recent
study it was shown that treatment with growth hormone
resulted in a sustained increase in linear growth, both in
stature in a sitting position as well as the lower extremities
without impairment in the proportion between the upper
and lower segments of the body.>°

Treatment with growth hormone must be evaluated
early in the course of the disease after the clinical, bio-
chemical and radiological manifestations of rickets have
been controlled, especially in those patients who continue
with delay in growth rate or in those who had a delay in
the diagnosis of the disease.!” Haffner et al. reported that
administration of growth hormone can lead to a dispropor-
tionate growth of the trunk in these patients, which may be
considered a negative treatment effect.*’ In addition, there
is the possibility of aggravation of the deformations of the

lower extremities.>10

Recently, studies have been conducted in a hypo-
phosphatemic mouse model in which an inhibitor of the
action of the FGF-23 has been used.*'**? In these stud-
ies it has been demonstrated that treatment for 4 weeks
induced increase in body weight, circulating levels of
phosphate and of 1,25(OH),D, in serum and expression
of the NaPi-Ila co-transporter in the renal tubule with
improvement of bone mineralization evaluated by histo-
morphometry.*!

Progress and prognosis

The majority of patients maintain an adequate linear
height growth when they receive timely treatment with
phosphate solution and vitamin D. Early treatment cor-
rects the lower extremity deformities, reduces the num-
ber of corrective surgeries, and improves height when
adult age is reached.!® However, it has been noted that
many children who already present growth delay at the
beginning of treatment, although they later maintain
a normal growth rate, do not experience the growth
“spurt” that would correct the initial deficit.!”-3® This
supports the concept that the final height of children
with XLH depends on the height percentile of the pa-
tient at the beginning of treatment.*3 Therefore, it is
clear that every effort must be made to carry out an early
diagnosis so that during the first 2 years of life there is
no evident growth delay and the development of skeletal
deformities.!7-28-38

AUTOSOMAL DOMINANT
HYPHOSPHATEMIC RICKETS

Autosomal dominant hypophosphatemic rickets
(ADHR) is characterized by the presence of renal loss
of phosphates with development of persistent hypo-
phosphatemia in families with autosomal dominant in-

heritance.!

Genetics and pathophysiology

Family studies have demonstrated that the gene implicat-
ed (FGF23) is found in the 12p13 chromosome and en-
codes the production of the FGF-23 peptide.** It has been
demonstrated that patients with ADHR have elevated con-
centrations of FGF-23 related with the presence of severe
hypophosphatemia. A concomitant improvement of hypo-
phosphatemia has been observed in patients who during
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its evolution demonstrate a reduction of FGF-23 levels.*
The mutated circulating FGF-23 shows a more prolonged
half-life. Also, fluctuations in serum levels of FGF-23
have been described between normal and elevated values,
depending on whether the affected patient has or does not
have hypophosphatemia.’

Clinical manifestations

In these families, a variable penetration of the genetic
defect has been observed, with some patients who pres-
ent the phosphate reabsorption defect since childhood
and others not until adolescence or adulthood.*® Thus,
some patients affected with ADHR may have normal
phosphate concentrations of FGF-23 in serum during
infancy and childhood. This explains the different im-
pact of the disease on body growth in affected families.
In these families, some members may not present any
growth alterations, and others present a severe delay of
body growth.?

Patients who manifest the disease from childhood
present rickets and deformities of the lower extremities
in a manner similar to that observed in children with
XLH. On the other hand, in those whose disease is di-
agnosed in adulthood there is bone pain, muscle weak-
ness, and some areas of bone fractures, but without lower
extremity deformity."*> In some patients whose clinical
manifestations of the disease begin in childhood, disap-
pearance of the defect in the renal tubular reabsorption
of phosphate has been observed after puberty.*’ This in-
dicates that alteration of phosphate metabolism may be
compensated by hormonal or other factors not yet rec-
ognized.*°

Laboratory studies

As with patients with XLH, blood studies demonstrated
severe hypophosphatemia with reduction of the TRP and
TmP/GFR and with normal concentrations of calcium,
bicarbonate, creatinine and parathyroid hormone.*> The
concentration of 10,25(OH),D, is normal but is also con-
sidered to be inadequate for the hypophosphatemia pres-
ent. Affected patients do not present hypercalciuria, hype-
raminoaciduria or glycosuria (Table 1).

Treatment
Treatment for patients with ADHR is similar to that rec-
ommended for children with XLH.

AUTOSOMAL RECESSIVE
HYPOPHOSPHATEMIC RICKETS

Autosomal recessive hypophophatemic rickets (ARHR) is
a rare form of hereditary hypophosphatemic rickets. Two
variants have been recognized and referred to as type 1
and type 2.2647

Genetics

Type 1 ARHR is caused by inactivating mutations of the
DMP1 gene located on chromosome 4q22, which encodes
the protein DMP1 (dentin matrix protein-1). These give as
a result the secondary elevation of serum levels of FGF-
23.2 The DMPI protein is mainly expressed in cellular
lines of osteoblasts and osteocytes.?

Type 2 ARHR is developed due to mutations of
ENPP] gene located on chromosome 6q23, which en-
codes the ectonucleotide pyrophosphatase/phosphodies-
terase 1 (ENPP1).26:16

Clinical manifestations

Bone alterations do not usually arise from birth but during
childhood and even during adult age.? In a manner simi-
lar to ADHR, affected patients may have normal growth,
whereas others develop important bone deformities (genu
valgum) and severe body growth delay.?

Laboratory studies

Blood alterations are similar to those observed in patients
with XLH. Hypophosphatemia, normocalcemia, elevated
levels of alkaline phosphatase, normal or elevated lev-
els of FGF-23 and normal or inadequately low levels of
1a,25(0H),D; are observed.>*€ In the urine, in addition to
hyperphosphatemia, decreased or normal calcium excre-
tion may be observed (Table 1).2

Treatment
Treatment is similar to that indicated in patients with XLH.

HEREDITARY HYPOPHOSPHATEMIC
RICKETS WITH HYPERCALCIURIA

Only sporadic cases of patients with hereditary hypo-
phosphatemic rickets with hypercalciuria (HHRH) have
been described.*¥-33 The disease was initially described in
a population of Bedouins with high rates of consanguin-
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ity. #4834 This type of inheritance has been defined as the
autosomal recessive variant.333

Genetics

It has been shown that the HHRH is caused by a biallelic
mutation in the SLC34A43 gene located on chromosome
9q34,>* which encodes for type Ilc sodium-phosphate co-
transporter (NaPi-IIc) in the proximal tubule of the neph-
ron.>3336 Apparently, these patients probably share the
same genetic defect as patients with idiopathic hypercalci-
uria because both disorders have been found in members
of the same family.!

Pathogenesis

In contrast to cases of XLH and ADHR, patients with
HHRH respond adequately to hypophosphatemia with in-
creased levels of 1a,25(OH),D; in response to stimulation
of the la-hydroxylase enzyme. Elevation of the levels of
1a,25(0OH),D, induces greater absorption of calcium and
phosphate from the gastrointestinal tract and suppression
of parathyroid hormone secretion. In addition, hypercal-
ciuria occurs as a result of the high levels of the active
metabolite of vitamin D.>*

Clinical manifestations

The main clinical manifestations of HHRH include bone
pain, skeletal deformities, low stature and muscular weak-
ness.>* When the disease occurs during infancy or child-
hood, radiological changes of rickets are evident.*® Serum
levels of FGF-23 are not elevated in patients with HHRH,
which highlights the important role of hypophosphatemia
as a cause of growth delay.?

Laboratory studies
Blood biochemical alterations of HHRH include hypo-
phosphatemia, normal concentrations of calcium, in-
creased alkaline phosphatase, decreased parathyroid hor-
mone values and high concentrations of 10L,25(OH)2D3.53
Serum levels of FGF-23 are usually normal, although they
may be elevated.>®

In the urine, renal phosphate loss is demonstrated with
reduction of the TRP and of the TmP/GFR. Elevation of
the serum levels of the 1a,25(OH),D; is associated with a
significant increase in the excretion of calcium in the urine
(Table 1).°3 Affected patients may develop recurrent renal
lithiasis and nephrocalcinosis.>3-’

Treatment

Administration of the phosphate solution in patients
with HHRH induced improvements in growth, disap-
pearance of bone pain, muscular weakness and radio-
logical signs of rickets. Plasma phosphate concentration
increased and reduction of serum alkaline phosphatase
and of 10,25(OH),D, was observed. On the other hand,
there is decrease in urinary calcium excretion, although
the TRP and TmP/GFR are unchanged.! In these pa-
tients, administration of 1a,25(OH),D, is not recom-
mended.>?
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