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  Early onset hearing loss in autosomal recessive 
hypophosphatemic rickets caused by loss of 
function mutation in  ENPP1    

  Abstract :  Autosomal recessive hypophosphatemic rickets 

2 (ARHR2) is a rare form of renal tubular phosphate wast-

ing disorder. Loss of function mutations of the ecto-nucle-

otide pyrophosphatase/pyrophosphodiesterase 1 gene 

(ENPP1) causes a wide spectrum of phenotypes, ranging 

from lethal generalized arterial calcification of infancy 

to hypophosphatemic rickets with hypertension. Hear-

ing loss was not previously thought to be one of the fea-

tures of the disease entities and was merely regarded as a 

complication rather than a part of the disease. We report 

two children who presented in mid to late childhood with 

progressive varus deformity of their legs due to hypophos-

phatemic rickets caused by mutations in the ENPP1 gene. 

Both children had evidence of progressive hearing loss 

requiring the use of hearing aids. This report of two unre-

lated infants with compound heterozygous mutations in 

ENPP1 and previously published cases confirms that mild 

to moderate hearing loss is frequently associated with 

ARHR2. Early onset conductive hearing loss may further 

distinguish the autosomal recessive ENPP1 related type 

from other types of hypophosphatemia.  
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   Introduction 

 Hypophosphatemic rickets (HR) is a heterogeneous group 

of renal phosphate wasting disorders caused by elevated 

circulating fibroblast growth factor 23 (FGF23), which 

inhibits tubular phosphate reabsorption and 1,25 dihy-

droxyvitamin D synthesis in the proximal renal tubules. 

Mutations in any of the four known genes,  PHEX  [XLH 

(MIM 307800)],  FGF23  [ADHR (MIM 193100)],  DMP1  [auto-

somal recessive hypophosphatemic rickets 1 (MIM 241520)] 

and ecto-nucleotide pyrophosphatase/pyrophosphodies-

terase 1 ( ENPP1 ) [autosomal recessive hypophosphatemic 

rickets 2 (MIM 613312)], cause hypophosphatemia  (1 – 4) . 

 Homozygous and combined heterozygous mutations in 

 ENPP1 , which encodes for an enzyme that generates inor-

ganic pyrophosphate PP(i) are also known to cause the con-

dition generalized arterial calcification of infancy (GACI). 

Patients demonstrate severe calcifications of the media of 

large and medium-sized arteries and stenosis due to myoin-

timal proliferation within the first month of life, and severe 

hypertension and death in infancy due to congestive heart 

failure  (5, 6) . Milder variants with an intermediate pheno-

type between GACI and HR exist and response to treatment 

with bisphosphonates has been reported  (7) . Arterial calci-

fication may disappear during childhood and hypertension 

improves. In the course of disease, some patients, however, 

have developed HR with persistent hypophosphatemia and 

a requirement for phosphate treatment. 

 Conductive hearing loss has been observed in X-linked 

hypophosphatemia due to PHEX inactivation in adults but 

it has not been reported in childhood. In contrast, sensori-

neural deafness has been reported in autosomal recessive 

HR due to dentin matrix protein-1 (DMP1) loss of function 

and was attributed to a narrowing of the internal auditory 

canals  (8, 9) . 

 Brachet et  al.  (10)  recently reported that ENPP1 loss 

of function in autosomal recessive hypophosphatemic 
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rickets 2 (ARHR2) is sometimes associated with mixed 

hearing loss initially conductive and later on central. They 

concluded that early hearing loss should lead to consid-

eration of rare recessive variants of HR related to ENPP1 or 

DMP1. We report on two more unrelated affected patients 

with childhood onset of ARHR due to  ENPP1  mutations 

and progressive hearing loss.  

  Methods 
 Mutational analysis was performed aft er informed consent was 

obtained. DNA from the patient and parents of case 1 was analyzed 

at the Helmholtz Centre in Munich. All 25 exons of  ENPP1 , includ-

ing the intron boundaries, were amplifi ed and sequenced accord-

ing to standard techniques. The DNA of case 2 was analyzed at the 

molecular genetics unit of the Royal Devon and Exeter Hospital 

with sequence analysis of exons 1 – 25 and the fl anking regions of the 

 ENPP1  gene. 

  Case report 1 

 This male patient was the fi rst child born at term to healthy nonconsan-

guinous Austrian parents, with a birth weight of 3500 g and a length of 

46 cm. Family history was unremarkable. A midline cleft  palate aff ect-

ing mainly the soft  and partial hard palate was surgically repaired 

at the age of 9 months. Conductive hearing defi cit was present since 

infancy and did not improve despite recurrent bilateral tympanostomy. 

A computed tomography scan of the middle and inner ear showed no 

structural abnormalities. As the conductive hearing loss deteriorated, 

the boy was supplied with hearing aids at the age of 6 years, when he 

started primary school. At the age of 10 years, the patient was referred 

with a progressive bowing of the legs with genu valgum deformity and 

bone pain. Medical examination at the hospital additionally detected 

arterial hypertension without myocardial hypertrophy, which was 

caused by hyperreninemia due to unilateral stenosis of the left  renal 

artery following intimal proliferation. Biochemical investigation were 

consistent with hypophosphatemic rickets with decreased phosphate, 

0.67 mmol/L (normal range: 0.95 – 1.65 mmol/L), due to reduced renal 

phosphate reabsorption of 81%, elevated alkaline phosphatase, 813 

U/L (normal range: 74 – 390), elevated FGF23, 134 kRU/L (normal range: 

26 – 110 kRU/L), and excessive hyperreninemia, 1053 ng/L (normal 

range: 3.5 – 65.6 ng/L). The patient was treated with phosphate substi-

tution (Reducto spezial tablets  ®  , Temmler, PHARMA, Marburg), 42 mg/

kg/day, calcitriol, 10.2 ng/kg/day, and hypertension fi nally responded 

to a combination of aliskiren and metoprolole. Rickets in combination 

with arterial hypertension led us to investigate  ENPP1  aft er a negative 

mutation screening of  FGF23.  The aff ected patient was compound het-

erozygous for a non-synonymous sequence variation in exon 2 of the 

 ENPP1  gene and a splice site mutation in intron 21 of the  ENPP1  gene, 

NM_006208.2:c.[275G  >  A];[2230 + 1G  >  A], p.[Gly92Asp];[ ? ], which has 

not been reported before. Parents were heterozygous for each of the 

mutations. 

 At the age of 16 years, his height was 163 cm (3rd percentile) and 

weight 48 kg (10th percentile). Axial bone deformity was corrected at 

the age of 16 years. His hearing defi cit is moderate, mainly conduc-

tive with a mild sensorineural component. The boy attends normal 

school.  

  Case 2 

 This female patient was born at 34 weeks of gestation with a birth 

weight of 2.7 kg. There were some initial feeding diffi  culties but no 

signifi cant problems and she was discharged aft er 1-week. There was 

concern about the shape of her legs from the age of 3 years with the 

development of a progressive genu valgum deformity. When fi rst 

seen at the age of 4 years, there was a marked valgus deformity with 

an intermalleolar distance of 14 cm. A previous sibling born at 32 

weeks of gestation who was reported to have kidney problems died in 

the neonatal period. Investigations were consistent with hypophos-

phatemia with a plasma phosphate of 0.77 mmol/L (normal range: 

1.3 – 1.7 mmol/L), reduced tubular reabsorption of phosphate of 81%, 

and elevated alkaline phosphatase, 915 IU/L (normal range: 250 – 850 

IU/L). Treatment was subsequently commenced with phosphate san-

doz, 62.5 mg/kg/day, and alfacalcidol, 37.5 ng/kg/day. She required 

surgical correction of her valgus deformity. At the age of 7 years, 

there were concerns about hearing loss and investigations confi rmed 

a bilateral conductive hearing loss that subsequently required the 

provision of hearing aids. Genetic investigations excluded mutations 

in the  PHEX  and  FGF23  genes but identifi ed she was heterozygous 

for a nonsense mutation, a missense mutation, and a novel variant 

in the  ENPP1  gene, NM 006208.2:c.[2026C  >  T]; [2375 A  >  G];[.655G  >  A], 

p.[.Q676X];[N792S];.[G219R]. At the age of 13 years, her height was 

143.6 cm (3rd percentile) and weight 35.6 kg (3rd – 10th percentile).   

  Discussion 
 Since the first report  (5)  of homozygous and compound 

heterozygous mutations in  ENPP1 , more than 50 cases 

have been reported. Hearing loss was mentioned in a 

minority of cases and attributed to arterial calcification 

and reduced perfusion of arteries supplying the inner ear 

or stapedovestibular calcification but was not considered 

as a frequent feature in ENPP1 related disorders. 

 Functional inactivating mutations in homozygous or 

compound heterozygous state have been scattered over 

the whole coding region and the spectrum of phenotypes 

is wide, ranging from extensive arterial calcification in 

infancy and early death to widespread arterial stenosis 

or hypophosphatemia and rickets. Except for a lethal 

mutation (Pro305Thr), the clinical presentation appeared 

independent of the mutation and even siblings with the 

identical genotype had a variable clinical course postulat-

ing additional modifiers to influence the severity of the 

disease  (11) . 

 Brachet et  al.  (10)  recently focused on hearing loss 

as part of the clinical picture of  ENPP1  loss of function 
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mutations. There is an existing knockout mouse model 

with decreased expression of ENPP1, which has sig-

nificantly reduced brainstem-auditory-evoked potential 

without ectopic calcification and deafness that supports 

the theory that ENPP1 plays an important role in the inner 

ear development and function. Originally, Rutsch and 

Nitschke  (5, 11, 12)  mentioned conductive, as well as sen-

sorineural, hearing loss in children aged 3 – 12 years with 

phenotypes of GACI and HR, which was mainly regarded 

as a complication of the disease. The increasing reports 

of mildly affected patients with rickets and hearing prob-

lems lead the focus on the abnormal pyrophosphate 

metabolism per se. 

 These two patients with compound heterozygous 

mutations in the  ENPP1  gene presented with HR, in addi-

tion, one patient presented with hypertension, without 

severe signs of arterial calcification in infancy. Hearing 

problems in case 1 were initially related to cleft palate, 

with frequent occurring ventilation problems of the 

middle ear and flat tympanograms. The progression of 

hearing problems and the mixed sensorineural and con-

ductive components suggested a different explanation. 

Bilateral conductive hearing loss in an unrelated girl with 

ARHR2 and  ENPP1  mutation and concomitant decreased 

enzyme activity are convincing evidence of a disease 

inherent dysfunction of the ear. According to Brachet 

et al., and previous reports, it is a rare finding. The true 

incidence of deafness, however, may be much higher 

than estimated from previous reports. In fact, hearing 

loss could be a major sign to help discriminate between 

the various forms of HR. In the most common X-linked 

form of hypophosphatemia (XLH), caused by inactivating 

mutations in the  PHEX  gene, hearing loss is frequently 

observed, but is usually of adulthood onset  (13 – 15) . The 

youngest patient reported with hearing impairment 

was 17  years of age with a positive family history  (16) . 

The mechanism seems to be different as hearing in XLH 

mainly affects the high frequencies and it is attributed 

to a cochlear source on the basis of osteosclerosis of the 

petrous bone. The relative frequency is age dependent 

and up to 50% of patients will be affected throughout 

their lives  (17) . 

 The true incidence of hearing loss in ARHR2 will be 

difficult to evaluate because it is a rare disorder with a 

wide spectrum of manifestations and high mortality in 

infancy in the case of GACI. Mild hearing problems may 

have been missed or have not been reported in patients, 

and are therefore, probably underreported in the litera-

ture. According to recent reports, the performance of com-

plete hearing studies in  ENPP1  related disorders has to be 

stressed. 

 In conclusion, we report two children with autoso-

mal recessive HR with genetically confirmed compound 

heterozygous  ENPP1  mutations with childhood onset of 

mainly conductive hearing impairment. On reviewing the 

literature, hearing loss would appear to be a major feature 

of the disease and qualifies to delineate this rare type 

from other FGF23 dependent forms of hypophosphatemic 

rickets. 

  Conflict of interest statement:  The authors have no 

 relevant conflict of interest to disclose.    

  References 
  1.   Francis F, Hennig S, Korn B, Reinhardt R, de Jong P, et al. A gene 

(PEX) with homologies to endopeptidases is mutated in patients 

with X-linked hypophosphatemic rickets. The HYP Consortium. 

Nat Genet 1995;11:130 – 6.  

  2.   Consortium A. Autosomal dominant hypophosphatemic rickets is 

associated with mutations in FGF23. Nat Genet 2000;26:345 – 8.  

  3.   Lorenz-Depiereux B, Bastepe M, Benet-Pag è s A, Amyere M, 

Wagenstaller J, et al. DMP1 mutations in autosomal recessive 

hypophosphatemia implicate a bone matrix protein in the regu-

lation of phosphate homeostasis. Nat Genet 2006;38:1248 – 50.  

  4.   Levy-Litan V, Hershkovitz E, Avizov L, Leventhal N, Bercovich D, 

et al. Autosomal-recessive hypophosphatemic rickets is associ-

ated with an inactivation mutation in the ENPP1 gene .  Am J Hum 

Genet 2010;86:273 – 8.  

  5.   Rutsch F, Ruf N, Vaingankar S, Toliat MR, Suk A, et al. Mutations 

in ENPP1 are associated with  ‘ idiopathic ’  infantile arterial calci-

fication. Nat Genet 2003;34:379 – 81.  

  6.   Ruf N, Uhlenberg B, Terkeltaub R, N ü rnberg P, Rutsch F. The 

mutational spectrum of  ENPP1  as arising after the analysis of 

23 unrelated patients with generalized arterial calcification of 

infancy (GACI). Hum Mutat 2005;25:98.  

  7.   Edouard T, Chabot G, Miro J, Buhas DC, Nitschke Y, et al. Efficacy 

and safety of 2-year etidronate treatment in a child with general-

ized arterial calcification of infancy. Eur J Pediatr 2011;170:1585 – 90.  

  8.   Stamp TC, Baker LR. Recessive hypophosphatemic rickets, and 

possible aethiology of the  ‘ vitamin D-resistant ’  syndrome. Arch 

Dis Child 1976;51:360 – 5.  

  9.   Weir N. Sensorineural deafness associated with recessive 

hypophosphatemic rickets. J Laryngol Otol 1977;91:717 – 22.  

  10.   Brachet C, Mansbach AL, Clerckx A, Deltenre P, Heinrichs C. 

Hearing loss is part of clinical picture of ENPP1 loss of function 

mutation. Horm Res Paediatr 2014;81:63 – 6.  

  11.   Nitschke Y, Baujat G, Botschen U, Wittkampf T, du Moulin M, 

et al. Generalized arterial calcification of infancy and pseudox-

anthoma elasticum can be caused by mutations in either ENPP1 

or ABCC6. Am J Hum Genet 2012;90:25 – 39.  

  12.   Nitschke Y, Rutsch F. Genetics in arterial calcification: lessons 

learned from rare diseases. Trends Cardiovasc Med 2012;22:145 – 9.  

  13.   Davies M, Kane R, Valentine J. Impaired hearing in X-linked 

hypophospatemic (vitamin-D-resistent) osteomalacia. Ann 

Intern Med 1984;100:230 – 2.  

Bereitgestellt von | De Gruyter / TCS
Angemeldet

Heruntergeladen am | 10.03.15 15:44



4      Steichen-Gersdorf et al.: Hearing loss in ARHR2

  14.   Meister M, Johnson A, Popelka GR, Kim GS, Whyte MP. 

Audiologic findings in young patients with hypophosphatemic 

bone disease. Ann Otol Rhinol Laryngol 1986;95:

415 – 20.  

  15.   Fishman G, Miller-Hansem D, Jacobsen C, Singhal V, Alon U. 

Hearing impairment in familial X-linked hypophosphatemic 

rickets. Eur J Pediatr 2004;163:622 – 3.  

  16.   Kienitz T, Ventz M, Kaminsky E, Quinkler M. Novel PHEX non-

sense mutation in a patient with X-linked hypophosphatemic 

rickets and review of current therapeutic regimens. Exp Clin 

Endocrinol Diabetes 2011;119:431 – 5.  

  17.   Linglart A, Biosse-Duplan M, Briot K, Chausain C, Esterle L, et al. 

Therapeutic management of hypophosphatemic rickets from 

infancy to adulthood. Endocr Connect 2014;3:R13 – 30.         

Bereitgestellt von | De Gruyter / TCS
Angemeldet

Heruntergeladen am | 10.03.15 15:44


