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Non-random distribution of mutations in the
PHEX gene, and under-detected missense
mutations at non-conserved residues
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Thirty newly detected mutations in the PHEX gene are reported, and pooled with all the
previously published mutations. The spectrum of mutations displayed 16% deletions, 8%
insertions, 34% missense, 27% nonsense, and 15% splice site mutations, with two peaks in
exon 15, and 17. Since 32.8% of PHEX amino acids were conserved in the endopeptidases
family, the number of missense mutations detected at non-conserved residues was smaller than
expected, whereas the number of nonsense mutations observed at non-conserved residues was
very close to the expected number. Compared with conserved amino acids, the changes in non-
conserved amino acids may result in benign polymorphisms or possibly mild disease that may
go undiagnosed.
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Introduction
Mutations in the PHEX gene (phosphate regulating
gene with homologies to endopeptidases on the X
chromosome) have been shown to cause X-linked
hypophosphataemic rickets (HYP).1–6 Cloning of the
human7–9 and the mouse7,10–12 PHEX cDNA has now
been reported by six independent teams.

The gene spans over 220 kb, and is organised into 22
exons; it encodes the PHEX protein, which belongs to
the zinc binding endopeptidases family with an amino
acid similarity to neutral endopeptidase (NEP) of
approximately 60%. The protein has a short 20 amino
acid intracytoplasmic tail, a 25 amino acid transmem-
brane region, and a long 704 amino acid ectodomain.
The catalytic site characterising the endopeptidase
family is present in exon 17.1–3 Consensus motifs
containing residues interacting with a putative sub-
strate and the binding zinc site have been identified in
exons 15 and 19 respectively.2,3

PHEX gene mutations have been demonstrated in
up to 83% of HYP patients.2–6 Mutations are large or
small deletions, insertions, nonsense, missense, and
splice site mutations. No obvious hot spot has been
reported, but this can be due to the small number of
patients analysed in each study. We show here that the
distribution of the detected mutations in the PHEX
gene is non-random.

The biological hallmarks of X-linked hypophospha-
taemic rickets are decreased renal phosphate reabsorp-
tion and an inappropriately low calcitriol concentra-
tion; affected individuals frequently present with bone
pain, short stature, lower limb deformity (from child-
hood rickets), calcification of the entheses, and tooth
abscesses.13–18 There are marked variations in disease
severity, both between and within families. However, it
is not fully understood whether genotype can play a
role in severity of phenotype.

Patients and Methods
Thirty-five clinical records of HYP patients whose mutations
in the PHEX gene had been identified, were available,
20 females and 15 males aged from 2 to 75 years were
examined. Patients were familial (24) or sporadic (11) cases
out of 22 families, and originated from France (16), Germany
(14), North Africa (4), and Belgium (1). They gave their
informed consent to the inclusion in the study; 24 patients
were treated, seven were not, and in four cases, no informa-
tion was given. Presence (30) or absence (5) of bone
deformities were recorded in all patients.

PCR, SSCP, and sequencing of the 22 exons of PHEX were
carried out as reported in Rowe et al.2

Results and Discussion
We pooled all the published mutations,1–6 except for
large deletions spanning more than one exon, and an
additional set of 30 mutations we identified recently
(Table 1). Altogether, the mutation number amounted
to 132; 91 were different mutations, which demon-
strates a high incidence of new mutations. In the
present study, 22 new mutations are reported. We
observed 34% missense mutations (24 different mis-
senses), 27% nonsense mutations, and 15% splice site
mutations. The remaining mutations were deletions
(16%), and insertions (8%).

Table 1 Mutations in the PHEX gene

Patient Case Sex Exon Mutation Type

FA73 Xl M 2 gt>tt sd
EA87 sp F 3 T242C F805
EM84 sp F 4 T413C L138P
EG10 Xl F 4 G425C C142F
EL65 Xl F 4 gt>ga sd
EM18 sp F 6 A710G D237G
FM47 sp M 7 G832 E278X
EW36 sp F 9 gt>gg sd
FA63 Xl M 11 1269delA fs
DR51 sp F 12 G1351T E451X
ET78 sp F 12 G1363T E455X
EW77 sp F 14 1504insGACT fs
DY36 sp M 14 del gagt sd
FA70 Xl F 15 G1590C W520C
FA66 Xl M 15 C1601T P534L
CL73 Xl F 15 gt>at sd
FA67 sp F 17 C1728A A573D
EH90 sp F 17 G1736A G579R
EO15 Xl M 17 G1736A G579R
FA69 Xl M 17 gt>at sd
EL27 Xl F 19 G1952C R651P
FA68 sp F 19 gt>at sd
EO59 sp F 20 1986insTGAC fs
EP5 sp M 20 T2064A Y688X
CE37 sp M 21 ag>cg sa
EL50 Xl F 21 2148delG fs
EA96 sp M 22 2162insCCCT fs
FA72 sp F 22 G2198C C733S
EJ16 sp F 22 C2238G C746W
ET31 sp M 22 C2239T R747X

del: deletion; ins: insertion; fs: frameshift; sa: splice acceptor
site; sd: splice donor site; X: stop codon, Xl: X-linked;
sp: sporadic. Bold: missense at conserved amino acid in the
series of endopeptidases; italic: recurrent mutation.
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The density and nature of mutations are reported in
Figure 1. The distribution observed is not random
(ø2 = 86, P < 0.0005). The number of mutations in the
C terminal half is 1.7 times the number of mutations in
the N terminal half of the protein (ø2 = 8.8, P < 0.005),
which suggests a more important role for the C
terminal sequence of the protein. In fact, the catalytic
site, and two consensus sequences of the endopepti-
dases family are located in this segment of the protein.
Even mutations located at the very 3' end of the PHEX
gene (C746W, R747X, and W749R) are likely to disturb
PHEX function.

Although exon 15 and 17 contain only 5.6% of the
cDNA open reading frame, these exons harbour 20%
of the mutations (ø2 = 51.6, P < 0.0005). Conversely,
exon 5 displays an unexpectedly low number of

mutations, when the large size of the exon is taken into
account. 20% of all the reported mutations are recur-
rent: R20X was observed five times, P534L seven times,
G579R eight times (G579V once), and R747X six times.
These mutations occurred in familial and sporadic cases
of different origin. For example, in the five G579R cases
investigated, four different haplotypes were found (not
shown).

PHEX contains 10 highly conserved cysteins.1–3 We
observed six missense mutations in five different
cysteins, and three missense mutations leading to new
cystein residues. W456C occurred at a highly conserved
W, R166C next to a highly conserved W, and W520C
concerned a non-conserved residue, and was found at a
position where no cystein was observed in the endo-
peptidases family. New disulphide bonds may be

Figure 1 Density of mutations in the 22 exons of the PHEX gene: the density was calculated as 100 3 (number of mutations/number
of bp + 4) of the exon; 2 intronic bp were added to each side of the exon in order to include the mutations in the splice sites. 30 newly
detected mutations were pooled with all the previously published mutations.
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generated, disturbing the structural configuration of the
protein.

There are 47 CpGs in the PHEX gene; seven are the
site of mutations (17%) and five were found more than
once: R20X (5), R291X (3), P534L (7), R651P (2),
R747X (6).

Forty-five missense mutations were detected (Fig-
ure 1), among which 24 were distinct mutations. Since
conserved residues of the endopeptidases family
account for 32.8% of the whole protein, the expected
number of missense mutations would be 14.8 at
conserved amino acids, and 30.2 at non-conserved
residues. The observed numbers were 39 at conserved
residues, and six at non-conserved residues (ø2 = 59,
P < 0.0005). Missense mutations in non-conserved
amino acid of PHEX would thus be five times more
frequent than detected. Therefore, either missense
mutations occur with a higher frequency in conserved
amino acids or there is a greater number of missense
mutations generated at non-conserved amino acids that
result in benign polymorphisms or lead to a mild
phenotype that may go undiagnosed.18 Notably, of the
35 nonsense mutations that were observed, 10 occurred
at conserved amino acids (11.5 were expected), and
25 mutations occurred in non-conserved residues (23.5
were expected). These values are close to the expected
distribution (ø2 = 0.28, P > 0.05). Thus it is highly
unlikely that missense mutations occur with higher
frequency in conserved amino acids compared with
non-conserved amino acids. Rather, it is more likely
that changes in non-conserved amino acids either do
not lead to disease or lead to a mild phenotype that is
not detected.

Examination of clinical data of 35 HYP patients
carrying 21 different mutations revealed only five
individuals (from three families) treated (two females,
one male), or not (two females), for the disease, who
were reported not to be affected with bone deformities.
The mutations segregating in these persons were
missense mutations at non-conserved residues, ie
D237G, W520C, and R651P. 130 to 170 chromosomes
from healthy individuals or from non-mutated X of
hypophosphataemic females were analysed to deter-
mine if these changes were rare polymorphisms rather
than mutations. Almost all individuals examined were
of Caucasian origin. It would be of interest to know
whether some patients with the R166C, Y317F, and
A720T mutations, whose clinical data were not availa-
ble, also escaped bone deformities. Only missense
mutations are susceptible to maintaining a residual

endopeptidase activity (which remains to be experi-
mentally confirmed), and our observations raise the
hypothesis that missense mutations at non-conserved
residues may contribute, with other factors, to cause a
less severe HYP phenotype.

In conclusion, the spectrum of the mutations
detected in the PHEX gene shows a higher density in
the region including the sequence homologous in the
series of endopeptidases. It is possible that changes in
non-conserved amino acids more commonly lead to
benign polymorphisms or mild disease, that goes
undetected.
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