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Abstract
Mutations in PJVK, encoding Pejvakin, cause autosomal recessive nonsyndromic hearing loss in
humans at the DFNB59 locus on chromosome 2q31.2. Pejvakin is involved in generating auditory
and neural signals in the inner ear. We have identified a consanguineous Pakistani family
segregating sensorineural progressive hearing loss as a recessive trait, consistent with linkage to
DFNB59. We sequenced PJVK and identified a novel missense mutation, c.1028 G>C in exon 7
(p.C343S) co-segregating with the phenotype in the family. The p.C343 residue is fully conserved
among orthologs from different vertebrate species. We have also determined that mutations in
PJVK are not a common cause of hearing loss in families with moderate to severe hearing loss in
Pakistan. This is the first report of PJVK mutation in a Pakistani family and pinpoints an important
residue for PJVK function.
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1. Introduction
Nonsyndromic recessively inherited hearing loss is the most common type of deafness. The
majority of the affected individuals with recessively inherited hearing loss are described to
suffer from prelingual profound deafness. This is perhaps due to the lower incidence of
recessively inherited progressive hearing loss in contrast to non-progressive deafness.
Therefore, progressive hearing loss has not been described as a frequent finding in
recessively inherited hearing loss, although there are a few exceptions. For example
mutations in MYO3A, PTPRQ and SERPINB6 cause progressive hearing loss in affected
members in the reported families (Walsh et al., 2002; Sirmaci et al., 2010; Schraders et al.,
2010b). Additionally, particular mutant alleles of TMC1, TMPRSS3, GRXCR1, PJVK,
LOXHD1, GIPC3 and TPRN also lead to progressive hearing loss in affected individuals in
a few families (Veske et al., 1996; Delmaghani et al., 2006; Grillet et al., 2009; Li et al.,
2010; Schraders et al., 2010a; Charizopoulou et al., 2011; de Heer et al., 2011)
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PJVK is located at chromosome 2q31.2, and encodes a protein, pejvakin which plays a role
in neural transmission (Delmaghani et al., 2006). Mutations in PJVK may cause stable or
progressive hearing loss with or without auditory neuropathy spectrum disorder (ANSD)
(Delmaghani et al., 2006; Collin et al., 2007; Ebermann et al., 2007; Hashemzadeh
Chaleshtori et al., 2007; Schwander et al., 2007; Shahin et al., 2010; Borck et al., 2011). An
ANSD is diagnosed when auditory brain stem response (ABR) is absent, while otoacoustic
emissions (OAE) are normal which is characteristic of normal outer hair cell function (Starr
et al., 1996). A PJVK mutation has also been reported to cause vestibular dysfunction along
with deafness in one family from Morocco (Ebermann et al., 2007). These studies have
shown that frameshift mutations in PJVK usually result in cochlear deafness while missense
mutations may result in deafness with auditory neuropathy spectrum disorder (Hashemzadeh
Chaleshtori et al., 2007). However, it is interesting to note that the mutation, p.R183W, can
cause either deafness with or without ANSD in different individuals (Delmaghani et al.,
2006; Collin et al., 2007). This may be due to the involvement of a modifier gene which
affects the outer hair cell function.

Pejvakin is expressed in the cell bodies of neurons, hair cells, supporting cells and spiral
ganglion cells in the inner ear (Delmaghani et al., 2006; Collin et al., 2007). PJVK is
comprised of 352 amino acids. It has a predicted nuclear localization signal (amino acids
249–258) and also contains a zinc finger motif (amino acids 305–331) [7]. Knock-in mice
with a point mutation identical to that identified in humans with auditory neuropathy
spectrum disorder and those with an ENU induced nonsense mutation in Pjvk have revealed
that PJVK is involved in neural signal transmission though the mechanism is unknown. It
has also demonstrated that PJVK is involved in generating an auditory signal but not in the
development and maintenance of hair cells or spiral ganglion neurons (Delmaghani et al.,
2006; Schwander et al., 2007).

2. Patients and Methods
We recruited 50 consanguineous families with three or more individuals affected with
nonsyndromic recessively inherited hearing loss and 57 sporadic individuals manifesting
moderate to severe hearing loss from Pakistan after Institutional Review Board approval and
informed written consent of the participants. Audiometry was performed with DANPLEX
audiometer model DA65 (Denmark). Hearing of affected individuals was evaluated at
frequencies of 250Hz, 500Hz, 2000Hz, 4000Hz, and 8000Hz in ambient noise conditions
and ranged between 50–90 dB HL. All 50 families with a history of hearing loss and
multiple affected individuals were identified with the help of social workers and audiologists
from the Punjab province. Individuals with hearing loss were also questioned about
problems related to their balance. Romberg and Tandem Gait tests were used to investigate
the involvement of any vestibular dysfunction.

DNA was extracted from blood samples. GJB2 and all genes known to cause moderate to
severe hearing loss or progressive deafness were excluded by sequencing, linkage analysis
or homozygosity mapping with microsatellite markers. Linkage analysis and homozygosity
mapping were performed with fluorescently labeled microsatellite markers which were
located in close proximity to each of the screened deafness gene. Likelihood of odds (LOD)
scores were calculated by using FASTLINK with a disease allele frequency of 0.001. The
phenotype was coded as a fully penetrant autosomal recessive disorder. Screening of GJB2
and all 7 exons and flanking intronic regions of PJVK was performed by treatment of the
PCR amplified products with Shrimp Alkaline Phosphatase and Exonuclease I (Fermentas,
Glen Burnie, MD) followed by sequencing with Big Dye terminator, V.3.1 (Applied
Biosystems, Foster City, CA).
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3. Results
Family HLGM15 with six affected individuals was ascertained from Okara, Pakistan (Fig.
1A). The onset of hearing loss in this family was reported to be in early childhood.
Audiometric assessment of the affected individuals in family revealed the presence of
different degrees of deafness (Fig. 1B). Individual V: 4 was profoundly deaf while all others
had a severe degree of hearing loss. The difference in hearing thresholds among the affected
individuals was more noticeable at frequencies of 2, 4 and 8 KHz at which the younger
individuals exhibited a less severe hearing loss than the older ones. The hearing loss of the
affected individuals in family HLGM15 was self reported to gradually worsen with age. The
affected individuals had some degree of oral speech. They faced difficulties in
understanding conversations, especially in a noisy environment. The data and self reports
from the patients suggest that the hearing loss in members of family HLGM15 is progressive
in nature. However, audiometry was only performed at the time of enrollment in study when
the patients were 6, 8, 14, 12, 22 and 23 years old, respectively.

The patients did not report any problems with their balance. Moreover, the Romberg and
Tandem Gait tests were also normal suggesting that the vestibular system was not overtly
affected. However, we could not rule out subtle equilibrium defects and the presence of
ANSD due to the unavailability of ENG and OAE testing facilities.

Hearing loss in family HLGM15 showed linkage to the DFNB59 (Fig. 1A) with LOD scores
of 4.1 with markers D2S324 and D2S364 at θ = 0. Out of the 57 sporadic individuals with
moderate to severe hearing loss who participated in this study, only two patients showed
homzygosity for marker alleles of D2S324 and D2S364. This could be consistent with the
presence of homozygous mutations in PJVK.

Sequencing analysis revealed the presence of a homozygous transversion mutation, c.1028
G>C, in exon 7 (p.C343S) of PJVK in affected individuals in family HLGM15 (Fig. 1C) and
absence of mutations in samples of the two sporadically affected individuals. The parents
and all except one member of family HLGM15 were heterozygous for this mutation. One
individual, V: 2, did not inherit the deafness linked haplotype and also lacked the mutation.
The absence of c.1028 G>C in 400 chromosomes from ethnically matched controls further
supported the correlation of the mutation with the phenotype.

4. Discussion
The mutation p.C343S identified in family HLGM15 results in a missense mutation and
causes the replacement of cysteine to serine. Cysteine (p.C343) in PJVK is conserved in all
vertebrate species including mouse, platypus, hen, lizard, frog and zebra fish (Fig. 1D).
Cysteine residues usually have important structural roles due to their capability of making
disulphide bridges which stabilize the three dimensional structures of proteins. The
disulphide bridges can be intra- or inter-molecular. These bonds may be involved in
stabilizing the folding of polypeptide chains and help in prevention of degradation of
proteins (Branden and Tooze, 1991). The missense mutation p.C343S may cause structural
changes in PJVK affecting its function, and ultimately cause the observed phenotype in the
affected individuals.

PJVK mutations seem to be important cause of hearing loss in Iranians and Arabs,
(Delmaghani et al., 2006; Hashemzadeh Chaleshtori et al., 2007; Shahin et al., 2010). The
hearing loss is usually stable and severe to profound in the affected individuals of these
populations. Currently, there are only two reports of PJVK mutations with progressive
hearing loss (Table 1). A mutation reported in a Moroccan family causes moderate to
profound hearing loss which is progressive in nature (Ebermann et al., 2007). Hearing loss
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associated with another mutation in PJVK reported in affected individuals from Iran is also
progressive and moderate to profound in degree (Schwander et al., 2007). However, PJVK
has not been previously reported as a cause of either stable or progressive deafness in
Pakistan.

The two mutations previously implicated in causing progressive hearing loss are frameshift
mutations and are predicted to result in formation of truncated proteins or in their complete
absence due to the nonsense mediate decay of the mRNA. It can be speculated that the
missense mutation affecting PJVK in deaf individuals in HLGM15 may also ultimately
result in loss of function of the protein and lead to progressive hearing loss. There is no
correlation between ages of affected individuals and severity of hearing loss in the patients
in the Moroccan and Iranian families. In contrast, the older affected individuals of family
HLGM15 exhibit a more severe hearing loss than the younger patients.

We were unable to determine whether auditory neuropathy spectrum disorder was present in
affected individuals of HLGM15 with the PJVK mutation. So far, only missense mutations
affecting PJVK, (p.T54I and p.R183W), have been shown to cause auditory neuropathy
spectrum disorder (Delmaghani et al., 2006). Since p.C343S is also a missense mutation, it
is tempting to speculate that the affected individuals in these families may also suffer from
ANSD. However, in the absence of otoacoustic emissions data, a definite conclusion cannot
be reached since it has been shown that one missense mutation (p.R183W) can cause either
auditory neuropathy spectrum disorder or cochlear deafness (Delmaghani et al., 2006; Collin
et al., 2007).

The presence of PJVK mutations in only one out of 50 families who participated in this
study, and the additional absence of mutations in 57 sporadic individuals with hearing loss
suggests that PJVK is not a significant contributor to etiology of moderate to severe hearing
loss in Pakistan. However, the contribution of PJVK to progressive deafness remains to be
determined in a large subset of individuals with a similar phenotype.

In this study we have investigated one of the few families from Pakistan in which affected
individuals suffer from a gradual loss in hearing. So far, only one mutation in TMPRSS3 has
been reported to cause postlingual, progressive hearing loss in patients in a family from
Pakistan (Veske et al., 1996; Scott et al., 2001). A few individuals with mutations in BSND
and GIPC3 may also have a progressive hearing loss since some younger affected patients
have better hearing thresholds as compared to the older individuals in their families
(Riazuddin et al., 2009; Rehman et al., 2011). Our results further confirm that PJVK is one
of the genes to be considered in the etiology of progressive hearing loss in different world
populations including Pakistan.
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Highlights

• The phenotype in a family with hearing loss was linked to DFNB59.

• A novel missense mutation p.C343S was identified in PJVK.

• p.C343S is only the third PJVK mutation associated with progressive hearing
loss.
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Fig. 1. Phenotype and genotype analysis for family HLGM15
A) Pedigree and haplotypes of family HLGM15. Genetic distances of markers in cM are
taken from the Rutgers’ genetic map. Affected individuals are homozygous for alleles of
markers D2S324 and D2S364, which flank PJVK. The deafness associated haplotype is
shaded in gray.
B) Pure Tone air conduction results for affected individuals (V:1, V:3, V:4, V:5 and V:7) of
family HLGM15. The results are shown for the better hearing ear for each individual. The
younger affected individuals (V:7 and V:5) have a severe degree of hearing loss. The oldest
affected individual V:4 manifests profound deafness.
C) Partial sequence electropherograms of PJVK for the normal individual V: 2 and the
affected individual V:5 showing the missense mutation c.1028 G>C. The arrow indicates the
location of the transversion. The affected codon is underlined in both the wild type and the
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affected individual’s sequence trace. Colour figure can be viewed in the online issue at the
journal website.
D) ClustalW multiple alignment of PJVK sequences from different vertebrate species
showing conservation of p.C343. The identical amino acid residues to p.C343 are shaded in
gray. Amino acid residues with complete identity in all the species are indicated by an
asterisk below the alignment. The colon and the period indicate amino acid substitutions
with highly conserved and less conserved residues, respectively.
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