Modification of human hearing loss plasma

Introduction

Hearing refers to the perception of sound as a result of sound waves. It occurs when the mechanical stimuli is converted into an electrical response that is then transmitted to the nervous system and takes place in the hair cells of the cochlea of the inner ear (Hudspeth et al., 1997). The hair cells contain stereocilia arranged in rows on the apical surface connected by linker filaments to form hair bundles (Grillet et al., 2009). When the hair bundles are deflected, calcium selective ion channels open, and an influx of potassium ions cause synapses and signal being processed by the central nervous system (Hudspeth et al., 1997).

Sensorineural Hearing Loss is a type of hearing loss which occurs due to damage in the hair cells of the cochlea. It causes mild to severe forms of deafness and occurs when the hair cells are damaged by different factors such as - abnormality at birth, high noise exposure levels, and mutations in deafness genes (Hildebrand et al., 2007). About 1% of the entire genome is involved in hearing, thus hearing occurs due to the interaction of several different proteins (Friedman et al., 2003). Only 10-15 % of these 'Deafness genes' have been identified (Grillet et al., 2009).

Deafness can occur on its own (non-syndromic) or associated with other health problems (syndromic). More than 70% are non-syndromic, and 75% of these are autosomal recessive (Giersch et al., 1999). Certain genes are vital for hearing and their mutations can cause either forms of hearing loss. Other genes may influence the degree of the hearing loss and termed as 'modifier genes' (Bork et al., 2001). Comprehension of these "deafness genes" and their encoded proteins will help in the understanding of hearing loss and increase our knowledge of hair cell function and development. The modifier effect of the ATP2B2 gene in different forms of deafness is studied by the authors of this paper.

The ATP2B2 is the gene that encodes the Plasma membrane calcium pump (PMCA) (Kozel et al., 2002).During the mechanoelectrical transduction required for sound processing; potassium ions enter the hair cells (Bosher et al., 1978) via the calcium selective mechanoelectrical transduction (MET) channels. (Wood et al., 2004). Once the calcium ions enter the hair cells it has to be rapidly sequestered and sent back to endolymph to prevent cytotoxicity (Ricci et al., 1998). This function is performed by the Plasma Membrane Calcium (PMCA) Pump (Lumpkin et al., 1998). The plasma membrane splice variant that is found in the stereocilia is the PMCA2a splice variant (Dumont et al., 2001). PMCAs interact with PDZ domain containing proteins to develop synapses and regulate the intracellular calcium ion levels (DeMarco et al., 2001).

The main subjects of study in this paper for the modifier effect of ATP2B2 were five siblings with sensorineural hearing loss due to a mutation in the cadherin 23 (CDH23) gene. The stereocilia are connected by linker filaments which propagate the electric signal response by gating the mechanoelectrical transduction channels (Vollrath et al., 2007). CDH23 is an important protein expressed in the mechanosensory hair cells that controls the functioning and morphogenesis of hair bundles (Yagi et al., 2000). Mice having the null allele of the CDH23 gene are found to have splayed hair bundles. Thus, it is inferred that CDH23 influences sound transmission by helping form the links that control hair bundle development (Palma et al., 2001).

        The five siblings affected by autosomal recessive sensorineuronal hearing Loss were found to have a homozygous mutation in CDH23, and a heterozygous hypo functional variant in the plasma membrane calcium pump (PMCA2a). The authors screened for the presence if the ATP2B2 gene in 185 people with different phenotypes of unrelated families to investigate if ATP2B2 acts as a modifier gene for differnt forms of hearing loss.

Method:

Genetic analysis of Participants who consented to be a part of this study was done by extracting the genomic DNA from venous blood samples. The subjects were members of the LMG132 family. Primers were designed for all known nonsyndromic recessive deafness loci, exons of CDH23 and ATP2B2. The Genomic DNA was amplified by PCR under the following conditions: 95°C for 2 min; 35 cycles of 95°C for 45 s, 60°C for 45 s, and 72°C for 45 s; and a final extension at 72°C for 15 min in a 20-µl reaction volume (PE Biosystems). The presence of the correct PCR product was confirmed by running on a 2% gel and then the product was sequenced. (Bork et al., 2001)

The sequencing was done by incubating the PCR product with 0.3 U of shrimp alkaline phosphatase (Amersham) and 3 U of exonuclease I (USB) at 37°C for 1 h, followed by 80°C for 15 min. The sequence reaction was prepared using this with 3.2 pmol of primer, 2 µl of Big Dye Terminator Ready Reaction mix (PE Biosystems), and 1 µl of a dilution buffer (400 mM Tris-HCl pH 9.0 and 10 mM MgCl2). Cycling conditions were 96°C for 2 min and 45 cycles of 96°C for 10 s, 55°C for 10 s, and 60°C for 4 min. For the product analysis, PE Biosystems ABI Prism 377 DNA Sequencer and ABI Prism software was used after separating it on a 4.25% gel. The resulting chromatograms were analyzed for the sequence using the PHRED/PHRAP/CONSED software suite (Ewing et al. 1998; Gordon et al. Gordon et al., 1998 D Gordon, C Abajian and P Green, Consed: a graphical tool for sequence finishing, Genome Res 8 (1998), pp. 195-202. View Record in Scopus | Cited By in Scopus (1374)1998). DNA samples from people with normal hearing were used as the Control

To investigate the effect of the mutation on the function of the PMCA2 pump to sequester Calcium back to the endolymph of the hair cell, the PMCA2a functional assay was performed using the sequenced wild and mutant PMCA2a. They were sub cloned in the baculovirus expression vector, PvL1392 (invitrogen) and the protein product expressed by infecting S9F cells with the transformed virus vector. The ATPase activity of the PMCA2a pump was measured using calmodulin to activate the pump and measure the free calcium released (Caride et al., 2001).

The allele frequency of the mutant ATP2B2 was then calculated. The number of independent and wild type ATP2B2 alleles was found for each pedigree in the study. In order to further explore the phenotypic consequences of the mutant ATP2B2 allele, 57 affected members of unrelated families and 128 individuals from families with a variety of other phenotypes were screened.

Results:

Out of the 11 offspring of the LMG132 family, 5 had severe to profound sensorineural hearing loss. There were 2 different phenotypes among the siblings - subjects 4 and 6 had normal low tone hearing and subjects 1, 9 and 10 had severe to profound low frequency loss.

On genomic nucleotide sequence analysis of CDH23 exons, it was revealed that all five affected siblings had a homozygous point mutation in exon 42. This mutation was a primary cause of sensorineural hearing loss in the LMG132 family. 

The nucleotide sequence of the ATP2B2 gene in the affected siblings of the LMG132 family, having severe to low hearing loss, showed heterozygous point mutation of G to A in Exon 12 that resulted in a conversion of methionine to valine at the 568 amino acid position . Siblings with low tone hearing (4 and 6) had the wild type ATP2B2 gene. Thus, the ATP2B2 allele may function as a dominant allele that influences severity of hearing loss. I would like to further check for the difference in concentration of the calcium ions around the endolymph in the siblings (1, 9 and 10) that have severe to profound low frequency loss. As all of them are heterozygous for the ATP2B2 gene, it would be interesting to check if there is variation in calcium ion concentration among them in the compartments of the ear. If a difference in the concentration is seen, then the PMCA2a pump encoded by the ATP2B2 may have interacting partners that influence the movement of the calcium ions into the endolymph.

Further studies on 57 affected members of unrelated families having different types of hearing loss and 128 individuals having a variety of phenotypes were done. The presence of the ATP2B2 gene with the same mutation; amino acid substitution at the 568 position was found in 2 individuals - one with age related hearing loss and the other with a history of high noise exposure level. Two other individuals had the mutated ATP2B2 heterozygous mutation, had normal hearing with no history of exposure to excessive noise. 

The question posed by the authors of this paper was if ATP2B2 modifies the effect of the sensorineural hearing loss. The data collected, points that it does act as a modifier gene for deafness. However, I feel that this data can be further consolidated my performing a comparative study on patients with non-syndromic versus syndromic hearing loss. This might help shed further light on the diverse effects if the modifier effects of the ATP2B2 gene.

Previous studies have shown that mice with the heterozygous mutation in the ATP2B2 gene that were exposed to excessive noise had sensorineuronal hearing loss (Trauth et al., 2003). Based on these results the authors suggest that the effect of the heterozygous mutation of ATP2B2 in humans may be induced by external noise. The question that is raised based on the results of this experiment is: how does ATP2B2 modify the effect of hearing loss. In order to understand this, I would like to conduct experiments using the Yeast Two Hybrid system to find the interacting protein partners of the PMAC2a pump in the stereocilia. Once these are identified, I will conduct genomic analysis and protein functional assays for the protein partners to check for the influence of the ATP2B2 mutation on its expression levels. This would enable us to know if the effect of the mutant PMCA2a is independent or occurs due to the interaction of other proteins.

Discussion:

Recessive mutation of the CDH23 gene causes hearing loss and its severity is influenced by the heterozygous mutation in the ATP2B2 gene in the siblings of the LMG132 family. It has been shown that mutation in the ATP2B2 gene encoding the PMCA2 pump produces the deaf, ataxic mouse- deafwaddler (Wood et al., 2004). Hence, the sequestering of calcium ions to the endolymph by the PMCA2 pump is important for normal hearing. However, in the LMG132 family, siblings having normal hearing had a heterozygous mutation in the ATP2B2 gene. Thus, in humans, a heterozygous mutation of the ATP2B2 gene is not suffecient to cause hearing loss. This may suggest the presence of other factors that interact with the PMCA2a pump and influence the effect of the heterozygous ATP2B2 mutation. Further studies of these interacting proteins of the PMCA2a will help shed light on its regulation and effect on noise induced hearing loss.

As only 1 out of 57 individuals with differnt phenotypic hearing loss and 1 out of 128 individuals with other phenotypes, with hearing problems showed heterozygote mutation in the ATP2B2 gene it becomes more evident that the presence of other modifiers must influence the phenotypic effect of the ATP2B2 mutation.

Recently, it has been shown that a single PDZ protein, PISP, interacts with the Plasma Membrane Calcium Pumps in the human brain (Goellner et al., 2003). Since PDZ proteins play an important role in anchoring the transmembrane proteins to the cytoskeleton and in linking signalling molecules (Hung et al., 2002), their interaction with PMCA2a may influence the sequestering of calcium ions and its subsequent dumping into the endolymph by the PMCA2a pump. I would like to check for the interaction of the PISP with PMCA2a in the stereocilia using zebrafish as the animal model. In the zebrafish, the inner ear can be viewed easily during development as the embryo is transparent and thus serves as an ideal model to study the effect of knocking out a specific gene. If an interaction between the PISP and PMCA2a is detected, I will then create a PISP knock out zebra fish model. Such a model can be used to check the phenotypic effect of the PISP knock-out on the PISP-PMCA2a interaction and help shed more light on how the PMCA2a pump is regulated to influence sensorineural hearing loss due to genetic defects and excessive noise exposure.

Overall Evaluation:

There are several causes of deafness in humans. Understanding the genetic causes will help us identify "deafness genes" and make the process of hearing clearer at its genetic and molecular level. The maintenance of calcium concentration in the endolymph of the hair cell stereocilia is very important as the mechanoelectrical transduction channels are calcium dependent. The present paper presents interesting data on the modification of hearing loss due to the PMCA2a pump activity. . Based on the data collected the authors suggest that the influence of the heterozygotic mutation of the ATP2B2 gene is noise induced. It has also been shown that homozygous recessive mutation of the ATP2B2 gene causes deafness in mice. Thus, it is established that this gene that encodes the PMCA2a pump plays a pivotal role in hearing. Further studies on the interacting partners of the PMCA2a and its regulation in the stereocilia will help us understand the mechanisms of hearing.
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