This research paper displays my ability to analyze current, relevant research and organize it into a succinct write-up.  This paper discusses the investigation into hair cell regeneration, a controversial and pertinent topic in our field.  
Beth Burlage

 
Since the success of LASIK eye surgery and its ability to restore impaired vision, people began to wonder about the possibility of restoring hair cells to return hearing levels to normal.  The hair cells are small sensory cells of the inner ear, which convert sound vibrations into electrical signals that are processed in the brain (Martin and Clark, 2005).  Damaged or missing hair cells can cause debilitating hearing loss.  Hearing aids can help compensate for some losses and cochlear implants allow deaf individuals to experience the sensation of hearing; however, neither provide natural or normal hearing.   The challenge is to be able to repair damaged hearing in the cochlea to restore a hearing loss and return hearing levels to normal.  Hearing loss is most commonly caused by destruction of the sensory hair cells in the cochlea because of the results of environmental pollutants such as noise or ototoxic drugs or simply in the aging process.  In recent years, researchers have explored the idea of regenerating these sensory hair cells in attempts to “cure” hearing loss.  This paper will review the literature regarding hair cell regeneration and will discuss the benefits and complications of regeneration.


As we know, damage and death to the hair cells can cause irreversible and devastating hearing loss for millions of people worldwide.  Unfortunately, people cannot repair this damage naturally, which is why people turn to other amplification devices to help with their hearing problems.  But, researchers have discovered that birds are able to spontaneously regenerate damaged hair cells in the cochlear portion of the auditory system.  Although birds are non-mammalian animals, their ability to regenerate gives hope to the notion that humans may have the potential to regrow hair cells.  In an article by Bermingham-McDonogh and Rubel (2003) the authors pose the question regarding the functionality of regenerated hair cell growth.  Can new hair cells perform the necessary vestibular and hearing requirements that the replaced hair cells performed?  Again, birds were examined to determine if the new hair cells were as competent in their function as the original hair cells.  Numerous studies designed their research in the manner to destroy hair cells by either excessive noise or ototoxic drugs, test either behaviorally or electroacoustically after the damage and then tested again after a period of time had passed.  When the cochlear hair cells were completely obliterated, overtime, the birds were able to regrow the dead hair cells and restore their function to normal levels.  The time it took to regenerate the hair cells ranged from 0 days to 23 weeks (Bermingham-McDonogh and Rubel, 2003).  The regeneration has been attributed to three processes at the molecular level that promote the process including: gene expression of proteins responsible for regrowth, exogenous signals that promote growth factors, and intracellular signals.  While the research surrounding avian hair cell regeneration gives hope to the possibility of restoring sensorineural loss, research must focus on the mammalian cochlea, and more specifically, the human cochlea.


More recently, research into the mammalian cochlea and its ability to regenerate hair cells has been developed but focused mainly on rodents.  The initial question was regarding the possibility of regeneration.  In 1993, Forge et al. reported that damaged vestibular organs in the human system had the capacity to self-repair.  The ability for a human to repair damaged vestibular hair cells makes the idea of cochlear regeneration possible.  Early research determined that when a hair cell develops neonatally, it inhibits its neighbor from becoming a hair cell, which in turn then develops into a supporting cell (NIH, 2007).  Breuskin, et al (2008) suggest that the generation of new hair cells relies on the non-sensory/supporting cells.  They state:

In order to generate new HCs, we have to develop strategies to change the fate of non-sensory cells (i.e. precusor cells) and to transdifferentiate them into new HCs with or without mitotic cycle.  Immature cells must be present and must retain the potential to undergo differentiation into HCs (p 2). 

The authors express the need to change the purpose of supporting cells and change their role so as to give them the opportunity to become hair cells and perform the same function if so needed.  We now understand that supporting cells do have the ability to develop into hair cells in certain situations, the issue how can we instruct the supporting cells to transform and will their transformation be successful to perform the function of the hair cell it replaced.  The National Institute of Health conducted research in which the gene necessary for hair cells to function was identified.  Atoh1 in mice was identified as a gene that is specific to allowing hair cells to detect sound.  Breuskin, et. al. (2008) explained that supporting cells that were transfected (the process of introducing foreign material via a virus) with the Atoh1 gene attracted auditory neuron fibers and axons extended from the bundle of auditory nerves towards the newly developed hair cells.  While this shows promise to restored function, the author reports that not all mice had their hearing return to normal levels.  However, while Atoh1 has been identified as the gene that can turn “on” hair cell development, there was an issue of being able to stop the growth of the hair cells in unwanted areas.  More recently, the NIH has reported that a gene, Rb1, in mice has been identified as being responsible for shutting down the growth of new hair cells.  This discovery allows researchers to focus on the ability of supporting cells to develop into productive hair cells through gene therapy.


While there have been great strides in the research and discovery of mammalian hair cell regeneration, other findings suggest that regeneration may not be the only path to help prevent or restore hearing impairment.  Holley (2003) has reported that in animal experiments, there is evidence to support the hypothesis that agents such as antioxidants, anti-apoptotic drugs and neurotransmitter antagonists can prevent hair cell loss following exposure to excessive noise or ototoxic drugs.  This finding posits the question regarding the need for regeneration if it is possible to prevent damage to the hair cells.  Holley (2003) also expresses the possibility for stem cells to be transplanted and develop into hair cells, again, replacing the process of regeneration spontaneously or requiring mutations of supporting cells.  Both of these suggestions need further research to support their benefits and superiority to the process of regeneration.  The NIH (2007) looks towards the future and the path that regeneration research can take; focusing on prediction, personalized treatments and preemptive approaches.  The NIH have correlated gene identification of regeneration to gene identification of causes of hearing loss in order to predict which individuals are at risk for hearing loss.  Personalized treatments focus on the path that an individual can take to treat their hearing loss.  As we know, hearing aids and cochlear implants are available to now; hair cell regeneration can give people another option to treat their hearing loss.  Finally, they plan on conducting research, which will identify the cellular and molecular mechanisms the body uses to protect hair cells naturally.  With this information, developments can occur to enhance the survival of hair cells after disease or trauma.  The NIH supports the research investigating hair cell regeneration, and realizes that with new discoveries, preventative measures can be taken to save hearing and hair cells, and if damage does occur, regeneration can be an option for someone suffering from hearing loss.


Hair cell regeneration is currently being investigated as a possibility to help restore damaged hair cells and return hearing levels to normal in the mammalian cochlea.  Initially, the focus of research was “can it happen”, now the focus of research is “how can we apply this to humans?”  A stumbling block to the progress of regeneration has been restoring the function of the replaced hair cells.  Currently, research has shown that some newly formed hair cells can connect to neurons, but, the concern is that hearing levels are not completely restored.  Future research plans on focusing on prevention of damage to the hair cells in lieu of regenerating them.  However, the regeneration research shows much promise, but is still very far from reaching clinical trials involving humans.  With advancements in discoveries involving genes, we may have the ability to regenerate damaged hair cells in a human cochlea in the near future.  
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