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>> Hi, good afternoon.  I'm Ping Cheng, representing Emory University, and auto genetics, which has the most up to date test for deafness genes. 
And the speaker should be Professor Shelang, but he is at a meeting for NIH.  So I hope I can do him justice here.
So, as you all know, this is a statistic you are very familiar with, with the newborn screening, and how many of the babies are failing the initial hearing screen, and what kind of carrier status that the genetic contribution to the hearing deafness, and I will give you the diagram in the next slide with some of the numbers of genetic contribution.
So, as you can see from this diagram, 50 percent of the quote, unquote, deaf children have a genetic contribution and, within that, 70 percent are syndromeic, they have the hearing loss, and 30 percent of them have other deficiencies, we called them syndromeic hearing loss.
And within the non‑syndromeic hearing loss, most are what we call auto somal recessive, you need to have two copies of the defective gene to have hearing loss, while a small portion are autosomal‑dominant, which means if you have one abnormal copy, or lost one copy, you will have a hearing loss, as well as there are the maternal‑transmitted deafness genes.
So currently, this is the schedule for the newborn hearing screen, as you all are very familiar with, the babies are in 48 out of the 51 states and districts, they are mandatory for doing the auditory screening.  And within the first three months, the 1, 3, 6 step schedule you are familiar with. 
And so what happens is, what if the baby failed the initial auditory screen? 
So currently, there are tests to form a referal for doing the maternal, or congenital CMV and the virus tests, as well as to do the CT scans to look at the peripheral hearing organ and to see if there's an abnormality in the middle and inner ear, and there's the EKG test as well as long‑QT.  And the reason they do that is because some of the hearing loss is due to so‑called syndromeic hearing loss that is associated with heart deficiency.  And this actually presents a life‑threatening condition later in the childhood, or during ‑‑ when the kids grow up.
So, the genetic test actually has been offered, but to a very small portion, and also the task is limited to GJB2, 4, 6, and the Pendrin gene which is highly prevalent in the genetic deafness population.
So why ‑‑ you have all of those different options to do in the referal to confirm whether there is a hearing loss, so what is the advantage of providing a comprehensive genetic test for the kids that ‑‑ the babies that failed initial hearing tests? First of all, there's a very high false‑positive rate in the initial screen, and even after repeated referal testing, there's still some that cannot be confirmed.  And, as well, some of the hearing loss saturation is called progressive.  That means that they have very mild hearing loss, and it was not rigorously followed‑up, and there are the particular types of hearing loss that current referal technology would not differentiate what is the underlying mechanism, which actually provides guidance for the physician, perhaps in ‑‑ if you have a neuron loss, the cochlear implant does not work, because the neuron that transmits the signal is defective and that can be diagnosed by doing the genetic test, and we know what gene is defective and we know how it affects the hearing system. 
And all is also the syndromic hearing loss that is coupled with, for instance, biotin deficiency.  And, if diagnosed early, you can prevent the irreversible hearing loss with supplement.  So there are advantages by knowing the exact genetic underlying mechanism for the hearing loss that can prevent it happening or can provide early intervention strategies.
And then I listed perhaps more, but some more ‑‑ this is pending development.  For instance, the gene cell therapy that have been tried in an animal model system that has been very successful being able to cure some of the LQT‑associated disease that can basically ‑‑ it can kill the mouse with the hearing loss, and also there is cell‑based technology.  For instance, my lab used a patient ‑‑ a fibroblast cell and corrected them with stem cells, and then we can see how the sensory cell can develop normally.  So those treatments are a long way in the future.  To apply them when we're ready, you need to know what genetic defect you have for individual patients. 
So I'm making a list, and I don't want you to just read it, but tell you the facts.  There are many, many genes associated with deafness.  And you think why there are so many congenital hearing loss patients, it is the most common, congenital disease, the simple explanation is the hearing is a simple transduction process, and all of the cells have been arranged for the precise transduction.  If you lose the shape a little bit, you can still function pretty well.  But for mechano transduction, everything has to be precise.  So then, and because of that, it's the most, you know ‑‑ any gene defect that is causing the cells to lose slightly its shape or structure, you are leading to hearing loss, essentially.  And because of that, there are so many genes that can cause non‑sindromic because there's a unique requirement for structure. 
And there are so many genes involved, and the past genetic test is not successful, and we have one gene and one allele test.  So can you use one test to test within, one, one, so this is very defective.  And we know there are few genes that affect the majority of the deafness population, but then the other 50 percent, what do you start with, are you going to go through the list.
So, because of that, the new genetic test, the coordinates the next sequencing allows you to test all of the genes you are interested in in one single test.  You can sequence all of them at the same time for one patient.  And this is useful for disease like deafness gene, where you have so many genes affecting it.
And so also, because of that, the national institute of deafness and other communicative disease recognize this, and supported the initial small business grant to develop between the collaboration between Emory and auto genetics to develop this test, which allowed the sequencing about 130 known deafness genes to be sequenced at the same time, and it is a minimally invasive sample collection.  You can use the saliva, the blood spot that has already been in the newborn screen, or the purple tube, that is fine as well.  And this is a high throughput. 
So far, and so this panel has been developed with the support of NI D3, and it has been used for more than 2,000 patients, and among those patients, essentially, are 50 percent we can identify the genetic underlying mechanism which, if you remember, the 50 percent of the deafness has a genetic contribution. The other 50 has more compound effect of environment and the genetic predisposition.  And then, in addition, if you fancy even more an advanced test, essentially you can use the sequencing of your whole axon, meaning the whole coating sequence of your genome, and the known mutation ‑‑ the unknown mutation in a new deafness gene perhaps can be identified, which we actually have publications using that to identify new genes and the limitations.
And also, there ‑‑ in the huge list I showed you with all the deafness and the genes, and the unknown locii, where it localized the genome but we could not identify the gene, most of those are called autosomal‑dominant which, in one way, you would think it is easy to identify because, if you lose one copy, you already have the hearing loss.  However, perhaps the reason that we failed to identify those genes is because the past method is looking for variance, or changes in mutations. But rather, it is a so‑called copy number change, meaning that it is all white‑type, copy, but you have additional copy.  The early test result would not reveal that information and you would not be able to find out what maybe is accounting for that kind of autosomal‑dominant hearing loss.  So this test can also, in a single test, in the same test, can tell you those so‑called chromosome copy number change variation.
So again, I'm giving you a list, and we use the test and we published quite a bit of research papers.  Initially, it was exclusive used for research projects looking at larger population both to validate the test, as well as identify the novel genes.
And there are also, in Europe, many clinical labs have started using this test and they published when they identified new mutations in those known deafness genes.  And some have a different inheritance mode than what has been known, depending on where the mutation is.
So here I give you a case study where we have more than 1,000 samples from patients, and most of them, or 2/3 of them, are from the normal subject, which provide a database for us to know what is normal genome landscape for normal hearing.  And then we have those hearing ‑‑ the patients with a different level of hearing loss, as I listed here, with this distribution from mild to profound, the hearing loss, about 600 patients.
So what we did is we used the genomic DNA, either isolated from the saliva, blood spot, or blood collection in the tube and subjected it to the hearing genomic test.
So here, we are just outlining the procedure which essentially, you have a sample collection, you do the genomic DNA extraction, and the sample has to pass QC, and everything here happens in the lab and this is where it is ‑‑ this is where you have interaction with the patient.  And then you go through a series of simple processing, essentially, you capture those deafness genes and do the sequencing on those genes only and then report on them, based on what we know about those genes. 
So, first off: You want to ensure that this test can cover all the deafness genes that you wanted to cover and this diagram shows that all the targeted regions, genomic regions, are covered.
And then here, how accurate is your sequencing? We are sequencing all of them, more than a half million at the same time, what is the error rate? So we use the Sanger sequencing to verify ‑‑ once we verify the variant, for instance here, we showed some example with hetero zygous, or homozygous mutation in the GJB2 or the Sancro gene, we did the Sanger sequencing, 1 gene at a time, with 100 percent match, so the sequencing is very accurate.  And we will give you a six‑generation family case diagram here.
The black, the subject field, with the black circles are the affected subjects.  What I wanted to have you pay attention to is this V45, and after 7 years old, it actually has quite normal hearing.  So, in this family, it is all late on set.  They start to have profound hearing loss at 18 to 20 years old.  And from the inheritance pattern, it looks autosomal‑dominant. 
And so what do we ‑‑ so the test already identified two things.  One thing is that we identified a new mutation in a known deafness gene, TMC1, that is encoding a channel that mediates the auditory response.  And the other thing we know is that, prior to the on set of deafness, we know that this patient, or this subject, is going to have on set ‑‑ so somewhat saddened news, but you can prepare for it, essentially.
And right here, I'm showing you another example of the so‑called copy variation, which essentially is the duplication, or deletion, of the white‑type copy of a gene that can cause hearing loss.
And the formula that we use, which does not really matter, but rather, we can use mathematic model based on the sequencing data and the coverage to calculate how many copy of a particular gene the subject has, and in this particular two cases, we have in this case we found that there's an axon deletion in the OTOA, and here is another ‑‑ it has a huge deletion in the chromosome of STRC genes, both caused the hearing loss.  And then also, you have this particular gene is also associated with male infertility.  So we saw before, we know the phenotype.  So before the kid grows up, we know what may be down the line.  Hopefully there are treatments at that time.
So here is, and the one I showed you is looking at ‑‑ we did this large screen with kids from essentially from very young, a few months old, to 20‑something years old.  And we did another one with samples of the newborn that first failed the hearing. And a similar data was obtained, we got 50 percent of the newborns that failed the initial screening, we identified the genetic cause, which is similar to what we see to the larger study. 
And this particular test we used is also very perhaps a little bit better than the other tests that has been used and is quite comprehensive.  They found 40 percent, they can identify the genetics caused.  So that percent is a little bit less genes than what we used here. 
And because we looked at several thousand samples, we know which mutation is most common and that allowed us to develop a smaller panel on perhaps at a much lower cost, however, we don't really know how well that will work.  And here is just, you know, the classic report, where we identify the mutations and the report on both the causal mutations that are associated with deafness, as well as carrier state, if there is one.
So, in summary, so this comprehensive, next‑generation genetic test is quite effective.  In a single test, we can test all the known deafness genes, as well as test the copy number variations that cannot be determined by other previous methods.  And the advantage of the genetic tests as a supplement to other referal tests is that it can give you the precise molecular diagnosis of what is now and what may happen later as well, which allow you to do early interventions, especially for the case where the symptom is not severe yet.
So the candidate certainly is the newborn who failed the mandatory, the newborn hearing screen and the congenital deaf patients and their relatives, they can test for their carrier state as well as one thing I didn't mention is their mutations, the mitochondria genome, if you use amino glycaside antibiotics, they have 100 percent association with hearing loss, knowing that you can avoid using these particular antibiotics.
Thank you.
[ Applause ]. 

>> I was curious to know about the informal consent process for the parent testing that you do, and also the pre‑test and post‑test counseling and how you communicate that to the providors. 
>> Yes, that's a great question.  We develop the test between Emory autogenetics a few years ago.  You know that I listed Asia and Europe, to the extent they are using this, but not actually in the U.S. I think that's also the reason I come here to see is how is that incorporating operational procedure here.  So this consideration is key for implement, or at least offered as an option.  But post‑procedure, I think there shouldn't be any issue.  Because there is the ‑‑ it is required, the medical geneticist consultation post‑diagnosis.  And also, because it is monogenic deafness, so the medical genetic interpretation is very straightforward. And I agree that, pre‑procedure, there's a big challenge, how will that become ‑‑ how will the physician know that such thing can be used.  Yes? 
>> We have time for one more question. 
>> Okay, so I'm a mom.  How could you go about requesting this type of testing? So is it something that is not done in the U.S. at all? 
>> It is offered, so it is ‑‑ 
>> At a cost? 
>> Yes, cost, right.
So it is offered.  So it is on the website of the genetic tests, as well as this company's website.  They have a request form, it has to be referred by a physician.  But I think the cost for the ‑‑ it's quite expensive, at this point.  It is about $1,000.  The ‑‑ I think that they offer some discount for this meeting, if you mention this meeting, 50 percent discount for this.
But I think, it is still quite expensive, yeah.
The booth is closed, but otherwise you can request a code there.
And I think some of the genes on that list is covered by insurance.  So it's rather to work with insurance coverage is the best way to do, because it has quite a bit of benefit.  And some are covered in the carrier test, there is such a high preference in the population.

>> How long [ speaker far from mic ]. 
>> It has been for three or four years now, uh‑huh.  
>> I have a quick question, I'm a mom of three kids and a nurse, I'm wondering what caused the first one's hearing loss, I couldn't figure it out then, it was in its inefficiency.  There was a study at the University of Iowa then when my daughter and son were old, they had Usher type II and I was thankful to find out about that, otherwise it would have been in their 20s. So if you know what genes you are looking at, you are able to pounce on that ship hopefully when genetic abilities come on board to help with that.
So I really encourage, I wish more people, they do not educate parents on that.  You have to be savvy and loud to get that stuff done.  
>> So I think maybe we should have had some website and have people input that and we can use that to advocate, and also build up the materials to essentially train the pediatrician as well.  As you said, early diagnosis is very useful, which can delay the on set of blindness and other regiments you can take, exactly.  Yes, thank you.  
>> Thank you very much for the comment.  I'm part of a regional genetics consortium that has prepared educational materials for health care providers and their families on the importance of genetics, and I have a poster on that as well.  We have some hand‑outs on that already and I really appreciate your comment.  Those efforts are on the way, and it should be on the NGM website soon. 
>> We can talk later.  Yes, thank you.
[ Applause ]
