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Introduction (00:05): You asked me how much was genetic and how much was environmental. 
And I said probably about 60% would be genetic in migraine and the other was environmental. 
And I talked about triggers, but those triggers relate to what you're doing in your lifestyle and 
your diet and your environment. So, this is one of the ways that that influence can actually 
happen. And that makes a lot of sense, that environment does interplay with a genetic 
background. So, I think both of them are important; it's not one or the other. Genetics is the 
basis, but the environment is the thing that you can modify to a certain degree. And then that 
can interplay with how the genetic basis relates to disease. 

Carl Cincinnato (00:44) One of the biggest questions people with migraine ask is, "Why is this 
happening to me?" Researchers know that the cause is rooted in both genetic and 
environmental factors. Understanding how our genes interact with environmental factors may 
empower us to get better control over our migraine disease. Can our genes dictate how well we 
respond to new and different treatments? To explain the genetics and epigenetics of migraine 
and more is Professor Lyn Griffiths, who leads her own team of genetic researchers based in 
Queensland, Australia. Professor Griffiths, welcome back to the Migraine World Summit. 

Professor Griffiths (01:20): Thanks so much, Carl. I'm very happy to be here. 

Carl Cincinnato (01:24): World-leading researchers like you agree that migraine is a combination 
of both environmental and genetic factors. Before we jump into the genetics, what are these 
environmental factors? 

Professor Griffiths (01:35): OK. So, I'll just think a little bit how they interplay. So, it's believed 
that there's a genetic basis for migraine. And certainly, we've got a lot of evidence to support 
that, but it's not all genetic. So, it varies from one population to the next, in terms of the studies. 
But it's thought to be somewhere between about 30% to 70%, but the average would be, 
probably about 60% would be the genetic background that interplays with environmental 
factors. So, what do we mean by that? Well, there's some well-known triggering factors for 
migraine. So, things like certain types of food, levels of caffeine, hormonal changes, sometimes 
environmental changes like weather changes. Some of these changes in your diet or in your 
environment can be the triggering factor on the genetic background. So those who are 
susceptible to migraine have a genetic basis, but these environmental changes are the triggers 
that bring on the migraine attack. That's the current thinking. 

Carl Cincinnato (02:32): How much of migraine is due to our genes? 

Professor Griffiths (02:36): Well, as I mentioned, the levels vary depending upon what 
population you look at, but it's generally thought about 60% of it would be genetic. And then 
the other 40% are some of the environmental factors, as I've mentioned that interplay with it. 
So maybe 60/40. 

Carl Cincinnato (02:52): So, you presented on this topic to the International Headache Society, 
and in that presentation, you mentioned monogenic and polygenic genes. Can you tell us a little 
bit about those? 

Professor Griffiths (03:03): The rarer forms like familial hemiplegic migraine can be monogenic: 
So, meaning, it's being inherited due to a single gene. The more common types of migraine are 
polygenic. So, when we think about migraine as a disorder, we would tend to think it's a 
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polygenic disorder due to multiple genes, but in some families it can be monogenic because it 
can be caused by a mutation, as an example, in a single calcium channel gene in the brain. 

Carl Cincinnato (03:33): Is it possible to have twins where one has migraine, and then the other 
one doesn't? 

Professor Griffiths (03:37): That's called discordant twins, for a disorder. And so, if you can take 
identical twins, or monozygotic twins, and have a look at those and see, do they both have 
migraine and find one does and one doesn't, then they're called discordant. Those sorts of 
studies are really ... those sorts of twin pairs are really useful for kind of dissecting how much of 
things are genetic, and how much of things are environmental. So yes, it is possible. 

Carl Cincinnato (04:02): If you have a condition, and let's pick one of the migraine types that is 
monogenic, so there's a single specific gene behind the reason why someone has that disease or 
illness — does that make it easier to find a cure? 

Professor Griffiths (04:18): Much easier — to not so much find a cure — but to target the 
treatment. So, if you know what the single gene is and the single mutation, it gives you a good 
idea of what you should be targeting in terms of medication. So, you could be looking at 
something where that gene actually fits in the pathway, what will increase the level of that 
gene, or drop it down. You can target it on what the actual mutation is and what the gene is. If 
you've got multiple genes, and you're not sure which genes are involved in which particular 
individual ... much harder to target treatments. Yes. 

Carl Cincinnato (04:51): So, do we have targets for these genes in the types of migraine that are 
monogenic? 

Professor Griffiths (04:58): So, the monogenic forms of migraine are familial hemiplegic 
migraine. We know that there are three known genes for that: one's a calcium channel gene; 
one's an ATPase; and one's a sodium channel gene. And there are different types of medication 
depending upon which gene it is. My research lab has been doing diagnostic testing for those 
three genes for quite a long time, since we've been an NATA-accredited lab since about 1999. 
So, for quite a long time, we've been getting samples. Originally, we tested for the first gene 
identified, the calcium channel one, then as more FHM genes were identified, we tested for 
those, as well. And we do all of them now, but we also look at overlapping symptom-type genes. 

Professor Griffiths (05:42): So, there are some other disorders that result in similar symptoms, 
but are caused by different genes. So as an example, there's a disorder called CADASIL: It's an 
autosomal dominant disorder, and it's the most common hereditary stroke disorder. But the 
primary symptoms that present clinically are severe migraine with aura. So, it looks just like a 
very severe migraine. It potentially looks like familial hemiplegic migraine, because it is familial. 
It's inherited dominantly due to a totally different gene. It's due to a gene called NOTCH3, and 
mutations in that gene are inherited through families and result in people who have very severe 
migraine, but they also have abnormalities in their brain — white matter abnormalities — that 
result in cognitive decline, but also early stroke, as well. 

Professor Griffiths (06:35): So, it's not just migraine, it's a totally different disorder, but migraine 
is one of the symptoms of that one. It's actually quite different treatment to the other migraine 
genes, as well. So, it's important clinically to differentiate whether you're looking at the stroke 
disorder or the straight hemiplegic migraine one. So diagnostically, it's important to do those 
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tests. DNA tests provide the information back to the clinician so they can then decide which is 
the best treatment. And they base that on what what's known, which gene it is. 

Carl Cincinnato (07:09): And how do you know, when you're seeing the doctor or if you are the 
doctor looking at someone with this, whether you need to do a DNA test? Are there some 
telltale signs? 

Professor Griffiths (07:20): Well, I suppose I'm not sure whether a patient would be able to pick 
whether they need to do a DNA test, but if they've got very severe migraine — usually familial 
hemiplegic migraine runs through families, as I've mentioned; it's dominantly inherited. So, 
you'd see it in one of your parents if you've got something. If you're finding that it's not just 
migraine, but you have some hemiplegia or paralysis down part of your body — usually one-
sided — when you get these attacks too, then you could start thinking, this might be one of the 
more severe types of migraine, and maybe it is important to have a DNA test. And that's the sort 
of thing that a clinician would do. They'd be thinking: Well, if it is this, I wonder which of the 
three hemiplegic migraine genes it is, but it could also be another type of disorder. 

Carl Cincinnato (08:06): That's good to know. So, if you have hemiplegic migraine or have 
symptoms of hemiplegic migraine, it might be worth getting a DNA test. But if it's just the more 
common types like migraine with aura or migraine without aura, you probably don't need to 
worry about it. 

Professor Griffiths (08:21): That's exactly right. That's what I would think, too. So, it's when 
you're ruling out something or whether you're trying to diagnose something for treatment 
response. 

Carl Cincinnato (08:29): Can you broadly explain how genes inform how the body works? 

Professor Griffiths (08:33): So, a disorder that's genetic will generally be due to a mutation, or a 
change in the DNA, and that change could result in the product of the DNA, and the product of 
the DNA is a protein. So, it could be a receptor that makes something work properly in the brain, 
or it could be something that binds to hormones to make them work. Whatever. They're 
proteins that are expressed throughout the body. If there's a mutation in it that changes the 
structure of the protein — so, it's not the same as it's normally made — or it changes the 
structure so it doesn't bind things normally that it would normally bind, then that's a mutation 
that could result in a disorder. Similarly, it could be a mutation that actually means that the gene 
is not expressed as highly as it normally was, or it's not fully expressed. So, something ... a 
mutation in the DNA that results in a disorder is usually something that changes the protein so it 
doesn't function normally. 

Carl Cincinnato (09:34): So, it sounds like gene mutations are very common and they happen all 
the time. 

Professor Griffiths (09:38): Yes. 

Carl Cincinnato (09:38): And it sounds like they're also responsible for sometimes what may be 
transitory changes, or other times they may be a little bit more permanent. 

Professor Griffiths (09:48): So, if we think about within the genome, there are lots of variations 
in different bases. So, the genome is comprised of all of the genes that we have, a lot of non-
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coding area too. And the base of it is the sequence of the four bases that make up the DNA code 
[A, G, T, and C]. We have, as I've mentioned, many mutations sometimes called variations. So, 
variations are just changes in the DNA. When they occur within a gene that results in an 
abnormal protein, then that's a mutation that can result in a disorder. However, mutations can 
also result, as I've mentioned, in just changes: what color eye you have, what height you are, 
etc. So not all changes are things that are disorder-orientated; they can just result in the 
variation that we have between all of us. And these are all inherited. 

Carl Cincinnato (10:39): So, something you mentioned in your presentation was "SNPs." Can you 
tell us what that stands for and what it is? 

Professor Griffiths (10:45): Yes. So, it stands for "Single Nucleotide Polymorphisms." I've 
mentioned that we have lots of variations in our DNA, and probably about one in every 300 
bases, there's a change in a base sequence. So, you could call these mutations, but most people 
tend to think of mutations as only being the things that result in a disorder. So, what they are, 
are changes in the DNA sequence that are different from one person to the next. And most of 
them tend to occur, not in gene regions, but right across the genome. And so "single nucleotide" 
means a single base point. So, a nucleotide at the bases. So, a single nucleotide polymorphism 
means variation. So, it's a variation that occurs about every 300 base pairs. So, you might have 
the, A at one site, and I might have a G at that site. So that's a variation in our DNA, it's got 
nothing to do with disease. It's just a variation. Sometimes those variations can occur in genes 
and sometimes they can occur between genes. So, lots of them. But they're wonderful markers 
that we can use to investigate the location of genes that relate to disease. So, we can currently 
do easily up to a million SNPs, S-N-Ps [sounds like "snips"], across the genome to test whether a 
particular disease or a trait correlates with each of those SNPs, and see then whether it is 
"associated" — that's the term— with a particular disease. 

Carl Cincinnato (12:13): Fascinating. And so, I think we'll talk about in migraine very shortly next, 
but just before we do that, it sounds like variations we don't need to worry about, they're 
extremely common. It's not something we need to fear. Everyone has them. And we talked 
about mutations — what is a pathogenic mutation? 

Professor Griffiths (12:33): Well, those are the ones that results in pathology. So, as I said, a 
mutation is a point change or a change within a gene that results in an abnormal protein or a 
pathology — so, a disease. OK. A pathogenic mutation is one that could cause disease or does 
cause disease. Yes. 

Carl Cincinnato (12:50): How many genes are associated with migraine in general? 

Professor Griffiths (12:54): Yeah, I'd love to say we know all of this at the moment, but it's ... we 
seem to identify more as we get bigger populations to investigate. So, the most recent sort of 
large published study has 38 loci that have been identified; and this came out in 2016. However, 
we do know that there's another one — that's a publication that's currently under review — 
that I believe has over a hundred, as well. So this ... we're looking at least over 100 different loci 
or gene regions that are involved in migraine that we know at the moment. 

Carl Cincinnato (13:31): I remember the last time we spoke, it was around 40, and that was just 
two years ago. 
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Professor Griffiths (13:35): That's exactly right. And that's the one, the 38 loci came out in 2016. 
So, I think we were talking about that one then. But now the bigger study now has got over 100 
loci. And again, it's dependent on the power that you have. So, the number of samples that 
you're actually investigating plays a big role in that. And because we now have a very good 
consortium where people around the world are all working together on this, more are becoming 
known. So, I'd love to say that's all of them, but we don't know how many they'll be, but it's 
pretty obvious that the common types of migraine are polygenic. 

Carl Cincinnato (14:07): What about other types of headaches, such as cluster headache or new 
daily persistent headache? Are they monogenic or polygenic types? 

Professor Griffiths (14:17): I expect that they will be polygenic types with the cluster, etc., but 
certainly the big studies that have been done have all focused on just migraine; so, migraine 
types and the more common types. There have been some studies that have looked at migraine 
[with] and without aura, but not so much on cluster and certainly not on other types. The other 
thing would be the monogenic forms: I've mentioned there are three — three known genes — 
but I believe that there are others as well. And there are certainly some that have appeared in 
some hemiplegic migraine families, and our studies have implicated a number of other related 
ones, as well. So, both forms are due to multiple genes. 

Carl Cincinnato (14:56): Are there any other genetic characteristics that stand out when you've 
been looking at the genes of people with migraine? 

Professor Griffiths (15:02):Well, there are overlapping disorders if that's what you are thinking 
of there. So, we know when we look at migraine that it shows comorbidity with a number of 
other disorders. So, things like depression; things like cardiovascular-type disorders particularly 
with stroke, etc., too. And that I suppose genetically stands out because we believe that there's 
overlapping genes that are playing a role in both of these. So that's certainly one area. If we look 
at the known genes now from the current GWAS [Genome-Wide Association Study] we were 
talking about, and the monogenic forms, they tend to fit under the neuronal and the vascular 
forms. And I think that's ... the vascular side could come into that. The neuronal ones potentially 
playing into depression and other disorders there. So, I think the overlap with other conditions 
means that there's genes that are playing a role from one to the other. 

Professor Griffiths (15:56): One of the areas we've been looking at is other kind of neurological 
disorders like PTSD. There's been some work that's shown there's potential overlap there. 
Endometriosis, there's even some potential overlap there. But we've also been looking at 
concussion, too. So, in terms of the monogenic forms of migraine, one of the genes that plays a 
role in this severe type of migraine is a calcium channel gene, and there's a known mutation in 
that, which ... for quite some time we've known that people who have that mutation are highly 
prone to having a very poor response to even very trivial head trauma. So slight knocks to the 
head can result in very bad responses, including cerebral edema, extended coma, and 
sometimes even fatalities in children. It's not common, but this is clearly a single gene mutation 
in a known migraine gene that's resulting in really bad concussion responses. 

Professor Griffiths (16:58): That's recently led us to start thinking whether there may be other 
genes such as that one, which is an ion channel gene, whether there are other ion channel 
genes that potentially play a role in response to concussion and head trauma. And we're 
currently doing a study looking at that now. Looking at whole exome sequencing to try and 
identify whether mutations or variations in those genes do play a role in concussion. So, I 
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suppose there's certainly some overlap there. Certainly, the second gene, not the calcium 
channel gene, but the ATP1A2 gene, which is the second FHM gene. We found that a third of 
people who have positive mutations in that — so meaning they do have FHM — also have 
severe response to minor head trauma noted in all their clinical notes, as well. So, we think 
there's at least two genes that are playing a role in your response to concussion. So, it's kind of 
led us to start thinking about other genes that may be playing a role in concussion response, 
too. 

Carl Cincinnato (18:04): That's really interesting. I mean, as a parent myself, who has a young 
boy who's running around and bumping into everything ... It's like, if I know that he develops 
migraine, or in particular, if he develops familial hemiplegic migraine, then I'm almost thinking 
like, you know, should I get him tested? Should I get his DNA tested to find out? And certainly 
steer him away from those sports that are likely to have head injuries or more likely to cause 
concussions such as football, wrestling, and boxing. Do you think we'll ever get to a point in time 
where we start testing kids at an early age for that risk? 

Professor Griffiths (18:45): I think once we start to get an idea of the profile of genes that might 
be involved in response to concussion. Perhaps that will be important to do some screening 
tests. I mean, it's better to know beforehand whether you should be looking at, you know, 
protective headgear or other sorts of things for those particular children or athletes. I think 
more importantly, though, if we can identify the genes that commonly play a role in concussion 
response, it also gives us good clues about treatment. So, it could play a role in developing new 
types of treatment, too. So that could come into that, too. Little bit early days on that one, but I 
think certainly knowing more about what makes people susceptible will be very important in not 
just deciding who should be screened or not screened, but more importantly how you're going 
to treat them, how you're going to manage people like that. 

Carl Cincinnato (19:34): And just speaking of children, and even potentially babies, do you think 
we'll get to a point where ... I know in Australia we scan, like, we test for certain things at birth. 
Do you think that this is something that might be done at birth? And so the parents know that 
— you know, you're not going to wrap your child up in bubble wrap to protect them and nor can 
you — but they might have that information sort of going forward with the child. 

Professor Griffiths (19:59): I think the moment we do newborn screening for disorders where 
the information leads to some kind of sensible treatment — there's not much point having 
information if you can't actually do anything about it. So, at the moment, that's what we 
actually do. And I think if we know more about whether it's concussion or other disorders, and 
there are some potential treatments, then it could be useful. But if you can't actually treat or do 
anything with that information, probably not so important at the moment. But you know, who 
can say down the track? It might be important down the track, but I don't think every newborn's 
going to be screened for every potential susceptibility. I think it'll be more likely to be those that 
are more monogenic-type forms — ones where a single gene will definitely give you this and 
there's a treatment. And it's good to know that now. I think that's more likely, certainly in the 
next, you know, 10 to 20 years. But centuries, who can say? Things might change right down the 
track. 

Carl Cincinnato (20:54): So, something that came up earlier was epigenetics. Can you tell us 
what that is? 
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Professor Griffiths (20:59): Yes. So, we talked a little bit about genes and the basis of genes 
being the DNA. So, epigenetics is really, it's that next level. So, there are other factors within 
your cells that actually control how genes can be expressed. And these are not the actual DNA-
based sequence: It's an overlay on top of that DNA sequence. And so, these are called 
epigenetic factors. So, these can be inherited, and they can be factors that relate to disorders, as 
well. There are different types. It could be in the proteins that actually bind to the DNA; these 
are called "histones," and it could be variations in those histone proteins and how they bind. 
There's also things called "microRNAs," and they actually interact with how genes are expressed, 
as well. But certainly, the most commonly investigated epigenetic factors are what's called 
"methylation factors." And so, it's kind of like a punctuation on the DNA. 

Professor Griffiths (21:57): You can actually take a nucleotide, add an extra methyl group, and 
the number of those and where they're located can affect how well a gene is expressed. It might 
be repressed or inhibited, might be not expressed at all, or it might be stimulated. So those 
changes, those methylation changes, are the extra side of actually interacting with the DNA 
sequence before it turns into a protein. And because we haven't been able to identify all the 
genes that play a role in various disorders, including migraine — so even though we've got quite 
a number of genes, it still doesn't cover all the heritability that we expect to see in migraine — it 
could be that these epigenetic factors are playing a role here, and maybe they're influencing 
how genes are expressed and changing. The other thing we note with epigenetics, particularly 
methylation patterns, is that it responds to changes in your diet or your lifestyle, as well. And so, 
it's that link between environmental changes and genetic changes, too. 

Carl Cincinnato (23:00): So, what you do — your habits, your lifestyle — can actually change the 
way your genes are expressed? 

Professor Griffiths (23:08): Yes, yes. Not all of them. So different genes respond differently, 
some more than others. And some certain dietary or lifestyle changes, change specific genes — 
but yes. And it can also change with lifespan: We've shown that there are variations in 
methylation patterns that relate to aging, and variations that relate to certain diseases, and 
variations that occur directly in response to a dietary change, as an example, or a supplement 
change. So yes, there's definitely changes that can occur in methylation patterns that influence 
your gene expression. 

Carl Cincinnato (23:43): So, over the long term, if you were thinking about someone's health 
over a long period of time, would you say your genes, or things like diet and lifestyle would be ... 
more important as to predict whether someone would be healthy or not? 

Professor Griffiths (23:58): I think that goes right back to the beginning. If you're going to think 
about migraine, you asked me how much was genetic and how much was environmental. And I 
said probably about 60% would be genetic in migraine and the other was environmental. And I 
talked about triggers, but those triggers relate to what you're doing in your lifestyle, and your 
diet, and your environment. So, this is one of the ways that that influence can actually happen. 
And that makes a lot of sense that environment does interplay with a genetic background. Yes. 
So, I think both of them are important; it's not one or the other. Genetics is the basis, but the 
environment is the thing that you can modify to a certain degree. And then that can interplay 
with how the genetic basis relates to disease. 

Carl Cincinnato (24:41): And just before we wrap up, it'd be great to discuss just briefly with you 
about something called pharmacogenetics. Can you tell us what that is? 
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Professor Griffiths (24:50): So, this is probably a little bit different, and again, there's not been a 
lot done in migraine. So certainly, the epigenomics and the pharmacogenomics are the areas I 
think we could put a big focus on. But pharmacogenomics is really the study of trying to identify 
the genetic makeup that relates to your response to certain treatments. So, if we think about 
migraine, there are a lot of good treatments for migraine, but the same one doesn't work for 
everyone. So, different ones work for different people. And certainly, we know that — or believe 
that — genetics will play a role in that. There's different genes involved in different people; I'd 
expect there to be different responses. Pharmacogenomics would be to actually investigate 
that, to try and identify the genetic makeup in a person or an individual that relates to their 
treatment response. 

Professor Griffiths (25:38): So, it's actually looking at things like gene profiles that relate to 
response. It could be that there are genes that relate to the metabolism of the drug or the 
treatment you're having. So how quickly is it broken down? Do you have the right enzymes to 
break it down, etc. But it could also be ones that relate to: What is the cause of my particular 
type of migraine in me, and so which particular treatment should I be having? I think this is an 
area that we really should be doing a lot more of in migraine. It's an area that I think people are 
just starting to explore. So, it would be using the genetic information that we're really starting to 
get now in terms of migraine, possibly the epigenetic, as well. And then looking at trying to 
develop profiles that help us define what's the right treatment for this particular person, before 
we start going through the hit-and-miss stage of finding the right one. 

Carl Cincinnato (26:29): Yeah. So, what we're really talking about is finding out which treatment 
you're going to be the super responder to; like you're going to be someone where the impact 
will be dramatically reduced, and for some people, you know, it may be completely resolved, 
but — so basically “personalized medicine,” in another word. 

Professor Griffiths (26:47): Exactly right. So “personalized medicine” is exactly — or "precision 
medicine," it's sometimes called, as well — will use genetic information to define treatment 
response and being able to then target the treatment to that person based on that. So, it's kind 
of the way to tailor treatment without having to go through all of the trials that sometimes 
happen with some people. Some people are lucky enough to get the right migraine treatment 
for them right away, but some people do not respond so well or maybe they have adverse 
reactions come into it, as well. So, it's trying to find what's the best treatment for you, but on 
your genetic makeup. 

Carl Cincinnato (27:25): So, is that research underway, and if not, what needs to happen for that 
to begin? 

Professor Griffiths (27:31): Well, it's been ... we've been doing a little bit in this area. So, looking 
at things like clinical trials. We don't currently do that. When people do clinical trials, we simply 
put them onto a particular new treatment and we have a placebo, control, etc. And then we 
look to see how many people have responded well, and was it a good treatment. But we don't 
really look at, well, how do we pick those people who do respond really well versus those who 
don't? And if we could do pharmacogenomic studies there to differentiate that, it would 
probably target the treatment a lot more than just giving that treatment to everybody who has 
that. And that's what currently happens with migraine, as you're aware. 

Professor Griffiths (28:11): People are given a treatment without that genetic information. I 
think if in the earlier stages — if we started doing this during the trials, when new drugs are 
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tried — then we'd probably get better information about how to target the treatment to the 
right person. It's starting to happen in a number of trials, that people are thinking more about 
that genetic information, particularly in the cancer area. There's a lot in this area and some of 
the dementia areas, as well; not a lot at all in migraine. But I think it's something we should be 
considering, particularly as we develop new treatments. But even now there are different 
treatments that we could potentially be looking at to look at treatment response. I'd love to see 
more on this, but I don't think there's a lot happening at the moment in migraine. 

Carl Cincinnato (28:55): Interesting. So, if you're a patient watching this and you're enrolled in a 
clinical trial, maybe just asking the question, "Are we gonna do a, you know, a panel? And are 
you gonna take some DNA? Like, you know, let's find out treatments I'm going to respond to." 

Professor Griffiths (29:08): I think that's exactly what we should be doing, Carl. 

Carl Cincinnato (29:11): Are there any final thoughts you'd like to leave with the audience? 

Professor Griffiths (29:16): I think we've come a long way in terms of migraine genetics. When 
we first started, we didn't really know how many genes were likely to play a role in migraine. We 
now know that there are many genes that play a role in migraine. I don't think that this should 
worry people. I think what it means is that it is more complex than we thought, but it's so much 
easier now to get this information. The technology's moved on. The costs are much more 
sensible than they used to be years ago. So, we really could be using genetic information to 
target treatment a lot better. And I really think in the next five to 10 years, this is going to play a 
big role. So that's what I'd like to say: That there's hope. All of the genetic studies we've done 
will really start to play into pharmacogenetics and precision medicine. But I think epigenetics 
might start to come into that, too. So hopefully we'll get some more information on that to help 
to bring that into the fold, as well, to help with treatment. Treatment targeting, I think, is the 
key to what we need to do with migraine and other disorders. 

Carl Cincinnato (30:16): Fantastic. Well, Professor Griffiths, thank you so much for coming back 
and joining us on the Migraine World Summit. 

Professor Griffiths (30:23): Thank you very much, Carl. I really enjoyed the chat. 


