WEBVTT

NOTE duration:”01:13:16”

NOTE recognizability:0.794

NOTE language:en-us

NOTE Confidence: 0.87841828125

00:00:00.000 --> 00:00:02.695 This is my it’s my pleasure to
NOTE Confidence: 0.87841828125

00:00:02.695 --> 00:00:04.460 introduce Jeffrey Townsend as
NOTE Confidence: 0.87841828125

00:00:04.460 --> 00:00:07.060 the today’s grand rounds speaker.
NOTE Confidence: 0.87841828125

00:00:07.060 --> 00:00:09.775 Jeff is the Elio professor of
NOTE Confidence: 0.87841828125

00:00:09.775 --> 00:00:11.339 Biostatistics and Professor of
NOTE Confidence: 0.87841828125

00:00:11.339 --> 00:00:13.280 Ecology and evolutionary biology
NOTE Confidence: 0.87841828125

00:00:13.280 --> 00:00:15.317 and the Co leader of the Genetics,
NOTE Confidence: 0.87841828125

00:00:15.320 --> 00:00:17.268 genomics and epigenetics program
NOTE Confidence: 0.87841828125

00:00:17.268 --> 00:00:19.216 at Yale Cancer Center.

NOTE Confidence: 0.87841828125

00:00:19.220 --> 00:00:22.538 He received his PhD in organic chemistry
NOTE Confidence: 0.87841828125

00:00:22.538 --> 00:00:24.853 and evolutionary biology at Harvard
NOTE Confidence: 0.87841828125

00:00:24.853 --> 00:00:26.874 University and in 2019 received
NOTE Confidence: 0.87841828125

00:00:26.874 --> 00:00:28.859 the prestigious membership in the
NOTE Confidence: 0.87841828125



00:00:28.859 --> 00:00:30.850 Connecticut Academy of Sciences and.
NOTE Confidence: 0.87841828125

00:00:30.850 --> 00:00:33.293 Engineering for his work in

NOTE Confidence: 0.87841828125

00:00:33.293 --> 00:00:35.505 developing innovative tools for

NOTE Confidence: 0.87841828125

00:00:35.505 --> 00:00:37.717 to study population biology,

NOTE Confidence: 0.87841828125

00:00:37.720 --> 00:00:39.484 including evolution of

NOTE Confidence: 0.87841828125

00:00:39.484 --> 00:00:40.660 antimicrobial resistance,

NOTE Confidence: 0.87841828125

00:00:40.660 --> 00:00:43.125 disease evolution and transmission and
NOTE Confidence: 0.87841828125

00:00:43.125 --> 00:00:46.470 evolution of of tumor biology tumorigenesis.
NOTE Confidence: 0.87841828125

00:00:46.470 --> 00:00:49.041 His research enabled curtailment of
NOTE Confidence: 0.87841828125

00:00:49.041 --> 00:00:51.274 pathogen evolution outbreak mitigation
NOTE Confidence: 0.87841828125

00:00:51.274 --> 00:00:53.734 and used to inform therapeutic
NOTE Confidence: 0.87841828125

00:00:53.734 --> 00:00:56.050 approaches in cancer metastasis.
NOTE Confidence: 0.87841828125

00:00:56.050 --> 00:00:58.550 So in recognition of his

NOTE Confidence: 0.87841828125

00:00:58.550 --> 00:01:00.054 prominence in the field,

NOTE Confidence: 0.87841828125

00:01:00.054 --> 00:01:02.572 in 2021 Jeff was selected as the Co
NOTE Confidence: 0.87841828125

00:01:02.572 --> 00:01:04.609 Chair elect of the Cancer Revolution



NOTE Confidence: 0.87841828125

00:01:04.609 --> 00:01:07.066 Working Group by the ACR and his
NOTE Confidence: 0.87841828125

00:01:07.138 --> 00:01:09.917 lab is currently working on on many
NOTE Confidence: 0.87841828125

00:01:09.917 --> 00:01:11.786 projects including buying developing
NOTE Confidence: 0.87841828125

00:01:11.786 --> 00:01:14.490 bioinformatics tools for cancer
NOTE Confidence: 0.87841828125

00:01:14.490 --> 00:01:16.518 genetics epigenetics epidemiology.
NOTE Confidence: 0.87841828125

00:01:16.520 --> 00:01:18.692 And nonlinear mathematical

NOTE Confidence: 0.87841828125

00:01:18.692 --> 00:01:21.588 models of disease epidemiology.
NOTE Confidence: 0.87841828125

00:01:21.590 --> 00:01:23.280 So it’s my pleasure to give the
NOTE Confidence: 0.87841828125

00:01:23.280 --> 00:01:25.288 podium to Jeff and we look forward
NOTE Confidence: 0.87841828125

00:01:25.288 --> 00:01:26.913 to hearing your your presentation.
NOTE Confidence: 0.953467

00:01:29.150 --> 00:01:31.970 Thank you House for that wonderful
NOTE Confidence: 0.953467

00:01:31.970 --> 00:01:34.830 introduction and thank you and and
NOTE Confidence: 0.817638520909091

00:01:34.830 --> 00:01:37.632 and Ken for the encouragement to
NOTE Confidence: 0.817638520909091

00:01:37.632 --> 00:01:40.350 present today for this audience.
NOTE Confidence: 0.817638520909091

00:01:40.350 --> 00:01:42.975 And thank you all for basically the
NOTE Confidence: 0.817638520909091



00:01:42.975 --> 00:01:45.029 opportunity to present the kind of
NOTE Confidence: 0.817638520909091

00:01:45.029 --> 00:01:47.350 work that we’ve been doing in my lab.
NOTE Confidence: 0.817638520909091

00:01:47.350 --> 00:01:51.140 The title of. My talk is why me?
NOTE Confidence: 0.817638520909091

00:01:51.140 --> 00:01:53.435 The mutagenic origins of cancer
NOTE Confidence: 0.817638520909091

00:01:53.435 --> 00:01:55.730 for individual tumors and tumor
NOTE Confidence: 0.817638520909091

00:01:55.808 --> 00:01:58.230 types and I'm going to spend some
NOTE Confidence: 0.817638520909091

00:01:58.230 --> 00:01:59.632 time talking about that title.

NOTE Confidence: 0.817638520909091

00:01:59.632 --> 00:02:01.210 But first let me just go

NOTE Confidence: 0.817638520909091

00:02:01.268 --> 00:02:02.480 by my disclosure slide.

NOTE Confidence: 0.817638520909091

00:02:02.480 --> 00:02:05.476 I have done consulting for Black Diamond
NOTE Confidence: 0.817638520909091

00:02:05.476 --> 00:02:07.920 Therapeutics and Agios Pharmaceuticals.
NOTE Confidence: 0.817638520909091

00:02:07.920 --> 00:02:10.848 And so this title, why me?

NOTE Confidence: 0.817638520909091

00:02:10.850 --> 00:02:13.825 Just was inspired by the fact that
NOTE Confidence: 0.817638520909091

00:02:13.830 --> 00:02:16.266 as I started working on this work
NOTE Confidence: 0.817638520909091

00:02:16.270 --> 00:02:18.290 originally largely with Vincent Kantaro,
NOTE Confidence: 0.817638520909091

00:02:18.290 --> 00:02:20.208 who you’ll see a picture of later,



NOTE Confidence: 0.817638520909091

00:02:20.210 --> 00:02:22.130 we realized that what we were doing to
NOTE Confidence: 0.817638520909091

00:02:22.130 --> 00:02:24.302 try to understand just what individual
NOTE Confidence: 0.817638520909091

00:02:24.302 --> 00:02:26.347 variants were contributing to cancer.
NOTE Confidence: 0.817638520909091

00:02:26.350 --> 00:02:28.102 Actually to some degree and the
NOTE Confidence: 0.817638520909091

00:02:28.102 --> 00:02:30.090 degree to which it addresses it,
NOTE Confidence: 0.817638520909091

00:02:30.090 --> 00:02:31.588 I'd love for you to think about,
NOTE Confidence: 0.817638520909091

00:02:31.590 --> 00:02:33.816 as I give this talk answers the
NOTE Confidence: 0.817638520909091

00:02:33.816 --> 00:02:36.129 question for an individual patient,
NOTE Confidence: 0.817638520909091

00:02:36.130 --> 00:02:38.110 what the causation of their individual.
NOTE Confidence: 0.817638520909091

00:02:38.110 --> 00:02:39.580 The answer was and I'll go through
NOTE Confidence: 0.817638520909091

00:02:39.580 --> 00:02:41.139 a lot of detail about that,

NOTE Confidence: 0.817638520909091

00:02:41.140 --> 00:02:43.384 but that that gets down to

NOTE Confidence: 0.817638520909091

00:02:43.384 --> 00:02:44.506 the mutagenic origins.

NOTE Confidence: 0.817638520909091

00:02:44.510 --> 00:02:46.560 Again not the physiological origins
NOTE Confidence: 0.817638520909091

00:02:46.560 --> 00:02:49.060 but mutagenic origins of cancer for
NOTE Confidence: 0.817638520909091



00:02:49.060 --> 00:02:50.995 individual tumors and tumor types.
NOTE Confidence: 0.817638520909091

00:02:51.000 --> 00:02:53.241 And I think this is a very it’s obviously
NOTE Confidence: 0.817638520909091

00:02:53.241 --> 00:02:55.696 of interest to anyone who studies cancer,
NOTE Confidence: 0.817638520909091

00:02:55.700 --> 00:02:58.082 what the mutagenic origins of cancer
NOTE Confidence: 0.817638520909091

00:02:58.082 --> 00:03:00.809 are and certainly of interest in one
NOTE Confidence: 0.817638520909091

00:03:00.809 --> 00:03:03.294 way or another to patients who have
NOTE Confidence: 0.817638520909091

00:03:03.300 --> 00:03:06.100 have a have come down with cancer.
NOTE Confidence: 0.8764596788

00:03:08.300 --> 00:03:10.108 It has been widely reported that one of
NOTE Confidence: 0.8764596788

00:03:10.108 --> 00:03:12.009 the most difficult questions that patients
NOTE Confidence: 0.8764596788

00:03:12.009 --> 00:03:14.103 and doctors struggle with upon diagnosis
NOTE Confidence: 0.8764596788

00:03:14.153 --> 00:03:16.394 of cancer is the question, why me? Why?
NOTE Confidence: 0.8764596788

00:03:16.394 --> 00:03:18.760 Why was I struck with this ailment?
NOTE Confidence: 0.8764596788

00:03:18.760 --> 00:03:20.804 And it’s natural for patients to want
NOTE Confidence: 0.8764596788

00:03:20.804 --> 00:03:22.976 to understand the causes behind their
NOTE Confidence: 0.8764596788

00:03:22.976 --> 00:03:25.652 calamities, and it’s difficult to hear only
NOTE Confidence: 0.8764596788

00:03:25.652 --> 00:03:27.879 statistics and probabilities as a response.



NOTE Confidence: 0.8764596788

00:03:27.880 --> 00:03:29.546 So the traditional way that you answer
NOTE Confidence: 0.8764596788

00:03:29.546 --> 00:03:31.039 this question of why me is to say,
NOTE Confidence: 0.8764596788

00:03:31.040 --> 00:03:33.008 well, did you smoke that elevates
NOTE Confidence: 0.8764596788

00:03:33.008 --> 00:03:33.992 your process probability.

NOTE Confidence: 0.8764596788

00:03:34.000 --> 00:03:36.094 Do you have this genetic predisposition
NOTE Confidence: 0.8764596788

00:03:36.094 --> 00:03:37.490 that elevates your probability?
NOTE Confidence: 0.8764596788

00:03:37.490 --> 00:03:40.773 Um, you know, how old are you?
NOTE Confidence: 0.8764596788

00:03:40.773 --> 00:03:42.528 What is your ethnic background?
NOTE Confidence: 0.8764596788

00:03:42.530 --> 00:03:44.015 There’s lots of different predictors
NOTE Confidence: 0.8764596788

00:03:44.015 --> 00:03:45.500 for whether or not someone
NOTE Confidence: 0.8764596788

00:03:45.549 --> 00:03:46.869 might come down with cancer.
NOTE Confidence: 0.8764596788

00:03:46.870 --> 00:03:48.070 But those aren’t answers about why
NOTE Confidence: 0.8764596788

00:03:48.070 --> 00:03:49.369 you came down with your cancer.
NOTE Confidence: 0.8764596788

00:03:49.370 --> 00:03:51.390 Those are answers about

NOTE Confidence: 0.8764596788

00:03:51.390 --> 00:03:53.410 generalizations about your life.
NOTE Confidence: 0.8764596788



00:03:53.410 --> 00:03:54.718 So to date,

NOTE Confidence: 0.8764596788

00:03:54.718 --> 00:03:56.898 these statistics and probabilities are
NOTE Confidence: 0.8764596788

00:03:56.898 --> 00:03:59.391 nearly the only answer that science
NOTE Confidence: 0.8764596788

00:03:59.391 --> 00:04:02.140 and medicine has been able to give.
NOTE Confidence: 0.8764596788

00:04:02.140 --> 00:04:04.456 And one answer that’s sort of
NOTE Confidence: 0.8764596788

00:04:04.456 --> 00:04:06.780 straightforward and obvious and if you
NOTE Confidence: 0.8764596788

00:04:06.780 --> 00:04:09.265 are proponent of sort of the genetic
NOTE Confidence: 0.8764596788

00:04:09.265 --> 00:04:11.151 evolutionary model of what makes
NOTE Confidence: 0.8764596788

00:04:11.151 --> 00:04:13.353 cancer happen is that mutations happen
NOTE Confidence: 0.8764596788

00:04:13.360 --> 00:04:15.418 and that’s why you have your cancer.
NOTE Confidence: 0.8764596788

00:04:15.420 --> 00:04:16.580 It’s a very general answer,

NOTE Confidence: 0.8764596788

00:04:16.580 --> 00:04:20.040 though it’s not terribly satisfying,
NOTE Confidence: 0.8764596788

00:04:20.040 --> 00:04:21.328 but it can be broken down into a
NOTE Confidence: 0.8764596788

00:04:21.328 --> 00:04:22.888 lot of different kinds of mutations.
NOTE Confidence: 0.8764596788

00:04:22.890 --> 00:04:25.710 So there are clock like endogenous
NOTE Confidence: 0.8764596788

00:04:25.710 --> 00:04:28.134 mutations and processes that fuel



NOTE Confidence: 0.8764596788

00:04:28.134 --> 00:04:31.396 mutation throughout the body over a lifetime.
NOTE Confidence: 0.8764596788

00:04:31.400 --> 00:04:33.140 So as your body ages,

NOTE Confidence: 0.8764596788

00:04:33.140 --> 00:04:35.774 you get these mutations that happen
NOTE Confidence: 0.8764596788

00:04:35.774 --> 00:04:38.047 simply because the cellular processes
NOTE Confidence: 0.8764596788

00:04:38.047 --> 00:04:41.155 that reproduce your DNA are not perfectly
NOTE Confidence: 0.8764596788

00:04:41.160 --> 00:04:43.500 designed to reproduce it perfectly,
NOTE Confidence: 0.8764596788

00:04:43.500 --> 00:04:45.635 and they can’t be just because of
NOTE Confidence: 0.8764596788

00:04:45.635 --> 00:04:47.664 the third law of thermodynamics.
NOTE Confidence: 0.8764596788

00:04:47.664 --> 00:04:49.388 So they’re endogenous processes
NOTE Confidence: 0.8764596788

00:04:49.388 --> 00:04:51.553 that fuel mutation in your

NOTE Confidence: 0.8764596788

00:04:51.553 --> 00:04:53.205 body throughout your lifetime.
NOTE Confidence: 0.8764596788

00:04:53.210 --> 00:04:56.450 There are also mutational processes
NOTE Confidence: 0.8764596788

00:04:56.450 --> 00:04:58.448 that are fueled by exogenous sources,
NOTE Confidence: 0.8764596788

00:04:58.450 --> 00:05:00.094 such as viral infection

NOTE Confidence: 0.8764596788

00:05:00.094 --> 00:05:01.327 inducing applebach activity.

NOTE Confidence: 0.8764596788



00:05:01.330 --> 00:05:03.400 So viral infection can cause your
NOTE Confidence: 0.8764596788

00:05:03.400 --> 00:05:05.750 cell to react in certain ways,

NOTE Confidence: 0.8764596788

00:05:05.750 --> 00:05:07.514 maybe for cellular defense.

NOTE Confidence: 0.8764596788

00:05:07.514 --> 00:05:09.719 And those mutations that are
NOTE Confidence: 0.8764596788

00:05:09.719 --> 00:05:12.270 brought about as sort of secondary
NOTE Confidence: 0.8764596788

00:05:12.270 --> 00:05:14.788 consequences of your response to viral
NOTE Confidence: 0.8764596788

00:05:14.788 --> 00:05:17.203 infection can also lead to cancer.
NOTE Confidence: 0.8764596788

00:05:17.203 --> 00:05:19.549 And the third category is exogenous
NOTE Confidence: 0.8764596788

00:05:19.549 --> 00:05:21.471 mutagenic sources such as tobacco
NOTE Confidence: 0.8764596788

00:05:21.471 --> 00:05:23.661 smoke that may affect your lungs.
NOTE Confidence: 0.8764596788

00:05:23.670 --> 00:05:26.407 For your head and neck or UV
NOTE Confidence: 0.8764596788

00:05:26.407 --> 00:05:29.078 radiation that can affect your skin.
NOTE Confidence: 0.8764596788

00:05:29.080 --> 00:05:30.968 So these are all sources of mutation that
NOTE Confidence: 0.8764596788

00:05:30.968 --> 00:05:32.712 we know about and probabilistically we
NOTE Confidence: 0.8764596788

00:05:32.712 --> 00:05:34.830 can tell patients about the fact that,
NOTE Confidence: 0.8764596788

00:05:34.830 --> 00:05:35.220 you know,
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NOTE Confidence: 0.8764596788

00:05:35.220 --> 00:05:36.585 exposing yourself to a lot of sun
NOTE Confidence: 0.8764596788

00:05:36.585 --> 00:05:38.158 may increase your risk for Melanoma.
NOTE Confidence: 0.8764596788

00:05:38.160 --> 00:05:39.040 If you have a Melanoma,

NOTE Confidence: 0.8764596788

00:05:39.040 --> 00:05:41.182 it may be partly due to the fact that
NOTE Confidence: 0.8764596788

00:05:41.182 --> 00:05:43.354 you exposed yourself to a lot of sun
NOTE Confidence: 0.8764596788

00:05:43.354 --> 00:05:45.557 light at some point during your life.
NOTE Confidence: 0.8764596788

00:05:45.560 --> 00:05:48.360 Now one of the I think quite

NOTE Confidence: 0.8764596788

00:05:48.360 --> 00:05:50.043 revolutionary sort of discoveries
NOTE Confidence: 0.8764596788

00:05:50.043 --> 00:05:53.243 of the of recent times was that we
NOTE Confidence: 0.8764596788

00:05:53.243 --> 00:05:56.127 can actually trace all a lot of

NOTE Confidence: 0.8764596788

00:05:56.127 --> 00:05:58.474 those sources I should say certainly
NOTE Confidence: 0.8764596788

00:05:58.474 --> 00:06:00.706 all the sources I just mentioned,
NOTE Confidence: 0.8764596788

00:06:00.710 --> 00:06:03.916 but many others as well to when we
NOTE Confidence: 0.8764596788

00:06:03.916 --> 00:06:06.660 when we sequence a tumor for instance
NOTE Confidence: 0.796650816111111

00:06:06.749 --> 00:06:10.326 we can trace signatures of those different
NOTE Confidence: 0.796650816111111
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00:06:10.326 --> 00:06:12.700 sources in the DNA mutations that happen.
NOTE Confidence: 0.796650816111111

00:06:12.700 --> 00:06:15.500 So certain DNA mutations are more frequent.
NOTE Confidence: 0.796650816111111

00:06:15.500 --> 00:06:16.795 And I'll explain this in

NOTE Confidence: 0.796650816111111

00:06:16.795 --> 00:06:18.090 more detail a little later.

NOTE Confidence: 0.796650816111111

00:06:18.090 --> 00:06:20.205 Certain mutations are a little
NOTE Confidence: 0.796650816111111

00:06:20.205 --> 00:06:22.690 more frequent when you have a UV
NOTE Confidence: 0.796650816111111

00:06:22.690 --> 00:06:24.330 mutagenesis and other mutations are
NOTE Confidence: 0.796650816111111

00:06:24.330 --> 00:06:26.394 more frequent when you have just
NOTE Confidence: 0.796650816111111

00:06:26.394 --> 00:06:27.802 simple aging processes, etcetera.
NOTE Confidence: 0.796650816111111

00:06:27.802 --> 00:06:29.986 And it turns out that there are
NOTE Confidence: 0.796650816111111

00:06:29.986 --> 00:06:31.363 enough mutations in the typical
NOTE Confidence: 0.796650816111111

00:06:31.363 --> 00:06:33.150 tumor that you can do a sort of
NOTE Confidence: 0.796650816111111

00:06:33.150 --> 00:06:34.053 machine learning deconvolution.
NOTE Confidence: 0.796650816111111

00:06:34.053 --> 00:06:36.160 And I won’t go into the detail
NOTE Confidence: 0.796650816111111

00:06:36.215 --> 00:06:37.713 about that to sort of figure out
NOTE Confidence: 0.796650816111111

00:06:37.713 --> 00:06:39.764 for a given tumor what were the
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NOTE Confidence: 0.796650816111111

00:06:39.764 --> 00:06:41.124 different sources that contributed
NOTE Confidence: 0.796650816111111

00:06:41.124 --> 00:06:44.282 these mutations and this is really,
NOTE Confidence: 0.796650816111111

00:06:44.282 --> 00:06:45.518 really extraordinary.

NOTE Confidence: 0.796650816111111

00:06:45.520 --> 00:06:49.085 That we can figure that out the one and
NOTE Confidence: 0.796650816111111

00:06:49.085 --> 00:06:51.380 and just to give you a little bit more
NOTE Confidence: 0.796650816111111

00:06:51.447 --> 00:06:53.820 of a a sort of a a more detail on that.
NOTE Confidence: 0.796650816111111

00:06:53.820 --> 00:06:56.137 So here’s S1 which is typically it’s
NOTE Confidence: 0.796650816111111

00:06:56.137 --> 00:06:58.187 called emanation of five methyl cytosine
NOTE Confidence: 0.796650816111111

00:06:58.187 --> 00:07:00.504 and that’s considered to be sort of
NOTE Confidence: 0.796650816111111

00:07:00.568 --> 00:07:02.662 an endogenous aging process that sort
NOTE Confidence: 0.796650816111111

00:07:02.662 --> 00:07:04.934 of occurs without any particular cause
NOTE Confidence: 0.796650816111111

00:07:04.934 --> 00:07:07.556 other than our other time passing
NOTE Confidence: 0.796650816111111

00:07:07.556 --> 00:07:10.400 for our body through development.
NOTE Confidence: 0.796650816111111

00:07:10.400 --> 00:07:12.542 S2 is is one of two signatures

NOTE Confidence: 0.796650816111111

00:07:12.542 --> 00:07:14.525 that we associate with apobec

NOTE Confidence: 0.796650816111111
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00:07:14.525 --> 00:07:16.019 activity there’s defective.

NOTE Confidence: 0.796650816111111

00:07:16.020 --> 00:07:17.650 From August recombination DNA repair,
NOTE Confidence: 0.796650816111111

00:07:17.650 --> 00:07:20.085 which may be mutation based
NOTE Confidence: 0.796650816111111

00:07:20.085 --> 00:07:21.546 and therefore endogenous,

NOTE Confidence: 0.796650816111111

00:07:21.550 --> 00:07:23.308 but related to a very specific
NOTE Confidence: 0.796650816111111

00:07:23.308 --> 00:07:24.871 process that might be treatable
NOTE Confidence: 0.796650816111111

00:07:24.871 --> 00:07:27.195 tobacco smoke which you can see of
NOTE Confidence: 0.796650816111111

00:07:27.195 --> 00:07:29.050 course largely affects lung cancer,
NOTE Confidence: 0.796650816111111

00:07:29.050 --> 00:07:34.126 but you can also see some for for liver,
NOTE Confidence: 0.796650816111111

00:07:34.130 --> 00:07:35.396 head etcetera, kidney,

NOTE Confidence: 0.796650816111111

00:07:35.396 --> 00:07:37.928 there’s some other sources tobacco smoking.
NOTE Confidence: 0.796650816111111

00:07:37.930 --> 00:07:40.170 So an S5 which also you see

NOTE Confidence: 0.796650816111111

00:07:40.170 --> 00:07:41.570 is large circles here.

NOTE Confidence: 0.796650816111111

00:07:41.570 --> 00:07:43.875 That’s another signature that has
NOTE Confidence: 0.796650816111111

00:07:43.875 --> 00:07:46.180 been traced essentially to aging.
NOTE Confidence: 0.796650816111111

00:07:46.180 --> 00:07:46.558 Processes.
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NOTE Confidence: 0.796650816111111

00:07:46.558 --> 00:07:49.204 Although it’s a little less well understood
NOTE Confidence: 0.796650816111111

00:07:49.204 --> 00:07:52.116 what the what the underlying basis of it is,
NOTE Confidence: 0.796650816111111

00:07:52.120 --> 00:07:55.600 it’s very clear that age is highly correlated
NOTE Confidence: 0.796650816111111

00:07:55.600 --> 00:07:59.048 with the amount of SS5 mutation you get.
NOTE Confidence: 0.796650816111111

00:07:59.050 --> 00:07:59.824 Defective DNA,

NOTE Confidence: 0.796650816111111

00:07:59.824 --> 00:08:00.598 mismatch repair,

NOTE Confidence: 0.796650816111111

00:08:00.598 --> 00:08:01.759 ultraviolet light etcetera.

NOTE Confidence: 0.796650816111111

00:08:01.760 --> 00:08:03.454 And you can see these distribute themselves
NOTE Confidence: 0.796650816111111

00:08:03.454 --> 00:08:04.779 differently for different types of cancer.
NOTE Confidence: 0.796650816111111

00:08:04.780 --> 00:08:06.523 And so again this is very consistent
NOTE Confidence: 0.796650816111111

00:08:06.523 --> 00:08:08.189 what we knew already in a lot,

NOTE Confidence: 0.796650816111111

00:08:08.190 --> 00:08:09.654 very consistent with what we generally
NOTE Confidence: 0.796650816111111

00:08:09.654 --> 00:08:11.109 did which was say predictably like

NOTE Confidence: 0.796650816111111

00:08:11.109 --> 00:08:13.040 if you have a lot of exposure to sun,
NOTE Confidence: 0.796650816111111

00:08:13.040 --> 00:08:15.231 you’re more likely to get UV exposure
NOTE Confidence: 0.796650816111111
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00:08:15.231 --> 00:08:17.745 and that UV exposure then is more
NOTE Confidence: 0.796650816111111

00:08:17.745 --> 00:08:20.007 likely to translate to mutations that
NOTE Confidence: 0.796650816111111

00:08:20.010 --> 00:08:21.865 that may or may not cause Melanoma.
NOTE Confidence: 0.796650816111111

00:08:21.870 --> 00:08:24.158 But but once you have those mutations there,
NOTE Confidence: 0.796650816111111

00:08:24.160 --> 00:08:26.184 you know they may, they may cause that.
NOTE Confidence: 0.796650816111111

00:08:26.190 --> 00:08:28.384 So this is great we’ve we’ve got, we’'ve got.
NOTE Confidence: 0.796650816111111

00:08:28.384 --> 00:08:29.444 The ability to see the,

NOTE Confidence: 0.796650816111111

00:08:29.450 --> 00:08:32.257 the sort of the trace or exposure
NOTE Confidence: 0.796650816111111

00:08:32.257 --> 00:08:34.890 in cells to these mutagens.

NOTE Confidence: 0.796650816111111

00:08:34.890 --> 00:08:35.250 The,

NOTE Confidence: 0.796650816111111

00:08:35.250 --> 00:08:37.770 the one thing that’s missing though is,
NOTE Confidence: 0.796650816111111

00:08:37.770 --> 00:08:40.688 is that the extent to which each of
NOTE Confidence: 0.796650816111111

00:08:40.688 --> 00:08:42.568 those processes actually contribute to
NOTE Confidence: 0.796650816111111

00:08:42.568 --> 00:08:44.210 tumorigenesis still remains unknown.
NOTE Confidence: 0.796650816111111

00:08:44.210 --> 00:08:45.694 So we can look at what mutations
NOTE Confidence: 0.796650816111111

00:08:45.694 --> 00:08:46.730 are in the genome.
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NOTE Confidence: 0.796650816111111

00:08:46.730 --> 00:08:48.539 But if I count up mutations in the genome,
NOTE Confidence: 0.796650816111111

00:08:48.540 --> 00:08:49.252 here’s one, here’s one,

NOTE Confidence: 0.796650816111111

00:08:49.252 --> 00:08:50.070 here’s one, here’s one.

NOTE Confidence: 0.796650816111111

00:08:50.070 --> 00:08:51.910 That doesn’t tell me how much of those,
NOTE Confidence: 0.796650816111111

00:08:51.910 --> 00:08:53.542 each of those mutations are actually
NOTE Confidence: 0.796650816111111

00:08:53.542 --> 00:08:54.630 contributing to tumor Genesis.

NOTE Confidence: 0.8410616175

00:08:54.630 --> 00:08:56.709 In fact, most of those mutations are
NOTE Confidence: 0.8410616175

00:08:56.709 --> 00:08:58.399 not contributing to tumor Genesis.
NOTE Confidence: 0.8410616175

00:08:58.400 --> 00:09:00.325 And most analysis find that there’s only
NOTE Confidence: 0.8410616175

00:09:00.325 --> 00:09:02.014 a few mutations that are contributing
NOTE Confidence: 0.8410616175

00:09:02.014 --> 00:09:03.904 at a significant level sort of at

NOTE Confidence: 0.8410616175

00:09:03.958 --> 00:09:05.678 this SNV single nucleotide variant,
NOTE Confidence: 0.8410616175

00:09:05.680 --> 00:09:09.898 level two to two tumor Genesis.
NOTE Confidence: 0.8410616175

00:09:09.900 --> 00:09:13.140 So we really need to have more in our,
NOTE Confidence: 0.8410616175

00:09:13.140 --> 00:09:15.384 you know, another tool in our

NOTE Confidence: 0.8410616175
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00:09:15.384 --> 00:09:16.880 plate to figure out.

NOTE Confidence: 0.8410616175

00:09:16.880 --> 00:09:19.376 What the level each of these

NOTE Confidence: 0.8410616175

00:09:19.380 --> 00:09:20.868 endogenous and exogenous processes
NOTE Confidence: 0.8410616175

00:09:20.868 --> 00:09:23.100 are contributing to a given cancer,
NOTE Confidence: 0.8410616175

00:09:23.100 --> 00:09:24.330 and here’s just a schematic

NOTE Confidence: 0.8410616175

00:09:24.330 --> 00:09:25.560 for this right you know,

NOTE Confidence: 0.8410616175

00:09:25.560 --> 00:09:27.516 so the mutation 1, mutation 2,

NOTE Confidence: 0.8410616175

00:09:27.520 --> 00:09:29.557 up to mutation N However many there
NOTE Confidence: 0.8410616175

00:09:29.557 --> 00:09:31.958 are that are really affecting cancer,
NOTE Confidence: 0.8410616175

00:09:31.960 --> 00:09:34.235 they can cause increased cellular
NOTE Confidence: 0.8410616175

00:09:34.235 --> 00:09:35.600 proliferation and survival.

NOTE Confidence: 0.8410616175

00:09:35.600 --> 00:09:39.209 And sunlight may be contributing to UV
NOTE Confidence: 0.8410616175

00:09:39.209 --> 00:09:41.063 radiation may be contributing to some
NOTE Confidence: 0.8410616175

00:09:41.063 --> 00:09:43.063 of those mutations more than others
NOTE Confidence: 0.8410616175

00:09:43.063 --> 00:09:45.103 because certain mutations are caused by
NOTE Confidence: 0.8410616175

00:09:45.103 --> 00:09:47.229 sunlight and other ones are not similarly.

18



NOTE Confidence: 0.8410616175

00:09:47.230 --> 00:09:48.718 Aging may contribute to some of
NOTE Confidence: 0.8410616175

00:09:48.718 --> 00:09:50.060 those mutations more than others.
NOTE Confidence: 0.8410616175

00:09:50.060 --> 00:09:52.307 And what I've got right here is,
NOTE Confidence: 0.8410616175

00:09:52.310 --> 00:09:52.924 you know,

NOTE Confidence: 0.8410616175

00:09:52.924 --> 00:09:55.380 if you take nothing else from this lecture,
NOTE Confidence: 0.8410616175

00:09:55.380 --> 00:09:56.668 this is the main thing that I

NOTE Confidence: 0.8410616175

00:09:56.668 --> 00:09:57.832 want to emphasize is that there’s
NOTE Confidence: 0.8410616175

00:09:57.832 --> 00:09:58.960 sort of two stages to this.

NOTE Confidence: 0.8410616175

00:09:58.960 --> 00:10:00.148 One is, you know,

NOTE Confidence: 0.8410616175

00:10:00.148 --> 00:10:01.930 what mutagens have you been exposed
NOTE Confidence: 0.8410616175

00:10:01.987 --> 00:10:04.024 to and contributing to the set of
NOTE Confidence: 0.8410616175

00:10:04.024 --> 00:10:06.078 mutations that are causing your cancer?
NOTE Confidence: 0.8410616175

00:10:06.080 --> 00:10:08.360 And the 2nd is how much do each of those
NOTE Confidence: 0.8410616175

00:10:08.424 --> 00:10:10.764 mutations actually contribute to the
NOTE Confidence: 0.8410616175

00:10:10.764 --> 00:10:12.636 increased cellular proliferation and
NOTE Confidence: 0.8410616175
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00:10:12.636 --> 00:10:15.000 survival that is the phenotype of cancer.
NOTE Confidence: 0.88202142375

00:10:17.260 --> 00:10:19.716 And there’s a way to figure this out.
NOTE Confidence: 0.88202142375

00:10:19.720 --> 00:10:21.176 But to figure it out we we need
NOTE Confidence: 0.88202142375

00:10:21.176 --> 00:10:22.720 to sort of deconvolve something.
NOTE Confidence: 0.88202142375

00:10:22.720 --> 00:10:24.256 And this is an old idea and I'm
NOTE Confidence: 0.88202142375

00:10:24.256 --> 00:10:25.800 going to go through it in some
NOTE Confidence: 0.88202142375

00:10:25.800 --> 00:10:27.479 detail just to make sure that it’s
NOTE Confidence: 0.88202142375

00:10:27.479 --> 00:10:29.403 clear to everyone that cancers are
NOTE Confidence: 0.88202142375

00:10:29.403 --> 00:10:31.308 the outcome of an evolutionary
NOTE Confidence: 0.88202142375

00:10:31.308 --> 00:10:33.299 process that’s driven by mutation,
NOTE Confidence: 0.88202142375

00:10:33.300 --> 00:10:34.515 consequent genetic variation
NOTE Confidence: 0.88202142375

00:10:34.515 --> 00:10:36.135 created by that mutation,

NOTE Confidence: 0.88202142375

00:10:36.140 --> 00:10:37.900 and natural selection for

NOTE Confidence: 0.88202142375

00:10:37.900 --> 00:10:39.660 the more oncogenic variants.
NOTE Confidence: 0.88202142375

00:10:39.660 --> 00:10:42.250 This is from Peter Knowles
NOTE Confidence: 0.88202142375

00:10:42.250 --> 00:10:43.012 1976 science article,
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NOTE Confidence: 0.88202142375

00:10:43.012 --> 00:10:44.790 a very well known article where he
NOTE Confidence: 0.88202142375

00:10:44.837 --> 00:10:46.289 just went through the idea that,
NOTE Confidence: 0.88202142375

00:10:46.290 --> 00:10:47.430 you know, it’s an evolutionary.
NOTE Confidence: 0.88202142375

00:10:47.430 --> 00:10:50.086 Process that actually produces
NOTE Confidence: 0.88202142375

00:10:50.086 --> 00:10:53.406 malignancies and in this depiction
NOTE Confidence: 0.88202142375

00:10:53.406 --> 00:10:56.760 you can see a cellular lineages
NOTE Confidence: 0.88202142375

00:10:56.760 --> 00:10:59.340 differentiating and dividing.
NOTE Confidence: 0.88202142375

00:10:59.340 --> 00:11:01.332 You see a lot of lineages that are
NOTE Confidence: 0.88202142375

00:11:01.332 --> 00:11:03.247 hashed out here meaning they go
NOTE Confidence: 0.88202142375

00:11:03.247 --> 00:11:04.937 extinct and that’s the selective
NOTE Confidence: 0.88202142375

00:11:04.937 --> 00:11:06.060 process in operation.

NOTE Confidence: 0.88202142375

00:11:06.060 --> 00:11:07.775 You know most of our our cells
NOTE Confidence: 0.88202142375

00:11:07.775 --> 00:11:10.101 are all dying at the same rate as
NOTE Confidence: 0.88202142375

00:11:10.101 --> 00:11:11.631 we're as they’re dividing typically
NOTE Confidence: 0.88202142375

00:11:11.696 --> 00:11:12.696 as in as an adult.

NOTE Confidence: 0.88202142375
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00:11:12.700 --> 00:11:15.139 So there’s a lot of death going on we
NOTE Confidence: 0.88202142375

00:11:15.139 --> 00:11:17.436 don’t usually emphasize that but but.
NOTE Confidence: 0.88202142375

00:11:17.440 --> 00:11:19.184 So that death may be going on and
NOTE Confidence: 0.88202142375

00:11:19.184 --> 00:11:20.786 what happens is that at some point
NOTE Confidence: 0.88202142375

00:11:20.786 --> 00:11:22.204 you get lineages that are reproducing
NOTE Confidence: 0.88202142375

00:11:22.204 --> 00:11:23.989 a lot more than they are dying.
NOTE Confidence: 0.88202142375

00:11:23.990 --> 00:11:25.367 And those ones,

NOTE Confidence: 0.88202142375

00:11:25.367 --> 00:11:28.121 in the case that they cause

NOTE Confidence: 0.88202142375

00:11:28.121 --> 00:11:30.155 difficulties for your life are

NOTE Confidence: 0.88202142375

00:11:30.155 --> 00:11:32.280 usually referred to as malignancies,
NOTE Confidence: 0.88202142375

00:11:32.280 --> 00:11:33.960 especially if they can then

NOTE Confidence: 0.88202142375

00:11:33.960 --> 00:11:35.304 migrate to other locations.

NOTE Confidence: 0.88202142375

00:11:35.310 --> 00:11:36.582 And this.

NOTE Confidence: 0.88202142375

00:11:36.582 --> 00:11:39.573 So these later evolved lineages are
NOTE Confidence: 0.88202142375

00:11:39.573 --> 00:11:41.739 usually the product of a series
NOTE Confidence: 0.88202142375

00:11:41.739 --> 00:11:44.082 of mutations that come along
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NOTE Confidence: 0.88202142375

00:11:44.082 --> 00:11:45.990 during this evolutionary process
NOTE Confidence: 0.88202142375

00:11:45.990 --> 00:11:48.190 and what’s happening with those.
NOTE Confidence: 0.88202142375

00:11:48.190 --> 00:11:51.070 Patience is they’re actually enabling the
NOTE Confidence: 0.88202142375

00:11:51.070 --> 00:11:53.290 cells to survive and proliferate better,
NOTE Confidence: 0.88202142375

00:11:53.290 --> 00:11:55.180 so they’re selected as the terminology
NOTE Confidence: 0.88202142375

00:11:55.232 --> 00:11:56.627 we use in evolutionary biology,
NOTE Confidence: 0.88202142375

00:11:56.630 --> 00:11:59.138 and they persist.

NOTE Confidence: 0.88202142375

00:11:59.140 --> 00:12:02.236 And that arising of those mutations
NOTE Confidence: 0.88202142375

00:12:02.236 --> 00:12:04.300 within individual cells within

NOTE Confidence: 0.88202142375

00:12:04.386 --> 00:12:06.605 cancer lineages is what we need to
NOTE Confidence: 0.88202142375

00:12:06.605 --> 00:12:07.650 sort of understand because there’s
NOTE Confidence: 0.88202142375

00:12:07.694 --> 00:12:08.799 two processes going on here.

NOTE Confidence: 0.88202142375

00:12:08.800 --> 00:12:10.630 One is the appearance of these
NOTE Confidence: 0.88202142375

00:12:10.630 --> 00:12:12.620 mutations and then there’s the amount
NOTE Confidence: 0.88202142375

00:12:12.620 --> 00:12:14.410 that they actually increase the
NOTE Confidence: 0.88202142375
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00:12:14.410 --> 00:12:16.240 survival and replication of the cells.
NOTE Confidence: 0.88202142375

00:12:16.240 --> 00:12:18.700 So to quantify cancer effect size,
NOTE Confidence: 0.88202142375

00:12:18.700 --> 00:12:20.404 which is what I typically call
NOTE Confidence: 0.88202142375

00:12:20.404 --> 00:12:21.540 this the effect on,

NOTE Confidence: 0.88202142375

00:12:21.540 --> 00:12:22.316 you know,

NOTE Confidence: 0.88202142375

00:12:22.316 --> 00:12:25.032 on cells of actually leading to cancer,
NOTE Confidence: 0.88202142375

00:12:25.040 --> 00:12:27.320 which in evolutionary biology we
NOTE Confidence: 0.88202142375

00:12:27.320 --> 00:12:29.600 just call a selection coefficient.
NOTE Confidence: 0.88202142375

00:12:29.600 --> 00:12:31.472 We need to understand what the
NOTE Confidence: 0.88202142375

00:12:31.472 --> 00:12:32.720 prevalence in a population,

NOTE Confidence: 0.88202142375

00:12:32.720 --> 00:12:34.442 patient population is of a tumor
NOTE Confidence: 0.88202142375

00:12:34.442 --> 00:12:36.420 and we need to deconvolve that
NOTE Confidence: 0.88202142375

00:12:36.420 --> 00:12:38.340 prevalence into two factors because
NOTE Confidence: 0.88202142375

00:12:38.340 --> 00:12:40.531 when we see a certain mutation
NOTE Confidence: 0.88202142375

00:12:40.531 --> 00:12:42.792 very commonly in a kind of cancer,
NOTE Confidence: 0.88202142375

00:12:42.800 --> 00:12:44.380 that doesn’t mean it’s causing
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NOTE Confidence: 0.88202142375

00:12:44.380 --> 00:12:45.960 a lot of the cancer.

NOTE Confidence: 0.88202142375

00:12:45.960 --> 00:12:47.479 It may just be that the mutation
NOTE Confidence: 0.88202142375

00:12:47.479 --> 00:12:49.324 rate is very high and we’ve seen
NOTE Confidence: 0.88202142375

00:12:49.324 --> 00:12:50.749 that very frequently in instances
NOTE Confidence: 0.88202142375

00:12:50.749 --> 00:12:52.418 where we have genes that are very
NOTE Confidence: 0.88202142375

00:12:52.418 --> 00:12:53.860 large or have very high mutation
NOTE Confidence: 0.88202142375

00:12:53.860 --> 00:12:55.235 rates that show up frequently
NOTE Confidence: 0.88202142375

00:12:55.235 --> 00:12:56.430 when we sequence tumors,

NOTE Confidence: 0.88202142375

00:12:56.430 --> 00:12:58.985 but are not significant causes of cancer.
NOTE Confidence: 0.88202142375

00:12:58.990 --> 00:13:00.726 And so we really need to understand,
NOTE Confidence: 0.88202142375

00:13:00.730 --> 00:13:01.182 you know,

NOTE Confidence: 0.88202142375

00:13:01.182 --> 00:13:02.312 which ones are actually contributing
NOTE Confidence: 0.88202142375

00:13:02.312 --> 00:13:03.492 cancer and which ones are

NOTE Confidence: 0.88202142375

00:13:03.492 --> 00:13:04.412 just typically contributing to
NOTE Confidence: 0.88202142375

00:13:04.412 --> 00:13:05.332 prevalence because of an

NOTE Confidence: 0.765286207826087
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00:13:05.371 --> 00:13:06.268 underlying mutation rate.

NOTE Confidence: 0.765286207826087

00:13:06.270 --> 00:13:08.629 So to quantify the cancer effective size,
NOTE Confidence: 0.765286207826087

00:13:08.630 --> 00:13:10.510 we have to do a fairly straightforward thing,
NOTE Confidence: 0.765286207826087

00:13:10.510 --> 00:13:11.630 which is take that prevalence,

NOTE Confidence: 0.765286207826087

00:13:11.630 --> 00:13:13.304 how frequent we see them in

NOTE Confidence: 0.765286207826087

00:13:13.304 --> 00:13:14.806 patients and deconvolve it into

NOTE Confidence: 0.765286207826087

00:13:14.806 --> 00:13:16.130 the baseline mutation rate.

NOTE Confidence: 0.765286207826087

00:13:16.130 --> 00:13:18.345 How frequently the mutations are
NOTE Confidence: 0.765286207826087

00:13:18.345 --> 00:13:21.025 occurring in the lineage and into
NOTE Confidence: 0.765286207826087

00:13:21.025 --> 00:13:23.335 the degree of selection for that

NOTE Confidence: 0.765286207826087

00:13:23.335 --> 00:13:25.659 mutation in the cancer lineage.

NOTE Confidence: 0.765286207826087

00:13:25.660 --> 00:13:27.660 And if we can differentiate those two things,
NOTE Confidence: 0.765286207826087

00:13:27.660 --> 00:13:29.214 then we can better understand how
NOTE Confidence: 0.765286207826087

00:13:29.214 --> 00:13:31.126 much is because how much is that
NOTE Confidence: 0.765286207826087

00:13:31.126 --> 00:13:32.770 mutation there is because of the
NOTE Confidence: 0.765286207826087

00:13:32.770 --> 00:13:34.307 underlying mutations that are happening
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NOTE Confidence: 0.765286207826087

00:13:34.307 --> 00:13:36.125 and across your whole genome that
NOTE Confidence: 0.765286207826087

00:13:36.130 --> 00:13:37.455 aren’t necessarily relevant and how
NOTE Confidence: 0.765286207826087

00:13:37.455 --> 00:13:39.204 much is due to those individual
NOTE Confidence: 0.765286207826087

00:13:39.204 --> 00:13:40.684 mutations actually increasing the
NOTE Confidence: 0.765286207826087

00:13:40.684 --> 00:13:42.820 proliferation and survival of the cell.
NOTE Confidence: 0.765286207826087

00:13:42.820 --> 00:13:44.738 So here’s just a schematic of that.
NOTE Confidence: 0.765286207826087

00:13:44.740 --> 00:13:48.010 This is just basic evolutionary biology.
NOTE Confidence: 0.765286207826087

00:13:48.010 --> 00:13:49.874 one-on-one mutation creates variation
NOTE Confidence: 0.765286207826087

00:13:49.874 --> 00:13:52.204 symbolized by the different shades
NOTE Confidence: 0.765286207826087

00:13:52.204 --> 00:13:54.650 of Gray there unfavorable mutations
NOTE Confidence: 0.765286207826087

00:13:54.650 --> 00:13:56.087 are selected against.

NOTE Confidence: 0.765286207826087

00:13:56.090 --> 00:13:57.978 Reproduction and mutation occur,
NOTE Confidence: 0.765286207826087

00:13:57.978 --> 00:14:00.810 and the favorable mutations are more
NOTE Confidence: 0.765286207826087

00:14:00.880 --> 00:14:03.070 likely to survive and reproduce,
NOTE Confidence: 0.765286207826087

00:14:03.070 --> 00:14:05.494 and the point of this is that it
NOTE Confidence: 0.765286207826087

27



00:14:05.494 --> 00:14:07.835 both the mutation rate and the
NOTE Confidence: 0.765286207826087

00:14:07.835 --> 00:14:09.905 extent to which they contribute
NOTE Confidence: 0.765286207826087

00:14:09.905 --> 00:14:13.420 to survival and reproduction.

NOTE Confidence: 0.765286207826087

00:14:13.420 --> 00:14:16.028 Contribute to w