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Thank you for all the great questions! As usual, it's impossible to type (or think) fast enough
to answer them all. Our thanks to Dr. Kaelin for being so generous with his time. This chat
will be archived on our website if you want to refer to it in the future.

Oct 16, 2019 12:15 PM Sharon Begley !"

Thank you for your questions. I always try to remind my trainees that the real prize in science
is the privilege of leading the life of a scientist and, on occasion, understanding something
that hasn't been understood before. And if you're really lucky, when you see the answer to the
puzzle you were trying to solve, the answer strikes you as something that's a bit elegant. And
better still if that discovery helps touch patients eventually. Those are the real prizes. I tell
people if you do your science well and you have a nose for good questions, you might get
lucky and win a prize one day, but if you start out with the goal of winning prizes, the odds
are certainly against you and you're likely to wind up being miserable. It comes back to a
question I was asked earlier about science. I think if you love science and you get to do it
everyday, that's the real prize.

Oct 16, 2019 12:21 PM Dr. William G. Kaelin !"

Do you think HIF2 inhibitors have the potential to be effective in other subtypes of hypoxic
tumors other than kidney cancer?

We know from studies of VHL disease patients that VHL mutations also
predispose to some other tumors including paragangliomas and
hemangioblastomas. In laboratory mice, genetic ablation of HIF-2 prevents
the development of blood vessel tumors that loosely resemble
hemangioblastomas. So I am hopefully that HIF-2 will be helpful for those
tumors. We also know that some paragangliomas that don't have a VHL
mutation have other mutations that impinge upon HIF-2 including in rare
cases, mutations of HIF-2 itself. So I'm cautiously optimistic HIF-2 inhibitors
will be useful for paragangliomas. Outside of these tumors I am not sure yet
where else these drugs will .nd a role. There has been some suggestion
HIF-2 is important in glioblastoma cells but I think the jury is still out here.

Oct 16, 2019 11:58 AM Viola !"

Oct 16, 2019 12:16 PM

Oct 16, 2019 10:14 AM Fatima A. !"
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Hello, thank you all for your signi.cant contributions. My question is:
What are the barriers that you may have regarding the translatability of this kind of discovery
into medical practice?

Translation doesn’t happen when you force or coerce scientists to translate.
Real translation happens when you understand a biological phenomenon so
deeply that you .nally understand how you can rationally alter that biological
phenomenon. I think one of our main jobs when it comes to translation is to
feed the biotech and pharmaceutical companies actionable information
surrounding speci.c targets and strategies to help patients. This requires
generating data packages that are true and robust.

Oct 16, 2019 12:13 PM

You wrote a great piece in Nature on how scientists should “publish houses of brick, not
mansions of straw”. I believe that incentives in today’s academic world reward those who
publish mansions of straw. What can we do to change incentives so that those who publish
houses of brick are rewarded?

I think this is a di\cult challenge and will take buy in from multiple
stakeholders. For starters, we all have to avoid the short cut of measuring
people by counting how many papers they have published in so-called high
impact journals. There is no substitute for actually reading a scientist’s
papers and, when possible, hearing them speak. This is especially important
for search committees and promotion committees. This might take some
pressure off trying to make each paper into a mansion rather than publishing
a series of houses. Along these same lines, we certainly need to pay more
attention to whether published research .ndings are robust enough for
others to build upon them.

Oct 16, 2019 10:15 AM Jordi X. !"

Oct 16, 2019 12:10 PM

how can I, as a clinician contribute to progress of science?

Over the years I decided that I couldn't be both a .rst rate scientist and a .rst
rate clinician. So what I decided to do instead was to work very closely with
some of my clinical colleagues, including clinicians who are involved in
designing and running clinical trials. I like to think for example, that I help
them increase the scienti.c sophistication of the trials that they are doing.

Oct 16, 2019 12:02 PM Vansh !"

Oct 16, 2019 12:10 PM
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And I clearly bene.t from their clinical knowledge including how to design
and run trials and to use the clinic as one's laboratory. I think it's imperative
that we try to bring more modern science into clinical practice and so I think
it's important that all clinicians .nd ways of remaining current in terms of
science and that in turn, scientists learn from their clinical colleagues what
are some of the challenges that clinicians face. Finally, some of my favorite
discoveries have really started with clinical observations. Certainly our work
on oxygen sensing began with the clinical features of people with VHL
disease.

What are your thoughts on the relative safety and relative impact on iron metabolism
between the HIF-PH inhibitors vs. EPO/ESA?

I should begin by stating that I have a .nancial interest in one of the
companies, Fibrogen, developing HIF-PH inhibitors. HIF controls many genes
linked to red blood cell production, including genes that allow you to use iron
more e\ciently. When you experience systemic hypoxemia, such as at high
altitude, you stabilize HIF and turn on this collection of genes. EPO is only
one of these genes, and perhaps for that reason you have to give
supraphysiological doses of EPO when you use recombinant EPO to
stimulate red blood cell production. In contrast, HIF seems to be more
e\cient and stimulates red blood cell production with lower levels of EPO.
Based on .rst principles you would argue that HIF stabilization would be
more physiological and safer than high dose EPO but we need to see more
data, including data that will be presented next month at the ASN meeting.

Oct 16, 2019 10:07 AM Fanda L. !"

Oct 16, 2019 12:08 PM

I spend a lot of time grinding away in the lab, but I'm never quite sure that I'm working on "the
right thing" or even "a big thing". Did you know you were working on something so big and
important? Do you have any advice for people earlier in their career about how to work on the
right thing?

This turns out to be a really important question for any scientist, especially
for a scientist starting their own laboratory. I always cheated a little bit by
working on genes, such as RB1 and VHL, that are linked to hereditary
cancers because this provided unequivocal evidence that they were
important in cancer. Second, if you are exposed to, and preferably
surrounded by, people with good scienti.c taste and scienti.c instincts

Oct 16, 2019 10:07 AM Anonymous !"
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some of it will hopefully rub off on you over time. The clinical features of
patients with VHL disease suggested that the VHL protein would certainly
play a role in certain cancers, such as kidney cancer, would play a role in
angiogenesis, which is an interesting and cancer-relevant process, and
would play a role in oxygen sensing. All of this seemed important and all of it
turned out to be true. One last comment -- one of my colleagues points out
that it is as hard to work on an uninteresting problem as an interesting
problem. One suggestion is to say out loud what overarching question you
are working on and ask yourself whether it really sounds interesting and
potentially important.

Congratulations to Dr Kaelin for being awarded this Prize. Could you please ask Dr. Kaelin
how his work may be relevant to neuroendocrine tumorigenesis and whether it may translate
into new potential therapeutic strategies to treat these rare tumors? Many thanks!

Some neuroendocrine tumors have mutations in genes that directly or
indirectly alter oxygen sensing, including mutations in VHL, HIF2, SDH, or
EGLN2. We are therefore hopeful that pharmacologically modulating HIF will
be useful in such tumors. For technical reasons it was easier to .rst study
the role of VHL and HIF in kidney cancers but we are actively looking at
oxygen sensing in neuroendocrine cancers.

Oct 16, 2019 10:07 AM John K. !"

Oct 16, 2019 12:05 PM

Any advice for struggling graduate students who see slim chance of becoming a professor
because of the extreme competition?

Hi Michelle. One of the things I discovered about myself early on was I
tended to be good at the things I loved and I tended to love the things I was
good at. The .rst question to ask yourself is really whether you love what
you are doing. For example, do you enjoy day to day life in the laboratory
working at the bench and discussing ideas? I think one of the great
privileges in life is the ability to do something you actually love and that is
virtuous. There are many people in the world who go to work simply so they
can put food on their table and have a roof over their head, and if they didn't
need the money they would stop working immediately. I feel like being a
scientist is a great privilege and I would do this job even if I didn't need the
money. My advice is, if you really love what you're doing, to pursue it and if
you do love what you're doing, hopefully you will continue to gain more skills

Oct 16, 2019 11:44 AM Michelle Zhang !"
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and accomplishments. Lastly, I think there are many career paths for
scientists beyond the traditional path of becoming an academic. There are
many stimulating scienti.c jobs in the pharmaceutical and biotechnology
industry. Some scientists also eventually become interested in things such
as scienti.c education and scienti.c investing. It comes back to .rst
deciding whether you love what you're doing because science otherwise can
be quite challenging. So, it's important that you love it. By challenging I mean
that often, we do experiments where we get results that are disappointing,
and so we have to become a bit humbled and accustomed to failure. And
then there's the give and take of getting papers published and grants funded
through the peer review system. But in the end, if you love science, I think
this is a wonderful career path.

Do you think targeted biologicals or newer therapies will replace chemotherapy? Thank you!

I think chemotherapy will continue to be important, at least in the near future,
and will increasingly be used in combinations that also contain targeted
agents. And it is important to remember that some chemotherapeutic
agents are every bit as targeted, at least in terms of their biochemical
speci.city, as some of the newer targeted agents, and new biological
insights might teach that they are were, in hindsight, targeting genetically
encoded vulnerabilities in the cancers in which they work.

Oct 16, 2019 10:14 AM Christina B. !"

Oct 16, 2019 12:01 PM

Can cancer cells be starved of oxygen, in a targeted treatment? Instead of irradiation? Turn
the oxygen sensors off? (Not a physician or scientist) I’m a poet.

There are many ways to kill cancer cells but the challenge is always to .nd
things that will kill cancer cells without killing normal cells. It is not obvious
how one could starve tumors of oxygen without potentially harming patients.
But now that we understand oxygen sensing better it might be possible to
reimagine how you could alter oxygen delivery to tumors and/or their
response to oxygen for therapeutic bene.t.

Oct 16, 2019 10:14 AM Paul L. !"

Oct 16, 2019 11:59 AM

Oct 16, 2019 10:14 AM Jeff D. !"
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How has your perspective on the Nobel Prize shifted now that you're a recipient?

I wasn’t prepared for how different this prize feels compared to the other
prizes I have been lucky enough to receive and how differently this prize is
perceived in the broader community than other prizes. It is still sinking in
that this prize changes you and the way you are viewed in the world. My
challenge moving forward is going to try to maximize the positive aspects of
these changes, such as now having a bully pulpit for good causes, starting
with science, and to minimize the potentially negative ones, such as the
potential distractions from my work.

Oct 16, 2019 11:58 AM

What advice would you have for an early stage PhD student interested in continuing in
academic science?

Find the best mentor you can and try to surround yourself with people who
are smarter and more knowledgeable than you are. I don’t have the bene.t of
a PhD but my impression is that the main thing in graduate school is to learn
how to think, even if it is through failure. So be brave when it comes to the
questions you ask and the experiments you pursue. Finally, I have been
impressed how often something I learned for one reason helped me years
down the road for an unanticipated reason. So try to assimilate as much
knowledge as you can through reading and attending seminars. But your
work at the bench comes .rst.

Oct 16, 2019 10:14 AM Rahul P. !"

Oct 16, 2019 11:56 AM

What was the reaction like among your lab members and colleagues in response to the
news? And do you think this experience has given you renewed motivation, inspiration, etc.?

Thanks for the question. Needless to say, all of my colleagues were thrilled
for me and I am just as thrilled to be able to share the prize with all of them,
because they all contributed in various ways. I had outstanding mentorship
from Dr. David Livingston when I .rst entered the laboratory and really
decided to become scientist. I've had numerous colleagues and
collaborators who have very generously helped me over the years with their
ideas and expertise. And last but certainly not least, I've had a steady stream
of outstanding young trainees over the years who really were the ones who

Oct 16, 2019 11:47 AM Jamie F. !"
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did the work at the bench and without whom this work would have been
impossible. And stepping back even further, it's occurred to me that this is
really a "it takes a village prize." Many other people have made my work
possible over the past 30 years at the Dana-Farber, for example, I've been
able to take for granted that I could work in a clean and safe environment.
That I'd be properly fed, that my packages and correspondence would be
delivered on time, etc. I think this is really thrilling for me to be able to share
this with so many people who have made this possible.

This is exciting. How do you think this new .nding will pave the way for new therapeutics in
cancer? Is there anything that is already being worked on?

Our work helped highlight the importance of HIF, and particularly HIF2, in
kidney cancer. Drugs that inhibit the HIF2-responsive growth factor VEGF are
now approved for kidney cancer and drugs that inhibit HIF2 itself look
promising. But we know from decades of experience with diseases such as
TB, AIDS, and cancer that using any one drug as monotherapy is a recipe for
acquired resistance. So we need to be thinking about combinations of
effective drugs if we are going to cure cancers such as kidney cancer. We
are currently looking for other therapeutic vulnerabilities that are created
when cells inactivate the VHL gene. For example, we just reported that such
cells have an increased requirement for CDK4 and 6 as well as an increased
requirement for the EZH1 histone methyltransferase.

Oct 16, 2019 10:12 AM Mathura S. !"

Oct 16, 2019 11:53 AM

Why do some tumors become more oxygen rich after chemo or radiation?

This is a bit tangential to my research but it has been known for decades
that expanding solid tumors have high interstitial pressures that compress
blood vessels and increase vascular resistance. When you are able to kill
some tumor cells with chemo or radiation this potentially helps lower
interstitial pressure and increases blood how resulting in increased
oxygenation.

Oct 16, 2019 10:12 AM Paul D. !"

Oct 16, 2019 11:51 AM

Oct 16, 2019 11:49 AM Dr. Richard S. !"
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Dr. Kaelin showed that the VHL gene encodes a protein that prevents the onset of cancer. So
would the promotion of VHL be expected to inhibit cancer? Or is it more complicated?

Just knowing the functions of genes doesn’t always allow you to reliably
predict whether they will promote or suppress tumor growth. Making things
more complicated, there are many examples of genes that can promote
tumor growth in one cell type and suppress tumor growth in another. As a
result, I really rely on germline and somatic mutations to tell me which genes
cancers care about and whether those genes are likely to promote or
suppress tumor growth.

Knowledge that VHL was inactivated in most clear cell renal cell cancers,
which is the most common form of kidney cancer, told us the VHL protein
suppressed these cancers. We then showed that in this context deregulation
of HIF2, and not the more famous paralog HIF1, was the problem. Drugs that
inhibit the HIF2-responsive growth factor VEGF are now mainstays of kidney
cancer treatment and HIF2 inhibitors look promising.

In most other cell types we presume VHL loss either does not promote
tumor growth or, paradoxically, might constrain tumor growth. This is
something we are actively pursuing. Along these lines, I don’t know what
solid tumors really rely on HIF1, although can make some guesses.

Oct 16, 2019 11:50 AM

Did you envision winning the Nobel Prize one day when you made this important discovery?

When we .gured out that the oxygen-dependent signal we were seeking was
prolyl hydroxylation of HIF, the result was very satisfying, and I thought it was
the kind of discovery that eventually could be considered Nobel prize worthy.
But I think it's important to point out that the answer to the puzzle we were
trying to solve could easily have been less interesting and arguably less
elegant than using prolyl hydroxylation, which is inherently linked to oxygen
availability. Had it been less interesting, we certainly would not have been
having these thoughts. I point this out because in the end, scientists have no
control over the answers that they are seeking. All a scientist can do is to try
to do their work well and to discover the truth. In other words, to create new
knowledge. As I've heard Mike Brown say, scienti.c prizes are really more
about scienti.c discoveries than the discoverers.

Oct 16, 2019 11:37 AM Yinglu Zhang !"

Oct 16, 2019 11:48 AM

!"

10/16 Chat: Chat with a 2019 Nobel-winning scientist https://stat.liveblog.pro/lb-stat/blogs/5da0d37fb520f6e41f8276c4...

8 of 13 10/16/19, 12:22 PM



How the people you've worked with made you a better
researcher?

It is really di\cult, if not impossible, to be a good researcher if you are not
surrounded by good people. Over my career I bene.ted from terri.c
mentorship from David Livingston from tremendous collaborators and
colleagues. Moreover, the experiments that led to my receiving the Nobel
Prize were done by a series of outstanding postdoctoral fellows and
students in my laboratory. I couldn’t have done any of this without them. If
you want to know where good science is being done, follow the best young
people.

Oct 16, 2019 10:11 AM Dila U.

Oct 16, 2019 11:46 AM

How well has funding for research like your being maintained? What sources are most
reliable?

I have been extremely fortunate to have been funded over the years by the
NIH and Howard Hughes Medical Institute. Funding is particularly important
when you are .rst getting started, as you don’t yet have a track record to fall
back on and you are unlikely to have as much preliminary data as your more
established peers. In the early stages of my career I was fortunately also
supported by the Doris Duke Foundation, the Murray Foundation, and a
private donor. I am also currently supported by the Breast Cancer Research
Foundation. The latter illustrates the point that if you do research that
directly or indirectly touches a disease it opens up additional funding
sources, such as disease-focused foundations. The proliferation of such
organizations has really helped during this time of hat NIH funding.

The main thing is to be persistent and to get advice from experienced grant
writers. I failed with one grant simply because I ignored the cardinal rule of
having other people outside my immediate circle read my grant proposal.
Once I was a bit more established my philosophy became that I could always
eventually parlay great data into a grant, but I couldn’t always turn a grant
into great data. So the key is to try to formulate compelling hypotheses and
to try to generate preliminary data.

Oct 16, 2019 10:08 AM Gary N. !"

Oct 16, 2019 11:42 AM

Hi Bill, congratulations again! What do you see as the most promising areas and exciting

Oct 16, 2019 11:35 AM David S. !"
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developments in life sciences research that may be translated to patient care over the
coming years/decades?

Thanks, Bill. That's a fairly broad question. However, what excites me is the
increased information we have with which to validate speci.c targets. In
particular, we now have much more genetic information linking speci.c
genes and hence, the proteins they encode, to speci.c biologies and
diseases. Moreover, with the use of CRISPR technology, we can now more
quickly interrogate the functions of speci.c genes in model systems such as
cells grown in culture and in laboratory animals. Targets that have strong
genetic validation increase the probability of success when you're trying to
develop new drugs.

Oct 16, 2019 11:41 AM

How can you keep the balance between being a good scientist/physician and
husband/father?

This is a really important question. When I started my career I decided that
being a good husband and father was more important than any fame I might
earn as a physician or scientist. One thing that helped me tremendously was
marrying a magni.cent woman, Dr. Carolyn Kaelin, who was really my
partner when it came to raising a family and managing our household. She
also understood the demands of my professional world and I understood
hers (she was an academic breast cancer surgeon). I always tried to make
sure time spent with my wife and children was quality time. I delighted to
discover that a career as an academic scientist gave me much more
freedom to design my calendar and schedule than I might have had
otherwise. For example, there were many times when I would leave my o\ce
in the afternoon to watch my children’s extracurricular activities.

Oct 16, 2019 10:13 AM Christine W. !"

Oct 16, 2019 11:39 AM

What mechanism/s other than HIF activation do you think are important to sensing O2
levels/hypoxia? In your opinion, what will be the next important question to answer or
discovery in the hypoxia .eld? Similar to the importance of HIF. Congratulations and thank
you for the great work!

Oct 16, 2019 10:12 AM Robert G. !"

Oct 16, 2019 11:36 AM
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We are always looking out for other oxygen-sensitive systems in cells. For
example, we and others have discovered that certain histone demethylases
are highly oxygen sensitive. This couples oxygen availability to epigenetics
and gene expression. We are also looking for other proteins that might be
prolyl hydroxylated in cells similar to HIF.

What are the most important applications of this amazing discovery that can change the
route of applied science?

We now understand the molecular pathway used to sense oxygen and to
adapt by activating hypoxia-inducible genes involved in processes such as
angiogenesis, red blood cell formation, and metabolism. What is exciting is
that there are several places one can intervene to make the pathway more
active or less active. For example, we now have new drugs that stabilize HIF,
which might be useful for diseases like anemia, heart attack, and stroke,
where oxygen delivery is a problem. Conversely, blocking the pathway, such
as with HIF2 inhibitors, looks like a promising way to treat kidney cancer and
I am hopeful that HIF1 inhibitors might also be useful for certain cancers.

Oct 16, 2019 10:13 AM Eirini P. !"

Oct 16, 2019 11:34 AM

What are the main differences between Scientists and physicians? Can you be both?

Physicians and scientists have more similarities than you might think. They
both regularly look at data and then try to use that data to solve puzzles,
whether it is arriving at the right diagnosis in the case of a physician or, for
example, understanding the mechanism underlying a biological
phenomenon in the case of a scientist. Physicians often have to make
decisions even in the face of inconsistent or contradictory data. In those
settings they have to attach relative weights to the data, understanding that
some types of data are more apt to mislead than others. A good scientist
has to do the same thing. Both physicians and scientists learn many of their
early skills by apprenticeship, and science is the foundation for both them.

You can certainly be both a physician and a scientist, but I suspect your
question is whether you can continue to practice medicine and still be a
scientist. Here it depends partly on whether you want to be a clinical
scientist who tests questions in the clinic or a laboratory-based investigator

Oct 16, 2019 10:13 AM Christine W. !"
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who does mechanistic research.

I thought we needed a much deeper mechanistic understanding of cancer
and so I acquired the skills to be a laboratory-based researcher. I initially saw
patients one or two months a year while still working in the laboratory but
eventually gave up my clinical practice. By de.nition you can’t give 100%
effort to two things at the same time. I decided if I was going to do science I
wanted to eventually be measured against the best scientists in the world,
most of whom would be devoting themselves entirely to their science. So I
decided to do the same. I also had too much respect for clinical medicine
and for patients to allow myself to become a mediocre physician, which I
fear I would have become if I was doing it part-time.

What was one of your biggest challenges and how did you overcome it?

I am not sure whether you mean professionally or personally so I will try to
answer both. Professionally, my .rst lab experience came when I was a
premed working on an independent study project. In hindsight I can say the
project was unimportant, uninteresting, and undoable, although I didn’t
appreciate it at the time. I also had an absentee mentor and none of the
other trainees in the laboratory worked on anything remotely related to what I
was working on and couldn’t help me. When I correctly concluded at the end
of my tenure that my entire project was based on an artifact generated by
one of my predecessors, I was rewarded with a “C-“ and told that my future
lay outside the laboratory. Of course, in today’s world a C- probably would
have derailed any chance of going to medical school but I was lucky enough
to get into Duke. Moreover, the Duke curriculum encouraged medical
students to work in the laboratory during their third year. This was a much
better experience but wasn’t enough to convince me I could be a scientist.
As a result, I .nished my clinical training assuming I would be a clinical
doctor. Fortunately, I decided to give research one more try during my
oncology fellowship and had the good fortune to work with David Livingston,
who was an outstanding mentor. He sculpted me into a scientist and also
taught me the importance of picking good problems to work on.

Personally, the biggest challenge came when my wife Carolyn developed a
malignant brain tumor in 2010, which eventually killed her in 2015. Carolyn
was as an outstanding breast cancer surgeon in addition to being my best
friend and soulmate. Poets and philosophers have written about the
important truth that it is during the hard times that we learn the most about
ourselves and the human condition, but the cost here was too great. I got

Oct 16, 2019 10:07 AM Manasi S. !"
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through with the support of my family and friends, especially my two
children, and the belief that we are here for a purpose and that our lives have
meaning.

Welcome to our live chat with Dr. William Kaelin of Dana-Farber Cancer Institute, everyone.
He is here to answer your questions about the research that earned him the 2019 Nobel Prize
in Physiology or Medicine, what it's like to be a physician-scientist, and much more. Just use
the comment button above to submit questions, and we'll do our best to get to as many as
possible.

Oct 16, 2019 11:27 AM Sharon Begley !"
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