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INTERVIEW WITH JULIA ANGELES
MB — Malcolm Borthwick
JA — Julia Angeles

MB Hello and thanks for joining us. I’'m Malcolm Borthwick, editor of Intellectual Capital
at Baillie Gifford.

Throughout history, the world’s finest scientific minds have struggled to develop
effective vaccines to cure plagues and pandemics, but not this time. Without
wishing to detract from the terrible suffering and death toll of Covid-19, the virus
has highlighted the spectacular advances in scientific discovery.

It took four days to sequence the genomic code and design the vaccine for Covid-
19. Yes, just four days. So, what are the implications of this for finding cures for
other diseases? I'm joined by Julia Angeles, who'’s co-manager of Baillie Gifford’s
Health Innovation Strategy. But before we start the conversation, some important
information. Please remember that as with all investments, your capital is at risk
and your income is not guaranteed.

And this podcast has been recorded during Covid-19, so Julia and | are both at
home, as opposed to in the usual Edinburgh studio. Julia, thanks for joining us.

JA Thank you, Malcolm. It's a pleasure to be at home.

MB Let’s start with that four days, because that’'s an extraordinarily short period of
time. Not long to find a solution and design a vaccine. Talk me through that.

JA Actually, it took us just two days to read the blueprint of the Covid-19 virus, and
two days to produce a vaccine that’s actually now in humans. And the reason why
it became possible is because we had all these technologies already being proven
and working in real life. So, to read the genome of a virus, we use a technology
called genome sequencing. This is technology produced by companies, like
lllumina.

We have already been experimenting with this tool for more than a decade, and
continuously reducing cost and increasing the precision of the technology. And
because of these ground-breaking advancements, we could read and analyse the
genome of the virus in such a short time.

Some of the leading vaccine technologies, which are already on the market and
saving many lives, are based on entirely new approaches, which rely on
technologies like messenger RNA. What messenger RNA does is it codes for
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certain proteins within the virus that, in turn, have been expressed in our bodies
for the immune system to recognise and produce antibodies against it.

So, alot of it looks more like digital technology, rather than anything we know from
the life science industries from the past. So, this has genuinely been a
transformative shift in the way we think about a vaccine, and this is also why it
allows us to come up with a solution in such a short period of time.

And what are the implications of messenger RNA for other diseases?

The applications are very broad. But if we take the closest to now, what most
people understand of how messenger RNA works in the vaccine space, the next
big application is to apply the same concept to oncology. So, companies like
Moderna, Biotech, and CureVac, these three companies are leading the space
within messenger RNA, and all of them are working on vaccines for cancer.

When patients are diagnosed with cancer, we can understand what sort of profile
this cancer has. And cancers have their own signatures, genomic signatures,
based on the mutations that took place in cancerous cells. And then we can take
this information and translate it into the biomarkers that trigger the immune system
to recognise a cancer cell and kill it.

So, again, we leverage the role of the immune system to kill the cancerous cells,
and we also use a personalised approach where every patient is treated with an
individual approach, where every cancer gets sequenced and analysed. Then we
programme messenger RNA to reflect the signatures of the patient cancer. So,
this is a genuine paradigm shift in the way we approach it. This is a genuinely
personalised approach. So, this is the closest to the vaccine space.

But another application could be if, for example, in rare diseases, very often, we
are missing certain proteins that perform important functions. And what
messenger RNA can do is programme that missing protein to be delivered in the
right place in the body, so the body starts producing these proteins. Suddenly, it's
a very natural approach. This is the way biology works.

And what these companies have done, they have hijacked the biological process,
and it’s as close as you can get to it. So, as | say, in a way, there are no limitations
on how messenger RNA can be used.

It's interesting because messenger RNA has been around for a while, hasn't it?

It has. Actually, the first company who moved into the space was a German
company called CureVac, but they’ve been much slower than Moderna in bringing
drugs to the market. So, as | say, the idea is not new, but it’s just executing on that
idea is really, really difficult. Because as soon as you inject messenger RNA into
the human body, the immune system would recognise it and destroy it. So, that
way, | keep referring to the delivery mechanism, which has been fundamentally
crucial to solve that challenge, in order to make messenger RNA into a drug.
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MB That’s an interesting point you raise about execution and the ability of companies
to execute on these ideas. How important is that when you're looking at the
possibility of investing in companies, their ability to execute?

JA This is one of the very important aspects for every investment we make. Because
you can have an amazing technology, but if you don’t have a management team
that has a long-term vision and is also able to attract capital and talent, it's almost
irrelevant what technology you have in your hand. And now, given the pace of
technological innovation, you will be very quickly displaced if you don’t move fast
and you manage to attract capital and talent.

For example, with Moderna, we saw at the early stage that they managed both
capital and the people side extremely well. They have some of the best talent on
both the science side, but also, they managed to attract the best talent on the
manufacturing side, which is also extremely important for scalability of this
technology. And another important aspect, of course, is capital.

Moderna managed to raise billions of dollars prior to going public, which is also
important in the process of a company’s evolution. Because as companies stay
private, they are in a much better place to experiment and make mistakes, having
no pressures from external investors. So, we really think that the more companies
manage to raise, at the early stage, the better in the long term.

MB As you’ve mentioned, Moderna is a great example of where healthcare and tech
intersect. And also, our ability to use and make sense of data, which is vital. Give
me some other examples of companies where you see that interaction between
healthcare, data, and tech.

JA Of course. One of my favourite examples is a portable ultrasound machine. As
most people would know, currently, ultrasound is performed in the hospitals, in a
dark room with a massive machine, and it will be operated by a person who has
many years of education. Because the technology is really sophisticated, it takes
a skill to acquire the image and also a skill to make an interpretation. It's quite an
expensive diagnostic tool.

For this reason, currently, two-thirds of the world don’t have access to ultrasound
technology. And this is really quite a sad statistic, because this tool is incredibly
powerful for diagnosing many, many diseases. It very much remains the case that
most of the world don’t have access to it. Butterfly Network has come up with a
portable device that solves all the challenges that stop that technology from being
accessible all around the world.

So, one is cost. Another one is usability. The cost of their device, which is the size
of the palm, is $2,000, which is a hundred times cheaper, compared to a traditional
machine. So, this is already a transformation. But even more exciting, they
managed to integrate machine learning tools in both the acquisition of the image
and the interpretation.

So, the reason why Butterfly was able to achieve such a device is because they
reinvented the underlying technology of ultrasound. They put it on a chip, the same
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technology that powers our phones and our computers. And as we know, if you
put something on a chip and you start scaling up, the costs just decrease
exponentially. So, this is one aspect that’s allowed them to make such a tool.

In addition, all data is stored in the cloud, processed in the cloud, and then you
use machine learning to make interpretations. So, you're using all these
technologies that we're using also in other industries, and when you bring it to
healthcare and you combine them in a very intelligent way, you come up with
entirely new ways of doing things, entirely new ways of practicing health.

And we are already seeing that this, too, is transforming the patient care in both
developed countries, but even more importantly, in developing countries, that will
be leapfrogging from those big machines directly to something that is actually
much more powerful than what we know in the developed world.

MB How did you get interested in health as an investor? Have you always been
interested?
JA | was always interested, even before becoming an investor. | studied economics,

and before choosing to go for economics, | was considering studying medicine.
But, for some reason in my 20s, | decided that economics is probably a more
useful science and | can do a lot of good things with that. And then you study
economics and you realise there are a lot of theories and very little application to
real life. But still, of course, it teaches a lot of interesting methodologies and mental
models.

And healthcare, for me, has always been a fascinating area because | always tried
to understand how the human body works, and then you start learning how little
we understand, and then it became a challenge. And when you see what'’s
happening now with the proliferation of all the tools that really help us to
understand, actually, how we function as very complex human entities, then that
is probably the most exciting time to look in that space.

Maybe | was lucky not to study medicine in the traditional way when | started,
instead of looking at healthcare at this stage.

MB Because there’s so much more to learn, especially about areas like the brain,
where our understanding, at the moment, is probably fairly limited.

JA Indeed. And the brain really has been the last frontier that’'s been so difficult to
address for scientists and for companies, to come up with effective drugs against
diseases like Alzheimer’s. And this is for a very good reason, because to get
access to the brain and study it has been impossible. We can only study the brain
in dead people.

What's really fascinating, over the last decade, is that we’ve had a proliferation of
new technologies and new tools that give us insight into the brain. One technology
linked to that is imaging. We have a variety of imaging approaches, so we can
actually analyse the brain. But another one, which is really fascinating, is stem
cells.
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We can use patients’ stem cells, who have Alzheimer’s for example, to trigger their
cells to be disease neurons, and then we can study those neurons in a petri dish.
And we can even experiment on what sort of drugs could possibly work to
invigorate the neuron. And this has been transformational in the way we can study
the brain disease, but, also, potentially finding treatment for brain diseases.

And then, of course, there is another massive challenge. So, one is to understand
actually what’s driving diseases, but another one is getting access to the brain.
And as we know, there is a blood brain barrier for a good reason, to protect our
brain from invaders, but it also protects the brain from good things, something
maybe we would like to supply the brain with.

And that challenge has been there for decades, and only recently we've started
making some big steps towards finding solutions on how we can bypass that
challenge. And companies like Denali are really making a lot of progress in
addressing the blood brain barrier, and they have already demonstrated, through
their technologies, that they could get through that challenge. So, this is really
exciting.

On one side, we start understanding better what drives brain diseases, but on the
other hand, we also have tools to get access to the brain. So, this will be
transformational for the brain biology in the long term.

MB That's a great place to end it. Julia, thank you so much. It's very exciting, the
developments that we're seeing in health innovation at the moment.

JA It's exciting, indeed, and we really think our job is so fascinating and we continue
to be looking for these transformational companies. Thank you for listening to me.

MB The track we've used is called Horizon Effect, which is released on Permanent
Vacation. And if you're listening at home, you're listening in the car, wherever
you’re listening, stay well and we look forward to bringing you more insights in our
next podcast.

This recording contains information on investments which does not constitute independent
investment research. Accordingly, it is not subject to the protections afforded to independent
research and Baillie Gifford and its staff may have dealt in the investments concerned.

This communication was produced and approved in March 2021 and has not been updated
subsequently. It represents views held at the time of writing and may not reflect current
thinking.

Investment markets and conditions can change rapidly. The views expressed should not be
taken as fact and no reliance should be placed upon these when making investment decisions.
They should not be considered as advice or a recommendation to buy, sell or hold a
particular investment.
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Important Information

Baillie Gifford & Co and Baillie Gifford & Co Limited are authorised and regulated by the
Financial Conduct Authority (FCA). Baillie Gifford & Co Limited is an Authorised
Corporate Director of OEICs.

Baillie Gifford Overseas Limited provides investment management and advisory services to
non-UK Professional/Institutional clients only. Baillie Gifford Overseas Limited is wholly
owned by Baillie Gifford & Co. Baillie Gifford & Co and Baillie Gifford Overseas Limited
are authorised and regulated by the FCA in the UK.

Persons resident or domiciled outside the UK should consult with their professional advisers
as to whether they require any governmental or other consents in order to enable them to
invest, and with their tax advisers for advice relevant to their own particular circumstances.

Baillie Gifford Investment Management (Europe) Limited provides investment management
and advisory services to European (excluding UK) clients. It was incorporated in Ireland in
May 2018 and is authorised by the Central Bank of Ireland. Through its MiFID passport, it
has established Baillie Gifford Investment Management (Europe) Limited (Frankfurt Branch)
to market its investment management and advisory services and distribute Baillie Gifford
Worldwide Funds plc in Germany. Baillie Gifford Investment Management (Europe) Limited
also has a representative office in Zurich, Switzerland pursuant to Art. 58 of the Federal Act
on Financial Institutions ("FinlA"). It does not constitute a branch and therefore does not
have authority to commit Baillie Gifford Investment Management (Europe) Limited. It is the
intention to ask for the authorisation by the Swiss Financial Market Supervisory Authority
(FINMA) to maintain this representative office of a foreign asset manager of collective assets
in Switzerland pursuant to the applicable transitional provisions of FinlA. Baillie Gifford
Investment Management (Europe) Limited is a wholly owned subsidiary of Baillie Gifford
Overseas Limited, which is wholly owned by Baillie Gifford & Co.

Hong Kong

Baillie Gifford Asia (Hong Kong) Limited #5& 42 M( & /&) & /MR 2 & is wholly owned by
Baillie Gifford Overseas Limited and holds a Type 1 and a Type 2 licence from the Securities
& Futures Commission of Hong Kong to market and distribute Baillie Gifford’s range of
collective investment schemes to professional investors in Hong Kong. Baillie Gifford Asia
(Hong Kong) Limited #7Z 22 M &%) /MR 2 5] can be contacted at Room 3009-3010, One
International Finance Centre, 1 Harbour ViewStreet, Central, Hong Kong. Telephone +852
3756 5700.

South Korea

Baillie Gifford Overseas Limited is licensed with the Financial Services Commission in South
Korea as a cross border Discretionary Investment Manager and Non-discretionary
Investment Adviser.
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Japan

Mitsubishi UFJ Baillie Gifford Asset Management Limited (‘MUBGAM’) is a joint venture
company between Mitsubishi UFJ Trust & Banking Corporation and Baillie Gifford
Overseas Limited. MUBGAM is authorised and regulated by the Financial Conduct
Authority.

Australia

This material is provided on the basis that you are a wholesale client as defined within
s761G of the Corporations Act 2001 (Cth). Baillie Gifford Overseas Limited (ARBN 118 567
178) is registered as a foreign company under the Corporations Act 2001 (Cth). It is exempt
from the requirement to hold an Australian Financial Services License under the
Corporations Act 2001 (Cth) in respect of these financial services provided to Australian
wholesale clients. Baillie Gifford Overseas Limited is authorised and regulated by the
Financial Conduct Authority under UK laws which differ from those applicable in Australia.

South Africa

Baillie Gifford Overseas Limited is registered as a Foreign Financial Services Provider with
the Financial Sector Conduct Authority in South Africa.

North America

Baillie Gifford International LLC is wholly owned by Baillie Gifford Overseas Limited; it
was formed in Delaware in 2005 and is registered with the SEC. It is the legal entity through
which Baillie Gifford Overseas Limited provides client service and marketing functions in
North America. Baillie Gifford Overseas Limited is registered with the SEC in the United
States of America.

The Manager is not resident in Canada, its head office and principal place of business is in
Edinburgh, Scotland. Baillie Gifford Overseas Limited is regulated in Canada as a portfolio
manager and exempt market dealer with the Ontario Securities Commission (‘OSC"). Its
portfolio manager licence is currently passported into Alberta, Quebec, Saskatchewan,
Manitoba and Newfoundland & Labrador whereas the exempt market dealer licence is
passported across all Canadian provinces and territories. Baillie Gifford International LLC
is regulated by the OSC as an exempt market and its licence is passported across all
Canadian provinces and territories. Baillie Gifford Investment Management (Europe)
Limited (‘BGE’) relies on the International Investment Fund Manager Exemption in the
provinces of Ontario and Quebec.

Oman

Baillie Gifford Overseas Limited (“BGO ") neither has a registered business presence nor a
representative office in Oman and does not undertake banking business or provide financial
services in Oman. Consequently, BGO is not regulated by either the Central Bank of Oman
or Oman’s Capital Market Authority. No authorization, licence or approval has been
received from the Capital Market Authority of Oman or any other regulatory authority in
Oman, to provide such advice or service within Oman. BGO does not solicit business in
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Oman and does not market, offer, sell or distribute any financial or investment products or
services in Oman and no subscription to any securities, products or financial services may or
will be consummated within Oman. The recipient of this document represents that it is

a financial institution or a sophisticated investor (as described in Article 139 of the Executive
Regulations of the Capital Market Law) and that its officers/employees have such experience
in business and financial matters that they are capable of evaluating the merits and risks of
investments.

Qatar

This strategy is only being offered to a limited number of investors who are willing and able
to conduct an independent investigation of the risks involved. This does not constitute an
offer to the public and is for the use only of the named addressee and should not be given or
shown to any other person (other than employees, agents, or consultants in connection with
the addressee’s consideration thereof). Baillie Gifford Overseas Limited has not been and
will not be registered with Qatar Central Bank or under any laws of the State of Qatar. No
transactions will be concluded in your jurisdiction and any inquiries regarding the strategy
should be made to Baillie Gifford.

Israel

Baillie Gifford Overseas is not licensed under Israel’s Regulation of Investment Advising,
Investment Marketing and Portfolio Management Law, 5755-1995 (the Advice Law) and does
not carry insurance pursuant to the Advice Law. This document is only intended for those
categories of Israeli residents who are qualified clients listed on the First Addendum to the
Advice Law.
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