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Tsubota Laboratory, Inc. is a startup company from Keio University School of
Medicine. We strive to contribute to society by collaborating with our partner compa-
nies to achieve research results based on science in the medical and health fields,
ultimately delivering useful solutions to people everywhere.
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Tsubota Laboratory, Inc. is a Keio University venture
committed to advancing creation of a gokzgen* future
through visionary innovation, with development of in-
novative solutions for myopia, dry eye, and presbyopia
as its purpose.

*gokigen is a Japanese term indicating happiness and a
positive outlook

Japan's Basic Act on Education was amended in 2007
to include innovation at the university level. The revi-
sion added industrial creation to universities obligatory
functions of education and research. In response, Keio
University School of Medicine began establishing start-
up ventures in 2015, including Tsubota Laboratory,
which was formed for industrial creation in the field of
ophthalmology.

Although once farsighted, humans adopted an indoor
lifestyle which flourished with the urbanization accom-
panying the Industrial Revolution. This “stay-home” life-
style greatly preceded the advent of COVID-19. No lon-
ger requiring the farsighted capabilities of hunters and
gatherers, we have become increasingly near-sighted
over the past 150 years. In fact, we now find ourselves
in the unusual situation of dealing with a 90% myopia
rate in students of Japan and other Asian regions. The
most evident reason for this is the decrease in outdoor
activity time.

Why do we become myopic if we sacrifice outdoor
activity time? In 2021, we co-authored a Proceedings
of the National Academy of Science (PNAS) paper
with the Keio University School of Medicine
Ophthalmology Department in which we re-
ported that the violet light found outdoors
stimulates non-visual system photoreceptor
OPNS5, which in turn elevates blood flow in the
eye, protecting against myopia. We built on this
principle to develop an eyeglass-type medical de-
vice which supplies therapeutic violet light,
with the expectation that violet light
can help resolve the global myopia
challenge. We are also broadening
our business focus to therapy in
areas such as depression and de-
mentia, based on the finding that
the increased blood flow stimu-
lated by OPN5 impacts the cen-
tral nervous system.

Myopia is not our only chal-
lenge; dry eye ranks among the
lifestyle diseases, and presbyopia
is inevitable in a super-aging Soci-
ety. Tsubota Laboratory hopes to
serve as a model for university ven-
tures as we continue seeking solutions
to eye and brain diseases which are dra-
matically on the rise.
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David A. Sinclair, phD, AO
Professor, Genetics Department, Blavatnik
Institute, Harvard Medical School,
Co-Director, Paul F. Glenn Center for Biology
of Aging Research, Boston, MA, USA

Kazuo Tsubota, MD, PhD, MBA
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Professor Emeritus, Keio University
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At Tsubota Lab, a startup venture stemming from Keio University’s School of Medicine, our
company motto is: “Through visionary innovation, create a gokigen future!”

This year’s main discussion features David Sinclair, professor of Harvard University and
anti-aging researcher whose work is leaving a great impact on society today. Prof. Sinclair
continually advances his limitless vision of making this a better world by implementing chang-
es originating in his anti-aging science, and has already created 15 startup companies based
on his scientific revelations. Recognizing his achievements as a successful researcher and
entrepreneur, Tsubota Lab invited Prof. Sinclair for a special interview with Dr. Tsubota for
this Annual Report.

Biosketch: David A. Sinclair, Ph.D., A.O.

David A. Sinclair is a tenured professor in the Genetics Department at the Blavatnik Institute, Harvard Medical School, Boston & Co-Director of the Paul F. Glenn Center
for Biology of Aging Research, honorary Professor at the University of Sydney, and co-founder of the journal Aging. He obtained a BS and a Ph.D. at UNSW, worked as a
postdoctoral researcher at M.LT., was hired at Harvard Medical School in 1999 as an assistant professor, and promoted to tenured professor in 2008. His book Lifespan: Why
We Age and Why We Don't Have To, a NYT bestseller, is published in more than 20 languages.

Dr. Sinclair is an inventor on more than 50 patents, 170 papers, has an h-index of 103 & cited 74,000+ times. His more than 40 awards include an Excellence in Teaching
Award, Harvard, AFAR Fellowship, the Ellison Medical Foundation Scholarships, Genzyme Outstanding Achievement Award, Telluride Technology Award, Innovator of
the Year, MERIT Award, Nathan Shock Award, Denham Harman Award, ASMR Medal, Advance Global Australian, Pioneer Award, TIME100's most influential people,
TIME magazine's Healthcare 50, Irving Wright Award, AFAR, and is an Officer of the Order of Australia (AO).
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KT: David, thank you very much for taking time for
this. It's our great pleasure and honor. The topic today
is innovation: how we translate science. You are the
number one scientist in aging research. How can we
make the world better with your science? In order to do
that, I think we need innovation or an entrepreneurial
mind. You are the leader of aging research and your
book, Lifespan, is a bestseller. It explains the research
update and is also very enjoyable because you have a
very good idea about how science can help humankind.
DAS: Well, thank you. What's in the book is everything
that's in my brain, and I don't just think about science.
In fact, the reason I do science is to make the world a
better place. And so I think about society and politics. I
think about the economy, the planet, human health, fami-
lies, psychology, philosophy, history. And that’s all in
there, woven together with the science as a story of my
life going from when I was basically four years old all
the way to now, and now I'm writing book two.

KT: Oh, wonderfull I'm very affected by your philoso-
phy. Tsubota Lab’s mission is, “Through visionary in-
novation, create a “gokigen” future.” So just doing re-
search isn't enough; we have to make the world a better
place. So I'd like to ask you about your research - the
core science of your aging research. When you came to
Japan 5 years ago, you told me there are 3 layers of ag-
ing research. The first layer is what you can do at this
moment, like taking resveratrol or eating a calorie re-
stricted diet. The second layer is like the depletion of
senescence. And the third one is very challenging, like
gene editing. So do you still have the same concept at
this moment?

DAS: Yeah, it is, but we've had a big breakthrough
since then, from five years ago: weve been able to
change the deep layer. The deep layer was inaccessible
until recently, and there have been a couple of labs -
Carlos Belmonte's lab, Vittorio Sebastiano’s lab, and
mine have shown that it is possible to reset the age of
cells... the epigenetic age of cells ... and get them to
work like they were young again. In fact, we can make
them young again, permanently by resetting that infor-
mation. And so the information theory of aging has re-
ally come together over the last 5 years. Starting with
yeast cells — when I was 25 years old, I worked on that.
And there, we found that information in the yeast cells
was important. And now we know, or have very good
evidence, at least, that in mammals, the same is true.
And now we can change the deep layer - we can change
the epigenome. And the important thing is, we don't
need to change the genome, we actually can just change
the way the epigenome reads the genes in the genome.
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KT: I enjoyed the article in Nature in which you recov-
ered the optic nerve cut to save the eyeball, save the
ultimate glaucoma by epigenetic control. That's amaz-
ing. You are like an idol. You conducted the number one
research that every ophthalmologist dreams of. This is
the one that you are talking about, right?

DAS: Yeah, it was a big discovery, actually. I've been
inspired by you to work on the eye, and your entrepre-
neurial activity is envious. So I was thinking of you
when I was writing that paper, and I'm glad you liked
it. The result was to reverse the age of the eye - the
ganglial cells they call the retinal cells. And these are
the nerve cells that make up the optic nerve, as you
know. And what we found was that you could change
their age, reset almost back to the beginning, but not so
far that they lost their identity. They still worked, but
they were younger, and we could measure that. And the
mice that had glaucoma, or old age, they got their vision
back. And we've made a lot of progress since the paper
came out. We now know that if you turn off the system
after 8 weeks, it stays protected, so the eyes stay young.
In fact, those mice - they died from old age with young
eyes that still worked as good as they did when they
were young. So now we have to figure out how to repro-
gram the whole mouse so that it can live for 10 years.
KT: So to make it very simple, may I explain a little bit?
In 2006, Professor Yamanaka found iPS cells. And at
that time, we had a discussion, and he told me we could
have done it in cells, so why not to the human body. And
what you are doing is like the modern or controlled iPS
system in your body. Is that the concept?

DAS: Yeah, it's funny. I've talked to Prof. Yamanaka
also, and he thought it was crazy to try reprogramming
the body because it's too dangerous - you can get can-
cer. But the trick was to use the right combination of
genes, and we used 3 Yamanaka genes, and it's very
safe so far. The mice don't get sick. So we are doing
primates now and then we will do humans, hopefully, in
2 years. But we can't seem to cause cancer. There's a
roadblock to causing cancer. But it is partially repro-
gramming towards embryonic stem cells, but not so far
that it becomes cancer. And that’s the trick. The good
news is, we can keep the system on for a year in a
mouse, and the mouse just gets healthier. It doesn’t
cause cancer, which is a really important and lucky find-
ing.

KT: Wonderful. So now you have the science. Humans
have 9 photoreceptors, but for vision, only 4 are used,
and 5 are non-visual photoreceptors, and among those
only 1 stimulates violet light, which was a finding by
Tsubota Lab.
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DAS: I love your research on the violet ganglial recep-
tors that cause myopia. I tweeted about it today, actu-
ally, in anticipation of this discussion. It's a really big
finding; I want to congratulate you.

KT: Thank you, David. So now I'd like to focus on the
aging research. So the question is how do you apply
your very big finding, epigenetic control of aging, to so-
ciety. There are several ways, but how are you doing it
at this moment?

DAS: Well, about four years ago I started a company
called Life Biosciences, and they have three different
longevity technologies, one will be tested on treating
obesity, one for neurodegeneration, and then one to
treat blindness using the Yamanaka factors for age re-
programming. We have tested the safety in mice for 2
years. It's a gene therapy in an AAV -- adeno-associated
virus -- and it will go into the eye - one treatment. It
infects the neurons, and then we turn the genes on with
an antibiotic, doxycycline, for 8 weeks, and then we turn
it off again. And if we're right, then vision should be
restored in glaucoma patients and also other rare dis-
eases that we're looking at (I can't say which ones). But
that company has raised over 100 million dollars, and
we're excited about making it into humans and showing
hopefully for the first time that we can reset the age of
part of the body, but it's just one step toward resetting
the entire body.

KT: Wonderful. So you yourself apply science to innova-
tion. And you have made 3 companies already. Recently,
I got very interesting news. You made a special purpose
acquisition company (SPAC). It's a very hot topic in
Japan. We don't have such a SPAC system, but you, the
scientist, did. I'm very impressed!

DAS: Like you, I have a mind for business and I like to
promote research and development, and money is the
way to do that. And then you hire good people. And so
the SPAC - we had more than a billion dollars of inter-
est in 3 days, and we raised two hundred and something
million. And so I was on a call just now before I talked
to you, talking to a company potentially to take them
public. So this SPAC idea is that you raise money and
then you find the company to raise public money. But I
think it's a really good vehicle if you can find the right
company and then you work together and for the next
5 or 10 years, make it a very profitable company. And
I'm looking at anything - I'm looking at everything from
wearables, like the ring I am wearing - I'm looking at
gym equipment, I'm looking at drugs, microbiome -
these are all things that are possible. And I'm trying to
pick the most exciting company that is worth a few bil-
lion dollars and take them from 500 million to 3 billion.
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KT: So is that the ring that you have talked about in
your book when you explain about the feedback sys-
tem?

DAS: Yeah, that's one of the devices that I allude to.
KT: And, I just showed you my violet light emitting
eyeglass frames. We are both wearing our inventions!
We found that violet light rescues myopia through the
OPNb5 non-visual photoreceptor, so I got an idea - the
eye is part of the central nervous system, so the same
thing can happen. The mechanism of saving myopia is
an increase of blood flow of the eyeball, so we measured
the blood flow to the brain in the mouse and the human
and found that OPN5 stimulation increases the blood
flow of the brain, and it's just my personal experience,
but I think I became cleverer.

DAS: [laughing] Is that possible?! You can't get smarter.
Oh, wow. Send me some glasses. I have to get some. I
have to compete with you for intelligence.

KT: [laughing] I cannot send the violet light glasses be-
cause it is a prototype, but I can send you the USB emit-
ting violet light, so while you are using the computer
you can get violet light exposure for 2 or 3 hours a day.
DAS: Great. And that slows myopia? Or reverses it?
KT: Several patients were reversed, but we basically
think it's stopped. And the increase of blood flow of your
eye and brain is beneficial for you. The secret is, don't
use it at night, because violet light is controlling your
circadian rhythm, too. So you need to use it during the
daytime, especially around noon or in the morning. So
we are doing not only the eye study but also the brain
research, but for the clinical trial, it takes money, as you
have mentioned, money is a vehicle to do our business,
so we are now negotiating with a lot of companies and
getting funding from public resources. Your scale is
much bigger, but I'd like to follow your idea.

DAS: Thank you. It's rare for scientists to be entrepre-
neurs, so I have a lot of respect for what you do.

KT: Thank you. So I'd like to talk next about entrepre-
neurship. How do you educate the entrepreneurial mind
to the Harvard University students? Are you doing
something special?

DAS: No, I just show them what I do. I include them in
what I do. I talk about it in lectures, but the best thing
is that they get involved. Probably half the students in
my lab either have a patent or they have a company and
so for example my most recent student has a company
to test biological age and it'll be with a cheek swab, just
like that. And so he invented this; we just posted the
manuscript online on bioRxiv.com and he owns part of
the company. And so that's the model. You just show

them it's possible because if they don't see somebody
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doing it, they don't believe it's possible, usually.

KT: I see. You briefly mentioned 3 companies, but previ-
ously, you mentioned that you made like 15 companies.
Which is correct?

DAS: Oh, it's at least 15. The 3 is just under one com-
pany: Life Biosciences. There's a lot of others. There's a
company that does pathogen detection with next-gener-
ation DNA sequencing. It can take a sample of your
blood and tell you what's in your body. There's a com-
pany that does forensics - finds killers. We found some
of the most dangerous Killers in America with a piece of
hair. We do the epigenome. There's a company that
dovetails genomics - we do the 3-dimensional structure
of the genome. We do biosecurity, so we look at ways to
attack COVID-19 or kill anthrax, etc. We've just started
a cosmetic company that I think should work to make
skin younger. I've invested in InsideTracker, which is a
blood tracking test that helps you get younger, and this
new one is the biological age mouth swab test that tells
you how old you are and then helps you to get younger.
But there's more - I've got a company that's public that
works on type 2 diabetes. I've worked on fertility. I have
a cancer company. My mother died of cancer, so I'm
working on that - lung cancer.

KT: Wonderful. Yeah, if you have some companies pos-
sibly working together with Tsubota Lab which is fo-
cused on visual innovation, let's discuss. So I'd like to
ask - how many people are working with you? You
have 15 companies, so I'd like to know the size, because
size has some effect to the society.

DAS: Well, my lab has 20 people at Harvard. Each com-
pany probably has between 10 and 300 people.

KT: Three hundred!

DAS: Some of them - there's a vaccine company I for-
got to mention, a public company - so some are big,
some are small. It's probably a few thousand people
working with me at this point.

KT: A few thousand working with you? It's amazing. I
envy you very much.

DAS: [laughing] It's a lot of work.

KT: You have a system to make your research become
reality. You made a system, so that's wonderful. So for
students - you don't have a special program, but you
show what you are doing and encourage them. So over-
all, there are young doctors, scientists in the world - not
only in Harvard, but also in Japan, in China... Do you
have any suggestions? I still recall when we had sushi in
Boston, over 10 years ago. You told me to think of the
“big” thing, don't think of the small thing. It was a very
good lesson for me. So what is your next lesson?

DAS: T still encourage my co-workers to think big and
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dream big, and so when they come to me with an experi-
ment, I have to ask them, “How is it going to change the
world?” That's the thing. And then I ask, “What is the title
of the paper that we'll publish?” And they think I'm crazy.
How could you possibly talk about the finished product
when you're just starting? And I say, “If you don't know
what the finished product is, then don't start it.” And that’s
the key. Ask big questions. Don't be led by technology, ask
big questions. My big question is: why do we age? And
then the next big question after that was, after I think
we've figured out why we age: can you reset the body?
And now my big question is: where is the information to
reset the body stored? Where is the backup copy? And
we're looking for that. Another big question is: can you
reset aging with a pill? Not just a gene therapy. And I
think these questions drive good science, because you try
to find technology to solve a problem rather than finding
the technology first and then finding the problem to solve.
And it's just been much easier that way to come up with
big findings when you have big questions to start with.
KT: Wonderful. You have a very big dream also in 2021.
A good lifestyle is now considered to be changing the
epigenomics, right? Exercise is good because of the
gene expression, or the diet is like a neutraceutical, it's
not just energy, it's controlling your genetic information,
right? So a lot of lifestyle disorders like obesity, diabetes,
or sleep disorders are affected by the bad lifestyle. A
bad lifestyle does not match with the original lifestyle
200,000 years ago when homo sapiens were born. We
are investigating the “stay-at-home syndrome.” One
thing humans have adopted is “staying home.” It's like a
lack of exercise, because staying home, you don't have
OPNS5 stimulation, and OPNb5 is very important for the
blood supply to the eye and the brain, so our company
is focusing on it — not as big as the aging solution, but
one simple syndrome; “stay home.” We solve the “stay-
at-home syndrome” and make the future “gokigen” (hap-
py and healthy). What do you think?

DAS: I like it. I think the problem with today's society
is that we've built this world that we're not evolved to
treat or to live in, and this is the title - or the subject -
of my next book, which is: how did we get here over the
last 6 million years. And what kind of a world have we
created? We've created a world that's very comfortable,
but it's doing us a lot of harm, and we need to fix that.
And you are one of the people who is fixing the world
we built. And one of the things that is a problem in the
world that we built is that our bodies don't experience
any sort of adversity if we re sitting down, we're eating
all the time, we're at the same temperature, then our
bodies get lazy and our bodies don't fight against aging.
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And so this is why I say move, get out of the chair, walk,
run, lift weights, eat the right foods, don't always be full,
skip meals, and then don’'t have toxins - don't smoke.
These will extend your lifespan by about 15 years, and
that's the easy stuff.

KT: David, please add the outdoor environment bene-
fits.

DAS: I'm going to!

KT: Because 200,000 years ago when Homo sapiens —
when our ancestors were born - we were born in Africa
- no houses, of course, we were the hunters and gather-
ers. The house was developed maybe 10,000 years ago
when we started agriculture, right? So I think this is one
more important lifestyle change.

DAS: Yes, youre absolutely right. Get outdoors, see
some sunlight, reset your circadian clock, fix your eyes,
get some blood flow...for sure.

KT: I will look forward to your next book.

DAS: Thank you.

KT: Thank you very much. I think we had a wonderful
discussion and also enjoyable, as always, David.

DAS: Well, you're an inspiration to me.

KT: You are so kind. So the final thing is: what is your
dream for the next 10 years?

DAS: Well, a dream doesn’t have to come true, but my
dream is that we have a pill that we can swallow - or 3
pills - that makes us 10 years younger.

KT: Wonderful, wonderful. Make the world better.
Much better. Thank you, David, again, and I hope we
can see each other in person soon and have champagne
together.

DAS: I would love that. Really good to see you, Kazuo.
Take care.

KT: Thank you, David.
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As in 2020, the COVID-19 pandemic necessitated un-
avoidable conditions under which our laboratory oper-
ated, such as regulated in-lab personnel and online dis-
cussions. Nevertheless, we achieved major advancements
in deepening our fundamental understanding of myopia
progression from a molecular biological perspective. We
previously published reports on the role of violet light, a
short-waved visible light contained in outdoor ambient
light (wavelength of 360-400 nm), as a mechanism in sup-
pressing myopia progression during outdoor activity in
a chick model of myopia, school myopia, and adult high
myopia.’” During research into this mechanism, our
team focused on the photoreceptor opsins. In humans,
vision is enabled through use of three cone opsins
(OPN1) facilitating color vision (red, with a peak absorp-
tion wavelength of 564 nm, green, at 534 nm, and blue,
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at 420 nm) as well as rhodopsin (OPN2, 498 nm), which
facilitates night vision. Humans have both the “visual
opsin” described above and “non-visual opsin,” which
are 5 types. Functional analysis of OPN4 (melanopsin,
470 nm), a non-visual opsin with a peak absorption wave-
length for blue light and a role in circadian rhythm, is
rapidly advancing. In our recent study, we focused on
OPN5 (neuropsin, 380 nm), which has a peak absorption
wavelength for violet light in both mouse and human.
We deleted the OPN5 gene from retinal neurons in mice
and found that the animals lost the suppressive effect of
violet light on axial length elongation (with choroidal
thinning), which suppresses myopia progression.” This
discovery not only clarifies our fundamental understand-
ing of the mechanism of violet light's protective effect
on myopia from a molecular biological perspective, but
also reveals a new function of the non-visual opsin, as
introduced in Science,” and may be useful in developing
new interventions to suppress myopia progression.

Our team has also made great strides in clinical research.
Most commercial eyeglass lenses do not transmit violet
light. In 2016, Hara Eye Clinic (Otawara City, Tochigi
Prefecture) and JINS Inc. collaboratively initiated a
randomized clinical trial comparing use of violet light
transmissive eyeglasses and standard eyeglasses on
myopia in schoolchildren. The 2-year study compared
use of eyeglasses for near work for 180 minutes or fewer
per day, and found that, compared to children wearing
standard eyeglasses, those wearing eyeglasses
transmitting violet light experienced a statistically
significant 21.4% inhibition of axial length elongation.”
Our team, meanwhile, participated in a randomized trial
focusing on low-concentration atropine eyedrops with 6
other domestic institutions (ATOM-]J Study). Published in
2021, the study showed that, compared to placebo
eyedrops, once-daily administration of 0.01% atropine
eyedrops over 2 years produced a statistically significant
18.2% suppression of axial length elongation.”
Furthermore, we also reported on the correlation
between foot length/height ratio and axial length as a
prospective biomarker for myopia progression.”

In sum, we are building an innovative team leading the
world in the elucidation of myopia, from basic research
to clinical study and verification. We invite you to follow
our progress as we continue our efforts in these areas.

1) Torii H, et al. Violet Light Exposure Can Be a Preventive Strategy Against Myopia Progression. EBioMedicine. 2017;15: 2100 219.
2) Torii H, et al. Violet Light Transmission is Related to Myopia Progression in Adult High Myopia. Sci Rep. 2017;7(1):1452
3) Jiang X, et al. Violet light suppresses lens-induced myopia via neuropsin (OPN5) in mice. Proc Natl Acad Sci U S A. 2021 118(22):e2018840118.

4) Hines P]. Of mice, light, and eyeball length. Science 2021;373(6550):71.

5) Mori K, Torii H, et al. Effect of Violet Light-Transmitting Eyeglasses on Axial Elongation in Myopic Children: A Randomized Controlled Trial. J Clin Med. 2021;10(22):5462.

6) Hieda O, et al. Efficacy and safety of 0.01% atropine for prevention of childhood myopia in a 2-year randomized placebo-controlled study. Jpn J Ophthalmol. 2021;65(3):315-325.
7) Shmopma A, et al. Association between ocular axial length and anthropometrics of Asian adults. BMC Res Notes. 202114(1):328.
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Violet Light Enables Non-invasive Brain Function Modulation
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Chief Science Officer, Tsubota Laboratory, Inc.

Department of Neuropsychiatry, Keio University School of Medicine
Department of System Design Engineering, Faculty of Science and Tech-
nology, Keio University
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It is now known that violet light (VL) not only suppresses myopia, but also modu-
lates conditions such as depression and dementia. Motivated by this knowledge,
Tsubota Laboratory is advancing practical implementation of light in novel types

of brain function modulation.

HERAIN R, BARHIIE & v o 72 THERZRER] 720
THRLE, ERIT7 /2277078324 NF—-L LT
flio Tz X ) IKA A D L2 SRS & L THHA
LTwb, b M, 488 [HERZEE] DAk,
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FRBUIMEZZT TR BB, Wik ks THDH OPN3,
OPN4, OPN5, RGR(retinal G-protein-coupled receptor).
Peropsin £ W o 723 DM TWw5 (K1), OPNS
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In mammals such as ourselves, light is used as an en-
ergy source not only by the rods and cones known as
photoreceptors, but also by cyanobacteria in nonvisual
activity. In addition to 4 types of visual photoreceptors,
humans have 5 nonvisual photoreceptors. The gene ex-
pression of these nonvisual photoreceptors, recognized
as OPN3, OPN4, OPN5, RGR (retinal G protein-coupled
receptor), and peropsin, is known to be found in skin and
brain as well as in retina (Fig. 1). In 2003, OPN5 was
discovered as the gene neuropsin expressed in human
and mouse brain, testis, and spinal cord, in addition to
retina.

In collaborative research with Richard A. Lang of the
University of Cincinnati, we observed the projection
destination of photic stimulation from the retina” It is
believed that violet light stimuli received by OPN5 are
projected to the dorsal medial habenula, where they
modulate brain function (Fig. 2). The dorsal medial ha-
benula (AMHDb) works with the interpeduncular nucleus
(IPN) through the neural projection pathway (MHb-IPN)
to regulate brain functions such as depression, fear,
memory, worry, and addiction. C-Fos staining confirmed
that violet light radiation in aged mice enhanced cogni-
tive memory and increased nerve activity. Whole tran-
scriptome sequencing (RNA-seq) showed increased ex-
pression in the hippocampus of genes such as SOX10
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and MAG which are involved in the differentiation of
oligodendrocyte, a glial cell. Axon nerve conduction ve-
locity and plasticity are essential to brain functions such
as cognitive memory and mood, while the myelin sur-
rounding axons works as an insulator to modulate these
functions. It remains unclear how violet light impacts
oligodendrocytes, but it is thought to regulate the cen-
tral nervous system using a light other than blue light.
Using a social defeat stress (SDS) model as a depression
model, we found that violet light had a therapeutic effect
in reducing depression-like behavior. Neuronal activa-
tion (c-Fos) in the nucleus accumbens (NAc) and para-
ventricular thalamic nucleus (PVT) was observed in the
depression model using violet light irradiation.
Moreover, a clinical comparison was made of the dif-
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Figure 1. Absorption Spectrum for Nonvisual Photoreceptors
(A) Utilization of light wavelengths for visual function by cone
cells (S-opsin, M-opsin, L-opsin) and rod cells
(B) Absorption spectrum for nonvisual photoreceptors OPN3
and OPN4 (blue light) and OPN5 (violet light)
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ferential response on electroencephalography (EEG) ac-
tivity to photic stimulation from the eye, comparing pe-
riodic 40 Hz stimulation of violet light with that of 40 Hz
of white light. Results showed that 40 Hz-WL induced
significant increase of power spectrum density (PSD) in
theta band and 40 Hz-VL induced an increase of alpha-
gamma coupling during the VEP? These results indi-
cate that stimuli from the human eye may induce dif-
ferential response, while nonclinical research show the
potential for violet light usage in the nucleus accumbens
and paraventricular nucleus, clinical targets in depres-
sion therapy.

Social implementation of violet light may provide help-
ful signals in modulating body functions in indoor (as
well as in outdoor) environments in super-aging societ-
ies, in addition to helping us navigate altered lifestyles
during pandemics.
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nucleus of the thalamus : PVT). 252 #1EF (preoptic area : POA)

PVT?

Figure 2. Neural Circuit to the Brain from Nonvisual Photoreceptors OPN4 or OPN5 in the Retina
(A) Projection of blue light signal SCN via M1-type ipRGCs expressing OPN4 and modulation of
memory and circadian rhythm. M4-type IpRGCs also modulate mood via IGL/vLGN and LHb.

(B) Projection to MHb via OPN5 positive RGCs by violet light; neurotransmission to PVT and NAc.
Also, POA expresses OPN5 which modulates OPN5-dependent body temperature.

SCN: suprachiasmatic nucleus, PHb: perihabenular nucleus, vmPFC: ventromedial prefrontal cortex,
DRN: dorsal raphe nuclei, VTA: ventral tegmental area, IGL: intergeniculate leaflet, NAc: nucleus ac-
cumbens, PVT: paraventricular nucleus of the thalamus, POA: preoptic area
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Approaching drug development from the fundamental dry eye
question—"Why do humans shed tears?” Conducting in-depth
research to improve the eye environment, taking hints from
the commercially-available “JINS Moisture” line of glasses.

FEH S AT HEE LOmA ERE 2L TR Tsubota Lab takes an ambidextrous approach to man-
0. METHTCOEDFTTHIDEZZENLTVET, agement policy as well as to research. In other words, we
ThbbFE o2 LWIERNEIZ0% DT +— % devote 30% of our effort to new exploratory research, and
&, WRTHRDOIT 72— X% HEMNML TIED K 70% of our energy to maximizing value to commercialize
KALZ4TS GEILIIZE) 12 70% DT RV F—2ffivE 4, the seeds of our initial effort (through deep research).

K1 RERSBICEADSHRERE (BESE)
Figure 1. The neural circuit involved in tear secretion (conceptual)
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Figure 2. JINS Moisture

3 B’ B AF¥—IAMHX
Figure 3. tentatively named: Moisture Mist Eyeglasses

As always, exploratory research seeks answers to
questions which, in the field of dry eye, include: “Why
does mankind shed tears?” and “Why do we shed fewer
tears in this modern time?” It is the lacrimal glands
which produce tears, and as the superior salivary nucle-
us and the upper brain control this function, we are en-
tering new research territory by exploring the relation-
ship between dry eye and the brain (Fig. 1). In effect, we
have determined that the superior salivary nucleus
regulates lacrimal gland secretion through the parasym-
pathetic nerve, and are now earnestly searching for
clinical applications of this finding.

Meanwhile, the dry eye research field is being advanced
by a practical approach preventing dehydration around
the eye by elevating the humidity level near the eye.
JINS Moisture (Fig. 2) is currently on the market (p. 36).
We are also developing a moisture mist for further ele-
vation of the eye's environmental humidity, with clinical
research investigating tear stability and symptom alle-
viation (Fig. 3). This device stabilizes tear breakup time
(BUT) to ensure at least 90% humidity maintenance. Im-
proved BUT and symptom alleviation are directly linked
to dry eye therapy, suggesting that this method shows
great promise for simple dry eye care which is free of
side effects.

In addition, these concepts are written in my new book
called DRY EYE which I wrote all in English for the
first time. If you are interested, please check it out (Fig.
4).

4 FPAR IRZAT7A] OFRIEK
Figure 4. DRY EYE book cover
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Science of Ocular Biomechanics
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Understanding and assessing the stiffness of the tissues that
make up the eye is important in treating keratoconus and

presbyopia.
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The importance of evaluating stiffness in ophthalmol-
ogy cannot be overstated. Stiffness is classified as a form
of biomechanics—as a biomechanical property—and ap-
plied as a tool to “recognize mechanics to achieve under-
standing of an organic phenomenon.” Ocular biomechan-
ics is exemplified by intraocular pressure, with a
noncontact tonometer used to analyze corneal deforma-
tion. Tsubota Laboratory has developed KeraVio, a nov-
el treatment for keratoconus, in addition to a new thera-
peutic drug for presbyopia, focusing attention on the
biomechanics of two types of ocular tissue: the cornea
and the crystalline lens.

Keratoconus is a progressive condition in which the
cornea thins and bulges forward in a cone-like shape.
KeraVio was pioneered as a therapy to inhibit the pro-
gression of this disease among patients who wear violet
light (VL)-emitting eyeglass frames for several hours
each day. Both efficacy and safety were confirmed in
clinical research involving joint use of KeraVio and ribo-
flavin eyedrops.” We then focused on endogenous ribo-
flavin in the human cornea, hypothesizing similar effi-
cacy without use of riboflavin eyedrops. Intracorneal
riboflavin concentration is minuscule, less than one-tenth
of that in the eyedrops administered following corneal
epithelial ablation (Fig. 1), but Young's modulus (which
expresses corneal biometrics) confirmed sufficient stiff-
ness following violet light irradiation even without ad-

ministration of eyedrops (Fig. 2)” We have designed a



WEENTBY I3, HAOBEIHASTH BRI, &
LCERTEXRHABEOEZ T2 ASMETT, EHR
TN X 2FEIEOBE] TH Y. KDL -
JEL ) DAMET LT 2R THY 9, &A1
EBROFHIMR & L CKRBERZ T 2B oH#EICEH L
THY TF WIKIITL %2 2 EEEP EABMEELDH Y .
KRBT 2B L HEEN DD EHEETETT, Zh
FCICHHOBE WM T2 LEY - ¢ MiZBWT
MRS & > TR EHEL 22 L 2 MERLTE W
DE LA (M3). EBOBKMIETEMNE. ¥V Ml
HiJJCRAMI L £ 30T KA & 5T 0 BfRER
ZIRIZR ) R T WAERDNORTFZ2RELTBY 3,

1|

1. REMURTSEVRBHABHSHEELTWSBZEDFD o7z,
Figure 1. Confirmation that endogenous riboflavin exists in minimal quantity
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Figure 2. Corneal stiffening through violet light (VL) irradiation alone (without use
of riboflavin or FAD eyedrops)
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protocol excluding riboflavin administration which is
currently being explored in a clinical study evaluating
KeraVio using endogenous riboflavin GRCTs032190267).

The increasing difficulty we experience with close-range
vision during aging is known as presbyopia (age-related
farsightedness). The global “presbyopia population” is
currently estimated at 1.8 billion. This social problem
which interferes with vision certainly cannot be ignored
in Japan's super-aging population. Presbyopia is a phe-
nomenon which brings a decline in accommodative pow-
er, a stiffening and thickening of the crystalline lens, and
a loss of elasticity. We are focusing on the velocity of
acoustic waves transmitted through the crystalline lens
as a means of assessing presbyopia. As the velocity of
acoustic waves increases when objects stiffen, one might
conjecture that this property would hold true for the
crystalline lens. We previously developed a dedicated
ultrasonic probe for use in both animals and humans
which confirms that the velocity of acoustic waves in
the crystalline lens increases with aging (Fig. 3). We are
currently evaluating visual accommodative powers in
aging in a clinical study exploring the relationship
between the velocity of acoustic waves in the crystalline
lens and accommodation as well as factors other than
age that promote presbyopia.

3. ZRZHET 2 ERABTREMT EBF KKK
Figure 3. Dedicated ultrasonic probe and ultrasonic waveform used for evaluat-
ing presbyopia
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Principal Investigator, Tsubota Laboratory, Inc.

An incredible environment
in which to savor research
challenges!

I am Seiichiro Kizaki, a researcher in Tsubota Lab,
and have been investigating myopia since I joined the
organization in March 2021.

My current mission is to discover and commercialize
food products, supplements, and pharmaceuticals to
help prevent the lifestyle disease of myopia in school-
children.

As my expertise is with chemistry, creating an ex-
perimental myopic mouse model is a bit of a professional
stretch for me, but I am thoroughly enjoying my work
each day. I hope to discover a compounds which can
treat myopia in children worldwide, thereby helping to
prevent loss of eyesight for humankind.

The Tsubota Laboratory environment facilitates a
variety of research activities, making it a perfect fit for
me. After reading Dr. Tsubota's “Lifestyle Tips for Sci-
ence Researchers”(Kodansha Ltd., 2010), I launched my
career with the conviction that science is an adventure
and I am thoroughly enjoying Tsubota Lab, where chal-
lenges may be pursued to the best of one's ability.

I am counting on making 2022 a year of breakthroughs.

<) ADRERAIE DT
Measuring mouse axial length
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Tsubota Lab is Innovating
the World

Remodeling of the synapses which communicate be-
tween neurons causes neuronal circuit transitions en-
abling neuronal network plasticization expressed in
higher brain function. The synaptic mechanisms of the
effects of internal and external perturbations, such as
memory, learning, development, and neuropsychiatric
disease, on neuronal network, which maintains dynamic
equilibrium has been investigated by long-term time-
lapse imaging of indentified synapses in the brain of
living animals. Tsubota Lab energetically strives to in-
troduce such academia-based experiences and achieve-
ments into society through commercialization, and I am
honored to work in accordance with this philosophy.

While setting up our laboratory, we are currently
identifying the neuronal circuits responsible for the ef-
fects of violet light on physical functions, our main R&D
pipeline, by using neuroscience techniques such as opto-
genetics with cerebral blood flow increase as the main
indicator. Elucidating the mechanisms of violet light will
enable us to seek new applicability for commercializa-
tion. The unexplored field of violet light activity is ex-
pansive, and we are exploring it as a parallel effort in
search of novel applications.

My mission going forward is to explore each facet of
research with my own hands—from seed discovery
through commercialization—and innovate by penetrat-
ing closed worlds, letting there be light in the abyss.
Immediately upon inauguration, Tsubota Lab assembled

specialists from myr-
iad occupations, cre-
ating an environ-
ment not unlike the
chaos from which an
egg is hatched. We
all share such an en-
vironment which is,

for me, a joy.
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Director, Chief Technology Officer, and
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Clinical Development at Tsubota Laboratory
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Furthering development
and commercialization of
science-based pharmaceuticals
and medical devices

While Tsubota Laboratory highly prioritizes the devel-
opment of pharmaceuticals and medical devices, the pro-
cess of launching a new product to market is by no means
simple. After basic and clinical research, clinical trials
have to be conducted before going through the approval
screening process.

While we may search for a partner firm once value is
extracted from ideas garnered through primary research,
the major hurdle is to reduce various risks when negotiat-
ing with potential overseas enterprises, in particular. In
such situations, we often enter early-stage partnerships
with relatively light contractual conditions, advancing to a
more serious contract later once risk wanes with further
clinical development, an approach which has numerous
variations.

Though it involves a long and arduous path, as a univer-
sity startup, we are committed to development based on
solid science and eschew shortcuts to product commercial-
ization.

Clinical development
based on violet light

Eyeglasses (trademarked as VioGlass) which emit violet
light (VL) are the key asset for Tsubota Laboratory. As
they are our ranking device in clinical development, I will
chiefly introduce major developments based on VL.

1. TLG-001: Suppressing Myopia
Progression
We began device development in 2016 and initiated
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early-stage consultation with Japan's Pharmaceuticals and
Medical Devices Agency (PMDA). In 2019, we launched an
exploratory clinical trial of a device with the development
code designation of TLG-001, targeting safety as the pri-
mary outcome measure. Some 40 elementary school stu-
dents wore the device for a period of six months with the
finding that VL caused no adverse effects whatsoever?.
Analysis of a subgroup of children aged 8 to 10 addition-
ally found device efficacy®. This double-blinded trial deter-
mined that, compared to the control device group, those in
the clinical device group had a greater suppression rate
for myopia progression: 40% measured by axial length
(Fig. 1) and over 70% (Fig. 2) measured by refractive value
(spherical equivalent), indicating the high potential of VL.
Based on guidance from the PMDA, we are preparing to
enter the next stage: the launch of a confirmatory trial to
test efficacy, incorporating a longer trial period and an
expanded number of subjects.

2. TLG-003 ("KeraVio”):
Treatment

Keratoconus is a disease in which the cornea thins and
bulges outward. While the standard treatment known as
corneal cross-linking is an invasive procedure, KeraVio
treatment based on VioGlass is minimally invasive, safe,
and achievable without patient lifestyle disruption. A
specified clinical trial incorporating riboflavin eye drop
administration verified satisfactory efficacy and safety?. As
riboflavin is contained in the cornea, we are now proceeding
with a specified clinical study which does not include the
eye drops.

3. TLG-005: Treatment for Depression
and Cognitive Impairment

We now know that signals receiving VL at the non-visual
photoreceptor OPN5 have been found to affect brain
function. Unlike studies using TLG-001 and 003, flickering
VL (at 40Hz) was used as a stimulus on healthy subjects in
a clinical study”. VL stimulus from the eyes results in a
specific response in the brain, leading to anticipation that
this may elevate cognitive function. We are currently
preparing to embark on clinical research investigating
links with depression and mild cognitive impairment.

Keratoconus

2% ik References :

1)Tsubota Lab homepage: %41 7L 2 V) — X /Press release on safety.
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Messages for Tsubota Laboratory
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Kotaro Yamasishi

Vice President for Finance, Fundraising, and
Entrepreneurial Education and Support, Keio University
CEQ, Keio Innovation Initiative, Inc.
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Great Expectations: leading the way
for Keio University ventures

Tsubota Laboratory is one of the rare deep tech start-ups
successfully blending high levels of science and business. As
its members are well aware, even top-notch scientific discov-
eries do not spread globally on their own merit. University
ventures must take on the unique role of deriving business-
based solutions to critical social issues, demonstrating lead-
ership in the now-globalized social impact investing.

In May 2021, a new executive branch of education and
support for budding entrepreneurs was launched under in-
coming Keio University Chairman and President Kohei Itoh,
joining the Keio Innovation Initiative, a venture capital es-
tablished in December 2015, in focused cultivation of new
university-generated ventures. Tsubota Laboratory, the
vanguard of such Keio ventures, is poised to blend research
results and business success at the highest level, contribut-
ing greatly to society in the process.
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Dr. Shigeo Kagami

Professor, Department of Technology Management
for Innovation (TMI)

Graduate School of Engineering The University of
Tokyo

President, The Japan Academic Society for Ven-
tures and Entrepreneurs
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A world-class venture company
destined for expansive growth

Innovation in medical care and life sciences holds
the key to resolving critical social issues facing the
global community. Cutting-edge venture companies
play an indispensable role in that effort. Tsubota
Laboratory—a Keio University School of Medicine
startup with multiple achievements already under
its belt—is on the radar as a venture company likely
to sustain impressive growth. Professor Kazuo
Tsubota possesses the passionate dynamism and
“breakthrough power” to garner the capital, hu-
man resources, and technology required for major
innovation. I look forward to witnessing the expan-
sive growth of this world-class venture as it repre-
sents Japan on the global stage.
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Anticipating tremendous social
contributions and global success!

In his MBA days, I personally witnessed Professor Tsubo-
ta's insatiably inquisitive mind and his intellectual humility,
and I have every expectation that his extraordinary dyna-
mism will drive Tsubota Laboratory to great success.

The potential pharmaceuticals and medical device market is
enormous. I understand that recently, over 20% of the global
population has become myopic, over 5% suffers from dry eye,
and over 25% is farsighted, or presbyopic. Moreover, by 2050,
half of the world’s population—some 5 billion individuals—will
be myopic. Tsubota Laboratory, a university venture using
proprietary technology to create products to cure and allevi-
ate disease, will assuredly leverage its social impact, high as-
pirations, and economic potential to realize major social contri-
butions. As technology seamlessly transcends national
borders, it is my hope that Tsubota Laboratory will leverage
its own achievements to enjoy global success.
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David Huang, vp, php

Associate Director & Director of Research, Casey
Eye Institute

Peterson Professor of Ophthalmology

Professor of Biomedical Engineering

Oregon Health & Science University
huangd@ohsu.edu
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| am looking forward to working
with you on unconventional
solutions!

As a co-inventor of optical coherence tomogra-
phy and fellow entrepreneur, I know how hard it
is to make inventions that are novel, practical, and
beneficial. I am continually amazed by Dr. Kazuo
Tsubota's creativity and unconventional therapeu-
tic solutions that could have great impacts on
some of the most common eye diseases. Keep
making magic with light, Kazuo!
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Safety and efficacy of TLG-001 confirmed
through exploratory research.

Tsubota
“Top10”
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Research explaining the
myopia-suppressing effect
of violet light and its role
via the non-visual recep-
tor OPN5 in increasing
choroidal thickness was
published in PNAS.
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New additions to the lab! Two members in research, one
in management, and a new CEO assistant.
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Gokigen Café was opened to foster
communication among employees!

#HEL80O COVID-19 DU F U iEfEDTT |
100% COVID-19 vaccination rate at Tsubota Lab!
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A shift from in-person to web meetings
increased participation!

2021 FE 3 AMEERTERK !

Tsubota Lab profitable
again in fiscal year
ending March 2021!

News ltems
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G Project (business innovation)
launched!
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8 patents submitted
7 patents registered
66 journal articles published!
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“Cross-knowledge

q o CEO 3;1(7?V—
project” launched at CEO Mini Lecture
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CEO Mlnl LeCture SeekingFBusiness Domain Syr%rgy

% 26E 2021F10A18H(A)
26th October 18, 2021 (Monday)
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(#%) fEE >R CEO
Kazuo Tsubota
CEO, Tsubota Laboratory, Inc.
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Achievements #&
April 1, 2020 ~ December 31, 2021
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Myopia
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5. lkeda SI, Kurihara T, Toda M, Jiang X, Torii H, Tsubota K. Oral Bovine Milk Lactoferrin Administration Suppressed
Myopia Development through Matrix Metalloproteinase 2 in a Mouse Model. Nutrients. 2020 Dec 5;12(12):3744.
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K, Uchino M, Kurihara T, Negishi K, Tsubota K. Axial Length and Prevalence of Myopia among Schoolchildren in the
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K, Iso H. Myopia, corneal endothelial cell density and morphology in a Japanese population-based cross-sectional
study: the JPHC-NEXT Eye Study. Sci Rep. 2021 Mar 18;11(1):6366.

10. Jiang X, Pardue MT, Mori K, Ikeda SI, Torii H, D’'Souza S, Lang RA, Kurihara T, Tsubota K. Violet light suppresses
lens-induced myopia via neuropsin (OPN5) in mice. Proc Natl Acad Sci U S A. 2021 Jun 1;118(22).e2018840118.

11. Noda Y, Takano M, Hayano M, Li X, Wada M, Nakajima S, Mimura M, Kondo S, Tsubota K. Photobiological Neuromod-
ulation of Resting-State EEG and Steady-State Visual-Evoked Potentials by 40 Hz Violet Light Optical Stimulation in
Healthy Individuals. J Pers Med. 2021 Jun 15;11(6):557.

12. Shinojima A, Kurihara T, Mori K, lwai Y, Hanyuda A, Negishi K, Torii H, Tsubota K. Association between ocular axial
length and anthropometrics of Asian adults. BMC Res Notes. 2021 Aug 26;14(1):328.
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Invasion. J Clin Med. 2021 Aug 31;10(17):3944.
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ical trial of orthokeratology in school-aged children and adolescents in Japan. Jpn J Ophthalmol. 2021 Sep;65(5):624-
631.

15. Mori K, Torii H, Hara Y, Hara M, Yotsukura E, Hanyuda A, Negishi K, Kurihara T, Tsubota K. Effect of Violet Light-Trans-
mitting Eyeglasses on Axial Elongation in Myopic Children: A Randomized Controlled Trial. J Clin Med. 2021 Nov
22:10(22):5462.

16. Shinojima A, Lee D, Tsubota K, Negishi K, Kurihara T. Retinal Diseases Regulated by Hypoxia-Basic and Clinical
Perspectives: A Comprehensive Review. J Clin Med. 2021 Nov 24;10(23):5496.
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Keratoconus

1. Kato N, Negishi K, Sakai C, Tsubota K. Baseline factors predicting the need for corneal crosslinking in patients with
keratoconus. PLoS One. 2020 Apr 16;15(4):e0231439.

2. Kato N, Masumoto H, Tanabe M, Sakai C, Negishi K, Torii H, Tabuchi H, Tsubota K. Predicting Keratoconus Progression
and Need for Corneal Crosslinking Using Deep Learning. J Clin Med. 2021 Feb 18;10(4):844.

3. Kobashi H, Hieda O, Itoi M, Kamiya K, Kato N, Shimazaki J, Tsubota K, The Keratoconus Study Group Of Japan.
Corneal Cross-Linking for Paediatric Keratoconus: A Systematic Review and Meta-Analysis. J Clin Med. 2021 Jun
15;10(12):2626.

4. Kobashi H, Torii H, Toda |, Kondo S, Itoi M, Tsubota K. Clinical outcomes of KeraVio using violet light: emitting glasses
and riboflavin drops for corneal ectasia: a pilot study. Br J Ophthalmol. 2021 Oct;105(10):1376-1382.

Dry Eye
1. Inomata T, lwagami M, Nakamura M, Shiang T, Fujimoto K, Okumura Y, Iwata N, Fujio K, Hiratsuka Y, Hori S, Tsubota
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K, Dana R, Murakami A. Association between dry eye and depressive symptoms: Large-scale crowdsourced research
using the DryEyeRhythm iPhone application. Ocul Surf. 2020 Apr;18(2):312-319.

. Kaido M, Fukui M, Kawashima M, Negishi K, Tsubota K. Relationship between visual function and cognitive function in

the elderly: A cross-sectional observational study. PLoS One. 2020 May 19;15(5):e0233381.

. Jin K, Imada T, Hisamura R, Ito M, Toriumi H, Tanaka KF, Nakamura S, Tsubota K. Identification of Lacrimal Gland

Postganglionic Innervation and Its Regulation of Tear Secretion. Am J Pathol. 2020 May;190(5):1068-1079.

. Yamanishi R, Uchino M, Uchino Y, Kawashima M, Dogru M, Yokoi N, Tsubota K. Changes in Distribution of Dry Eye Di-

agnostic Status Among Visual Display Terminal Workers According to the Revised Criteria of the Asia Dry Eye Society.
Cornea. 2020 May;39(5):578-583.

. Inomata T, Nakamura M, lwagami M, Midorikawa-Inomata A, Sung J, Fujimoto K, Okumura Y, Eguchi A, lwata N, Miura M,
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. Kaido M, Kawashima M, Ishida R, Tsubota K. Tear Film Dynamics of Soft Contact Lens-Induced Dry Eye. Curr Eye Res.

2020 Jul;45(7):782-788.
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Yokoi N, Kinoshita S, Dana R. Defining Dry Eye from a Clinical Perspective. Int J Mol Sci. 2020 Dec 4;21(23):9271.
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Partial Loss of Gland Due to Orifice Cauterization and the Alleviating Potential of 22-Oxacalcitriol. J Clin Med. 2020
Dec 22;10(1):6.
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Effects of Alcohol Consumption on Functional Visual Acuity, Tear Functions, and the Ocular Surface. Eye Contact Lens.
2021 Jan 1;47(1):20-26.

Kaido M, Inoue S, Kawashima M, Ishida R, Nakamura S, Tsubota K. Role of transient receptor potential melastatin 8
activity in menthol-induced cold sensitivity and its qualitative perception in dry eye. Ocul Surf. 2021 Jan;19:307-312.
Kubota M, Kawashima M, Inoue S, Imada T, Nakamura S, Kubota S, Watanabe M, Takemura R, Tsubota K. Randomized,
crossover clinical efficacy trial in humans and mice on tear secretion promotion and lacrimal gland protection by
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Tsubota K. Importance of the Parasympathetic Nervous System for Controlling Dry Eye. J Aging Sci. 2021 April
26;9(3):1000252. Commentary

Vu CHV, Kawashima M, Nakamura W, Nakamura TJ, Tsubota K. Circadian clock regulates tear secretion in the lacrimal
gland. Exp Eye Res. 2021 May;206:108524.

Shimizu S, Arita R, Kawashima M, Inoue S, Itoh K, Tsubota K. Morphological Changes of Meibomian Glands in Men With
Benign Prostate Hyperplasia. Cornea. 2021 Apr;40(4):445-448.

Shimizu E, Yazu H, Aketa N, Yokoiwa R, Sato S, Katayama T, Hanyuda A, Sato Y, Ogawa Y, Tsubota K. Smart Eye
Camera: A Validation Study for Evaluating the Tear Film Breakup Time in Human Subjects. Transl Vis Sci Technol.
2021 Apr 1;10(4):28.

Sato S, Shimizu E, He J, Ogawa M, Asai K, Yazu H, Rusch R, Yamane M, Yang F, Fukuda S, Kawakami Y, Tsubota K,
Osgawa Y. Positive Effects of Oral Antibiotic Administration in Murine Chronic Graft-Versus-Host Disease. Int J Mol Sci.
2021 Apr 3;22(7):3745.

Ikarashi H, Aketa N, Shimizu E, Takano Y, Kawakita T, Uchino Y, Matsumoto Y, Ogawa J, Tsubota K, Ogawa Y. Two
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Hanyuda A, Sawada N, Uchino M, Kawashima M, Yuki K, Tsubota K, Tanno K, Sakata K, Yamagishi K, Iso H, Yasuda
N, Saito I, Kato T, Abe Y, Arima K, Shimazu T, Yamaji T, Goto A, Inoue M, lwasaki M, Tsugane S. Relationship between
unhealthy sleep status and dry eye symptoms in a Japanese population: The JPHC-NEXT study. Ocul Surf. 2021
Jul;21:306-312.

Uchino M, Kawashima M, Yamanishi R, Inoue S, Kawashima S, Tagami K, Yoshida M, Sugita T, Uchino Y, Tsubota K. The
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as Potential Dry Eye Treatment Components in Mice. Nutrients. 2021 Jul 24;13(8):2536.

Yamanishi R, Sawada N, Hanyuda A, Uchino M, Kawashima M, Yuki K, Tsubota K, Kato T, Saito I, Arima K, Mizukami
S, Tanno K, Sakata K, Yamagishi K, Iso H, Yasuda N, Shimazu T, Yamaji T, Goto A, Inoue M, lwasaki M, Tsugane S;
JPHC-NEXT Group. Relation Between Body Mass Index and Dry Eye Disease: The Japan Public Health Center-Based
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Okada N, Kawakita T, Ito M, Tsubota K. Aquaporins 8 and 9 as Possible Markers for Adult Murine Lacrimal Gland Cells.
Biomed Res Int. 2021 Sep 9;2021:6888494.

Ogawa Y, Takeuchi T, Tsubota K. Autoimmune Epithelitis and Chronic Inflammation in Sjégren’s Syndrome-Related Dry
Eye Disease. Int J Mol Sci. 2021 Oct 30;22(21):11820.

Connell S, Kawashima M, Nakamura S, Imada T, Yamamoto H, Tsubota K, Fukuda S. Lactoferrin Ameliorates Dry Eye
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28. Hata-Mizuno M, Uchino Y, Uchino M, Shimmura S, Ogawa Y, Tsubota K, Negishi K. Analysis of the Association between

Galectin-3 Concentration in Tears and the Severity of Dry Eye Disease: A Case-Control Study. J Clin Med. 2021 Dec
23;11(1):66.

Presbyopia
1. Kubota M, Kubota S, Kobashi H, Ayaki M, Negishi K, Tsubota K. Difference in Pupillary Diameter as an Important Factor

for Evaluating Amplitude of Accommodation: A Prospective Observational Study. J Clin Med. 2020 Aug 18;9(8):2678.

2. Nagashima H, Sasaki N, Amano S, Nakamura S, Hayano M, Tsubota K. Oral administration of resveratrol or lactic acid
bacterium improves lens elasticity. Sci Rep. 2021 Jan 26;11(1):2174.

3. Negishi K, Ayaki M, Kawashima M, Tsubota K. Sleep and subjective happiness between the ages 40 and 59 in relation
to presbyopia and dry eye. PLoS One. 2021 Apr 23;16(4):e0250087.

4. Tsuneyoshi Y, Masui S, Arai H, Toda |, Kubota M, Kubota S, Tsubota K, Ayaki M, Negishi K. Determination of the
Standard Visual Criterion for Diagnosing and Treating Presbyopia According to Subjective Patient Symptoms. J Clin
Med. 2021 Aug 31;10(17):3942.

5. Tsuneyoshi Y, Negishi K, Tsubota K. Multifaceted Assessment of the Effects of an Eye Exercise for Presbyopia. Rejuve-
nation Res. 2021 Dec;24(6):417-423.

Miscellaneous
1. Azuma K, Nojiri T, Kawashima M, Hanai A, Ayaki M, Tsubota K; TRF-Japan Study Group. Possible favorable lifestyle

changes owing to the coronavirus disease 2019 (COVID-19) pandemic among middle-aged Japanese women: An
ancillary survey of the TRF-Japan study using the original “Taberhythm” smartphone app. PLoS One. 2021 Mar
25;16(3):e0248935.

2. Lee D, Tomita Y, Miwa Y, Jeong H, Mori K, Tsubota K, Kurihara T. Fenofibrate Protects against Retinal Dysfunction
in a Murine Model of Common Carotid Artery Occlusion-Induced Ocular Ischemia. Pharmaceuticals (Basel). 2021 Mar
7:14(3):223.

3. Kunimi H, Lee D, Ibuki M, Katada Y, Negishi K, Tsubota K, Kurihara T. Inhibition of the HIF-1 a /BNIP3 pathway has a
retinal neuroprotective effect. FASEB J. 2021 Aug;35(8):€21829.

4. Kurihara T, Lee D, Shinojima A, Kinoshita T, Nishizaki S, Arita Y, Hidaka Y, Nishi Y, Shirakawa Y, Kimura S, Tsuneyoshi
Y, Torii H, Tsubota K, Negishi K. Glucose levels between the anterior chamber of the eye and blood are correlated
based on blood glucose dynamics. PLoS One. 2021 Sep 1;16(9):e0256986.

5. Yokoyama Y, Shinohara K, Kitamura N, Nakamura A, Onoue A, Tanaka K, Hirayama A, Aw W, Nakamura S, Ogawa Y,
Fukuda S, Tsubota K, Watanabe M. Metabolic Effects of Bee Larva-Derived Protein in Mice: Assessment of an Alterna-
tive Protein Source. Foods. 2021 Nov 1;10(11):2642.

6. Tomita Y, Lee D, Tsubota K, Negishi K, Kurihara T. Updates on the Current Treatments for Diabetic Retinopathy and
Possibility of Future Oral Therapy. J Clin Med. 2021 Oct 12;10(20):4666.

7. Lee D, Tomita Y, Allen W, Tsubota K, Negishi K, Kurihara T. PPAR a Modulation-Based Therapy in Central Nervous
System Diseases. Life (Basel). 2021 Nov 2;11(11):1168.

2. INEE - #5 Review Papers (Japanese)

CRERER . BIAREXICEDNA . RR 63(1) 17-222021 £ 18 58.

. FRICRIF , RRREE, A5 . /Ot F U ORKRRBICKH T HEIT TR | EEikee - BANERERERMOMSE 314-322 2020% 57 .
CRRBEE . TI—F4heAY -7+ . OCULISTA 88 52-58 2020 %7 A 15H.

FH—%5, BESK FRE%E . BOBZXIO0EFRE4/713 T340 . BRAIN and NERVE 73 (11):1185-1191, 2021.

BH, FE—5 . RICKBIHREMAERETIHE . BRAIN and NERVE 73 (11):1201-1207, 2021.

QIEFSRENE

3. EE®¥ £ International Meetings

The Association for Research in Vision and Ophthalmology (ARVO) Annual Meeting. (Online Meeting), 1-7 May

2021

1. Sato S, Shimizu E, Fukuda S, Ogawa Y, Tsubota K. Gut microbiota promotes chronic ocular graft-versus-host disease
(cGVHD) through cellular senescence.

2. Kato N, Masumoto H; Tanabe M, Sakai C, Negishi K, Torii H, Tabuchi H, Tsubota K. Predicting keratoconus progression
using deep learning.

3. Kurihara T, Jiang X, Pardue M, Mori K, Ikeda SI, Torii H, D’Souza S, Lang RA, Tsubota K. Violet light suppresses lens-in-
duced myopia via neuropsin (OPN5) in mice.

4. Yazu H, Shimizu E, Sato S, Aketa N, Katayam T, Fukagawa K, Ogawa Y, Tsubota K, Fujishima H. Clinical Observation of
Allergic Conjunctival Diseases with Portable and Recordable Slit-Lump Device.

5. Shimizu E, Yazu H, Aketa N, --- Sato S, Katayama T, Fukagawa K, Fujishima H, Ogawa Y, Tsubota K. Innovative artificial
intelligence-based cataract diagnostic method uses a slit-lamp video recording device and multiple machine-learning.

The 11th Asian-Pacific Conference on Biomechanics (AP Biomech 2021) (online), Kyoto, Japan, 2-5 December
2021
Jeong H, Kurihara T, Negishi K, Tsubota K. Establishment of scaffold-free choroid in vitro model.

4. EFEIBF#EE International Symposia

Myopia International Symposium (virtual). Curitiba, Brazil, 10 October 2020
Tsubota K. Violet Light Hypothesis for the Prevention of Myopia.



Asia Dry Eye Society Educational Session 2020 (virtual). Tokyo, Japan, 28 November 2020
Tsubota K. New Understanding of Lacrimal Gland Innervation.

University of lllinois at Chicago (UIC) Grand Rounds (hybrid), Chicago, lllinois, USA. 20 January 2021
Tsubota K. How do you treat a four-year-old child with high myopia?

Silicon Valley Japan Platform (SVJP) Online Meetup Series “Matcha” (virtual), Japan. 22 January 2021
Tsubota K. Bio-Antiaging by Outdoor Light.

Association for Research in Vision & Ophthalmology (ARVO), 2021 Bench to Bedside (B2B) (virtual). 20-21 May
2021
Tsubota K. How to Evaluate Ideas for Start-ups.

European Dry Eye Congress, Paris, France (hybrid). 18-19 June 2021
Tsubota K. Science of Tearing.

2021 Myopia Update Symposium in Taiwan (MUSIT), Kaohsiung City, Taiwan (hybrid). 29 August 2021
Tsubota K, Torii H, Jiang X, Kurihara T. Violet Light Can Suppress Myopia Progression in Mice, Chick, and Human.

7th Chinese Ocular Surface and Dry Eye Congress (hybrid), Shanghai, China. 29-31 October 2021
Tsubota K. Science of Tearing.

Asia Dry Eye Society Educational Session 2021 (virtual), Shanghai, China. 6-7 November 2021
Tsubota K. Dry Eye & Myopia are Related!!!

World Congress of Omega-3 Science & Technology (WCOST) (virtual) 14 November 2021
Kurihara T. Myopia Suppression in Omega-3 PUFA-Enriched Conditions.

5. EN®#L Domestic Meetings

&£ 125 EIAARIREZEEES /The 125th Annual Meeting of the Japanese Ophthalmological Society, XBk, 2021 &£ 4 A
8H~11H
1. BREE S ERETNEHAOSFMEREDZEN 7 7O0—F . T—Z2FJ 13— 20 [ZhDSDERLZEREE A D~ FABEEREEH,DS
RBIAFREITINE~ .
2. BKEET, MEREY , BEFK, HEHNT, DAHBF, RBEES , RE—7, BEZEX, FH—5 . RRBA 1 /©NERIZHITE 1 F
BOREITE. R RENCEEZFORERTFOMRET .

EIMMEARERFESHESE /The 3rd Annual Meeting of Japan Myopia Society (/N 7UJvR) ®®. 2021 £ 5 A 22H~23H
1. BEEK, AW, BEE, UERKEY , FLENT ., VAHBT, BEHE , HHAE—, mHE—, RE—7, FREX, FH—5 . /N1
FLyhZA NESFIREDOR RSN —BEA _EEREBIRRAER R — .
2. BEREE , X, Machelle Pardue, FicflF , MHE—, KBFHH , Shane D’'Souza, Richard Lang, ffH—5% . N1FALvrZ1h
I& OPN5 AN L TY I ARBRIAREIFITS .
3. BEEE , FRMBRE, HFMHT, SFHETER, PDAHBF, BESK , IFH—% . BMREADEPMNORIEDOHBESLE .
4 fFR—5 , BEFER , NXST/NTZX, T, PAHBT, BEEE , HHE—, Z8%, THIE, NEKEYD  EREX . EHREE
ICH VT ZRER ORRBHIERFRE E DORIEM .
5. MEWREY , BESK , Fi¥, PARRBF, RE—77, TFEAERE, ITH—5 . RRBRIHHEED 6 REICHIT2RBRESRINED
BEEMEDIRET .
6. AEEE—BR, X, KIFERE, SHAH, SEFHK, ERABXE, IFH—5 . REXARICRICADKGENIFLYNSARDE  vR2F>
SITE DRER .
7. THEE, BEREE, HAE—, DX, FLENF ., BEFK , TTA—F . OPN AN LENIA L YN TA ML MEN R IETERFDFIR .
8. ST, BINET, ®iF, THE, wBE—, /NIE, BESK, BEH, BEREE, FH—F . IV AEREFIVIETDAXHIF
BIFNREBAER DR EATINHIZNR .
O MHE—, ERHER, EWNR, HEMT, TEE, BHEE. BREN, ZH=w, NEEE, FUKE, EHTR, BESK ., IFA—5 .
SRAE/NIRA AN AU K BIEAETTHIED .
10. &4, /N T, HEE—, T TG, 5R¥K, B T, B 28, BESHK, BEREX, TH—% . 1 FIaVEIFTADOIVARBRERET IV
ICH VT DR ETIHINR .
1. BB, EREER, TEE, HRLNT, HBE—, #&£8F% ., BEEFHK, FEH—5 . Selective Ablation of Lrp2 in Retinal Pigment
Epithelium Causes High Myopia.

% 75 BBARKIREISES /The 75th Annual Congress of Japan Clinical Ophthalmology. &R, 2021&10A288~ 31 H
1. WEREY, BBFK, HLHF, NIIE, PARRTF, RE—7, BREE, IFH—5 . COVID-19 FRITHIEDOMA/NELEICH VT BEREH
REZCELEERT DR .
2. BERERE . IERETODTFAAZALERER—T YN, AVANT T3> 0—R 48 [ERBEN—ZILOA—T A R— M ADZXLRARDS
ETHHL. SNREREET~ .
3. ERBE . )i VEGF BET7Y7T—b . AV AN 23 0—R 39 [HEREEELMAR 7Y 77—k 2021.

£ 14 EARFPAFEEKRREIETH /The 14th Kyoto University Clinical Ophthalmology Discussion. T#8. 2021 £ 11 A5H
FIREE . IROEDOEADMBEDEE MR IAEMZ .

% 9 [ Urayasu Retina Club 2021. #&RHTER. 2021 £ 11 A26H
FREE . BEEREBEDOEZDBIEDREE AR .
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M ass M edia (2020.4—2021.12)
NYAXT A7) (2020 % 4 B—2021%E 12 A)
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%
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HPE—% |
%
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ZEFA . 527 NIKKEI KADZFF . 2020/4/3.

[ RZAT7AFHICITBEERESHEBEENRE] .

AsE0Y FYIOMAE. ARZF . 2020/4/25.

ZZEFA . 2274 NIKKEl KADZFF . 2020/5/1.

[&H7%7= vs. KBl . PRESIDENT. 2020/5/1.
[BET—LDPHELTI—XIC KERNVFr—ADH(] .
Forbes JAPAN. 2020/5 A% .

[TI—Z4 b~ BICEERD? HLAT!IINYY Fsc#HmE 2020/5/16.
ZEIFA . Z2F NIKKEI XADZFF . 2020/6/5.

[#fR| EEEIOFER . BS NHK 2020/6/14.

ZEIFA . Z2F NIKKEI XADZFF . 2020/7/3.
[FEMTANILNAT7HHBICHET | T2 RIUAR BIO THAA] #HRIFS .
JETRO 2020/07/09.

ZEIFA . Z2F NIKKEI XADZFF . 2020/8/7.

[BHRZ1 7IVXE] . HAFT L E.2020/8/14.
[ZEBZEBRDPSFB/HIC] KEDULEIFA . 2020/09/1.
ZEIFA . Z2F NIKKEI XADZFF . 2020/9/4.
[ShHZF U ERA] e KODOMO #if . FescsE 2020/10/1.
ZEIFA . 7274 NIKKEI XKADZFF . 2020/10/2.

[y K-E—Z27] .7 LE#HBR. 2020/10/28.

ZEIFA . 727 NIKKEI XADZFF . 2020/11/6.
ZEIFA . 727 NIKKEI KADZFF . 2020/12/4.
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FHE—% .
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FHE—% .
FHE—% .
FE—% .

ZEITFA . Z2F NIKKEI KADZFF . 2021/1/1.
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ZEFA . Z2F NIKKEl KADZFH . 2021/2/5.

KKRABEME ZZITA [BERMEDOEDPOTWVS ! | . EFEL 3 AES 2021/3/2.
ZZIFA . 227 NIKKEI KADZF# . 2021/3/5.

ZEFA . 527 NIKKEl KADZFH . 2021/4/2.

[DAZVERRY b ten IHHRFE] . Fi5cT L E . 2021/4/2.



¥E-5.[SRAOJO0-/N - )—4—] . YGC. 2021/4/9.
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FH—S.[RZ1474] . Ea—~v=ZI>X.NHK. 2021/04/29.

HH—%. . Ea—~YZIVA ["R"BOOSNZEEDOFHZ] . NHKBS4K. 2021/5/3.
WHH—% . ZZFA . 724 NIKKEIl KADZFH . 2021/5/7.

FH—-5% . ZZFA . T2F NIKKEl KADSFH . 2021/6/4.

WHRZR. [N FAE— N7y THE BRENAF T4 2021-2022] B#E BP. 2021/6/30.
WHH—% . ZZFA . 724 NIKKEIl KADZFH . 2021/7/2.

WH—% . [H4 7= vs. KB (2)] . PRESIDENT. 2021/7/9.

FE—-% . [IN1F Ly PERFX AR TERETEZMFIN. ERADBRALLXDZZLEE] .

Hi#& X TECH.2021/7/13.

HH—5 . MO0 METZZIFABRRNDEDHIC] . ALPS 7 A=
HH—-% . ZZFA . Z2F NIKKEI KADZFH . 2021/8/6.
WHH—% . ZZFA . Z2F NIKKEIl KADZFHF . 2021/9/3.
HH—5 . ZZFA . 724 NIKKEI KADZFF . 2021/10/1.
WHHA—-% . ZZFA . Z2F NIKKEIl KADZFF . 2021/11/5.
WHH—-% . ZZFA . Z2F NIKKEl KADZFF . 2021/12/3.

Tsubota Lab Patents as of January 2022
PP Z AR 202241 An%

FEFHERE R 4444
Number of patent applications: 44

Myopia &R 174

Presbyopia IR 4%

Tsubota Lab HZ7R 15 / Keio EfE 2 Tsubota Lab FHZ7R 3 / Keio EFE 1
Dry Eye K474 13
Tsubota Lab $#£HS7K 8 / Keio BFE 5
5. 244 DB EHEH
24 patents were registered 2022/1 /4381

[ U CENAMCH L TWA DI 1 RE Ay~ b
BfEOLODARH 7~ b

FHS R MRE&EFSA4 T4 KT, ARSHITFHE D)
FIBEIESHEAD D DDA

fitk & DILFEMIFEO b DX &

firt DA THOHBEED b DIFF <
Z73IV—=liFLDTlI AT b

The same patent applied in Japan and overseas is counted as one.
Count only existing patents.

Only those for which Tsubota Lab (including Dry Eye KT Co., Ltd.
and Tsubota Co., Ltd.) or Keio are applicants.

Includes joint applications with other companies.

Excludes applications filed only by other companies.

Family patents count one at a time.
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Tsubota Laboratory Business Model

ERSARADED XA

B 3 i R R S HL O B S X B F 0 B & B4R I b 72
LEEHED ) 5o TTHRERRDZZODOET AR Y
~7§‘0)§§?)?ﬂ75‘%5ﬁ%7b“&ﬁi D E9. PFH T FiE 2 D&wA

DFFEIS % T H 7 I 7 EEFE TV, FEAEY
TELTFT—F)Ny r— /if@ofwéiﬁo PR T —
7ty MIIFEEE R ILBEER T — &, FiF, —iE~ND

S A A = X L DM LTHRIKRNET— 5 (&
BRYe) #&A T3 RENCHERA & R RO
—HEICHFE 2 BT RRT, BoeE HIEL 9

Violet light-emitting eyeglass frame

INAF Ly XFH %

EFIICDONT

The development of pharmaceuticals and medical de-
vices requires hundreds of millions of yen and many
years. The first step—research—begins with unearth-
ing business seeds which may ultimately offer solutions
to issues. Tsubota Laboratory collaborates with aca-
demia in this initial investigation, assembling a package
of data to support a business contract with a partner
firm. The actual data set includes flawless basic experi-
mental data, a patent, publication in a leading journal,
elucidation of the disease mechanism, and experimental
data (if required). We then seek an expedited contrac-
tual agreement with a partner firm, continue joint devel-
opment, and aim for product approval and sales.

TFHTFITEEE LEDRAY —AZRFRME LRV TEESH EZHZFER
Tsubota lab pursues exploratory researches in collaboration with academia and signs
contracts with operating companies at an early stage
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Contract fee, milestone and royalty payment

EXS (BHE)

Operating company (out-licensed)
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Academia
Keio University
Juntendo University
Other academic institutions

EE (RFHEE)

Operating company (marketing and sales partnership)




Working with the Association of Startups
from Keio University School of Medicine
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Exemplary Keio University Medical
School Ventures

Keio University School of Medicine has generated 15
ventures since 2015, all of which are registered with the
Association of Startups from Keio University School of
Medicine (see graph below). Each has its own unique
intellectual property and business model, and each is
demonstrating vigorous progress in advancing solutions
to global healthcare and medical issues.

The Association was jointly established by Tsubota
Laboratory, Heartseed Inc, and K Pharma, Inc. We
strive for exemplary conduct in all areas from research
to management. We pursue deductive discovery in cutting-
edge science, seeking to generate products supporting
lifestyles and generating solutions to social healthcare
issues, thereby sharing Keio's science-based value with
the world.

BEEBAKFEFERENF ¥ —ihEZSoEEE—E (202242 ARE)
Association of Startups from Keio University School of Medicine 15 Startups (as of February 2022)

%% Company Name FHESEE  Business Field HE#ZE Dept. of Origin 3 Founding Date
BIEE N1 F B SRE R&F
Tsubota Laboratory, Inc. Drug development, Biotechnology, Medical devices Ophthalmology Feb. 2015
HEIRLR Heartseed Inc. BYEE®E  Regenerative medicine TEIR23AFE Cardiology Nov. 2015
Board Member Companies : i
Rl BEERE ERF-BENRZE
K Pharma, Inc. Drug development, Regenerative medicine Physiology/Orthopedics Nov. 2016
Cellusion, Inc. B4XEEE Regenerative medicine ERF4%  Ophthalmology Jan. 2015
AdipoSeeds Inc. BYEEME  Regenerative medicine mi#%&AF Hematology July 2016
OouUl Inc. 2T /N1 X Medical care devices fR#H%  Ophthalmology July 2016
Restore Vision, Co., Ltd. B4XEE®E Regenerative medicine fRF#  Ophthalmology Nov. 2016
Grace imaging Inc. ZR—YNIVZ4 T Sports health care B9 8% Orthopedics July 2018
—paBa E-Life Co., Ltd. ERR  Sleep 3% Pharmacology Oct. 2018
General Member Companies | Agross Therapeutics, Inc. W77 R)AAE  Anti-Aquaporin antibody ¥I2%  Pharmacology Nov. 2018
Luxonus Co., Ltd. ARIRFEE  Image diagnostic devices &% Anatomy Dec. 2018
MatriSurge Co., Ltd. HE{REREMF  Biomedical materials S%  Surgery Jan. 2019
) B loTAIWRT T B SRR
Otolink Inc. Drug development, loT healthcare Otorhinolaryngology May 2019
iMU Corporation EE#EE  7/\1X Medical device B4 FHE  Orthopedics May 2020
ALAN, Inc. 7075 LEREEFE  Medical device development 4£38%  Physiology Feb. 2021

BUE, KEEFEN Y F v — k& 16 1L ORI 265
L RFRFE90 . FSC 127 i AWIEZE B HU4H 30
BH, BE&HMEH 13EHE Lo TnE T, LD
ZOBFTER, HFICRETE 5 L) 123 5ITREK
BELTEVWD 3,

SR PR AR FENF v — ik sy

2021412319084 }

1) BEATAEA : 2650811 2) 453F : 901 3) G - 1274k
NHORFSERE - SOMKIT AN EAR - 113MH

To date, the 15 association member firms have gener-
ated some 26.5 billion yen in market capitalization, 90
patents, 127 journal articles, 3 billion yen in public re-
search funds, and 11.3 billion yen in fundraising. The
numbers are still modest, but the ventures are working
diligently to make a global impact.

Accomplishments to date (as of December 19, 2021):
1) Market capitalization: 26.5 billion yen 2) Patents: 90 total 3) Journal articles: 127 total
Public research funds: 3 billion yen Fundraising: 11.3 billion yen



Products launched from joint research
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[ Collaboration with JINS Inc. #Xa#s> X |

TIN—31 b~

VIOLET LIGHT

3 IVANALA LY bT SR

JINSNIALY N TFR
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JINS B AF v—
BRANZWMEECLHOEBRFIA4 T 1,
HAWE L DOTHNIE, BEOZIXIZKID
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JINS VIOLET+

VIOLET+ are revolutionary lenses devel-
oped to transmit violet light which is nec-
essary for healthy eyesight.

JINS Moisture

One method of dry eye relief is ensuring
the presense of water near the eyes. This
understanding led to development of
these moisturizing eyeglasses with small
compartments for moisture retention
built into the frames.

[Collaboration with Echo Electricity Company, Ltd. I:l—%é’;—ﬂ?kﬁ%#i]

SM Tube

(ARNJYTAZZIAX RYF2—T)
WIS R Al DL X = A 7 A DRFH
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BN GREZLEETHI LR 1ART
i H % 5 BaFli L % 9.

SM Tube

(strip meniscus tube)

The SM Tube evaluates tear retention.
Within 5 seconds, a quick, easy, and mini-
mally-invasive quantification of lower tear
meniscus volume of both eyes without
need for elaborate equipment.

[ Collaboration with Rohto Pharmaceutical Co., Ltd. 00— hEigkigadt |
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ROHTO Clear Vision Junior EX

This small, soft capsule is designed for us-
age even with children. Its 7.5mg of crocetin
delivers a clear, refreshing feeling each
day.

ROHTO Clear Vision Junior

A blueberry-flavored, chewable supplement
in the shape of a mini donut, containing
crocetin, lutein, and bilberry. A great snack
after intense studying or reading.

ROHTO Clear Vision Jelly

This single-service gelatin snack contains
ample amounts of crocetin, deliciously
flavored with blueberry and raspberry
purees.
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Innovation Matrix
’ HAILZMD58E  Science Capability ‘

A

HEERZRIZ—NT YT
Typical University Startup

University startups pursuing healthcare must address
both science and commercialization and are said to mas-
ter the former and lack skill with the latter. This falls
into box “D” in the innovation matrix below. However,
as Tsubota Laboratory is adept at both science and com-
mercialization, it has set its sights on box “A.”

BigdEE
Ideal Company

BRIhFERAR L

Low success probability

TATATBTHPAIED
Strives despite poor ideas

aIv—v)E— 3 DiEE
Commercialization Capability

TIDT, @H, AZF—b Ty IRV Fyr—Ln) &,
PRI TEFDOHEATF =N Ty T LT TH,
HI R TRENPLEFEEI ZAE—NVETILARALELT
AT —=HNLELDT, FLOBDB LN A T2 > TW»
9,

HHZR 2DOEDRARA TOMAELE

Startups conventionally scale up after an initial period
of red ink, but Tsubota Laboratory aspired to launch as
a small business in the black—a startup evading the
business Valley of Death.

Tsubota Laboratory: Composite of 2 Business Types

Iz A

Return Small Business» &

IZRSTHD
Startup Venture

Startup venture after small
business gets on track

EDEDHE
/4" Evading the Valley of Death

~o -

BPFEEFCHIKFLIIRY) LIFE Lo BT, %
AEPECHEBR LTV T,
FLOVHFICOWVWTRERE XD BH LW ZLET,

> BFfE Time

We are fortunate that proceeds have been solid since
our incorporation, facilitating a transition to basic sur-
plus.

We will share detailed figures in the next issue.
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Director, and General Manager,
Business Development Division

Shintaro Yamada
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Full-time External Ayditor
Masaru Yoshikawa
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Executive Officers
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Director, Chief Technology

Officer, and Manager, Research &
Development Divison

Shinichiro Kondo
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External Audi_tor ]
Yasuyuki Tsutsumi

R RIS

SPE—5

CEO

Kazuo Tsubota
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Exernal Director
Shinichi Koizumi
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External Auditor

Shinichi Murata



Tsubota Laboratory Scientific Lectures
MHRSA YA I T4 74V LI7Fv—
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Broad-based Lectures Spanning Cutting-edge R&D Technology

Through Information on Commercialization

Tsubota Laboratory introduced its Scientific Lectures Series in FY2021. Individuals in Japan and
overseas conducting research in areas related to the Tsubota Laboratory pipeline for discovery seeds
are invited as presenters. Incorporation of external technology and ideas through open innovation will
enable Tsubota Laboratory to deepen existing ventures and explore new business. The Zoom format

facilitated the opportunity for overseas experts to present lectures throughout the year.

W¥HZKR YAI2T4 74V ILIFv—
Tsubota Laboratory Scientific Lectures
wEER | PR 7R - &8 Position/Affiliation Fn Gy 4 M- BRF—<
Date Format R—LX—  Website omitted) Title/Research topic
IBRE— IFOM DAY ) 2 U AEEMEF — L W E=m [REEDOE NTJ LD SH L VAIEERZRL
29 Jul 2021 | zoom RIKEN-IFOM Joint Laboratory for Cancer Genomics Yasut’;ro H7
https://www.riken.jp/research/labs/ims/riken-ifom/ Murakawa Locating new drug discovery resources in
index.html the unexplored human genome
RRAY KRUBEMAR HIKREBEZHME L X— £9
e R AN
fsfziifziif/szf Genetic Research Section BT T )Y i CRAMENOATIA] O
' . HEE *J) LR S BIEERZIR
Atmosphere and Ocean Research Institute, Center = B e l\#/AFE.Em bﬁb“‘.ﬁj’%gﬁ;&*bﬂjij
5 Aug 2021 | zoom for Earth Surface System Dynamics. The Universit Susumu Understanding the relationship between
of Tokyo Y Y ’ Y Yoshizawa | life and light in marine ecosystems through
https://genedynamics.aori.u-tokyo.ac.jp/member/ genetics
yoshizawa-susumu/
_ o o w 1)1 \ 18
AT A TR TRHEE N gggﬁi@ﬁ&ﬁﬂ%&ﬁhﬁﬂ?%%ﬁ LU ViZRRiSHE
Senior Researcher, Research Laboratories, Kyodo o " i .
9 Sep 2021 | zoom Milk Industry Co.. Ltd Mitsuharu | Developing new health promotion
. Y ©0. L. . Matsumoto | technology through regulation of intestinal
https://researchmap.jp/matsumitsu flora metabolites
Centro Nacional de Investigaciones Cardiovasculares lgnacio Single-cell transcriptomics in the study of
14 Oct 2021 | zoom (CNIC_)’ Madrid, '.Spaln. . Benedicto | ocular biology and disease
https://www.cnic.es/en/search/node/benedicto
s . - FERREE [EEEABRREDOBE - BEZFDOHIH]
24 3| 4 TR
8 Nov 2021 | zoom i’?‘.jcq'gﬂq'mﬁ’:ﬁ ) . . Emi Regeneration, aging, and aging control of
Institute of Medical Science, The University of Tokyo Nishimura | skin and accessory organs
Nozomi In vivo multiphoton microscopy of
18 Nov 2021 | zoom | Meinig School of Biomedical Engineering Nishimura microvasculature: Lessons from the brain
u and a look at the heart
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51 BPH S KO & % B AR F 5 4 7 4
KT &7

Establishment of Dry Eye KT, Inc. in May

27 HASHF T4 74 KT Akt sl
Jeir. RN AL EIRMETEAT 2 WL F Ly ks
SALPFH T R LR AE

Dry Eye KT, Inc. merged with Myopia Research
Institute, Inc. and Presbyopia Research Institute,
Inc. to become Tsubota Laboratory, Inc. in February

NAF Ly b T A AR ORENM 2 JH$ 5
WRETEERKRT S [N4F Ly T A MMRGE
TR

Publication of the “Violet Light Theory” in which
violet light suppresses axial length elongation

Torii H, Kurihara T, Seko Y, et al. Violet Light Exposure Can Be a Preventive Strategy Against Myopia

Progression. EBioMedicine. 2017; 15: 210-219

PP — B A RSP 7 R O AR 13 125
£ BERBRPEFELIEN YT v —1hiks
FERL, BIRIAMEIC

4 H FFHZ R E U TEIERBARAERITF v
YISANFEEERZEER (VY —F7/8—=7)
4ST IS WFt = %2 ik

51 EWAFARERFERFOT > XL, N
A4V M T4 & HEd 5 X0 R R
TLG-001 D3[R i FE 12D T EHY 2 i

6 A BEEZRBAR A BT v VAN 2 585
FENA T ¢ R 72 #os

TLG-001 5%k 7% Filhsa

Dr. Kazuo Tsubota was appointed CEO of Tsubota
Laboratory, Inc. and became a member of the
Venture Council in Keio University School of
Medicine

In April, Tsubota Lab opened its first research
unit in Building 4S7 of Keio University Research
Park located on the Shinanomachi Campus

In May, we established a collaboration with JINS
Inc, a major domestic eyewear firm, for joint
development of violet light-emitting eyeglass
frame medical device

In June, our office relocated to the Shinanomachi
Campus (Bldg. 2, 5th floor), where Keio University's

hospital and medical school are located

TLG-001 clinical trial was launched

6 H F7 4 REEBN X v /AW HAZ 1N
ERT O ¥ VI BE

12 A TLG001 #RskikBR 24 7 L. Zatk &3
R FERD

Our office was relocated to the building in front
of Shinanomachi station from the Shinanomachi
Campus in June

In December, a major step in the development
of a medical device for the suppression of myopia
progression safety was confirmed in the exploratory
clinical trial

5H BREFREBKSE L ILE T, mHEIENCE < 45
T A = X %GR

In May, the world's first discovery of the molecular
mechanisms of violet light for myopia in collaboration
with Keio University
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PR &4t fEH 5 K Annual Report 2021
MR MEER

As noted in the introductory remarks to this edition of
the Annual Report, Tsubota Laboratory’s mission is “to
create a gokigen future through visionary innovation.”
That includes pursuit of intellectual property garnered
from evidence produced by basic and clinical research
data. Our research topics, which we pursue leveraging
our unique status as a university-initiated startup, inter-
sect with those highlighted in top global research jour-
nals. We also engage in unusual exploratory research
characterized by originality, unearthing researchers
destined to become next-generation innovators.

As a special feature for this issue, we welcomed Prof.
David Sinclair to a discussion on anti-aging and the
translation of ideas into business. We certainly felt this
entrepreneur's passion for making social contributions,
and further understood that behind each success lies a
path strewn with struggle and failures.

In 2020, Tsubota Laboratory adopted the Objectives
and Key Results (OKR) framework derived from the
Management by Objectives (MBO) system, allowing us
to strive for team-based information sharing and effi-
cient operations. Our ongoing efforts continue to be sup-
ported by our stakeholders, with whom we look forward
to sustained communication and cooperation.

Finally, may I take this opportunity to thank the many
individuals who assisted in the publication of this report.

Hidenaga Kobashi, Editor-in-chief
Tsubota Laboratory, Inc. Annual Report 2021
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Sunrise as photographed by the

editor-in-chief :
"Flora and Fauna in Violet Light"
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