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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 companies 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 Lab is a startup company from Keio University
School of Medicine established to generate ground-
breaking solutions in myopia, dry eye, and presbyopia in
order to fulfill our mission of making the world happier
and healthier through innovation in health and medical

fields.

Many of the diseases we face today emanate from
lifestyle changes and have become social issues. Metabolic
syndrome and diabetes are conspicuous examples, yet in
the field of ophthalmology, data show a drastic global
increase in myopia resulting from minimal outdoor play
among children. As myopia presents the risk of eyesight
loss, even the World Health Organization (WHO) is
sounding the alarm on this major social issue.

Dry eye, which I have researched for over 30 years, is
on the rise due to the overuse of our eyes in this “visual
information society.” With ubiquitous office computer
work and accelerated smartphone usage across genera-
tions, dry eye is also a social issue.

As a university startup, Tsubota Lab is dedicated to
presenting and implementing solutions for myopia, dry
eye and presbyopia based on solid research and science.
“Creating Shared Value,” the CSV management style
advocated by Professor Michael Porter of Harvard Business
School, urges corporations to contribute to society and
solve social issues as part of their core business. We at
Tsubota Lab share that strong desire to be a company
poised to solve social issues.

Science holds the power to resolve social issues. I see
proof of this in the cutting-edge research by our Depart-
ment of Ophthalmology at Keio University School of
Medicine, and I believe it is our mission to transform
intellectual property obtained from our research into
innovations sustaining society. This is echoed by the
2007 revision to the School Education Law, which added
“the promotion of innovation” to universities’ original
mandates of education and research. Keio University's
start-up support is also in full operation based on funding
from the Ministry of Education, Culture, Sports, Science
and Technology (MEXT) in its efforts to promote open
innovation. May I take this opportunity to express my
gratitude for the opportunity this has provided.

In the second issue of our annual report, we focus on
“Light and Health,” the science underpinning myopia
prevention, featuring a round-table discussion befitting
university ventures. Light does more than enable our
vision; its stimulation empowers our health and wellbeing.
I hope this report “illuminates” the groundbreaking
activities undertaken by all of us at Tsubota Lab as we
collaborate to forge a healthier, happier future.
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The topic of “Light and Health” is currently garnering interest. Once life emerged on our planet, vegetation and

animals both began to use light to develop and flourish. We have understood that blue light profoundly impacts our
biological clock and are now learning that violet light—Tsubota Lab’ s research focus—similarly has myriad functions.
The eye has cells known as non-visual photoreceptors which govern signals other than visual information, highlighting
the importance of non-visual light.

For the current issue, we invited Professors Richard Lang and Li-Huei Tsai, two leaders in this field, for a round-table
discussion on “light and health.” We hope this will further your interest in the impact of various light functions on
mental and physical health and the potential and future of violet light research.
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Kazuo Tsubota (KT): Thank you very much for attending
this Tsubota Lab Round-Table Discussion regarding the
purpose of light for brain health and health in general. It is
my great honor to have two distinguished attendants today.

Let me start with an introduction about how light is
important for health. As eye doctors, we have been working
with light as an information source of vision. Recently we
have learned that light is not only for vision, but very
important for health. Also, accumulated data shows spending
time outdoors is beneficial for the health of humans,
especially kids.

As for myopia, when kids don’t spend time outdoors, they
develop myopia. Accumulating data also indicate that when
adults spend time outdoors, they can reduce cognitive
dysfunctions, depression, and other brain disorders. Being
outdoors is good for physical and mental health. First, may
I ask both of you to introduce yourselves. May I invite
Prof. Li-Huei Tsai first?

Li-Huei Tsai (LT): My research focuses on the mechanisms
and etiology of Alzheimer’s disease. We use multidisciplinary
approaches to understand the disease, including molecular
cellular approaches as well as a systems neuroscience
approach. And we recently made a series of findings demon-
strating that sensory stimulation can greatly benefit the brain.
KT: Thank you! Now let me invite Prof. Richard Lang to
introduce himself.

Richard A. Lang (RL): I am broadly trained in develop-
mental genetics and developmental biology. Most recently
we have become interested in how light response pathways
regulates development and physiology.

KT: Thank you! Now let me go over the story regarding
photoreceptors.

The earth was born 4.6 billion years ago. Life was born
3.7 billion years ago, and life started to use light 2.5 billion
years ago. At that time, life used light as an energy source,
and also as a signal. Amazingly, the eye itself was born only
half a billion years ago. So for 2 billion years, creatures were
using light without the eye.
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Humans have 9 photoreceptors: 4 visual photoreceptors
(OPN2 and OPNI1 - blue, green and red) and 5 non-visual
photoreceptors (OPN3, RLH, OPN5, OPN4 and RGR).
The most important one is OPN4, which receives blue
light and controls circadian rhythm.

Recently our research group has found that non-visual
photoreceptor OPNS5 is important in myopia development.
Violet light stimulates OPN5 and somehow leads to myopia
prevention.

Now I would like to ask Richard to explain the importance
of these non-visual photoreceptors.

RL: The work we did initially looked at the question of how
opsins 4 and 5 light response pathways regulate vascular
development in the mouse eye. We showed that opsin 4
regulates VEGFA, a major mediator of angiogenesis, and
that the opsin 5 pathway functions through dopamine.
Dopamine is a neuromodulator with anti-vascular activity
and so it made sense that it might function in a vascular
development pathway. We have shown that there is violet
light stimulation of opsin 5 after birth in the mouse. This
period of mouse development is equivalent to the period
of development for pre-term infants. Because of this, we
are thinking that we might be able to use these opsin
pathways as a way of treating a vascular disease, called
“retinopathy of prematurity (ROP),” a big problem for
severely premature children.

We have data that suggests you can use particular photon
wavelengths to regulate vascular developmental processes.
So we are thinking about the possibility of using differential
delivery of blue (for opsin 4) and violet (for opsin 5)
photons as a way to treat ROP. We are also currently
working with Kazuo and his group on the link between the
opsin 5 function and the refractive development pathway
that is responsible for suppressing myopia.

We also have of a whole other set of findings on the
atypical opsins. It is becoming clearer that even in mammals,
there are a lot of opsin functions outside the eye. We recently
published findings showing that white adipocytes are directly
light responsive, in a way that results in enhancement of the
lipolysis pathway. Of course, the lipolysis pathway is how
we generate free fatty acids for energy generation.

In findings now accepted for publication, we have also
shown that violet light can stimulate opsin 5 in a patch of
neurons in the preoptic area of the hypothalamus. This
stimulation regulates thermogenesis. In summary, there
are two different opsins, that respond to different wavelengths
of light and that have opposing activities in the regulation
of energy homeostasis. Of course, this is going to change
the way we think about energy homeostasis.

When my institution learned about all of this, they got
quite excited about the possibility of treating childhood
diseases using these pathways. Prematurely born children
have major problems with their growth and metabolism
pathways, in addition to ROP. So, my clinical colleagues
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in pediatrics are interested in the possibility of treating
children for ROP as well as metabolic deregulation.
Cincinnati Children’s Hospital is now building a new
Critical Care Building. We installed a new lighting system
in the neo-natal intensive care unit rooms. This is a spec-
trally tunable research grade lighting system that was
designed to be a research tool. We have measured some
of the spectra in a prototype system; there are pretty high
levels of violet photons and blue photons that the system
produces. The goal here is to understand whether we can
take advantage of these light response pathways to treat
very premature infants that have all sorts of problems. One
of the goals is to generate a very natural sunlight mimic,
leaving out the deep UV, which might be damaging.
KT: Let me ask you, why did you originally show an
interest in the light effect on eye development through
non-visual photoreceptors?
RL: The original insight came from the timing; hyaloid
vessels begin regression soon after birth in the mouse. We
wondered if the crucial signal was simply because this was
an eye. Maybe the first light responsiveness is a good way
to signal that you have to complete development. Every-
thing snowballed from there!
KT: I see. Also, in the last paragraph of your Nature Cell
Biology paper of the OPN5 vasculature, you indicated that
maybe the violet light OPN5 pathway is related to the
control of myopia.
RL: Well, we knew about your work, so it seemed like we
had to comment!
KT: Thank you. Next, Li-Huei, would you please introduce
your work?

LT: Yes. I'll start with particularly interesting activity in
the brain, known as neural oscillations, or “brain rhythms.”
They are very relevant to many kinds of cognitive functions
and information processing in the brain. Our noninvasive
sensory stimulation approach is really based on inducing a
particular kind of neural oscillation.

We were able to induce brain oscillatory activity by
exposing mice to LED light flicker at a given frequency.
With a mouse in a cage surrounded by LED light, we
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control the light to flicker at the gamma frequency and then
perform in vivo electrophysiology in the mouse brain. We
found that at 40Hz exposure, we can detect a huge elevation
of the 40Hz oscillation power in the visual cortex of this
mouse.

We went on to show what happens when we expose a
mouse model of Alzheimer’s disease. These animals were
engineered to produce a large amount of beta amyloid
peptides, known to be the building block of amyloid plaques,
a signature pathology in Alzheimer’s disease. We found
that with just one hour of exposure with the LED light, the
40Hz light flicker specifically reduced the amount of beta
amyloid peptides.

Similarly, in neurofibrillary tangle tau, we found that the
transgenic mouse model of tauopathy with chronic exposure
to daily LED light stimulation also led to a profound
reduction in the toxic tau species. This happens in many
different parts of the brain, not just the visual cortex, but
also the somatosensory cortex, the hippocampus, and the
prefrontal cortex.

We also found that light induced oscillatory activity not
only engages neurons in the brain, but also induces a very
robust response from other types of cells, such as microglia,
known to be the brain’s innate immune cells.

Finally, we found that the gamma oscillations in the
brain also engage the blood vessels. The lumen in brain
capillaries become enlarged and perform the function of
beta amyloid clearance. We can show that humans respond
to this kind of non-invasive stimulation very well, showing
a very robust response in the brain at the 40Hz gamma
frequency band. We also found that not just the visual
cortex, but the other parts of the brain, including the
prefrontal cortex are engaged.

KT: Thank you both so much. I am very fascinated by both
of you as leaders in this light-health issue.

KT: Now I'd like to explain our approach. Since we have
discovered that violet light is controlling myopia develop-
ment, we are interested in light for health. We have
established a startup company, Tsubota Laboratory, from
Keio University, and we developed a violet light-emitting
eyeglass frame as a device for controlling myopia. The
clinical trial, which includes elementary school children to
show safety, is nearly complete. Also, we are interested in
the effect of violet light on the brain. I want to discuss
depression or mild cognitive impairment or those types of
brain disorders that might be related to the lack of spending
time outdoors, especially for older people. So light is
important, and our startup company is paying attention to
environmental light. I am surprised that Richard is now
making rooms for patients providing various lights!

RL: It’s not just a room, it is an entire hospital!

KT: Amazing. This is a great breakthrough, since the lack
of violet light in indoor lighting is one cause of myopia.
One point though. From our calculation, when you use the
room, you need a lot of energy. Blue LED is energy efficient,
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but violet light LED is not so advanced.

RL: Yes, that was actually a design issue. When we were
designing the lighting system, we had to send the engineers
back to the drawing board at one point, because we didn’t
have enough violet. We asked them to find a way to put
more energy through the violet LEDs, and they managed
to fix the problem.

KT: As I mentioned, we are developing an eyeglass frame
that provides violet light. The distance from the violet light
and the eye is only 1.5 centimeters. And, as you know,
distance matters for light intensity. So, this device has an
advantage of saving energy.

KT: I am very encouraged by both of your reports indicating
that light is very important for health issues, and I believe
that we can continue to help society. Let’s discuss broadly
about light and health. Li-Huei, you mentioned last year
that there are 40Hz oscillations in the natural environment.
Is that correct?

LT: The earth’s magnetic field can generate a lot of different
wave frequencies, but gamma frequency is one of the
oscillations that supposedly exist in our environment.
Whether it comes as a light or a mechanical vibration, we
don’t know. But I think there is definitely sensory stimu-
lation at the gamma frequency.

RL: Obviously, our normal lighting systems run on electrical
systems that oscillate at 60Hz. Is there a possibility that
60Hz is detrimental?

LT: We don’t really have evidence for that. In our non-
invasive stimulation, we think that the shape of the wave
also matters a lot, in terms of how it efficiently induces
brain oscillations. Lighting or sounds come in many more
different shapes than what we engineered for our study.
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Violet light is a visible light contained in sunlight and has a wavelength of 360nm to 400nm. Violet light
does not exist in the indoor environment, as it is normally blocked from entering windows along with
ultraviolet light, and as light of this wavelength is not emitted by either LED or fluorescent lights.
Currently, one’s primary option for absorbing Violet light is to spend time outdoors.
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RL: I wonder whether you have ever tried any of your
non-invasive stimulation in mice that have been enucleated?
With the opsin 5 hypothalamic photosynthesis that we are
working on now, my colleagues in photobiology demanded
that we do enucleation control mice as well, because we
were arguing for a deep brain photoreceptor. So we did,
and sure enough we got a response that was not dependent
on eyes. It might be interesting for you to try as well.

KT: There are a lot more areas that we can pursue in the
future! You mentioned that blue or violet light can stimulate
the hypothalamus directly to the brain, not through the eye?
RL: Yes, directly. It can penetrate that deep.

LT: I thought that only the near infrared light can penetrate
so deep.

RL: No, we have measured very carefully and there are
sufficient violet photons in the hypothalamus of a mouse to
stimulate OPN5. The way I think about these responses is
they might be developmental pathways in humans. When
you look at a newborn baby, the skull hasn’t closed so maybe
in that setting, there is sufficient light stimulation.

LT: Or even during pregnancy, already the baby can sense
the light.

RL: Exactly. Li-Huei, did you ever see the data suggesting
that there is a season-of-birth dependent risk for a whole
lot of neurological diseases?

LT: Of course, the research from Rush Univ. Medical Center
in Chicago was published in 2018 looking at people’s
cognitive state through the years. They found people
generally showed higher cognitive scores in the spring and
summer, and lower cognitive scores in the winter.

RL: So that might be a consequence of an acute stimulation.
We were very interested in the season-of-birth dependent
disease risks because it suggested a developmental pathway.

KT: As we come to the end of our discussion, I'd like both
of you to comment on the future. Please explain your ideas
looking forward 10 or 20 years, how humans will live with
light, and how we will use it for our health.

RL: First of all, we still have a tremendous amount to learn
about how light response pathways influence our physiolo-
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gies. I am actually working with a lighting company and we
are thinking about the possibility of taking these lighting
systems out into the general population. If you can translate
what we have been doing with a lighting system, which is
really designed for a health care facility, into something that
is inexpensive enough to be used generally, then maybe you
can have a big impact on everybody’s general health. If you
have the right technology in your house or office, you can
give yourself a circadian cycle, basically. But I think we
need to go a few steps further with a lighting system that
produces a natural spectrum. And maybe we need to make
sure that thing lets off 40Hz some of the time! So, I think
the future for this is really interesting and very bright, if
you will excuse the pun!
KT: Thank you very much! You mention light for health
and 40Hz that might be useful. Very interesting. So how
about you, Li-Huei?
LT: You know, I am a dreamer. I remember the other day
I talked to a neurologist working in my group. I said that
the future of neurology is only going to involve light stimu-
lation or sensory stimulation. If you look at most of the
drugs approved for neurology or psychiatric diseases, none
of them are really ideal. I think the future will involve the
most benign, non-invasive stimulation, and you can imagine
hospitals equipped with different kinds of light: violet light,
white light, and different frequency exposures, maybe for
different disease indications. Also, everybody should probably
designate a room in their own residence for light to take
care of personal mental health and other diseases. So perhaps
a healthy future is taking this kind of approach to turn
solutions into preventive measures before a disease really
kicks in.
KT: I am a dreamer too! And also you mention the impor-
tance of preventive medicine. Definitely, it is much better
and happier to prevent the disease before it becomes too
serious, and light provides the possibility of doing so. I hope
you will continue the excellent research in your field. I want
to help prevent diseases starting with the prevention of
myopia, and then other brain dysfunctions, too.

Thank you both again for today’s discussion and please

keep in touch. Let’s have deeper collaborations in the future.
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Preventing Myopia Progression: An R&D Status Report
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Results of myopia research conducted by the Photobiology Laboratory, Keio University

School of Medicine
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ANAF LY P IA P ERFNTEATADOT 0 b2 AT, B, R
fToTwEd,
Prototype of violet light-emitting eyeglass frames, now in clinical
trial

As assistant professor in the Department of Ophthalmo-
logy at the Keio University School of Medicine, I am honored
to serve concomitantly as the Myopia R&D Department
senior scientist within Tsubota Lab. While our earlier research
found that adults aged 40 and over have a 5.0% rate of high
myopia diagnosed during regional health exams (Mori K
et al. J Clin Med. 2019a), and we have now clarified that the
myopia rate among middle school students is more than
double that at 11.3% (Yotsukura E et al. JAMA Ophthalmol.
2019), indicating a rapid expansion of the myopic population
within the younger generation.

Myopia research has become critical, as reports suggest
that advanced visual impairment in some high myopia
patients may relate to the onset of pathologic myopia
(Mimura R, Mori K et al. J Clin Med. 2019).

While the mechanism of myopia onset and progression
remains unknown, we can point to our epoch-making research
findings on the suppressive effects of violet light (VL) on
myopia progression. We have sequentially identified the
effects of VL on myopic chick experimental animal models
and school children, as well as on high myopia progression
in adults, and have further indicated the role of transcription
factor EGR1 as the molecular mechanism (Tori H et al.
EBioMedicine. 2017, Torii H et al. Sci Rep. 2017).

Crocetin EGR1 DOiEMRIRE
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Experimental results for pinpointing food components that
activate the EGR1 gene
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Successfully established myopia model mouse

Discovered carotenoid crocetin effective
as dietary supplement for suppressing myopia
progression
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Meanwhile, although mice are widely used in molecular

biology as an experimental animal model, up until now
it has been difficult to induce experimental myopia because
mice are nocturnal, have relatively weak visual function,
and present smaller eyeballs than those of other animal
models. We therefore developed a mouse-dedicated lens
frame and paired it with a high-resolution whole-eye OCT

(optical coherence tomography) to create a robust and
stable murine model of lens-induced myopia (Jiang X et
al. Sci Rep. 2018, Jiang X et al. J Vis Exp. 2019).

Using EGR1 as an index, we investigated a dietary
supplement which had a similar suppressive effect on
myopia progression as VL. Then, we identified a carotenoid
crocetin, showing a myopia suppressive effect in our newly-
developed murine myopia model and proved the effect in
schoolchildren in a randomized controlled trial (Mori K
et al. Sci Rep. 2019, Mori K et al. J Clin Med. 2019b, Mori
K et al. Nutrients. 2020).

Tsubota Lab’s proposal for collaborative research on
“Establishment of Myopia Prevention Method and
Identification of the Molecular Mechanism for its Thera-
peutic Target” was selected as a Keio University School
of Medicine Research Park project in FY 2019, further
accelerating our research. In particular, we are currently
investigating the basic mechanism of VL’s suppressive
effect on myopia progression as an inevitable evolutionary
and biological phenomenon. At present, 2 Assistant
Professors, 3 Project Assistant Professors, 2 Project
Instructors, and 4 PhD students are pursuing dedicated
myopia research in our facility, all vigorously working
toward advanced and innovative results in basic, clinical,

and epidemiological research. We hope that you will

follow our determined progress with interest.

Laboratory of Photobiology, Department of Ophthalmology, Keio Univ. School of Medicine (Kurihara Lab)
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Violet Light Has a Novel Role in Brain Function
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Keio University School of Medicine
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Tsubota Laboratory has found that violet light has a novel function in regulating
depression and dementia in addition to myopia. We are continuing to explore the
potential of this light as a new non-invasive intervention in regulating brain function
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Tsubota Laboratory, Inc. was chosen to receive a subsidy
under the FY2019 Innovation Commercialization Venture
Support Project for Seed-stage Technology-based Startups
(STS) sponsored by the New Energy and Industrial Tech-
nology Development Organization (NEDO). This project
aims to provide venture capital for joint commercialization
proposals from seed-stage research content showing poten-
tial for significant contribution to the healthcare industry.

As an STS, Tsubota Lab applied for support from Keio
Innovation Initiative, Inc., and was accepted for its goal of
“utilizing visual light stimulation as a medical device to
intervene in brain wave function for the detection and

treatment of depression.”
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Establishing a light-based treatment for depression,
a globally-increasing disease
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A A\DONiE EEG measurement in humans

The World Health Organization (WHO) estimates that
over 300 million individuals suffered from depression in
2015, with the disease becoming an increasingly common
form of mental illness worldwide. Surveys suggest that one
in 15 individuals has experienced depression in Japan,
while reports indicate that changing lifestyles brought on
by the infectious disease COVID-19 are causing that
number to increase.

Three-quarters of those who experience depression in
Japan do not seek medical help; the remainder generally
receive drug therapy, a time-consuming treatment requiring
six months to a year for any therapeutic value. Drug therapy
for depression also induces nausea and other side effects
which cause some 40% of patients to suspend such

treatment.

Tsubota Laboratory, Inc. is pursuing joint development
of the abovementioned project along with Keio University
partners: Professor Yasue Mitsukura from the Faculty of
Science and Technology, Professor Masaru Mimura and
Lecturer Yasuhiro Noda from the Department of Neuro-
psychiatry in the School of Medicine, and the Department
of Ophthalmology. Research has shown that violet light
helps regulate brain function (including brain waves) and
is effective in treating depression. Violet light’s activation
of the OPN5 photoreceptor is believed to be important
not only in eye function, but also in brain wave induction
and brain function. As this medical device has no side effects
and offers easy and convenient usage, it may represent an
alternative to drug therapy in depression treatment. As
research results have already shown violet light to be
effective not only in treatment of depression, but also in
the improvement of cognitive function, Tsubota Lab is
collaborating with various universities and enterprises to
develop new methods of controlling the violet light

environment to regulate brain function and treat disease.

A BERBRFPATRIRERAEE B EIITEE (P
Laboratory of Aging and Biology, Department of Ophthalmology, Keio Univ.
School of Medicine (Hayano Lab)
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KeraVio: A Novel Treatment for Keratoconus Using Violet Light

A#ARICH T2/ 31 Ly 34 MILBHFLWEAEE [735/51 7

MEEER

AP 7 3 RETIEE

PEE S TR B AR IR A0 RIS
Hidenaga Kobashi, MD, PhD
Senior Scientist, Tsubota Laboratory, Inc.

Project Assistant Professor, Department of Ophthalmology,
Keio University School of Medicine

BRADBEHLI#LVAEAEE VWO RERICH LT, BEEREOBRORREZBELTVWET
Establishing minimally intrusive treatments for keratoconus,
for which visual acuity is difficult to correct

FIgfEABIZ. AR RAE T 2 T I A JE L -
2 - AT EETT (K1), fARHEIT 2000 Al
1TAEEIhTEVET, »—Favixs Ly XTHIE
EZTeE T, JIE L L2 5E R aBRIcEs 2 L
HoET, APz RY vF v (LIF CXL) 0&HIC
XoT, WNOEITEBIETE S L51ICRVELE, L
U CXL 1 TG N b #2175 72 0 1o & .,
FTHICABIRYYEZE LA 2DV ET, RAIZTSL
7o O DRRE % N1 C % T, WK R B TR IR e
NAF Ly P74 IREARGER TS TLG-003 ZBHYE L
L& (K2),

1. MgEAREE ARy & T 5y i Camdt -
Sk %,

Figure 1. Keratoconus causes steepening and thinning
from the center of the cornea downward.

Keratoconus is a progressive disease appearing from
puberty, characterized by thinning, bulging, and irregularity
of the cornea (Figure 1). One in 2,000 individuals is said to
suffer from this disease. Hard contact lenses may be pres-
cribed for visual correction, but severe keratoconus may
require corneal transplant. The introduction of corneal
cross-linking (CXL) treatment has facilitated a delay in
disease progression. However, pain may occur from epithelial
abrasion during the CXL procedure, and in rare cases, an
infection may ensue. We developed TLG-003, a violet
light emitting eyeglass frame medical device which avoids
such complications while offering safe and minimally-invasive

treatment (Figure 2).

2. TLG-003 &4+l
Figure 2. TLG-003 external view



Post-treatment

3. T INA AR ORIR
FINAFEEEE, FeATr—varv o4 vEnd AE
27 =7 UEERIUG L T B IR EL E RO £ T,

Figure 3. KeraVio Treatment Efficacy

KeraVio treatment facilitates the morphological change
causing bonds between corneal collagen fibers, known
as the demarcation line.

BEOAENMKRZSBERSNDIEETODRE [T 7/540 4] OFTREM
The potential of KeraVio home treatments, offering patients greater freedom

TLG-003 ZflifH L7z L\WWikliikd (77544 &
ERLELAE, THETICTLG-003 %MLV E7SE Y
HRZ M AGDE THERNEIRMIEZ FEML T, Rifk
Nk & L2 L £ L7z GRCTs032180217) (4 3).
i, e PAFEMNCEERTOWEIHNREY R 7 vic
HHLTYV R 77 v iilRE UM L Z&2wT TLG-003
BT B R IFZE % S2ftih T3 GRCTs032190267).
TFIRAFF,. FNTRRC-DIEE TORESRET
BERRO THEP PR WIRHETT, R CXL 23511
= FAREOIGER I O/NRMSEAEEZ 2 =7y e L
FEMEZEZTEY $3, BIfE. TLG-003 ZPE#isare L
TEHT 37201, BHPRAT— 7 Fn X — Dbz o
THBLET,

We named this new treatment method using TLG-003
“KeraVio.” We conducted an exploratory clinical study
utilizing KeraVio together with riboflavin eye drops and
confirmed the efficacy and safety GRCTs032180217) (Figure 3)
of this treatment. Moreover, we are currently conducting a
clinical study utilizing only KeraVio without the riboflavin
eye drops in order to focus on the endogenous riboflavin in
the human cornea GRCTs032190267). As KeraVio is not a
surgical procedure, it is a treatment which can be sustained
at home with less burden on the patient. As early-onset
pediatric keratoconus cases are among the most challenging
to treat with CXL, we are targeting development of KeraVio
for such patients in particular. The groundwork is currently
being laid—through clinical trials and stakeholder readiness
—for the marketing of TLG-003 as a medical device.

NAALY bZ4 NERERRENA T4V
Violet Light Product Development Pipeline

FETTHRELAMAREL SIS, REIL—LETSY T2 —LE L THRAREREFRRHRTT,
RIEETHOERNA T4 VEUTIRLET,
We are developing products using an eyeglass frame as a platform based on our research.
The current pipeline is shown in the figure (below).

sgmE  |7osora—k| Ta7a g R | ERERERZ A i
Target Disease Product Code Item Basic Research | Preclinical Rcéls!glacrizlh Clinical Trials Launch

JINS
Violet+

. Violet light-
Mﬁﬁ. TLG-001 emitting — *

yopia eyeglass frame 20234 EH

Late FY 2023
FISERIR TLG-003 KeraVio - =
Keratoconus

I2mF TLG-005-d i I

Depression etc. Gokigen eyeglasses
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Masaya Nakamura, mp

Professor, Department of Orthopaedic Surgery
Associate Dean of Keio University School of Medicine
(Innovation)

BREEFMENVFvyr—2ZELET

BEZALTHFITDI v aviLTDL ) X—
va v OEEERER 4 ) X— a VHEEART % 3T
L. RFELTA I R—vaviEELTu Tt
e LT, INE Tl RIicEYlifE, £ ) R—
TavEMELTHwELZWEEZTHET, EIE P
FARPZDFME E o TP L e TIHE 20 & Hn
%9, IOhIMEETRICHIFFLTEBY T,

Championing
Keio University School of Medicine Ventures

Heeding the importance of innovation in academia’s
mission, our institution has established the Keio
University Office for Open Innovation to bolster such
university-based efforts. The School of Medicine is
similarly accelerating innovative endeavors, including
industry-academic collaborations. We look forward to
following Tsubota Laboratory as a pioneering example
of such success, and anticipate further great strides
from this team.

K2 HEBER
Y UAR RIS BRI e A
R R

Masafumi Yonazu, Senior Director
Special Zone Promotion Division Office
for Strategic Policy and ICT Promotion

Tokyo Metropolitan Government

REAO LRI
BERXEENFr—2BAICHELET !

A7 R=vavolRiz.[R¥] ey, RETH?
FHBROZ S LabEiEr I L. R oMEREIIC
EES B PEH T R,

Ry Fr—L LTCOBEN) - S zd e kb, 2L
VMDA o= IZHIFER T, WE, TR
Kishd, BEE~AVRATFTOTa « VAT LDE-TE
TVWET, ZOKLLTORFZZERT LTV vy v
a v T, XY X0FRZUIVFICTLZSW», FAED 2
PRHEHE v vilEd TS 3|

From Tokyo to the World!
Robustly Supporting Keio University Ventures!

“The source of innovation lies in universities.” —
Professor Kazuo Tsubota taking its CEO’s words to
heart, Tsubota Lab explores solutions to global health
issues.

The Lab builds on its capacity as a venture to mobilize
and create breakthroughs, bolstered by a cadre of
talented researchers promising great achievements.
Tsubota Lab is currently fostering a world-class
healthcare ecosystem. We trust the university’s fervent
passion, energizing the core of this ecosystem, will
trailblaze into the future. We are behind you 100%,
supporting you in every way we can!
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Rei Goto, mp, PhD

Associate Professor

Graduate School of Business Administration
Director, Center of Health Economics

and Health Technology Assessment Keio University

KBS-EMBA ZR&EICL DRV Fvr—%
BELET !

BHEPLZ OFKBEZHUCHM N Ry — 2%
YT BRETOZITHOHEBEETEID Y THA,
Aoy D oh Yt 77 7R EICX > T
Ho % F Y ISR R EESE L LTo
BB D EECTT, FEH T RDOALR I AN, KD
B —e 2ofuct bbhvTickkc it ) R—
vavick o TANA DR IEES & IIchAl-> T
W3 ZEERniICHFLTcnEs,

Supporting Startups by KBS-EMBA
Graduates!

Patients and their families are not just “passive
consumers” receiving professional medical services.
They play an important role as “active producers,”
creating their own health through prevention and
self-care within their own lifestyles. I very much
look forward to seeing Tsubota Lab create health
together with their customers by launching
innovative products unbound by the framework
of conventional healthcare.

ITLL b—H—K
IVvY o WHEBER

TV b v RFESNR £ PV AR

BEMER R PR (Fa—on) FEEE
KETVIVFREAIR=Z— 4V LT VR

Emre Toker, MSeg

Angel Investor

Washington University in St. Louis School of Medicine
Guest Professor (Global), Keio Univ. School of Medicine
Innovator-in-Residence, The University of Arizona

MEE-BERE LTOEBK : HPRAICLTRETSH
I H—BHER

T, EENED 3H2AB LZRERE LT, S0y —
FEBERELT, 7Y L7 LF—vy 7OHEH L LT, 25441C)ED,
PR RERRC, LDIHFATEE L,

Bl L ED S HICB LTI, HEEHE. ZLTHC~DREL &
LW B IR R TS, AORKATH W FfETH B, e
PP 7 R OREIEHBIZ Z 25, Tho T XRTEHRL - AMZ D
LbOTHbHEFZBTLLY,

FARFERS LT3, PEBUIRAH T 2R, BRI ice ¥4 21
T 2GR ABOARE~OHfE, EERKM, ZLT [TETFA] D
P, ThOTRTHHMAL., FFHIZRICH 20 THES [ Th
hnyrzer!

An Ideal Model of the Scientist-Entrepreneur:
My friend and colleague, Dr. Kazuo Tsubota

As a 3-exit medical device entrepreneur, early-stage seed
investor and entrepreneurship educator for over 25 years, I have
always been guided by the similarities between the scientific
method and the entrepreneurial process.

No person better defines the passion, the commitment, the
rigor and resilience required at the intersection of science and
entrepreneurship, than my friend and colleague, Dr. Kazuo
Tsubota, President and CEO of Tsubota Laboratory, Inc.

I have no doubt in my mind that with Dr. Tsubota’s scientific,
clinical and business knowledge, his understanding of human
nature, his entrepreneurial mindset, coupled with his “gokigen”
philosophy, all focused on the Tsubota Laboratory, the only
possible outcome for Tsubota Laboratory is Success!
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Molecular Biology

Typerh -:,ﬁ"::-l-ﬁﬁﬁfa?;z ‘ 2019

BREUY—F/I\—2IC j;:lzm

FEH S RO =InE) —
Tsubota Laboratory establishes 0 * —

presence in Keio Research Park

2019 &£ 4 AlL. HHESRE L TBESBASERIIF v Tsubota
NARBESERZERFRE (VY —FIN—2T) 457 [CHIHTHR «“ ”
SEEDT EICHDE LT, Top 10" News
In April 2019, Tsubota Lab opened its first research unit in
Room 4S7 of Keio University Research Park Building located [APR 1, 2019 -

on the Shinanomachi Campus.

Bt X EA B
ARt AR RIS

Contract with JINS Inc. for joint development of
eyeglass frame medical device

2019 FE 5 AICEARAXHRAFOI VA rE INAF LY~
5S4 MeRETT $ X HRBIEEKZZOERIRFEICOVLWTEN =
FREBULE L. BE 8 AICIEFTLVARAUU—ZZE{TL), TV P
A=y NCEEEIFEDF U,

In May 2019, we established a collaboration with JINS Inc., a major
domestic eyewear firm, for joint development of violet light-emitting
eyeglass frame medical devices. A press release was issued in August,
followed by considerable TV and internet coverage.

BERBXFAERIF v\
N (2 58 5 &) [CHAT 1 A13ES

Office relocation to Keio University’s
Shinanomachi Campus

2019 £ 6 AICEERREEZEHH S ERIIF v+ VI/I\AA
2 ’Fﬁ 5 |3£’\2'7 4 ZEEEE%L\TL LE U,
In June 2019, our office relocated to the Shinanomachi

Campus (Bldg. 2, 5th floor), where Keio University’s hospital
and medical school are located.
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FRE BiEEEY X5 L\ OKR Z8A
< Implementation of Objectives & Key
Results (OKR) management system

— 11
’ ’ I \ OKR & [& Objectives and Key Results DEEFLT. 1968

FICA VTIVTHESN, SHEXREIHZIND. T5(C 1999
FRIZEHDIT—TIVICHBEASTNE U,
F6 ALDFERAL.3DMAYAIINTIA—HARUA RNV YF
LcBEZ#EIT. BRXCESZRES
L&>TLET,

La b Intel developed Objectives & Key Results in et A A

1968. After bringing Intel major success, OKR
I te ms | n FY2 01 9 was introduced into Google as it emerged in BB F DR

1999. Googlelc 2 oRh =%

In June 2019, Tsubota Lab introduced the OKR OKR -~ -¥mF-7

MAR 31 20 2 0] management platform offered by Resily, Inc. to ey
]

expand and focus goals on a 3-month cycle and

report on weekly progress. Amazan, Google, Intuit,

Slack, Twitter, Uber

@ . L E LR O 3 TS

He4 : [Measure What Matters] a3~ - R—7= S TR T I i i
Source: Measure What Matters by John Doerr = sessene

ABIERZE (NEDO STS) 9000 HH%ES
Awarded major NEDO STS grant (90 million yen)

NEDO @ 2019 E [fRAMABINY F v —ZIEEX ¥ — REDHZEHE
FEINYF v —(CH T DEFREHE] [CHRIRENF LT, 88 VC h SOHE
FHTHD. EEDVC THAIEBREA /RN—23V/-AZIT7 T4 TKDHED
JREF LT,

In FY2019, Tsubota Lab was selected as a grant recipient by the
Innovation Commercialization Venture Support Project for Seed-stage
Technology-based Startups (STS) sponsored by the New Energy and
Industrial Technology Development Organization (NEDO). The NEDO
grant requires prior subsidy from a certified source; Tsubota Lab received
venture capital from Keio Innovation Initiative, Inc.

6 TLG-O0TA AR BIEEH R DRFRNGERDEHANT T

Completion of enrollment for exploratory clinical trial of
TLG-001 violet light-emitting eyeglass frame medical
device

IV A EHERRAREZNZRHE L CTH D T T A HRBEEKSRIIIRTARZ
ToTHEDLFET, 1 DEHDFERIFABRICDULT 2019 FELDHREEEDH T
EbFULEH. 12 AICHFANDTETHUE U,

The eyeglass frame medical device jointly developed under contract with

JINS Inc. is now in a clinical trial. Recruitment for an initial exploratory

clinical trial began in the spring of 2019 and the enrollment was completed
in December.

10 *:J_Z “Jtl.?f
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Tsubota Lab
“Top 10” News Items in FY2019

(APR 1, 2019 - MAR 31, 2020)

2019 FEICHR CEESINE 2019 FEFHS NEHEDFHY 34 & !
HEFIE 8 1 ! Tsubota Lab published 34 scientific
8 new patents granted ! papers !

2019 FEOIFASKEBEDRKIE. RS51 7 HE
Mo i 21 7., EREHE 9 A, ZDfth 4 K. &5t 34 AD:H
ESREE - NEHERUE Ul %Y R ME 24 X—IBHg

: - o In 2019, Tsubota Lab was involved in the publi-
i = cation of 34 scientific papers in the following areas:
m v 2 Dry eye-related: 21

e Myopia-related: 9

ot Other: 4

e *See list of papers on page 24

9 RHHNEAZIETOI S AICESEIFIREN
FLE!
Approved by multiple official intellectual
property support programs

1. ¥ EENI 7 €S5S U—2a>r OIS L (IPAS)
2. INPIT [C & 2 HEHEERI R

3. UM IC & D EERRAIET B BN R RIS

4. RRHIC K BHEFEFHEE RBAE

1. Intellectual Property Acceleration Program (IPAS), sponsored by the Japan Patent Office

2. National Center for Industrial Property Information and Training (INPIT):
IP information analysis

3. Subsidy for Strategic Use of IP by SMEs in Overseas Expansion (SME Support Japan)

4. Tokyo Metropolitan Subsidy for Overseas Patent Applications (Tokyo Metropolitan Intellectual
Property Center)

10 7Yoo rE DI LR R

Telework begins to take root as a new corporate culture

RO DA )V ARBREBHLERIC LD BEREEESHSHIO 2020
FI3H29 B&LD . EEEFEZRIBLFE L. BRDOKR =—5 1V
J%. Zoom TORMEE LFE LTz,

We began teleworking on March 29, 2020, ahead of the
Declaration of a State of Emergency issued by the Japanese
government as a COVID-19 preventive measure. Our
weekly OKR meetings are now conducted via Zoom.
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Patent Applications Submitted: 42 (21 of the above are registered)
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Publication List for Fiscal Year 2019
April 1, 2019 - March 31, 2020

1. WXERY - & - #85 Original Articles - Review Papers - Book Chapters

Myopia

1.

2.

Tanaka Y, Kurihara T, Hagiwara Y, Ikeda SI, Mori K, Jiang X, Torii H, Tsubota K. Ocular-Component-Specific miRNA
Expression in a Murine Model of Lens-Induced Myopia. Int J Mol Sci. 2019 Jul 24;20(15). pii: E3629.

Mori K, Torii H, Fujimoto S, Jiang X, lkeda SI, Yotsukura E, Koh S, Kurihara T, Nishida K, Tsubota K. The Effect of

Dietary Supplementation of Crocetin for Myopia Control in Children: A Randomized Clinical Trial. J Clin Med. 2019b

Aug 7:8(8). pii: E1179.

Yotsukura E, Torii H, Inokuchi M, Tokumura M, Uchino M, Nakamura K, Hyodo M, Mori K, Jiang X, Ikeda SI, Kondo S,
Negishi K, Kurihara T, Tsubota K. Current Prevalence of Myopia and Association of Myopia With Environmental
Factors Among Schoolchildren in Japan. JAMA Ophthalmol. 2019 Aug 15;137(11):1233-9.

Mimura R, Mori K, Torii H, Nagai N, Suzuki M, Minami S, Ozawa Y, Kurihara T, Tsubota K. Ultra-Widefield Retinal

Imaging for Analyzing the Association Between Types of Pathological Myopia and Posterior Staphyloma. J Clin Med.
2019 Sep 20;8(10). pii: E1505.

Miwa Y, Hoshino Y, Shoda C, Jiang X, Tsubota K, Kurihara T. Pharmacological HIF inhibition prevents retinal

neovascularization with improved visual function in a murine oxygen-induced retinopathy model. Neurochem Int.
2019 Sep;128:21-31.

Mori K, Kurihara T, Uchino M, Torii H, Kawashima M, Sasaki M, Ozawa Y, Yamagishi K, Iso H, Sawada N, Tsugane S,

Yuki K, Tsubota K. High Myopia and Its Associated Factors in JPHC-NEXT Eye Study: A Cross-Sectional Observational

Study. J Clin Med. 2019a Oct 25;8(11). pii: E1788.

Mori K, Kurihara T, Jiang X, lkeda SI, Ishida A, Torii H, Tsubota K. Effects of Hyperoxia on the Refraction in Murine
Neonatal and Adult Models. Int J Mol Sci. 2019 Nov 29;20(23). pii: E6014.

Mori K, Kurihara T, Jiang X, lkeda SI, Yotsukura E, Torii H, Tsubota K. Estimation of the Minimum Effective Dose of
Dietary Supplement Crocetin for Prevention of Myopia Progression in Mice. Nutrients. 2020 Jan 9;12(1). pii: E180.

Grzybowski A, Kanclerz P, Tsubota K, Lanca C, Saw SM. A review on the epidemiology of myopia in school children
worldwide. BMC Ophthalmol. 2020 Jan 14;20(1):27. doi: 10.1186/s12886-019-1220-0. Review.

Keratoconus

10.

11.

12.

Suzuki N, Yamaguchi T, Tomida D, Tsubota K, Shimazaki J. Impact of Corneal Higher-Order Aberrations on Visual
Acuity After Deep Anterior Lamellar Keratoplasty in Treating Keratoconus. Eye Contact Lens. 2019 Jul;45(4):238-
245,

Kato N, Negishi K, Sakai C, Toda |, Ide T, Torii H, Tsubota K. Five-year Outcomes of Corneal Cross-Linking for
Keratoconus: Comparison Between Conventional and Accelerated Procedures. Cornea. 2020 Jan;39(1):e1.
Kobashi H, Tsubota K. Accelerated Versus Standard Corneal Cross-Linking for Progressive Keratoconus: A Meta-
Analysis of Randomized Controlled Trials. Cornea. 2020 Feb;39(2):172-180.

Dry Eye

13.

14.

15.

16.

17.

18.

Viet Vu CH, Uchino M, Kawashima M, Yuki K, Tsubota K, Nishi A, German CA, Sakata K, Tanno K, Iso H, Yamagishi
K, Yasuda N, Saito |, Kato T, Arima K, Tomita Y, Shimazu T, Yamaji T, Goto A, Inoue M, lwasaki M, Sawada N, Tsugane
S; JPHC-NEXT Study Group. Lack of social support and social trust as potential risk factors for dry eye disease:
JPHC-NEXT study. Ocul Surf. 2019 Apr;17(2):278-284.

Inomata T, Nakamura M, lwagami M, Shiang T, Yoshimura Y, Fujimoto K, Okumura Y, Eguchi A, lwata N, Miura M,
Hori S, Hiratsuka Y, Uchino M, Tsubota K, Dana R, Murakami A. Risk Factors for Severe Dry Eye Disease:
Crowdsourced Research Using DryEyeRhythm. Ophthalmology. 2019 May; 126(5):766-768.

Shinzawa M, Dogru M, Miyasaka K, Kojima T, Tsubota K. The Application of Strip Meniscometry to the Evaluation of
Tear Volume in Mice. Invest Ophthalmol Vis Sci. 2019 May 1;60(6):2088-2091.

Shimizu E, Ogawa Y, Yazu H, Aketa N, Yang F, Yamane M, Sato Y, Kawakami Y, Tsubota K. "Smart Eye Camera": An
innovative technique to evaluate tear film breakup time in a murine dry eye disease model. PLoS One. 2019 May
9;14(5):e0215130.

Yamanishi R, Uchino M, Kawashima M, Uchino Y, Yokoi N, Tsubota K. Characteristics of Individuals with Dry Eye
Symptoms Without Clinical Diagnosis: Analysis of a Web-Based Survey. J Clin Med. 2019 May 21;8(5). pii: E721.
Uchino M, Yokoi N, Kawashima M, Yamanishi R, Uchino Y, Tsubota K. Treatment Trends in Dry Eye Disease and
Factors Associated with Ophthalmic Follow-up Discontinuation in Japan. J Clin Med. 2019 Jul 28;8(8). pii: E1120.
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Ogawa A, Ogawa Y, Mukai S, Shimizu E, Kuwana M, Kawakami Y, Tsubota K. Cluster of differentiation 30 expression
in lacrimal gland and conjunctival tissues in patients with Sjégren's syndrome: Case series. Medicine (Baltimore).
2019 Jul;98(29):e16390.

Simsek C, Dogru M, Shinzawa M, Den S, Kojima T, Iseda H, Suzuki M, Shibasaki Y, Yoshida N, Shimazaki J. The Efficacy
of 2% Topical Rebamipide on Conjunctival Squamous Metaplasia and Goblet Cell Density in Dry Eye Disease. J Ocul
Pharmacol Ther. 2019 Jul/Aug;35(6):350-358.

Simsek C, Kojima T, Nakamura S, Dogru M, Tsubota K. The Effects of Rebamipide 2% Ophthalmic Solution Application
on Murine Subbasal Corneal Nerves After Environmental Dry Eye Stress. Int J Mol Sci. 2019 Aug 18;20(16):4031.
Jin K, Imada T, Nakamura S, Izuta Y, Oonishi E, Shibuya M, Sakaguchi H, Tanabe H, Ito M, Katanosaka K, Tsubota K.
Corneal Sensory Experience via Transient Receptor Potential Vanilloid 1 Accelerates the Maturation of Neonatal
Tearing. Am J Pathol. 2019 Sep;189(9):1699-1710.

Kawashima M, Tsuno S, Matsumoto M, Tsubota K. Hydrogen-producing milk to prevent reduction in tear stability in
persons using visual display terminals. Ocul Surf. 2019 Oct;17(4):714-721.

Ibrahim OMA, Yagi-Yaguchi Y, Noma H, Tsubota K, Shimazaki J, Yamaguchi T. Corneal higher-order aberrations in
Stevens-Johnson syndrome and toxic epidermal necrolysis. Ocul Surf. 2019 Oct;17(4):722-728.

Dogru M, Shinzawa M, Kojima T, Shimizu T, Tsubota K. Age-Related Conjunctival P2Y2 Receptor Alterations in the
Cu, Zn-Superoxide Dismutase-1 (Sod1)-Knockout Dry Eye Model Mice. Eye Contact Lens. 2019 Nov;45(6):405-409.
Inomata T, lwagami M, Nakamura M, Shiang T, Yoshimura Y, Fujimoto K, Okumura Y, Eguchi A, Iwata N, Miura M,
Hori S, Hiratsuka Y, Uchino M, Tsubota K, Dana R, Murakami A. Characteristics and Risk Factors Associated With
Diagnosed and Undiagnosed Symptomatic Dry Eye Using a Smartphone Application. JAMA Ophthalmol. 2019 Nov
27;138(1):58-68.

Tsubota K & Yokoi N. New Developments in Dry Eye Research. In Kathryn Colby & Reza Dana, editors. Foundations
of Corneal Disease. Springer Nature Switzerland AG. 2019:225-239.

Tsubota K, Yokoi N, Watanabe H, Dogru M, Kojima T, Yamada M, Kinoshita S, Kim HM, Tchah HW, Hyon JY, Yoon
KC, Seo KY, Sun X, Chen W, Liang L, Li M, Tong L, Hu FR, Puangsricharern V, Lim-Bon-Siong R, Yong TK, Liu Z,
Shimazaki J; Members of The Asia Dry Eye Society. A New Perspective on Dry Eye Classification: Proposal by the
Asia Dry Eye Society. Eye Contact Lens. 2020 Jan;46 Suppl 1:52-S13.

Kaido M, Kawashima M, Ishida R, Tsubota K. Tear Film Dynamics of Soft Contact Lens-Induced Dry Eye. Curr Eye
Res. 2020 Jan 3:1-7.

Shimizu E, Aketa N, Yazu H, Uchino M, Kamoi M, Sato Y, Tsubota K, Ogawa Y. Corneal higher-order aberrations in
eyes with chronic ocular graft-versus-host disease. Ocul Surf. 2020 Jan;18(1):98-107.

Hanyuda A, Sawada N, Uchino M, Kawashima M, Yuki K, Tsubota K, Yamagishi K, Iso H, Yasuda N, Saito |, Kato T,
Abe Y, Arima K, Tanno K, Sakata K, Shimazu T, Yamaji T, Goto A, Inoue M, lwasaki M, Tsugane S; JPHC-NEXT Study
Group. Physical inactivity, prolonged sedentary behaviors, and use of visual display terminals as potential risk factors
for dry eye disease: JPHC-NEXT study. Ocul Surf. 2020 Jan;18(1):56-63.

Kaojima T, Dogru M, Kawashima M, Nakamura S, Tsubota K. Advances in the diagnosis and treatment of dry eye.
Prog Retin Eye Res. 2020 Jan 29:100842.

Ayaki M, Negishi K, Kawashima M, Uchino M, Kaido M, Tsubota K. Age Is a Determining Factor of Dry Eye-Related
Signs and Symptoms. Diagnostics (Basel). 2020 Mar 31;10(4):E193.
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Yamanishi R, Uchino M, Kawashima M, Dogru M, Matsuguma S, Tsubota K. Analysis of the association between
the severity of ocular and systemic pain. Ocul Surf. 2019 Jul;17(3):434-439.

2. EREETOHERK International Meetings

The Association for Research in Vision and Ophthalmology (ARVO) 2019 Annual Meeting, Vancouver, CA,28 April - 2
May 2019
Tsubota K. Causes and Consequences of Tear Film Break up.
The 17th International Myopia Conference, Tokyo, Japan, 12 - 15 September 2019
Tsubota K, Torii H, Jiang X, Mori K, Hagiwara Y, Tanaka Y, Kondo K, Ikeda S-l, Kurihara T. Violet Light Hypothesis for
Prevention of Myopia.

3. BADSDIRFEE International Symposia - Invited Speakers

International Ocular Surface Society (I0SS), Vancouver, CA, 27 April 2019

Tsubota K. Clinical Definition of Dry Eye Disease: A Proposal by an International Expert Panel.
The Association for Research in Vision and Ophthalmology (ARVO) 30 April 2019

Tsubota K. Science of Tearing.
Asia Dry Eye Summit 2019, Kamakura, Japan, 8 November 2019

Tsubota K. Corneal TRPV 1 Signal Accelerates Lacrimal Gland Maturation.



Tsubota Lab Business Model
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Joint developments

Tsubota Lab Business Model

Tsubota Laboratory, Inc. collaborates with partner companies
to fulfill our mission of identifying unmet needs in the medical
and health-care fields, implementing medical science research
and invention within the community as a contribution to society.
As the diagram (below) illustrates, the Tsubota Lab business
model focuses on joint development of products with partner
firms for delivery of speedy and round-breaking global solutions.
Our goal is to achieve sustainable development and growth with
our partner companies as we contribute to individual health.

In the years since our establishment in 2015, we have entered
into partnership agreements with over 30 enterprises, with many
products based on Tsubota Lab’s research results already
introduced to the marketplace and receiving high acclaim.
Although our collaboration has primarily been with domestic
firms, our next step will take us onto the global stage with
international partnerships allowing us to contribute solutions
to global health issues.

MEm= L

New product launches



Collaboration with the Venture Council
from Keio University School of Medicine
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The Keio University School of Medicine
Venture Model

Since 2015, the Keio University School of Medicine startup
venture program has launched 13 firms which are registered
with the Venture Council from Keio University School of
Medicine (as listed below). Each utilizes its unique intellectual
property and business model to advance global solutions to
medical and health issues. Tsubota Lab inaugurated the Council
in conjunction with Heartseed Inc. and K Pharma, Inc. and, as
the managing company, exerts maximum effort to set an
exemplary standard in every sphere from research through
management. Our discoveries grounded in cutting-edge science
become products sustaining individuals’ lives, thereby generating
solutions to health issues and sharing the value of Keio-based
science with the world.
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Manager, Clinical
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Collaboration with Kowa Company, Ltd.

Collaboration with Echo Electricity Company, Ltd.
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JINS VIOLET+

VIOLET+ are revolutionary lenses developed
to transmit violet light which is necessary
for healthy eyesight.

TLG-001

Violet light-emmiting eyeglass frame now
under development. The first medical device
produced by Tsubota Lab.
*Currently in clinical trial.

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.

EHRA =T

Kowa AS-28

This functional visual acuity measurement system
offers time-based measurement of changes in visual
acuity over a one-minute span, allowing assessment
of visual function during daily activities.

ITI—EIHASH

SM Tube

(strip meniscus tube)

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



Products Born from Research
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Collaboration with Rohto Pharmaceutical Co., Ltd.
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ROHTO Clear Vision Junior EX

This small, soft capsule is designed for usage
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.

Collaboration with Wakamoto Pharmaceutical Co., Ltd. bhd EREKRA ST
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Collaboration with Kyodo Milk Industry Co., Ltd.
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Optiade DE

A supplement containing lactoferrin, EPA,

DHA, and lactic acid bacteria.

IR Sy SR = s
Milk de Hydrogen

A beverage composed of cows” milk with
galactooligosaccharide, maltitol, and
glucomannan, which are capable of inducing
production of hydrogen gas known as a
bioactive gas in the human intestinal tract.
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2012

History

S
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Establishment of Dry Eye KT, Inc. in May

2015
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Dry Eye KT, Inc. merged with Myopia Research Institute,
Inc. and Presbyopia Research Institute, Inc. to become
Tsubota Laboratory, Inc. in February

2017

NAF Ly bZA4 M IREROEMZNF S 27
REMEZTBRTZINAFL Y bS5 4 MREEIZREEK

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

2019
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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 2019, Tsubota Lab opened its first research
unit in Building 4S7 of Keio University Research Park
located on the Shinanomachi Campus

In May 2019, we established a collaboration with JINS
Inc., a major domestic eyewear firm, for joint develop-
ment of violet light-emitting eyeglass frame medical
devices TLG-001

In June 2019, 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

2020

6 B #4714 RE(SEET v v /SR AN S5 EBTERA
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Our office was relocated to the building in front of
Shinanomachi station from the Shinanomachi Campus
in June



At our office in Shinanomachi Campus (Bldg. 2, 5th floor at Keio University Hospital) in June 2020
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Postscript

In his 2020 Annual Report Greetings, our CEO reaffirmed
the mission of Tsubota Laboratory — that “through innovation
in health and medical fields, we will make the world happier and
healthier.” Although the current pandemic is frustrating global
citizens’ ability to achieve that happiness, the Tsubota Lab staff
works daily toward that goal through science-based solutions.

This edition features a round-table discussion on “Health
and Light” with invited Professors Richard Lang and Li-Huei
Tsai, who examine the importance of non-visible light receptors
and the potential of violet light along with Kazuo Tsubota. Light
is essential to sustain life, yet—as with food—the quality, quantity,
and timing of its intake is important. In their discussion, Professors
Lang, Tsai, and Tsubota point out that light will increasingly
be utilized in the treatment of various illnesses.

Tsubota Lab implements OKR as an objective management
system, encouraging team members to share information and
facilitating concrete achievements as we work toward efficient
growth. We also strive for seamless collaboration with the many
stakeholders in appreciation of their continual support of our
business activities.

Finally, I would like to take this opportunity to thank all those
who helped make this year’s Annual Report a reality. We are
deeply appreciative of your cooperation and contributions.

Hidenaga Kobashi, Editor-in-Chief
Annual Report 2020
Tsubota Laboratory, Inc.
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