Annual Report 2022, Vol. 4
N Tsubota Laboratory, Inc.
zzzzzzzzzzzzzzzzzzzzzzzzzzzzz

Tsubo Lab

sE Ny
L
L 4

VISIONary
INNOVATION

GO OUT T- Shaped Strategy

VA

HRASHITASR FRI|EEF 2022 F45




#XEd HHSE FREEE F45 (2022%F)

Annual Report 2022, Vol. 3 Tsubota Laboratory, Inc.

B/R® Contents

:ﬁ;g CEO Greetlng ............................................................................................................................................. 2
%EE%E’& Specia' Dia|°gue .................................................................................................................................... 4

HERERA T VMEDRRFE Frontiers of Non-visual Opsins
DOUNKE - REIE SvytIb N T7o5IVE—848%
HS/R CEO iFH —58
Russell N. Van Gelder & Kazuo Tsubota

m%#ﬁ% Research Reports ................................................................................................................................. 12
RIAT7MRAR. AE7Y7TF—~ (A —5)
Updates on Dry Eye Research and Development (Kazuo Tsubota)
EREMZORE (R B8%)
Developments in Myopia Biology (Toshihide Kurihara)
- ERBEAZAAFOPNSICKZREE. SORAEEDRkiERE (BY &)

Non-visual Photoreceptor OPN5 Improves Brain Function in Diseases such as
Dementia and Depression (Motoshi Hayano)

N FLYPRICEBIEREBAIN—F VU RAEEOMEHE - ARRE (REB EF)
The Use of Violet Light in Non-invasive Treatment of Parkinson’s
Disease: Research & Development Report (Nobutaka Hattori)

D DMK T BN F LY IRILEBIBEN 1 —OFT 2L —aVAREORRICAIT-ZE51%
SO LMEIORA—N—HER (FFH BX)
A Double-Blind Randomized Crossover Trial to Develop a Non-invasive
Neuromodulation Therapy with Violet Light for Depression (Yoshihiro Noda)
ALY M CIEROREEEEZ (B8 1BE)
Optimal Sleep with Violet Light (Yasue Mitsukura)
CTINAF AHBEOHUVVEEREIEZINE (IME ER)

KeraVio: A Novel Treatment and Diagnosis for Keratoconus (Hidenaga Kobashi)

BHZRADAYE—T Messages for TSUDOta LADOratory i 20
BB A CIIEVEIMEINTS ot 24
FHZHR 2022%F 10K=1—2R Tsubota Laboratory - Top Ten NEeWS i, 28
AF1 788 Mass Media $FEF I Tsubota Lab Patents 30
HRICHTEIHRIEBDOHETEN

Estimated number of patients living with targeted diseases around the world oo 31
BAFEBERL FINANGIAI DAA oo e 32

1@ [TFASEK - F—TF v /NAX] B The First Tsubota Laboratory Open Campus 34
BEZBXFPEFBREAVFr—ig@aLedic

In Tandem with the Association of Startups from Keio University School of Medicine - 35
AT ROERER (TREE) &GO OUTELVDEE

The Tsubota Laboratory Philosophy: T-shaped Strategy and GO OUT - 36
A EE  HISOIY vttt e e 37
FBE —E Board MEMIDEIS e 38
FREETBED  POSTSC DT -+ ettt 39



B IFE 7202246 H 23 H Ik SHEM 7 R 13l
L7 —2AMGBIC G LELE, 2O8ELDELTH
LOTLPSEHHL EFET, SFTHAR—F L TL
FEWFELEEE. 2L TInhs Tkenizk kI
D26 BLHL BT ET,

202246 H I MR LA ZEE T, 467 L b FTHL LI
WLZA IV T TIEHD EFHATLR, ZNLTH ZND
THEE 2 7= DIEAALTHE HbE THRTREZHE L,
REIFRYF v —OBH#iE 259 L) HEEZEVWTE
o2 ERwEST, ~INICRFEFHAS — 7 v 7 TlE
RFEBHED EZ2TT, THEEH T RDELIZ“TEITA
ZX—7—F"LL T, TBFELRFTIFRETFDN
WITETAL ] J L) BEMRBEZ DS AARTLRLT
FLOESRRET NV ZRI-72DTT, T4bb, Loh
DELEYA LY RICHEDOT, EHRGPERSE DT
NRAT 74255 FE, 2z R icgEH L T 29 A4
ATBHEVIETILTT, 2 LEEYRRAETVIE A
DRy F 2 —RZEIFRS RV BiEDiRA & 72> T
7,

{:H

Greeting

On June 23, 2022, Tsubota Laboratory, Inc. was listed
on the Tokyo Stock Exchange Growth Market. May I
take this opportunity to offer my deepest gratitude once
again, both to those who supported our past efforts as
well as to individuals joining us on future endeavors.

June 2022 was perhaps not ideal timing for a new
listing, given the unstable stock market conditions.
Nevertheless, I believe we prevailed by striving together
for practice profitable management and adhering to
our tenet of serving as a model for university-launched
ventures. It usually goes without saying that university
startups will sink into the red. However, gokigen
(happiness with a positive outlook) is the steadfast
keyword of the Tsubota Lab doctrine. “Given the choice
between a surplus and a deficit, we'll take the surplus—
that’s the gokigen way!” That was the simple notion
that led us to brainstorm our way to the creation of a
new business model. Specifically, the model should be
grounded in solid science, have multiple developmental
pipelines for drugs or medical devices, and see them
out-licensed and monetized at an early stage. This
business model, absent in other startups, is our
strength.
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We recently held our third Tsubota Lab OKR Camp.
Objectives & Key Results, abbreviated as “OKR,” is a
goal management system used by Google and others.
While MBO (Management by Objective) is favored
by most companies, we prefer OKR, as it expands our
goals and injects exciting challenges into the process.
At our recent camp, we sought to identify and discuss
our own key success factors (KSF). Three suggestions
surfaced during our deliberation: the creation of
multiple quality pipelines, out-licensing to a partner,
and maintaining excellent progress management.

While much remains to be discussed in-house, the
importance of creating and maintaining multiple
pipelines for early-stage out-licensing seems crystal
clear. Meanwhile, we will continue to ponder our KSFs
so that a decade from now, we can proudly declare that
we made the future a happy, gokigen one. Meanwhile,
we look forward to your ongoing support and guidance.
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Frontiers of Non-visual Opsins
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Dr. Russell N. Van Gelder, who appears in this issue's opening dialogue, is a distinguished
ophthalmologist who is the current professor and chair of the Department of
Ophthalmology at the University of Washington School of Medicine in Seattle, WA, USA.

The American Academy of Ophthalmology (AAO) is the world’s largest association of
eye physicians and surgeons.Dr. Van Gelder serves as the editor-in-chief of Ophthalmology,
the prestigious journal of the AAQ, and he served as its president in 2015.

In addition to his outstanding achievements as a clinician, Dr. Van Gelder has also made
many important contributions to basic research.We invited Dr. Van Gelder, who is known as
a leading researcher on non-visual opsins, especially OPN4 and OPN5, which Tsubota Lab
continues to research and develop, to have an in depth discussion with Kazuo Tsubota, CEO
of Tsubota Lab.
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Kazuo Tsubota (KT) : Thank you for joining me today
and taking time for this interview for volume 4 of Tsubota Lab’s
annual report. It is our grant honor to have you as our guest.
Please introduce yourself, including your service in the field of

ophthalmology.

Russell Van Gelder (RVG) : Thank you. Iam professor and
chair of the Department of Ophthalmology at the University of
Washington in Seattle. I am a clinician-scientist so I see patients
and my clinical subspecialty is uveitis and ocular inflammatory
diseases. I also do some medical retina work. I hold some other
positions in ophthalmology. I am the editor-in-chief of the journal,
Ophthalmology, and 1 have served in leadership in the American
Academy of Ophthalmology as president in 2015, and also the

Association of University Professors of Ophthalmology.

KT : Wonderful. So you not only have a terrific career as a
scientist but also having a very important career in the field of

ophthalmology.

RVG : I feel it is important to serve. I am sure you would agree,
Kazuo, that we have both received many blessings for being
ophthalmologists. It’s a wonderful career with a great deal of
opportunity and we help a lot of people, and I feel it is important
to give back to the profession. It’s been a pleasure and an honor to

serve.

KT : 1 totally agree with you. As an international scientist I have
been deeply involved with the Association for Research in Vision
and Ophthalmology as Annual Meeting Program Committee
member, editorial board of Investigative Ophthalmology & Visual
Science, and now I am striving to encourage early career researchers
in innovation through the Bench to Bedside symposium.

By the way, I would also like to take this opportunity to express my
appreciation to you as co-organizer with Richard Lang of the Ist
International Symposium on “Biology of the Non-Visual Opsins” in
Seattle this past July. It was an exciting symposium and we learned a
lot. Tsubota Lab is now working on the non-visual opsins, especially
OPNS5, and you are the leader in this field. Not only OPN5 but
also starting OPN4, you have a long history. Maybe you are the
first ophthalmologist interested in the non-visual pathways. Please

provide us with some background.

RVG : It was a pleasure to have you come from Japan to attend the
meeting. And, you and your colleagues gave wonderful talks, and it
was a delight to be able to host you and repay just a small amount
of the hospitality you kindly showed me when I was the invited
speaker at the Japanese Ophthalmological Society annual meeting
in 2018. Thank you.

So, I did my PhD at Stanford University on the molecular
mechanisms of circadian rhythms in drosophila fruit flies. We had
cloned some genes at that time that were under the control of the
circadian clock and one of the things that I noted was that light

affected the gene expression very strongly in the fruit fly. I went




Special Dialogue - #5EX1:%

Fl7, ZOELEEIZRADB OV EDOEDIF v aydauyn
ITRAIPEBEFRBUCRCOEE L w2t w) e TLli, &
VRV A ATHHEEE & U CHEIRIMHE ICHEAR £ L 7223, Z DRI,
BIZ2017412 7 — XOVE % 5 S 117 Jeffrey Hall & Michael
Rosbash DRIk D, > a vy a o NTOERZEZEER, T
b BATR L HERICHS T 2 D 0k BEH Y X 2 0I5
TRAEVWIEPRRAINT L, EFANZ T, Iz ENT 2
BURIVERF VTR LTHD, TNV —F A MTEZEDN
ZRWETT, ZZTHREMHBEL LT AL I LB FTHRE
Z2DpEV) T EICRELBLZIEE £ L%, 1980FDHAD
Shizufumi Ebihara (& 5588 30) Sa4: & Keiichiro Tsuji G:#k—
) Sk Bk, MIRZEE D & 5 < 7 A ZH H OBEH ) 2 L % Skt
LCIEHIC ) A AMMEE 2 2 EBRESCAMENTHET,
L L. EZERERMTHL200, EnbbroTnuERATL
7z, % DtHRussell Fosterld, =7 ZADIRH & TR TR & HFE
ZOERICD 2T 2 ENTE ZNTHO Y RAEMHY X 4ICH
HATEDLLE V) ZEZEBRHLAZEDDTLA, THEEOIIZZ D
M Ao, 7V 7 hrann /vy 727w b EBICiT-
TWwi /) —AH0 54 F 0 Aziz Sancar & HFAE 2RO F L 7=,
Held 2 D205 I MIEEER OWE T/ — XV EZ 531
TWVFET, M ERE EHERONEZRREE IZ a7 a T
THMABTHAL LW IHIRFELTE L &, NS DIREFD X
AZRALBIEFICESBTOE26TT, L L, Fuihos, s
DOIRFUIME W L b2 D £ L7, & - 72 BOEMm#E 2RI T
WD TT, L2 LAad5, 3wk 2 kI Satchidananda Panda
¥ X Ulignacio Provencio & L[N TE, v~V ZADOMHY X
LADFTENC B 2 HFEHD =D DIE L WIEHOEEFE AL F L7,
ZNDRA T ) T TT, 2 LT, 2 XD 20004 R X
7 7V DWRICAD £ LT,

FEE AFZEIIIE 2 D X 9 AR o 20T R, TlE, EEER
F 7YV DRIEICIZED L IZIATF TR DTT D,

TP 2T — T b3 Bt & 2 B H IEE o 6 [H FR I 6
WO+ THEEVI I EERFAL AT ) T VITRVIC
B %% £ L7, 2L T, Joe Takahashi DWfFEE 5> & JEH I
FHg7 KA K27 Ethan BuhroZ 258 F L7, 20 L K4
BRIV FEBT LA ZHCEEEORSRICIY HATE
D ARBEINOCIERZ T & 2 MR bR I O LIRS % Gldt T &
% L 7, Ethan (¥ Takahashi %20 6. H 2V — L, Tabb
Per2::Luciferase w7 2% ff>CT& TN FE Lz, Zud, JEHIC

onto clinical training for my residency in St. Louis, and during
that time there was a discovery made by Jeffrey Hall and Michael
Rosbash, who later went on to win the Nobel prize in 2017, that the
normal photoreceptors in the fruit fly, their equivalent of the rods
and cones, were not required for circadian entrainment. In fact, in
the flies, proteins that mediated this were cryptochromes which
are blue light-sensing photoreceptors. So as a resident, I became
very interested in whether the same thing happened in humans.
It had been known for a very long time, since Shizufumi Ebihara
and Keiichiro Tsuji from Japan in 1980, that mice with retinal
degeneration synchronized their circadian rhythms to light very
well. But, no one knew what the photoreceptor was. Russell Foster
was in the process at that time of showing that you could take all
the cones and rods out definitively of the mouse eye, and it would
still entrain to circadian rhythms. So as a resident, I began to work
on this problem and I partnered with a scientist in North Carolina,
Aziz Sancar, who had knocked out the cyrptochromes, and he later
when on to win the Nobel prize for his work in photolyase in 2015.
He and I had the hypothesis that the non-visual photoreceptive
pathways would be the same in fruit flies and in mammals because
the clock mechanism is very similar. Long story short, it turned out
our hypothesis was wrong. We picked the wrong photopigment,
but we were fortunate to collaborate with Satchidananda Panda
and Ignacio Provencio and discovered the correct photopigment
for circadian rhythm behavioral entrainment in mice, which is
melanopsin. And, that got us into the melanopsin field in the early
2000s.

KT : You have explained your early research. Next, how did you

expand to the non-visual opsin research?

RVG : We had become very interested in melanopsin when we
discovered that it was the photopigment that was necessary and
sufficient for entrainment of the circadian clock, and I had a very

talented post-doc join my lab from Joe Takahashi’s lab, Ethan

Buhr. At that time, we were mostly working on multi-electrode

array recordings of the retina where we could record the light
responses of intrinsically photosensitive retinal ganglian cells. Ethan
brought a tool with him from the Takahashi lab which was that the
Per2::Luciferase mouse, and this is a mouse that has firefly Juciferase

gene knocked into the Period2 locus which is expressed with a very
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strong circadian rhythm so these mice show circadian rhythms of
Per2 expression which can be measured by how bright they glow
when luciferin is in the medium. What we wanted to do was to
determine whether the retina itself could be synchronized in a dish
to light-dark cycles. So, we took retinas from wild-type animals
Per2 luc and devised a way to put them in light-dark cycles without
the temperature changing, and sure enough they synchronized
beautifully to the light-dark cycles so that meant there was an
entrainment mechanism intrinsic to the retina. Next, we wanted
to show that it was melanopsin dependent so we took melanopsin-
knocked out mice and bred them to the Per2:Luciferase animals.
We were somewhat surprised when we discovered that those retinas

also synchronized to the light-dark cycle.

KT : It was a wonderful finding.

RVG : So, then we thought maybe it was the cones or the rods
that are doing this so we performed the same experiment with the
retinal degenerate mice, and their retinas synchronized just fine.
So, then we thought that either is sufficient and neither is necessary
so we crossed them altogether by making a melanopsin, retinal
degenerate, Per2::Luciferase triple mutant mouse. We put the retinas
in the light-dark cycle and we were frankly stunned to discover that
its retinas entrained to the light-dark cycle and what that told us was
that there were more photoreceptors that had not been discovered

yet in the eye that were mediating local circadian entrainment.

KT : Historically, the OPN5 gene was determined in 2003, and
Takahiro Yamashita from Kyoto University reported that OPN5 is
activated by 380 nanometers (nm) wavelength of light. So, at that
time, you got the idea that it might be OPN5.

RVG : Exactly. We did an action spectrum and we looked at what
color of light was maximally phase shifting and entraining in the
retina and it turned out to be 380 nm light. Now, in a mouse it does
not prove that it is OPN5 because the short wavelength (s-cone) is
about 360 nm. So it could have been an s-cone also. But, we got the
s-cone knocked out and did the same experiment and it turned out

that it didn’t need the s-cone for the entrainment.

KT : When I read your paper, there is one part I did not
understand. Usually, you use the LED light, but LED light does not
include 380 nm. So, how did you stimulate OPN5 in the dish?

RVG : Actually, there are UV-LEDs that one can obtain. There are
short-wavelength LEDs that can be obtained and used.

KT : From the beginning, did you target the short-wavelength

stimulation?

RVG : We did the whole range from 380 to 600 nm. What we
found was the 600 nm, which is red, had absolutely no effect on
phase shifting in the retina, and 480 nm, which is the peak for
melanopsin, had a minimal effect. When we got down to 420 nm

we saw a larger effect which got larger at 400 and maximal at 380
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nm. We put them together in an action spectrum. It showed that the
photopigment was a very blue light, near UV pigment. Our next job
was to find OPN5 mutants, and I had heard that it had been done
so we moved forward to collaborate. King-Wai Yau and Richard
Lang in separate researches had both had knocked-out OPN5 but
had not found a phenotype. Both agreed to collaborate with us
and provided their OPN5-knocked-out mice. We took those mice
and crossed them to each other to make a transheterozygote that
had two different knockout alleles and that helps to prove that it
is really the OPN5 knockout and not something that is unique to
one of the knockout alleles. Then we made that mouse and crossed
it to the Per2::Luciferase. We were very gratified to see that those
mice completely lost the ability of their retinas to entrain to the
light-dark cycle. This proved that OPN5 was the photopigment that
was necessary and sufficient for local circadian entrainment in the

retina.

KT : I think that is the new concept that you discovered. Not only
the retina but the tissues or organs that are exposed to light directly
are controlled not by OPN4 but by OPN5. I have read and enjoyed

your series of papers on skin, hair follicles, etc.

RVG : That was a very serendipitous finding. When Ethan had

been preparing the paper on OPN5, he had used liver as the
negative control. He showed that putting liver in the dish it does
not synchronize to the light-dark cycle. We discussed this and even
though the liver is a good negative control, it would be better to
have another tissue from the same eye to show that that tissue did
not synchronize. We looked through the literature and it turned
out that the cornea, your favorite part of the eye, and we thought it

would be a negative control.

KT : Yes, you reported about it in your paper. That was amazing.
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Cornea has OPN5 and is synchronized by OPN5.

RVG : It was a surprise for us. We showed for the first time that
the cornea is light sensitive. It turns out that the story is a little more
complicated. In vivo, we are not sure if the cornea uses OPN5 much
for its function. When the cornea is injured, OPN5 is massively
upregulated. It turns out in vitro, if you de-epithelialize the mouse
cornea and put it in a dish in vitro, it will heal about twice as fast
in a light-dark cycle than it will in total darkness. If you take away
OPNS5 it never really heals, whether in light or dark. This is an
important concept in getting to your work in that we started by
looking at OPN5 as a circadian photoreceptor, which it is. But,
we suspected that it is used for many other things in the body.
Obviously, Richard Lang’s lab has done impressive work showing
that it probably functions in the deep brain as a regulator of
metabolism and metabolic rate, and it functions in the developing
eye to regulate vascular development. And, obviously, your beautiful
work to show that myopia is likely modulated by that violet light and
that may account for some of the reasons that outdoor light helps
mitigate myopia and obviously leads to a direct testable hypothesis
that may be therapeutic. The eyeglass frames you are wearing
today that emit violet light and the stimulation of OPN5 may have
a strong mitigating effect on myopia. All of that really followed
from the discovery that it's a photopigment that is expressed fairly
broadly, and we are still looking at other phenomena that we think
might be linked to OPN5 function.

KT : Yes. I agree with you. Thanks your research published in 2015,
around that time we have found that violet light is effective for the
prevention of myopia. And, I after reading your paper, I expected
it should be OPNS5. First, we started with OPN5 knockout chick
model, but the study failed so we lost a lot of time with that. Next,
we decided to try the mouse model study, but it was a tricky to

make an animal model.

RVG : Your group has done amazing work. The images you shared
at the symposium in July with a mouse wearing huge goggles to

induce myopia is heroic work. Really fantastic work.

KT : Thank you very much for the nice compliment. Next, I would
like you to cover the broader effect of non-visual opsins, like OPN4
or OPN5 or other non-visual opsins which may have a broader
effect on the physiology. How do you explain to the lay public the

importance of non-visual photoreceptors?

RVG : We are still trying to understand the full range of its
effects. There are a couple of interesting clues indicating the
importance. One clue is with the whole explosion of whole genome
sequencing and information, we now know many of the variants
that we find in every gene in the body, and when we think about
the visual pigments, the cone pigments, and the rod pigments,
there are literally hundreds of mutations in rhodopsin, cone
opsin, that cause a variety of retinitis pigmentosa, cone dystrophy
and other diseases. In fact, all of the components of the visual

phototransduction pathway, vascular channels, anything you can
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name, there is someone out there who has that mutated and that
has been identified. In the whole genome collection, there is not a
single individual with a homozygous loss of function of OPN5. It
is extremely highly conserved and there is clearly some very strong
selective pressure against mutations in OPN5 that have kept it

highly conserved and it does not mutate.

KT : In other words, there is no mutation. That means the gene
is so important for the survival to make the next generation of the

species.

RVG : We consider that is selective pressure for when we do
not see mutations in the gene in a population. But, we know for
example, that we cannot breed our mice, our homozygous OPN5.
So the male and female who are OPN5 knockouts, never have
offspring. We don’t know why. We don’t know the role even though
OPNG5 is expressed in the testes, uterus, ovaries and reproductive
gametes. For me, this is an important unknown area for this line of
research.

Another area that we have discovered is that the sensory neurons,
including the trigeminal ganglia and the dorsal root ganglia also
express OPN5, and they are also light sensitive in a dish. They can
be entrained in a dish. That suggests that light might be important
in modulating pain pathways or sensory pathways. There is
literature suggesting that certain light may be analgesic.

I think we are in kind of a golden age right now of understanding
what the physiology of these photoreceptors and what other things
they may control. It’s clear that the work you and Tsubota Lab
are doing on myopia is a key area. We think OPNG5 is a clinically
relevant photoreceptor. Understanding its function and how to

manipulate it will be important for the future for improving health.

KT : Thank you. So you predict that the field of non-visual opsins

will expand in the next several years. It’s going to be a hot topic.

RVG : I would like to think so! The time is right to look at different

approaches in the field. I would like to see a lab or company to
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look at these opsins pharmacologically. At the end of the day, all
opsins are G-protein coupled receptors and that is one of the most

successful fields in pharmacology.

KT : So from this point of view, the “Biology of the Non-Visual
Opsins” that was held in Seattle brought pivotal stimulation, and it
will be my great honor to chair the 2nd international symposium in
2024 in Japan.

RVG : We are very much looking forward to the next meeting.
Every once in a while, one attends a meeting with thoughts as “that
was completely different. I have never been to a meeting like that,”
or “T learned so much in a short period of time.” It was one of those
meetings which are rare in the scientific community. I am looking
forward to the second meeting. My lab members are looking

forward to it. We can share the progress of our labs.

KT : We will involve the contributions from Japan and labs around

the world.

RVG : Great. The early work done in Japan will come full circle to

have the second meeting on non-visual opsins in Japan.

KT : Thank you for your kind comments. It will be our great
honor to have your comments on the early pioneers in this field
from Japan. AS CEO of Tsubota Lab, I am very happy to use this
important knowledge to use for clinical application. It will be a great
opportunity for both clinicians and researchers to come together to

seek clinical contributions

RVG : Myopia is arguably the most common medical condition
on the planet today, especially in East Asia. It really is an epidemic.
The discovery of the non-visual opsins may give us a pathway to
mitigating or curing myopia. It is extremely exciting to solve a
major health issue facing the 21st century. I am impressed with the

progress Tsubota Lab has made in linking these two areas together.

KT : Thank you very much. We would like to do our best. Thank
you again for your contribution and sharing your interesting work

with us. I look forward to future collaborations.

RVG : My pleasure. Thank you so much for the opportunity to
chat, congratulations on your great work, and another successful

year for Tsubota Lab.
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Tsubota Laboratory, Inc.

Dry eye is a disease which has increased dramatically in recent
years. Instability of the tear film layer results in tired, painful eyes. It
is considered a lifestyle disease rooted in current trends including
computer and contact lens use, sedentary work, lack of exercise,
poor quality sleep, and overeating. One of Tsubota Laboratory’s
business fields—myopia—is actually a lifestyle disease. Increased
close-up work, decreased outdoor activity, higher levels of
education, increased urban living, and poor quality sleep have all
contributed to the escalation of this disease.

In collaboration with the Department of Ophthalmology at the Keio
University School of Medicine in 2022, we reported the finding that
decreased tear breakup time (the essence of dry eye) correlates with
choroidal thinning, which is thought to cause myopia (Figure 1).1 It
is of great interest that the tear film layer (front of the eye) and the
choroid (back of the eye) are involved.

The Mitsukura Laboratory from the Keio University Faculty of
Science and Technology previously determined that violet light can
suppress the reduction of tears in the afternoon, and is currently
researching the hypothesis that a violet light deficiency may result
from lifestyle changes. The current study seeks a comprehensive
explanation for modern-day increases in myopia and dry eye and
may result in the development of brand-new treatment methods
and lifestyle improvements.

Furthermore, as reported in 2021, innovative approaches are being
developed to improve the environment around the eyes to alleviate
dry eye (Figure 2). We expect to report significant progress in the
year ahead. Tsubota Laboratory has also embarked on a new
project, that of developing a seed from another university—namely,
a dry eye treatment based on stem cell protection. This is a
collaboration with longtime friend Prof. Emi Nishimura of The
University of Tokyo and her startup, EADERM CO., LTD. Tsubota
Laboratory has made use of Prof. Nishimura’s applied patent for dry
eye and is developing medication for the treatment of severe dry
eye. Although research and development have only just begun, we
are pursuing it with high expectations.
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Figure 1. Relationship between tear and choroid
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The schema of the relationships among the tear film breakup time (TBUT), higher order aberrations (HOAs), choroidal thickness (CT),
and axial length (AL) from the results of the current study. The TBUT is associated significantly with the CT that is related to the AL.
The TBUT is correlated with the corneal HOAs but not with the total ocular HOAs, whereas the AL is related to the total ocular HOAs
but not to the corneal HOAs. Because the parasympathetic nervous system affects both the lacrimal glands and CT, the
parasympathetic nervous system might be a common factor upstream in the association between the TBUT and the CT.
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Figure 2. Moisture Mist Eyeglass Frames (provisional name)
Moisture mist type eye humidifier that actively increases humidity
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1. Hazra D, Yotsukura E, Torii H, et al. Relation between dry eye and myopia based on tear film breakup time, higher order aberration, choroidal
thickness, and axial length. Sci Rep. 2022;12(1):10891.
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Developments in Myopia Biology
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The Biological Mechanisms of Myopia Now
Expanded to Include Previously Unknown Choroid
and Sclera

Collaboration between Tsubota Lab and our Laboratory of
Photobiology at Keio University has resulted in epoch-making
discoveries shared with the world, such as the reports on violet light
exposure as a preventive strategy against myopia progression! and the
elucidation of its action mechanism, the non-visual opsin OPN5.2 We
previously published research results focused on light input to the
retina and wavelengths, but 2022 marked a turning point with our
publication of papers on three major basic research findings.

Our first finding resulted in a paper published in June, reporting that
metabolites of omega-3 polyunsaturated fatty acids preserve choroidal
thickness and suppress myopia progression.> This study, a
collaboration with Professor Makoto Arita’s lab at the Keio University
Faculty of Pharmacy, utilized lipidomics analysis and found that
certain fatty acid metabolites function in both inhibitory and
promotive ways to impact choroidal thickness and, by extension,
myopia progression. This research strengthens the potential for diet as
an intervention in myopia progression, as it follows the discovery of
the myopia progression inhibitory function of crocetin, a food-derived
factor which activates EGRL. 46

Our second finding was consolidated in a September publication
reporting that altered choroidal thickness itself regulates myopia
progression.” Although choroidal thinning is observed in eyes with
advanced myopia, this study found that choroidal changes are not
merely the result of axial length elongation and myopia progression,
but actually promote myopia progression. By producing three cell-
specific knockout mice and modifying the expression of VEGF
(Vascular Endothelial Growth Factor) in retinal pigment epithelial
cells, we showed that changes in choroidal thickness can regulate axial
length elongation regardless of optical input.

Our third finding, published in October, reported that scleral
remodeling, which is a direct factor in axial length elongation, is itself
caused by endoplasmic reticulum stress in scleral fibroblasts.® The
initial discovery was made by using an electron microscope for
intricate observation of the sclera, upon which swelling was observed
in myopic eyes in the endoplasmic reticulum of fibroblasts, the main
constituent cells of the sclera. We made three subsequent reports: that
lens-induced myopia can be inhibited by suppressing endoplasmic
reticulum stress in the sclera, that myopia develops by inducing
endoplasmic reticulum stress, and that two different pathways for
intracellular signaling were newly identified as its molecular
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mechanisms. These research results have facilitated our elucidation of
the mechanism of scleral remodeling directly linked to axial length
elongation and its intervention, allowing us to anticipate developing
therapies in line with this molecular-cellular mechanism in the future.

In terms of clinical research, we followed up on an earlier report on the
relationship between myopia and dry eye based on an epidemiological
study of school physical examinations® through additional testing on
schoolchildren in the outpatient clinic of Keio University Hospital.
Results suggested the implication of some unknown factor controlling
both myopia and dry eye."® Additionally, through collaboration with
Hayashi Eye Hospital (Fukuoka City), we clarified a correlation
between posterior vitreous detachment and axial length.!" The Tokyo
Myopia Study, an ongoing epidemiological research project
investigating myopia, newly discovered that 49.7% of preschool
children aged 3-6 were already myopic.!? In another publication, we
confirmed the safety of violet light-emitting eyeglass frames (under
development by Tsubota Lab) during a now-completed randomized
pilot study to evaluate their safety.®

This integration of basic and clinical research has allowed us to become
the global leader in myopia studies. We hope that you will continue to
follow our efforts in the future.
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Non-visual Photoreceptor OPN5 Improves Brain
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In the mammalian retina, cone cells (cones) governing red, green,
and blue color vision, and rod cells (rods), which sense the intensity
of light and dark light, convert light into electrical signals which are
sent to the brain. There are three types of cone cells: L-Opsin (LWS;
Amax: ~560nm)-, M-Opsin (MWS Amax: ~530 nm), and S-Opsin
(SWS1Amax: ~430 nm). Each respectively recognizes red, green,
and blue, which are combined much like the three primary colors
(RGB) of television, enabling humans to see a wide range of colors.
In fact, light has been variously utilized since eyes first appeared in
trilobites some 600 million years ago. In the ocean, said to house
99% of our planetary organisms, creatures such as the
himantolophus sagamius (Pacific footballfish) use light to attract
food, while others like the diaphus watasei (lanternfish) use
counter-illumination to hide in the shadows of light. In addition to
the four types of visual photoreceptors we all possess, humans have
five kinds of non-visual photoreceptors. Identified as OPN3, OPN4,
OPNG5, RGR (retinal G-protein-coupled receptor), and peropsin, the
gene expression of these non-visual photoreceptors is found not
only in the retina, but also in the skin, brain, and other tissues.

At Tsubota Lab, we are analyzing the function of OPN5, which is
activated by violet light Amax: 380 nm, in the brain and peripheral
organs. OPNG5 is a 7-transmembrane, G protein-coupled receptor
(GPCR) which is activated by light with a maximum absorption
wavelength of 380 nm. In mammals, OPN5 binds to 11-cis-retinal
and transduces signals downstream from the Gi subunit by light-
induced all-trans isomerization.

We have been studying experimental mice exposed to an
environment with 360-400 nm light to learn the effects of such
conditions on memory and emotion, and the development of
treatment methods for neurodegenerative and psychiatric
disorders.! Our research results demonstrate that light stimuli are
projected via OPNG5 to the dorsal medial habenula (dorsal habenula
nucleus). Although memory declines in aging mice, both cognitive
memory and neural increases are observed in mice kept in an
environment containing 360-400 nm light. Moreover, the brain
houses a cellular cluster of glial cells which control and support
neurons and improve neurotransmission; astrocytes, microglia, and
oligodendrocytes are known examples. Oligodendrocyte
differentiation and myelination is enhanced with light irradiation at
360-400 nm, suggesting the potential for 360-400 nm light therapy
in the treatment of dementia.! In addition, oligodendrocytes and
myelination also play an important role in depression, and
improvements in depression-like behavior observed using light
irradiation at 360-400 nm in the social defeat stress (SDS) model of
depression. Epidemiological reports have shown that light
environment plays a key role in depression.? The OPN5
dependency of the depression treatment effect points to potential
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violet light, which could be termed a “lost light” in modern society,
as it is blocked by materials such as glass and contact lenses.
Violet light is activated in the retina and skin via OPN5 and
regulates sleep, memory, emotion, and body temperature. Violet
light should see increased utilization as more time is spent in
indoor environments during the Covid pandemic.

new light functions and therapeutic applications.

Clinical studies headed by Dr. Yoshihiro Noda of the Department of
Neuropsychiatry at the Keio University School of Medicine have
demonstrated that light at 360-400 nm combined with 40 Hz
periodic stimulation induces a range of brain waves.?> Research and
development of the implementation of light into brain activity is
underway in the US for Alzheimer’s disease, and our group is
similarly interested in such implications for both Alzheimer’s and
Parkinson’s diseases. We are furthermore interested in developing
diagnostic techniques for neurodegenerative disease and
depression. The review of dry eye and Parkinson’s disease was
published by collaboration with Dr.Takenori Inomata of the
Department of Ophthalmology at the Juntendo University School of
Medicine.*

We are currently collaborating with Keio University and Juntendo
University on specified clinical research into mild cognitive
impairment (MCI), depression, and Parkinson’s disease, examining
the safety of 360-400 nm light and its potential to improve brain
functions in areas such as sleep. We are also seeking insights into
the aging phenomenon and are developing animal models.> In the
future, we plan further explorations into uses of light characteristics
in medical devices, and also hope to see global utilization of 360-
400 nm light in areas of modern life from which it has disappeared.
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The Use of Violet Light in Non-invasive Treatment of
Parkinson’s Disease: Research & Development Report
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Parkinson’s disease is a progressive neurodegenerative
disease which leads to degeneration and loss of
dopamine nerves in the substantia nigra of the midbrain.
While it chiefly presents with motor symptoms such as
sluggishness, muscular rigidity, tremors, and postural
impairment, non-motor symptoms such as hyposmia,
sleep disturbance, cognitive decline, psychiatric
symptoms, and autonomic symptoms are also observed.
As the disease advances, cognitive decline and
psychiatric symptoms such as hallucinations not only
reduce QOL and add to the caretaker burden, they are
also the most significant risk factor in defining disease
prognosis. Some 30-60% of Parkinson’s disease patients
experience hallucinations which often feature moving
persons or animals, a phenomenon which often occurs in
dimly lit rooms, leading to the theory that the tale of
“Zashiki Warashi” (household spirits in northern Japan
folklore) may have emerged due to Parkinson’s disease.
The Juntendo University Department of Neurology is
collaborating with Tsubota Laboratory in specified
clinical research to test the hypothesis that “the absence
of violet light indoors leads to hallucinations.” Twenty
Parkinson’s disease patients who experience
hallucinations are enrolled in the study, which will test
the safety and efficacy of non-invasive phototherapy on
hallucinations and memory in Parkinson’s disease using
an eyeglass-type medical device which emits violet light.
Recruitment is nearly complete at this time, and analysis
is expected to be performed within this fiscal year.
Although this is an Open-Label study, positive results are
expected with many participating subjects demonstrably
experiencing effects. We are preparing to seek public
research funds with the aim of conducting multicenter
collaborative research in the future.
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A Double-Blind Randomized Crossover Trial to Develop a Non-
invasive Neuromodulation Therapy with Violet Light for

Depression
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I have been working with Tsubota Lab, led by Dr. Kazuo Tsubota,
for about three years. It all began with an enthusiastic overture from
Dr. Motoshi Hayano and Dr. Kazuo Tsubota, requesting me to
measure and analyze EEG changes induced by violet light
stimulation in healthy human subjects. Collaboration began shortly
thereafter, with revision of ethics-related documents, experimental
launch, and completion of measurements a half-year later. EEG
analysis was completed after an additional three months, resulting
in a paper which was accepted in less than 3 months. Tsubota Lab’s
chief technology officer, Mr. Shinichiro Kondo helped in numerous
ways, and the first year passed relatively smoothly. About that time,
Tsubota Lab requested that I undertake a major specified clinical
research project entitled “Violet Light Stimulation Intervention
Study for Mild Depression.” We struggled with the Certified Review
Board (CRB) that first year, which proved to be a stressful time as
neither approval nor permission for project implementation were
readily granted. CRB approval and permission to conduct the study
were ultimately obtained using an outside agency, but the next
problem awaiting us was recruitment of research subjects. The
challenge arose as the original study protocol was so rigid that its
feasibility was lower than typical clinical studies, complicating
smooth recruitment. That created another half-year delay, and as I
felt pressure from involved parties, I was anything but calm, to tell
the truth. There were struggles, but from 2022 onward, thanks to
Tsubota Lab’s Director, Mr. Shintaro Yamada’s support for, and
coordination of, this specified clinical research study, recruitment
began to proceed smoothly. Thanks to all those who supported us,
as of this writing (the end of 2022), we have recruited about 50
subjects, and we expect the last patient out this coming spring.
During the next fiscal year, I anticipate being able to turn research
results into a written report on the usefulness (efficacy and any
adverse effects) of violet light stimulation for patients with mild
depression. With that in mind, I predict that the 2023 New Year
may be ushered in with a fair degree of the gokigen — happiness
and positive outlook — associated with Tsubota Lab.
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Optimal Sleep with Violet Light

“ONAFALYETAR” (BUF VL ERET) ik 5N CTREUEDIRRBEL
7oo TR T OISR S 2R LTRY, AFy 7 - BF%E - 24
BETHEDLERLA0LEL DAV NN—THERINTOHETH, ZO4H
WVLOWFCBRE L TT, ZARTTRENMTHL TCOR3D1Eh-
X5 VLD ANDEHTT,

VLD I AROK I T2HD1E, 5 TIZL56IE5 /105
D FELLDS, DUiE e B ERATL ., EXADEMERL
7D ATHOLITHI Y FTHARL, ANDFE fFrobERA
DWEETT, VLBADY—=hT 47V ) RALEGIEIT 20 Tidmee
TEIEIICE 2, IEIRIEE QR T2 GO E L, k., NIHABZR
T3~ 15 £ TITHR A IR T b=V DV E R S THAAICIRG DS
WoTEET, HREIESTREZBOTOIUIZD LI RIEH AT
ZRLIY—=HTFL TV RALELTESTOEDTTS, K2R
WTENTHEILTWAEZIDVEFEA, LIAVVLEFRITO2
RIS T 2 28T KBBS00 LFUSIREZ LD, »weznll Lk
DRNRAERFOTEDHIH L E L,

FEE, 2v P — L INFBR 2000 Bl E64 (2Tilk
DFRE) ZEIEL, M2 2 AR SHE>THHWw, &K
DEXEZEEL, RERICEEROEZHILE L, 20 RS R
170 %7, RUIIERIFESETL AMER - /> L AIEROE &%
ARLTEET, SCR[111ck3E, 10f82:5 201D B 2 BEARIZ L
LNEARE /7 v L AIEIROE GH314RRELE S b THE T, #1206 VL
R4 ) DS DIFAR ML IEIRICOE N S 2D D £5, F2. FFHCE
HL T ERDSHETE2 LF/HF (A EISEIHEE) 12k
TR EN O TIHE % IR AR S I 2 2 LA c & F L
(K1), ZAUTEH>T, BISCEMFREZBEAICIE LI EDTE, LDOR
ERROIENTELDTIEROPEEZTEET,

FADIFFEE TR NI S 7 SADERIEREZ D 22535 VL O%h
BEBGEFRTT, 2 obBLATLARATT,

F1:EBEREFPOLL - /Y LULAEROEE
Table 1. Ratio of REM:non-REM sleep

L LBEE REMsleep | /> L AREER Non-REM sleep

HHEHH D With VL irradiation (%) 9.37 84.05

JESR L Without VL irradiation (%) 6.58 88.92

It has been several years since I first became fascinated by violet light (VL). I
run a laboratory in the Faculty of Science and Technology, and all our staff,
researchers, and students, who number almost 40 in total, are quite interested
in VL research. Our focus is exclusively on the effects of VL on humans.
These days, we see some papers on VL research using mice and chicks, but
previously there were none at all. However, my focus is not on mice, chicks, or
rats, but rather on the effects of VL on humans, especially regarding sleep. I
intuitively felt that VL could be controlling human circadian rhythm and
began to examine sleep depth. During the 13-15 hours after humans are first
exposed to morning sunlight, the body gradually produces melatonin which
naturally induces sleepiness. Those who awaken early and are exposed to
sunlight will experience the normal mechanism of circadian rhythm, but
those who remain indoors without such exposure will not. However, we now
know that those who are exposed to 2 hours of VL irradiation during the
morning receive an equivalent, or possibly greater, effect than those being
exposed to sunlight.

The experiment included six healthy male and female subjects in their 20s
were kept in individual controlled rooms with no external exposure for three
days. The subjects wore ECG monitors for the whole period and the quality of
their sleep was measured. The results are shown in Table 1, which reflects the
percentage of REM and non-REM sleep experienced by the subjects.
According to a previous report,! the ideal ratio of REM:non-REM sleep for
individuals in their teens and 20s is 1:4. Table 1 shows that individuals
exposed to VL irradiation experienced what approximates ideal sleep. The
LF/HF (autonomic nerve activity index) calculated from values
simultaneously measured by the ECG monitor confirmed that an increase in
sympathetic nerve activity was suppressed for 4 hours following irradiation
(Fig. 1). We believe that this allows the parasympathetic nervous system to
dominate, helping maintain mental stability.

Our laboratory is currently gathering a wealth of other biological information

to verify the effects of VL. I am extremely excited by the potential.
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Figure 1. Fluctuations in autonomic nervous system activity
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KeraVio: A Novel Treatment and Diagnosis for Keratoconus
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Since 2018, we have been developing KeraVio, violet light (VL)-
emitting eyeglass frames (TLG-003), as a therapy to slow
progression of keratoconus. We conducted an exploratory clinical
study combining usage of TLG-003 with the administration of
riboflavin (vitamin B2) eye drops and satisfactorily confirmed both
safety and efficacy.! We additionally conducted a clinical study
without eye drops, focusing on endogenous riboflavin normally
found in the cornea The administration of riboflavin was found to
be necessary to inhibit the progression of keratoconus through VL
irradiation, but further research was suspended due to the
discontinuation of the manufacture and sale of riboflavin within
Japan. As an alternative to riboflavin, we are currently focusing on
cyanocobalamin (Vitamin B12), whose UV and visible absorption
spectrum peaks at the VL wavelength. The efficacy of
cyanocobalamin eye drop usage in combination with VL irradiation
has been confirmed on the cornea in vitro and is now under
development for clinical application.

As KeraVio therapy is believed to be effective in early-stage
keratoconus, diagnostic equipment is essential; at present, however,
such equipment is both expensive and unportable. We are therefore
developing a diagnostic device which we call “Hikaru rings” which
can be used in conjunction with a smartphone camera. As shown in
Figure 1, distortions and astigmatisms specific to keratoconus
become detectable by projecting glowing rings on to the cornea and
taking a selfie (self-portrait via smartphone camera). We plan to
submit an application for our device to be recognized as a medical
device, and will further consider the challenges of telemedicine
within non-medical institutions.
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Expecting Surprising Developments

Just as I thought the medical school was smoothly advancing,
solidly bolstered by science and academics, along came
Professor Tsubota, rapidly spouting off notions about gokigen
(a happy outlook) and musicals, all of which were beyond the
realm of my experience and perception. I was immediately
fascinated, telling the professor, “It appears you have many
areas of interest outside your bailiwick. Please let me be of
assistance” This launched collaborations on a host of projects
which we addressed from differing fields. His approach to life
leaps over common-sense boundaries and invariably produces
results—at astonishing speed. Having shared the historical
experience of Covid-19 and observed from afar the invasion of
Ukraine, we now see the unprecedented speed with which
digital transformation is advancing in our nation and across
the globe. Indeed, digital transformation creates an
environment enabling unrestricted and affordable realization
of challenges. Tsubota Lab, which perpetually moves at
lightning speed, should find this new environment a perfect fit
for churning out further surprising developments, one after
another...which we all await.
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Tsubota Laboratory—a Model of University
Startup Bioventure

Japanese universities produce successful research results and
scientific papers, but few professors can achieve social
implementation through development of a business. Though
individuals such as Dr. Tadamitsu Kishimoto of Osaka
University and Dr. Tasuku Honjo of Kyoto University have
commercialized their research results into successful products,
researchers who try their hand as entrepreneurs, using their
results to launch a business, are rare.

I have known Dr. Tsubota since his student days and have long
admired his unique ideas and decisive action. I was
nevertheless astonished by Tsubota Laboratory’s profitability
and IPO in a year of ongoing war in Ukraine and reminded yet
again of Dr. Tsubota’s greatness. I launched Heartseed, a
venture pursuing regenerative medicine, at about the same time
Tsubota Lab was established and have since secured a corporate
alliance with an overseas pharmaceutical company, aiming for
simultaneous global clinical trials, but the road to social
implementation will be long. I hope to learn from Dr. Tsubota’s
excellent example and go the extra mile.
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Awaiting Great Contributions Toward
Promotion of Japan’s Medical Industry
Whenever we meet, I am freshly amazed at Dr. Tsubota’s
decisive action and sense that his driving force in rooted in
awareness of the problems facing Japanese society and his
passion for solving them. When I witness him speaking
ardently of using science-based innovation to solve trade
deficits in the medical/pharmaceutical and medical device
industries, I marvel that he is both a true social entrepreneur
and an educator who inspires the next generation. I trust that
Tsubota Laboratory will implement the research results it
achieves by transcending academic boundaries for the
betterment of society, and that its efforts to engage in problem
solving and social transformation will similarly transcend
generations to yield a sustainable future for Japan.
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Congratulations! Leading in the Translation
of Key Research findings

What a pleasure it was to visit you in Japan and get updated
with all your lab’s impressive advances. I was particularly
delighted to see you translating the important research like the
specific violet light wavelength eyeglass frames on myopia
progression. This would have huge potential benefit.

Some advice for the lab:

Work one important problem, not interesting ones. All
important problems are interesting. Not all interesting ones
are important. Care little if it is your idea, care greatly if it's the
best idea; just as a puppy did not come from you, once you take
it in (just like the best idea) it becomes fully yours and is
shaped by you.

If you don't give up, you can not fail. Thanks again, loved our
time together.
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K. Role of VEGF Secreted from Retinal Pigment Epithelium in Choriocapillaris and Axial Length Maintenance.

Chen J, Ikeda S-1, Negishi K, Kurihara T, Tsubota K. Identification of Key Genes and Pathways Involved in Myopic
Choroidal Angiogenesis and Drug Discovery Based on Biomedical Data Analysis.

Hou J, Mori K, Ikeda S-I, Jeong H, Torii H, Negishi K, Kurihara T, Tsubota K. Ginkgo Biloba Extracts Altered Choroidal
Blood Perfusion in Mice.

Jeong H, Kurihara T, Jiang X, Negishi K, Tsubota K. Alpha-1 Blockers Suppress Lens-Induced Myopia in Mice by
Maintenance of Choroidal Thickness.
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£ Achievements January 1,2022 ~ December 2022
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6. Kurihara T, Mori K, Kuroha S, Hou J, Jeong H, Ogawa M, Ikeda S-I, Kang JX, Negishi K, Torii H, Arita M, Tsubota K.
Omega 3 polyunsaturated fatty acids showed suppression of choroidal thinning and subsequent myopia inhibition by
lipidomic analysis in murine experimental models.

7. Ma Z, Jeong H, Jiang X, Ikeda S-I, Negishi K, Kurihara T, Tsubota K. Post Lens-Induced-Myopia Emmetropization:
Binocular Compensation in Progression And Recovery of Myopia.

8. Mori K, Torii H, Hara Y, Hara M, Yotsukura E, Hanyuda A, Negishi K, Kurihara T, Tsubota K. A Randomized Controlled
Trial for The Effect of Violet Light Transmitting Eyeglasses on Myopia Progression In Children.

9. Tsubota K, Hazra D, Yotsukura E, Mori K, Maruyama T, Ogawa M, Hanyuda A, Negishi K, Torii H, Kurihara T. Choroidal
Thickness and Tear Breakup Time are Related in Myopia Patients: Supportive Evidence for the Correlation between
Myopia and Dry Eye.

4. ERBFHEE International Symposia

The Korean Scientists and Engineers Association in Japan, 13th Joint Subcommittee (5 13[& 2 R2) 20224:3H5H
Jeong H, Kurihara T, Negishi K, Tsubota K. Establishment of scaffold-free choroid in vitro model.

Cornea Society “Reimagining Dry Eye” (virtual), Part 2. USA, 27 April 2022
Tsubota K. Global Definition of Dry Eye.

International Ocular Surface Society (I0SS). Denver, Colorado, USA, 30 April 2022

Tsubota K. Are dry eye and myopia related? A new perspective on pathophysiology.

2nd European Dry Eye Society Congress, Paris, France (hybrid). 10 June 2022
Tsubota K. Light for Health.

1st Wenzhou and Keio Joint Meeting on Myopia, China & Japan (web). 11 June 2022
Organizers: Xiangtian Zhou, Kazuo Tsubota

Ikeda S-I. Scleral ER stress and myopia.

Zhao F. Scleral HIFs and Myopia.

Mori K. EPA (n-3 PUFA) and myopia.

Pan M. w -3 PUFA are protective for myopia.

Yotsukura E, Torii H. Dry eye and myopia.

Wu H. Choroidal circulation and myopia in children.

Zhou Xu. Choroidal blood perfusion and myopia in Guinea pigs.

Zhang Y, Jeong H. LRP2/VEGF gene deletion in RPE leads myopic phenotypes.

Zhou Xi. Tsubota K. Discussion on the future of myopia research.

LHPENDO P LN =

Juzhou Symposium & International Myopia Conference (hybrid). Chengdu, China, 17 June 2022

Tsubota K. Violet light can suppress myopia progression in mice, chicks and humans.

1st International Symposium of the Biology of the Non-Visual Opsins. Seattle, Washington, USA, 29-30 July 2022
1. Tsubota K. Violet light hypothesis for myopia control.
2. Kurihara T. The mouse as a myopia model.
3. Hayano M. Violet light regulates brain function trough oligodendrogenesis and myelination.

66th Brazilian Congress of Ophthalmology (CBO 2022) (hybrid). Curitiba, Brazil, 7 September 2022
Tsubota K. The Importance of Light Response in Myopia.

Oriental International Congress on Ocular Surface Diseases (hybrid). Shanghai, China, 15 Oct 2022
Tsubota K. Dry Eye & Lifestyle.

Asia Dry Eye Society (ADES) Educational Session 2022 (virtual). China, 11 November 2022
Tsubota K. Dry Eye is a Lifestyle Disorder.

5. fIYEE . {83 Review Papers (Japanese)

1. PP —5, BE3E M. AARICBU B R 74 7A DFERDIET LLE . Hi26 L IRE}, 2021;38(12):1367-1374.
2. PEH —9. L HEO BT (New Habits of Light and Health). 2022 Spring Nikkei Health, 2022:94-97.
3. M —5. PAOJEIEL  HURERIRRHE 2 #2569 58-13

A % 2— Interviews

1.
2.

FHH FHHE, S —5. A%, FROMOGBUNHE S I~ ZH L CA ML A7 7. Frontiers in Dry Eye. 2022;17(1):
BEF 53, Ve B IRBIE2EERATER (The Forefront of Ophthalmology). Animus, 2022;110:3-10.

6. EAR%4E Domestic Conferences

#1126
1.

2.

[ HANRBl #2425 /The 126th Annual Meeting of the Japanese Ophthalmological Society, KF, 2022¢E4H14H~17H
AR FCHIT, e FK, R, IR AT, PR R, BAHE W, B D, SR RYE, BRE 9. A ALy MEGEEIRETE A
T 24E D MEAF oAb — R 5 Mg
F GG, PIH B, A RO, MRH B, SIS MR0E, fE ROOT, SRR SN, EOR ¥, FRH B3, BOR Z8 T, AN PR A
FHTHTOIERERE 1AM R (PVR-C) DFEAE B I OFli ¥4 L IR OB .

SRR, AR AT, B NGRS, B 0, T &, AV EE, T ¥, Jing Kang, &JE FE, BH O, B U8, PPE 3.
EPA (A DIRME I LS X OGN R 5 2 2 58

RO, SR fRYE, TR, AR ORI, i =, B R, A )Y, P —55. Lp2/ v 77 b AHVR S ISR SO 7 FH
T .

58 W, AR AT, i B, T OEE, BlE SR, RE T8, SR R, M . AT a v X RDSEGRTG & LRI L
MG Z DB DOV T DM

T, SR RYE, AR B, AR RCRIT, I B, B TR, AR S, AR Y, PR 5. ISR LR RN VEGE KR

<7 ATOIREME .

M B, SR R0, MR )Y, FEH Y. AAV T V38 NN X 2RI A DR A BIE % F\ O 7R ISRE A A = X LD .
2= g, TR SRR, hIR AREE, =iE SR, EH VEE, B EE, Mivh 080, PP 9, RE b, SR R0E . Rl saEIREH
FEIZ K AR I~ 7 A B F I BREEZEE .

WARIHASERIYE &84 /The 4th Annual Meeting of Japan Myopia Society, KB, 202245 H14H~15H
1.

2.

o

PR —9, S B, B L, N7 FAT S8, WA SRR, R ORI, NI, R ) E SRR R B IR
& MR, IRAS IS & Bk .

Fa A, A SEY, & T, NI, B W, PE —53, J5 @, Bl F, RE ). IREEEHOR EETE
HEAT DB ORT .

PUE FRHYy, B FR, AR AT, ANIEE, SPCH W+, BEH 95, 3950 (2395, MRE—J4 . COVID-197ATHiRD/NEAICE TS
JEF R E T4 7 27 AN DEAL.

T ARYE . SERDE T A = A L0531 - MiffdL L CoMfEZ HIEL <.

] B, SR, R —)h, PR —U3 . SR RLEI IS Wi a T — 7 v R0 25

TR, S R, B U, 22 058, SREE AR, I REA, AR B, T -, R ORI, S K, BRE b, BEE Y.
LY AR T T IV 2 ACET 2 VLEBHRIC L 2 SHE TR L 02 5

NEURO2022, i, 20224:7H2H

1.

xR {21k, Pooja Gusain, S Juad, B £EE, AR b, b &46, HA Bife+, Bl 2, REH &b, B9 8K, fF i
75, WiE G, Richard A. Lang, =i, PEH—5 . Violet light modulates the central nervous system to regulate cognitive
function.

. Pooja Gusain, 4K 5%, HiE e, F8 i, FEH —5%. Violet light treatment ameliorates social behaviour in social

defeat stress mice.

76 A KRIRRE 2 /The 76th Annual Congress of Japan Clinical Ophthalmology, %i%¢, 20224:10H13H~16H

1.
2.

BRI SEHEVIIREEEAS (T Fave3it— 13).
SIS RIE . SEABEI T D F A Z AL LIS — T v b (A VAL T ava—R).

BASMIHAG FEVI 2R S, Rk, 20224E12H3H

1.
2.

Pooja Gusain, 4 A {25, 7% joi, PEH —5% . Antidepressant effect of violet light on depressive behaviour in mice.
Sarah Y Robertson, ###/I| B, Pooja Gusain, #:4K 25, if W, F9% Joad, BEE —Y%. Violet light modulates mouse
hippocampal function via the non-visual retinal opsin OPN5.

7. EAIB{FEE Domestic Symposia

Gk ®d =

PEH 9. IR R A 7o N kB / R— ay . HATUIEGE %4 . Biat. 20224E3H13H

P —3 . FEHZ A S MBUC T ) BB ISR 2474227 . IHIE . 202245 H28H

FEH — 3. BIROA ) N—2 a v HADRSHE T 572012, 044 — Pharma Japan 2022, Bi5i. 202249 H29H

PR —Y . (R A/ R —a v ilEe Gli) ) BIER PSR 7 P L 7L —F R — ATz . Web. 20224E10H6H
FEH —. 74 79 A T AICEB T AR OFh G285 © PR D S KPFER Y T v — 307, ZLTZ D% WK v Ry
%2 . JH (hybrid). 20224E11H4H
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#E5EJQ Ax=1—2 2022

Tsubota Laboratory - Top Ten News

202256 A23BICRRALZESIFR
JO—Amigic i

Listed on the Tokyo Stock Exchange (TSE)
Growth Market on June 23, 2022

ARVO (KRE-7>/\V—).
6 $18HEERERES (FF75-0vTINVE L)
IKBEWTT—-AZHE

Exhibited booths at ARVO 2022 (Denver) &
The 18th International Myopia Conference (Rotterdam)

Nature Communications it (F 51 VhR) IC

7 BEZEDAXFEFZIREIFHECHFT.
2 202243 AL BT ER AN [FRERICELCD/DMAAFEARVADER R HEITD

Remained in the black for fiscal ROMBFFHIXAD L] ERR

year ending March 2022 In collaboration with the Department of Ophthalmology,
Keio University School of Medicine, research paper
published in Nature Communications

"Scleral PERK and ATFG6 as targets of myopic axial
elongation of mouse eyes

T XINKES 1 &2 AR & R/HiE

Executed a licensing agreement for the
Americas with Twenty/Twenty Therapeutics
for violet light-emitting eyeglass frames

3 Twenty/Twenty Therapeutics &/N1 ALY MNBHEIREEICEFS

). @XEH31E, 1NN T792—168.348

Greatly strengthened our IP portfolio with 11 patents submitted
and 5 patents registered, and 31 journal articles published with
a total impact factor of 168.348

8 IPAR—bh74)F & XIEICHE(E (FFEFRE 1 14, &85

Laboratoires Théa &
4 TRIRSESE(LMFI S IREE(C RSB F - 8hE-IRFTHED
BEZA AT ) PR & HiE

Executed an exclusive out-licensing agreement
with Laboratoires Théa for the development,
manufacture, and sales of an ophthalmic solution
to inhibit scleral remodeling to prevent myopia

BRERTA I RUICDONT
TAADY a3V

Initiated 1st Tsubota Lab open campus
to discuss cutting edge science

9 B1EF—T %N AEREL. B

*ﬁ% “;ﬁﬁ&ﬁﬁ&ﬁ (ZOZZEGE ~) Tripled the office space from before!

Initiated verification trial for violet light-
emitting eyeglass frames (June 2022)

5 NAF LY PRERFHEIRKZD 1 o F7 1 A5k, ERDIEDLEIC
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A1 7 IBE - HiE—E 20225%F Mass Media

20225 1A27H

[*7x7 %57+ 7]ASCIl STARTUP
KE—TRBEDSREBODEFMHELED DI YA I AREZ— N7V TICH
<EEAER

HASHITE TR KRB RAR FH —BRA 2821 —

2022%3A14H

[#iE] BEBAIR 202255

TI—=FAMN NAFLYRTAR 2DDXDRERICEE
KERBOHZE

20225%6A16H
(27271 7]BREFIR 65T < HBLET ]
FHEZAOIFALR [RFEUESR CERETZI0H ]

2022%6A16H
[717 271 7] &M% ONLINE [#i# BB ERHR]
6A238 L% | fFASK (4890) DXHZ

20225%6A16H
[#iBA-7 27 27 ¢ 7] AAEFHE (FAT) [FHRAREORE]
FHESAR ERmERER RS

2022%6A21H
[*927 %571 F7]CAPITAL EYE
FESR <4890> IRDOMEERIT 5. BhNIE1004HL<

2022%6A23H
[717 271 7] YouTube BFBEIFRIN—TRAXF v+ 2N
[3i3R LSRR A SR (2022/6/23 £35) (4890)

2022%6A23H
(927471 7]|ABEFIR [EE 7]
FHESROFEMR R IRFNESRZ M5

20225%6H23H

[7LE]BEFLE news every.

[RAMETI BB TETEIF? [NA AL YRS N HEE
20225%6A27H

[FLEIBETLE BE71K8 -F/:A !
FEEDERDFRAE & RITImARAR

2022%6HA24H

[(F2TXF1T|BENIFTY

FHEZADPRES O—RIC L5, PIBORERRERIF213EM
20225%6A27H

["927 %571 F7]CAPITAL EYE
HSRRITASR <4890> DIEEMR. /N TSAUIHIRD

4

2022%7A5H
(717271 7]B# CNBC [IPO#RICHL]
TSR FH—SHR

2022%7A7H

[*727 %51 7)ZUU ONLINE PO # &R IcR< |
TAZR ITH—B4R

202257A8H

(274571 7] &4 M= ONLINE [Z x5 DE =ik
TR ZRAERE . SERETIHI S TV AN—"5%58

2022%8A19H

(7272571 7] &4 MZFE4 ONLINE [1PO &t R Di#EE |
RIEBDDRBFHIZT BN Fr—DRELE
FHSROIFEH—B#RICHL<

2022%8A24H
(717271 7] &4 MZR ONLINE [Z&508 S ]
FHEIRDPKIBERSE. [BERIVEY I DROFBICESD

2022%10A128

727 %5+ 7)TECH+ Powerd by vf7E=2—2X
BXR.EREZRBRTRETCZDTHREDH DAY ET T AICLDERET
R

2022410A28H
(#iB-v 7 X7« PISHRHET 20
[FESEBARMPOTFEH] FBOT EFIBEEDS HHEEOHRIC

2022%11HA22H
(V2T AxTF+TIBENAFATY
TATR, KBEENAF LY MR T/INA AD S > AR &k

2022%12A22H
(717271 7] &4 MZ4R ONLINE [Z&5DE =4 ]
FHEIRDPANY TERE. T4 2 AT 7 NS iR

(79% - L¥15—HiH]
Z2F NIKKEI TAADZF4 |

20221878 FHE-5 2022%7AR1H ¥H—-5
2022%28348 FE—5 2022%8A5H HH—-%
2022%3848 FE—5 2022%9A82H HH—3
2022%4818 FHE-5 2022%10A78 FH—5
20225868 FH—5 202211848 A%
2022%6A38 FEH—5 2022%12A28 FH—5

ERS ,-k:l:g'fgq:ﬁ:ﬁa (202351 BIR7E)

Tsubota Lab Patents as of January 2023

FSETLE AR 556

Number of patent applications: 55

et ) P2

Dry Eyelk Sz 4(]
iTsubota Lab $¥H > 7.9/ Keio EHE 5

RresbyopialZiR614

MiscellaneoustZ Ofthi {4

55, 28N EREH

28 patents were registered

BURHTEARAMICHELTVR DR 1HEADY

The same patent applied in Japan and overseas is counted as one.
REOQBODH#ADY b~ Count only existing patents.
FESR MRRH NS 74 KT, BRHTESO) FEBEIEBAODOD:

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

30

it & OHELEDBDEFSE  Includes joint applications with other companies.
it DI TOHEAD B D(FFRL Excludes applications filed only by other companies.
¥ TPIU—RBFIREHTIADY - Family patents count as one.

HFICHE T EINREBOHEREN

Estimated number of patients living with
targeted diseases around the world

iEtRTEE  Myopia
JO—=\IcHFBERAOFE

Worldwide myopia population forecast

70—/ BT BiEREETIS

Global myopia treatment market

(BAA) millions (f&F3) 100 millions
8000 — EARAETIS
I EEEER Myopia gravis ‘iﬁﬁ“”
7000 B Myopia B GAGR:6.9%
—a— AOEIE Population ratio o
1500~ 1 6,280
6000 |- Ik O, &M
—40
5000 — 4,758
4000|— 4'089 038 —30 10000 —
15909
. Ik =)
3000 — 2,620 517 -ho
399
20001 1,950 - 5000
1,406
1000 —
oL— I S
2000 2010 2020 2030 2040 2050 2020 2026
JE ERIE -0.5D IUF. 3ESARIE -5D WUTF EL1TRIL=110M%E
HiFF : Holden BA, et al. Ophthalmology 123 (5), May 2016. HiFfT : Report Ocean #£ PR Times 7L AU 1) —2X (2021222 H)

NS4 71 Dryeve

RZ174A0

Number of people affected by dry eye

748E7:TA » 834E75A

M people (2019) M people (2030)

HAT EEOHREHAOICRERER LD I EICKY LHHE,
FEOHREBADIE HRIRITI N —THEHT — K ERICLttHEET.
fBE=IZ. Li Li Tan et al. Clinical and Experimental Optometry Vol. 98, 2015i2& %
Source: Our calculations are based on multiplying the incidence rate by the target age
population of each country. The target age population in each country is estimated
based on World Bank Group statistical data. Incidence rates are based on Li Li Tan
et al. Clinical and Experimental Optometry Vol. 98, 2015.

R4 741 EEmTiE (HF)
Dry eye pharmaceutical market (global)

CAGR:2.0%

3,329:- W 3,749

100 million yen (2019) 100 million yen (2026)

SERIL=110ME Note: Conversion rate is one dollar = 110 yen
HiFF: E valuate Ltd. Source: Evaluate Ltd.

ZHIRfElY Presbyopia
ZIRAO (1H5)

Number of people affected by presbyopia (global)

1,800E7ﬂ » 2,100@5)&

M people (2015) M people (2030)

HiFf : Fricke et al. Ophthalmology Volume 125, Number 10, October 2018
Source: Fricke et al. Ophthalmology Volume 125, Number 10, October 2018

ZIRBEHETIS

Presbyopia treatment market

Jek#iE  North America CAGR:7.0%

1,826.- W 2,915,

100 million yen (2019) 100 million yen (2026)

E MIL=110M#%E Note: Conversion rate is one dollar = 110
A Report Ocean # PR Times 7L AU — yen
A(2021%2H2H) Source: Report Ocean’s PR Times press

release (February 2, 2021)

T IOTRKE¥$ME Asia-Pacific CA GR:8.5%

1,936.- ®» 4,024,

100 million yen (2019) 100 million yen n(2026)

S RIL=110M#%E Note: Conversion rate is one dollar = 110
i Pf : Research Nester Private Limited en
“Asia-Pacific Presbyopia Treatment  Source: Research Nester Private Limited
Market" (December 10, 20204128 “Asia-Pacific Presbyopia Treatment
108) Market" (December 10, 2020)
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BA¥EERZ  Financial Data

2023 F3AMAE3MYE 3rd quarter of the fiscal year ending March 31, 2023

(81 : FF)
EIETIEERIRR (¥: thousands)

Progress versus Forecasts

20233 AHAE3MFHIRERIA

Fiscal year ending March 31,
2023 Cumulative 3rd quarter results

202343 AMBIMLMTE R [DORONAN SEFEAL

Fiscal year ending March 31, 2023 Progress in comparison with
Cumulative 3rd quarter results Forecasts

2023F3RAMFETE

—— 2022473 FRISE ML IAREI

Fiscal year ending March 31,
2023 Forecasts

Fiscal year ending March 31, 2022
Cumulative 3rd quarter results

Profit & Loss

32

TE®  lower column

55L% vsSales

58E% vsSales

TE&  lower column

58E% vsSales

5EL% vsSales

= 550,005 882,116 = 1,278,892 882,116 69.0%
Sales Sales

75 LR 22,980 180,305 Pl i 327,386 180,305 55.1%
Cost of goods sold 4.2% 20.4% Cost of goods sold 25.6% 20.4%

pollm il 527,025 701,811 pollm 2oy ilkny 951,506 701,811 73.8%
Gross Profit 95.8% 79.6% Gross Profit 74.4% 79.6%

RFEE R U — ARSI 298,846 390,099 RTE NSRS 688,698 390,099 56.6%
Selling, general and administrative expenses 54.3% 44.0% Selling, general and administrative expenses 53.9% 44.2%

I=E e 228,179 311,712 = il 262,807 311,712 118.6%
Operating Income 41.5% 35.3% Operating Income 20.5% 35.3%

BEF 291,064 290,706 REFE 262,407 290,706 110.8%
Ordinary Income 52.9% 33.0% Ordinary Income 20.5% 33.0%

TUHA (2457 ) FUF% 215,224 201,582 TUHR (24HR ) FFI%S 181,768 201,582 110.9%
NetIncome 39.1% 22.9% Net Income 14.2% 22.9%

1R DO (2459 4RI (FI) 9.51 8.26 THR= DO (2599 SR (FD) 740 8.26

Net Income per share (yen)

BfERR

Balance Sheet

20223 AHHEHR

Fiscal year ending March 31,
2022 Year-end

2023F3AHKE3MAHR

Fiscal year ending March 31,
2023 End of 3rd quarter

HUFAARLE

Versus the end of fiscal year 2022

MEEE

Net Income per share(yen)

1,515,127 2,722,955 1,207,827
(Cjash oG Gl 1,1 74,929 2,332,444 1,1 57,51 5 (B7 ) (millions) Financial Results
BRETEE 1,400
TangibIeEfixed assets 70’732 70'1 50 A582 j,_ﬁJ:—,%— Sales 1278
B ETEEE eS| operating income
Intangil/)n;:ca fixed assets 1 5'076 1 2;41 7 A2,658 = %*JH P g
I;nﬁ\f:t%mazjfso:;%%her asssets 1 6'858 1 41449 A2:408 1,050
AES
Total assets 1,617,795 258191973 1,202,177
; 687
i1 = 1= 700
Clrrent liabllities 674,102 655,329 A18,773 640
((C3'Sn1 ﬁrﬁﬁzgiiﬁgans payable) 24'480 241480 o 441
BE&RE
Fixﬁi Tabilities 199,340 123,020 AT76,320 350 250 262

SE1EBEHTFaR 188
Qo FERRTAR) 199,340 123,020 AT76,320 154 o I ﬁ I
affiast 7 10 14
Total iabilities 873,442 778,349 A95,093 0 7 1o - 14
-78
BAE
Capital stock 231,053 778,897 547,844
E R
Cg;ﬁtffirPMS 2 1 5'053 762i897 547' 844 (350) 2017/03 2018/03 2019/03 2020/03 2021/03 2022/03 (2%2_:_/{953)
aTIEE,

:gﬁifi/d%imings 2981247 499;830 201 ,582 (Plan)
EEGE
Total net assets 7441353 21041 :624 1:2971270
&fE - HEESS
Toti liabilities and net assets 1'61 7'795 2181 9:973 1;202,1 77
e 46.0% 72.4%
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BB FEHFEF—T ¥ v/ N | ZRE.

#1300 A H 1RHE

The First Tsubota Laboratory Open Campus Draws

About 300 Participants

Whats Myepia”

FEHI RDPA LV A x av— v —2 a v DIRFORD AL, Hicf/ R—2av
RO ENAOIEZ LD A5 KL —> a v ORNIBEHRNT25E LT, TFEHS X -
T =T X v A BPICRTONE L,

B1MEIZ20224E11H17H, Zoom B F—I2kBA v 74 - 74 7TREH A ThifES
., HRURAER BT Lo R BB R b S 2 U - S5 RSV B 36
BREE PR AR A B B B AR - WS 2 Je AV PEH S R CEO - PEH— s s it
iz i, FI300 NDSHBEL £ 72,

TPEHZ R « =7V X v o8 A 1F20234EDUEDE 1 ~2[R[D R — A THIfE L Tz
PPELTVWET,

WE1E [FESK - F-T>Fv2NR] 70774
BEF: 20229118178 (K) 188~208F

RN 1 Zoom I tEF —&FEo/A VT - FATEAR
BN - |

Ok
MRS TR KRR CEO FH —5

OZ &
[RERNFr—EA(/N—=232-TAV AT L]
RRAFALRTLRMAN HAREBRL TR K13

EFBRIERT BIADE

B ERsex

OZHE2
[FEERCMEIZE]

BEZRBAFES £EPHE KR

RE%F RZ2%x

OfE3
[EASKR ZE(FA TR

HRARHIFR TR KREMHR CEO

EH —5%

o
Al

Q
>
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Tsubota Laboratory’s Open Campus was
recently established to introduce the company’s
current efforts in “Science x Commercialization”
initiatives as well as its cutting-edge
collaboration with domestic and international
researchers in shared innovation.

The inaugural Open Campus was held as a
Zoom webinar on November 17, 2022, with
approximately 300 participants. Lectures and
discussions were presented by Professor Shigeo
Kagami of the Department of Technology
Management for Innovation at The University
of Tokyo, Professor Hideyuki Okano,
Department of Physiology at the Keio
University School of Medicine, and Kazuo
Tsubota, CEO of Tsubota Laboratory, Inc.

From 2023 onward, the Tsubota Laboratory
Open Campus is scheduled to be held once or
twice annually.

First Tsubota Laboratory Open
Campus

Date/time: Thursday, November 17, 2022
(6-8pm)

Format: Zoom webinar (live streaming)
Fee: Free for a participants

Opening greetings
Kazuo Tsubota, CEO, Tsubota Laboratory,
Inc.

Lecture 1

University Ventures and the Innovation
Ecosystem

Speaker: Shigeo Kagami

Professor, Department of Technology
Management for Innovation, The
University of Tokyo

Deputy Director-General, Division of
University Corporate Relations

Lecture 2

Regenerative Medicine and Brain Science
Speaker: Hideyuki Okano

Professor, Department of Physiology, Keio
University School of Medicine

Lecture 3

Tsubota Laboratory’s “Gokigen” T-shaped
Strategy

Speaker: Kazuo Tsubota

CEO, Tsubota Laboratory, Inc.

General Discussion
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In Tandem with the Association of Startups
from Keio University School of Medicine
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32% increase from last year.

As of 2021, the Keio University School of Medicine had launched 15
companies for social implementation; in 2022, that number
increased to 18. The total market capitalization of member
companies is 47.1 billion yen, an increase of 10.6 billion yen (29%)
from last year. Intellectual property holdings now number 119, a

Of course, Keio University School of Medicine cannot serve as the
starting point for innovation based on science alone; both science
and commercialization are essential and must function as strong
and well-balanced axles to achieve success.

Each of the 18 member companies is developing its business to
pursue solutions to social issues from a health/medicine perspective

by harnessing its own intellectual properties and business model.

Tsubota Laboratory, Inc. will continue to make whatever small
contribution we can toward the emergence of an abundance of new
venture companies from the Association of Startups while also

laboring to be a model for university-launched ventures.

BfX—E (2023F2A3K1%)

Association of Startups from Keio University School of Medicine - Member List (as of February 2023)

#t#& Company Name

EEMEE  Business Field

HEHE Dept. of Origin

F%1I Established

PNEPS P y o
Exe*fftui\zﬁlvlifber ﬁﬁi%ﬁ;‘i;ﬁjgbom Drug fgi]é;;:r;t%é%fjgfiology, Ophtﬁfﬁilogy 2015428 Feb 2015
Company Medical devices
BESENE Hel—?ei?r???eﬁilrﬁmfﬁ Regenf’ait%fmedicine éi;ii%iif);s; 2015%115 Nov 2015
B%aori}’c\)/lairg;er %;Eﬁi/rfm?ﬁc—? Drug devegli?igfh%ienerative Phyii%ci;%gftﬁji? dics 20164118 Nov 2016
%Eéﬁﬁiﬁélr;_ln/ca/ Regene;i;%v%ﬁedicine Ophtﬁfﬁrilogy 2015517 Jan 2015
ﬁ?di%égggslﬁids Regene;ﬁa%v%ﬁedicine Héir[lrifztpc?ﬁgy 2016%7R July 2016
>N EE— ¢ 1o
ﬁiotlj%gu' Medig%%;i;zivices Ophtaf?(:#r’rilogy 20164 7H July 2016
&Fiizftﬁ:rz;\(/i'\sf): ﬁi/ Regene;i;tiiv%ﬁedicine Ophtﬁl'%:ﬁnilogy 20164115 Nov 2016
ﬁﬂéﬁczll/n;;gﬁ:: ;13\/7 S;;Trt_s\ﬁga)ll’zhxlcfafe Or%fgj;ﬁcs 201857 July 2018
**:fo*eig EL?J 7 IR Sleep Phaffilogy 2018%4108 Oct 2018
i Agross Therapeutics, Inc. Antiiﬁjaiﬁ%?ﬁéﬁody Phaf;}filogy 2018%118 Nov 2018
= N [ S e -
GeneEraﬁlJl\J/_l_e_mber %ﬂfjﬁt:)l(r?gus Image Q?;Tii%evices Azi?cli)—?r’;wy 2018412H Dec 2018
companies mzi:;SSuJ?geeﬁffg Biomieﬁi?gnﬁiirials Suﬁﬁgiry 2019%1H Jan 2019
£t Otolink BIE 10T ANJLAZT 7 Drug ESIRMRR

2019454 May 2019

Otolink Inc. development, loT healthcare Otorhinolaryngology
tAZt i =] 4 gy N
ﬁi;x?ingenel EERFER ) IR R AR 2020418 Jan 2020
gene Inc. Drug development Physiology and neurosurgery
MU &3 ERERT /1R st
iMU Corporation Medical devices Orthopedics 202045H May 2020
KRR INTEP ERAY AT LDRF UNEUTF—T3VES
INTEP, Inc. Medical system development Rehabilitation medicine 2020%7H July 2020
ALAN#H &4 7075 LERERMAR P
ALAN Inc. Medical device development Physiology 20214273 Feb 2021
X5t Orthopicks BIREEE BRAE

Orthopicks Inc.

Information and communications

Orthopedic surgery

2021428 Feb 2021

35




36

et DFRFRERE (T REER) &
GO OUTEWLVDEE

The Tsubota Laboratory Philosophy:

T-shaped Strategy and GO OUT
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The Tsubota Laboratory Philosophy: T-shaped Strategy

70%
F{t exploitation

Tsubota Laboratory strives for early-stage profitability
through powerful balanced rotation of the dual wheels of
science and commercialization in which universities excel.
Those revenues will, in turn, maximize (exploit) the value of
our existing pipeline, enabling development of new seeds
and securing an ongoing revenue source (exploration).
This philosophy of exploitation and exploration was
originally described by Charles A. O’Reilly IIT (Stanford
University) and Michael L. Tushman (Harvard University)
in The Ambidextrous Organization (Harvard Business
Review, 2004).

Tsubota Laboratory strives to implement a “T-shaped
Strategy” which incorporates both exploitation and
exploration and will serve, we believe, as the source of
innovation.

Our unique strategy applies not only to corporations, but
surely also to individual lifestyles. In the business world, we
see T-type human resources elevated as the ideal,
encompassing solid expertise and experience along with
broad and deep knowledge in fields outside their own. Each
of us must be grounded by deepening our own expertise, but
then move outward (GO OUT), both by exhibiting interest
in other fields and by networking with new individuals to
expand our knowledge.

We believe this is precisely the type of human resources
needed in Japan today. And, based on these strong
convictions, CEO Kazuo Tsubota has authored a new book,
GO OUT. We hope this tome provides many readers with
the encouragement and momentum to expand their
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£285% History

2012
2015

2017
2019

2020

2021
2022

58 HHZROFEEBIUHRNELR 51471 KT KL
Establishment of Dry Eye KT, Inc. in May

2A KRR R 171 KT DR SERMAERR. RRRLERARAZRUNEHU.
KASHITEHSREBSEER

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

NAALY R SA MDIIRBMRDIEMZINH T SR ZTRERTS IN1AL Y h31 MR,
ERR

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

HH—-BHI*ASITEASIRORRIFHRICHE. EERBRRZEZBREAVFv—HE
EREL. BRESEREIC

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

4R FFHRIMELTERZRBRZERIF vV /(ZABSERZHAEERE (VY—F/N—2)
4S7 ICHIREZRR

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

58 ERXAHREERFAFOIVXtE, NAALYNSA N ERETIAHRBEERE
22 TLG-001 D HFRIFAFEICDOW TR =S

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

68 BEEZIRKFEEAF vV /INAR2SHESBAA T+ A 2B
In June, relocated office to the Shinanomachi Campus (Bldg. 2, 5th floor), where Keio
University’s hospital and medical school are located

INAAL Y MAEERHEBERE "TLG-0011 DOHRFRERZFHIA

Exploratory clinical trial launched for violet light-emitting eyeglass frames (TLG-001)

68 A7« AZE BRI+ vV /N AADSEREIBREIO EILICBER
In June, relocated office to the building in front of Shinanomachi station from the
Shinanomachi Campus

128 T"TLG-001, OHRFHBRERT L. REMEMREHER

In December, concluded exploratory clinical trial, confirming safety and efficacy of the TLG-
001 medical device for suppression of myopia progression — a major step in device
development

58 BEERBRFEHET, ERMEICE< D FAD= I LZ MR Y THREA

In May, achieved world’s first discovery of the molecular mechanisms of violet light in
suppressing myopia in collaboration with Keio University

6H23H WRIFIGIFRY O—ATHBICHR LIS

On June 23, Tsubota Laboratory was newly listed on the Tokyo Stock Exchange (Growth
Market)

6H "TLG-001, DiRIEARZR%E
In June, started the confirmatory trial for TLG-001

12B A74RA%ZHR. REKRDIEDILESIC

In December, expanded the office to triple the previous size
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Board Members

EH—5 R&EmmHE

CEO Kazuo Tsubota

IUEHEKRER,Bmis ExmsisnE ERE—BD s MRERARE

Director, and General Manager, Director, Chief Technology Officer,
Business Development Division and Manager,
Shintaro Yamada Reach&Development Divison

Shinichiro Kondo

S B goheag (5 IR B2 dnenus
Full-time External Auditor External Auditor
Masaru Yoshikawa Yasuyuki Tsutsumi

Map + Info
TItA

A

Tsubo Lab office
b~ ERBRRE L3

Toshin,Shinanomachi-ekimae

| \mé@ --f

Exernal Director
Shinichi Koizumi

HMHEE— dsneas

External Auditor
Shinichi Murata

HIXSHIFHES R

Tsubota Laboratory, Inc.

&35 03-6384-2866
FAX 03-6384-2877

TEL +81-3-6384-2866
FAX +81-3-6384-2877

(=135 (]
=
(=i

T160-0016 RREHMHBEXEEMI4ETM ~— 2V (EERIERAIE)D 304
304 Toshin Shinanomachi-ekimae Bldg., 34 Shinanomachi, Shinjuku-ku, Tokyo 160-0016 Japan
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Postscript

As you can see in the CEQO's greeting at the beginning of this report and at
the top of the 10 major news items, our company was listed on the Growth
Market of the Tokyo Stock Exchange in June 2022.

Although the company’s social mission became even more important after
going public, our corporate philosophy of "Through solid science and com-
mercialization originating from universities, we will bring about innovation,
aim to solve global social issues, and make the future brighter," remains
unwavering.

We have invited Dr. Russell N. Van Gelder for a special dialogue. In that dis-
cussion, he explains the ever-increasing attention to various functions of pho-
toreceptors and the expanding field of non-visual opsins, one of which,
OPNS5, is truly one of the core components of Tsubota Lab's research and
development.

We have a "dream" for the future, and in order to make this "dream" a reality,
we will continue to push forward with our research and business develop-
ment.

Finally, we would like to take this opportunity to express our sincere gratitude
to all those who have given us their understanding and cooperation in pub-
lishing this report.

Hidenaga Kobashi, Editor-in-Chief
Tsubota Laboratory, Inc. Annual Report 2022
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