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Joy brings us together

The Kirin Group and Immunity Research 22 KIRIN

The Kirin Group has been engaged in immunological research for 35 years.
In addition to its pharmaceutical business,
encompassing therapeutic antibody and other products,
the Group has made significant contributions to the field of immunology over the years.
For example, the Group has been involved in the establishment of LIAI
— the world's most advanced public immunology research center.

Therapeutic antibody in One of the leading public
the field of immunology immunity laboratories in the U.S.
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LA JOLLA

INSTITUTE

B Established in 1988
e with funding from
the Kirin Group

IMMUNOLOGY
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Joy brings us together

Social issues we wanted to solve 22 KIRIN

2)

Means Antibiotics Vaccines , anti-viral drugs
O X
Target scope Ef_feCtive for a Only effective on
wide range of specific viruses
issues

« Are any means available that are effective against a wide spectrum of viruses
instead of a single one?
- Might there be a convenient way to help through diet rather than with drugs?

© Kirin Holdings Company, Limited
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Developing a subject based on cutting-edge science 22 KIRIN

There is a hierarchy to anti-viral immunity,
with pDCs serving as “control towers”

———————————————————————

"Control tower" of the immune system
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. . . N Concerted attacks
Viral infection control on viruses

What if there was a lactic acid bacterium that activates the pDC?
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Discovery of Lactococcus lactis strain Plasma

Joy brings us together

22 KIRIN

Researchers around the world believed
Lactic acid bacterium to be unable to activate pDC

Kirin’s discovery

In 2012, we reported the unprecedented discovery of a lactic
acid bacterium that can activate pDC
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Numerous lactic acid
bacteria stored in strain

banks
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Comparison of pDC activation by lactobacilli
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PLoS One, 2012

Lactococcus lactis
strain Plasma 5




Effects of Lactococcus lactis strain Plasma as seen by the eye e
(microscopic observation) 22 KIRIN

Addition of Lactococcus lactis strain Plasma activates
“pDCs”, the control tower of anti-viral immunity

Green: pDC
Red: virus
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List of evidence for Lactococcus lactis strain Plasma 22 KIRIN

Jounai K, lkado K, Sugimura T, Ano Y, Braun J, Fujiwara D. (2012) Spherical lactic acid bacteria activate plasmacytoid dendritic cells immunomodulatory function via TLR9-dependent crosstalk with myeloid dendritic cells. PLoS One 7: e32588.

Sugimura T, Jounai K, Ohshio K, Tanaka T, Suwa M, Fujiwara D. (2013) Immunomodulatory effect of Lactococcus lactis JCM5805 on human plasmacytoid dendritic cells. Clin Immunol 149: 509-518.

Jounai K, Sugimura T, Ohshio K, Fujiwara D. (2015) Oral administration of Lactococcus lactis subsp. lactis JCM5805 enhances lung immune response resulting in protection from murine parainfluenza virus infection. PLoS One. 6: e0119055.

Fujii T, Tomita Y, Ikushima S, Horie A, Fujiwara D. (2015) Draft genome sequence of Lactococcus lactis subsp. lactis JCM 5805T, a strain that induces plasmacytoid dendritic cell activation. Genome Announc 3 : e00113-15

Sugimura T, Takahashi H, Jounai K, Ohshio K, Kanayama M, Tazumi K, Tanihata Y, Miura Y, Fujiwara D, Yamamoto N. (2015) Effects of oral intake of plasmacytoid dendritic cells-stimulative lactic acid bacterial strain on pathogenesis of

influenza-like iliness and immunological response to influenza virus. Br J Nutr. 3:1-7.

Suzuki H, Kanayama M, Fuijii T, Fujiwara D, Sugimura K (2015) Effects of the beverage containing Lactococcus lactis subsp. lactis JCM5805 on anti—viral immune responses and maintenance of physical conditions -a randomized,

double-blind, placebo—controlled, parallel-group Trial— Jpn Pharmacol Ther. 43:1465-72.

7. TanakaK, Suzuki H, Kanayama M, Fujii T, Fujiwara D, Nozawa H, Sugimura K. (2015) The safety evaluation of long—term or excessive intake of the beverage containing Lactococcus lactis subsp. lactis JCM 5805 and resistant maltodextrin -a
randomized, double-blind, placebo—controlled, parallel—-group trial—Jpn Pharmacol Ther. 43:1711-27.

8.  Suzuki H, Ohshio K, Fujiwara D. (2016) Lactococcus lactis subsp. lactis JCM5805 activates natural killer cells via dendritic cells. Biosci Biotec Biochem. 80: 798-800

9. Shibata T, Kanayama M, Haida M, Fujimoto S, Oroguchi T, Sata K, Mita N, Kutsuzawa T, Ikeuchi M, Kondo M, Naito K, Tsuda M, Nishizaki Y, Ishii N. (2016) Lactococcus lactis JCM5805 activates anti-viral immunity and reduces symptoms of
common cold and influenza in healthy adults in a randomized controlled trial. J Func Food. 24: 492-500.

10. Sakata K, Sasaki Y, Jounai K, Fuijii jiwara D (20 Preventive effect of 1 actoco acti bsn |3

11. Fuijii T,Jounai K, Horie A, Takaha
in healthy adults; A randomized c

12. JounaiK, Sugimura T, Morita Y, C
56: 205-211.

13. Kanayama M, Kato Y, Tsuji T, Ko

14. Sugimura T, Jounai K, Ohshio K,
58:166-172.

15. Tsuji R, Komano Y, Ohshio K, Is

25 scientific papers,
s anemcomeced - jRCcluding 10 human clinical trials ks

9:403-419.
18. Komano Y, Shimada K, Naito H, |
placebo-controlled, double-blinde
19. SuzukiH, Tsuji R, Sugamata M,
20. Tsuji R, Yamamoto N, Yamada S,
vitro. Antiviral Res., 160:101-108.
21. Kokubo T, KomanoY, Tsuji R, Fujiwara D, Fujii T and Kanauchi O. (2019) Plasmacytoid dendritic cell-stimulative lactic acid bacteria, Lactococcus lactis strain Plasma, relieves exercise-induced fatigue and aids recovery via immuno-modulatory
action. Int J Sport Nutr Exer Metabol., in press.
22. Horie A, Tomita Y, Oshio K, Fujiwara D, Fuijii T. (2019) Characterization of genomic DNA of lactic acid bacteria for activation of plasmacytoid dendritic cells. BMC Microbiol., in press.
23. Tsuji R, Fujii T, Nakamura Y, Yazawa K, Kanauchi O. (2019) Staphylococcus aureus epicutaneous infection is suppressed by Lactococcus lactis strain Plasma via IL-17A elicitation. J Infect Dis., in press.
24, Sugimura T, Jounai K, Ohshio K, Fujiwara D. (2019) Plasmacytoid dendritic cell dysfunction caused by heat stress is improved by administration of Lactococcus lactis strain Plasma in mice. Biosci Biotec Biochem. , in press.
25. Kokubo T, Wakai S, Fujiwara D, Kanauchi O, Jonai K, Ichikawa H, Takuma M, Kanaya Y, Shiraoka R. (2020) Lactococcus Lactis Strain Plasma Improves Subjective Physical State and Presenteeism: A Randomized, Open-label Crossover
Study Among Healthy Office Workers. Prev Nutr Food Sci, in press

Contributing to the development of academic research by
studying the subject in its entirety, from basic mechanisms
to clinical application, and presenting the data externally
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The world’s first lactic acid
bacteria that strengthens the
foundation of immune cells

What can be expected from this technology
Control infectious disease risk and solve the problem of infectious disease |
in areas with poor sanitary conditions

| Threat of viruses throughout the year ~ Pandemics caused by Limitations of medical
Risk of new viruses emerging the movement of le  treatment and vaccines
and goods

Novel coronaviruses (I

Pharyngoconjunctival Rotaviruses
fever

Dengue fever Influenza
Noroviruses
N P ——
It is increasingly important to strengthen the body's natural
immunity to fight viruses in the course of daily life.

What is immunity?
A mechanism for eliminating viruses, bacteria and other pathogens
through both innate and acquired immunit

First type of immunity: INNate iMMUNIty  second type of immunity: acquired immunity

+ An immune response mechanism that people
are born with
Relays information on the enemy to acquired
immune cells
1ts offensive power is weak, but its response

Acquired immune response
Attacks enemies that breach innate immunity
Is powerful but takes a few days to kick in

Retains memory of the target (response s
immediate Irorrll','the SECON! tlrn(E.I onwards)

is immediate (several hours)

The innate immune system does not retain
any memory of its targats, and simply attacks
the enemy at hand

novrohii e, | NKcalls Kiler Tcalls  HolparToalls = B cells

Antibody

production
Only acquired immunity
can produce antibodies

> -

Pathogens and infected cells

Immunity and food
Dietary habits greatly affect immunity
Lactic acid bacteria are known to be closely linked to immuni

st with immurity

Background of this technique
In the past, the accepted knowledge in immunology was that lactic acid
bacteria activate only some immune cells (NK cells).

‘nocepted knowledge i immunology
Is it possible
that there
may be lactic

| Unknown lactic acid bacteria
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Activates all immune cells
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Activate only some cells
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About this technology

By questioning accepted knowledge and studying large numbers of lactic
acid bacteria, we discovered "Lactococcus lactis strain Plasma" — a type
of bacteria that activates the control tower

microbial strain bank

Lactococcus lactis strain Plasma

M”.f" S
2 Ato G: common lactic acid bacteria

<Presemation: The 432 Anvus Mestieg of e Jganese Sccty
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About this technology

Ingestion of "Lactococcus lactis strain Plasma " reduced the risk of

influenza and colds
We asked 200 people to consume either a
milk-based drink containing "Lactococcus
lactis strain Plasma" or a milk-based drink
without "Lactococcus factis strain Plasma"
every day for 10 weeks, and investigated the
effects on their physical condition.

Cumuiative
number of patients

Volunteers

200peaple
lDDpeuplel \ 100people
Milk-based drink Milk-based drink that does

containing Lactococcus  not contain Lactococcus
lactis strain Plasma lactis strain Plasma

Uniqueness of this technique

Lactococcus lactis strain Plasma are highly rated by experts for their
unique ability to activate the "control tower," with numerous scientific
papers published

32

papers

Toe gt enders o v o \ished
Flasmacytoid dendritic celts publs T
g— [ in total

C-T=TT-)

Activates all immune cells

Y —

Activate only some cells

Future potential
Since Lactococcus lactis strain Plasma activate the "control tower," they
cted to be effective against various viruses

Measured plaque count

Shysiokogon saing Locoos et ;i FI
e i §§ ; IBEE RN
£ 2 If you
used to evaluats the effects of would like
Lactococcus lactis strain Plasma : to find out (B
Compared ta the physiological saline | | Deniritic cell supernatant stimulated with more:
aroup, the Lactococcus actis strain Lactocaccus lactis strain Plasma was added to
Plasrha group showed an cultured calls infected with dengue virus. This
vias found to limit virus growth

| improvement in fecal rotavirus levels
Lacioons et strain Plasma Resesech Report | e |

A madel of rotavirus infection was

See the poster presentation for more information.
Our researchers will provide explanations.
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Immunoregulation by Lactococcus lactis strain Plasma 22 KIRIN

o Lumen i 1. Taken by mouth L. lactis Plasma lactobacilli
lactobacilli lﬁlla:zﬁ:;s

villi group of l

lactobacilli
‘ 2. Absorbed in the small intestine>

3. Activates plasmacytoid dendritic

L. lactis ]

/‘\

Plasmacytoid dendritic cells in the small intestine
" cells ! Plasmacytoid Activated
dendritic cells in plasmacytoid
Source : PLoS One Vol 10: e0119055, 2015. the normal state dendritic cells

Hypothesized mechanism of pDC activation in the small intestine upon oral ingestion of L. lactis Plasma.

L. lactis Plasma is taken up by Peyer's patches (masses of immune tissue found in the small intestine), Pre-activation Post-activation
and controls immune response to viruses by activating pDCs.

© Kirin Holdings Company, Limited 9



OVEI‘VieW Of a Clinical tl‘ial COﬂdUCted Joy brings us together
at Tokai University School of Medicine

Subjects: Tokai University students and faculty ﬁﬁﬁ?lﬁ?iﬁ%ﬂ%wﬁ%&ﬁﬁﬁﬂi
(18-39 years old) A
Period: December 2013 to March 2014 (winter)
Outcomes: Upper respiratory tract symptoms
(cold and flu-like symptoms)

Anti-viral immunity index (interferon-alpha)

Results Conclusions

Number_‘ of people showing Interferon-alpha gene expression
g 50 upper respiratory t;act symptoms — Placebo — é;argti?‘cglc;iunia/‘actis ° Case-s Of upper
3 212 respiratory symptoms
Ta0 - ~ in the winter months
= @
o 30 o 0.8 were reduced
® 3 *
S 20 - ? 0.6
D 20 -
o S 0.4 - Increased expression of
z 10 T p  x :p<o0siMamWiey es) antiviral genes in the
D 2
& o _ . blood

Placebo Lactococcus lactis _ ,

strain Plasma Before intake After intake
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E Tokai University ? Tokai University Hospital
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. Nihon Marugoto (All-Japan)
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ISSUES in the mEdical field: Joy brings us together
overworked healthcare professionals 22 KIRIN

Distribution of working hours per week for doctors and others year, full-time employees
(Percentage of respondents, %)
45
40 === Total across all occupations
- Physicians (excluding dentists and
35 veterinarians)
== Nurses (including assistant nurses)
30
25
20 60 hours or more
~
N\
15 \
/
10 <
5
0
Less 15~19 20~21 22~29 30~34 35~42 43~45 46~48 49~59 60~64 65~74 75 hours
than 15 hours (Hours worked per week) or more
hOU rs Source: Basic Employment Structure Survey 2012, Ministry of Internal
Affairs and Communications
More than 200 days of work per year, full-time employees

Source: Document 3: Physicians’ Working Conditions, 1st Document on the Reform of the Working Style of Physicians,
Ministry of Health, Labour and Welfare

https://www.mhlw.go.jp/file/05-Shingikai-10801000-Iseikyoku-Soumuka/0000173612.pdf

© Kirin Holdings Company, Limited 12
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Risk factors for viral infection in winter -2 KIRIN

(1) Spread due (2) Temperature (3) Less time
to dry conditions facilitating growth spent in the sun

« Larger than 5 pmin
diameter

« Fall velocity 30-
80cm/sec

Dry outside X droplet MiF# droplet nuclei
air in winter Moisture
%S (£ y

* 5umorless in diameter
« Fall velocity 0.06-1.5cm/sec

More
drying due
to heating

Coughing, sneezing, talking,

t&ach(ﬁal as |r?lt|é).nt Dispersed over a wide
sually a short distance; o ai

byt area via air flow

Droplet transmission  Airborne transmission

=
=

https://www.anzen.mofa.go.jp/sars/pdf/k-6.pdf

© Kirin Holdings Company, Limited

We feel
great!

m Vitamin D is activated in the body

following exposure to ultraviolet light

aviolet —= 4

light

-

L
| @

o
Provitamin D N
Vitamin D
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The Kirin Group's approach to employee health management 2> KIRIN

FANCL This Makes Sense!
Educational Video Service

The right way to walk FANCL

Straighten your back and swing your arms

1. Stand up straight.
« Picture standing a little taller.
« Focus your effort on a spot about three

fingers below the navel.

2. Let your arms swing forward naturally,
and make a conscious effort to swing

them backwards. :
* Swing your arm backwards, pulling your =~ ‘e

shoulders back. ' 5
*Relax and let your arm swing forward. g

- © FANCL CORPORATION All Rights Reserved

FANCL's Health and Exercise Instructor Ono explains how you can turn your everyday life
into a workout with just a few changes in “the way you walk”.

© Kirin Holdings Company, Limited
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Emerging risk of viral infections in Asia -2 KIRIN

Dengue fever

bird flu

Effects on the dengue virus
(non-clinical studies)
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Dengue fever E;;P = = i =
Chikungunya fever Ctrl LC-Plasma
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ANTIVIR RES
160 (2018) 101-108
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GIObaI BUSineSS Strategy Joy brings us together

22 KIRIN

Strengthen global expansion capabilities
by accurately identifying regional health issues and continuously and strategically
pursuing high-quality R&D that fits each region's needs

“Ip)
oAMerica

Collaborating with local
partners to develop a
BtoB business

" -

> Germany

% ltaly i A w US.A;

SeIIng soft drinks

Growth of the immunity market in the U.S.

with immune
- ? function labeling
in Vietham

s
v

L, % Singapore

The U.S. immunity market is expected to grow 1.5x year-on-year
in 2020 due to rising consumer awareness of immunity.

Launched a new business b-’. SO Sales to grow est. 51.2% to $5.ZB in 2020
development . e
acceleration program in 5000
Sin gapore 4,000

3,000

60%
50%
40%
30%

2,000 20%

1,000 10%

0%
2015 2016 2017 2018 2019 2020e  2021e  2022e  2023e

mmCold, Flu and Immunity Sales ~ ——Cold, Flu and Immunity Growth

Source: Nutrition Business Journal ($mil, consumer sales)

© Kirin Holdings Company, Limited
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The challenge of creation for the future -2 KIRIN

Contributing to health and well-being through immunological research

Our goal is to contribute to the well-being of people around the world by advancing research on
immunity, which is closely related to the preservation of health, based on the fermentation technology
we have developed over the years.
A
-

AR
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