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Analysis of molecular mechanism in circadian intraocular pressure rhythm
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Glaucoma is the number one cause of blindness, and no preventive or
curative method has yet been found. The eye stiffness (intraocular pressure [I0P]), the main cause
of glaucoma, is formed by the balance between the production and drainage of aqueous humor.
Continuous elevation of I0P damage the optic nerve. IOP has a circadian rhythm with a cycle of about

24 hours, and its abnomality or disruption are related to the onset of glaucoma, but the mechanism
of 10P rhythm formation itself was not well understood.

Therefore, when we searched for time transmitters genelating I0P rhythm, we discovered that
both adrenal glucocortisoids and sympathetic nerves system produce I0P rhythms. Furthermore, we
discovered the mechanisms that both factors produces an I0OP rhythm by controlling the production of
aqueous humor through osmoregulation, and the sympathetic nerve controls the time-dependent drainage

of aqueous humor through suppression of the phagocytosis.



24

SCN
SCN
NE
SCN - -
GC
GC GR
AR
B 1B 2AR GC
GC NE
...C57BL/6J Balb/c 12 (200
lux)12 23t 1 Per2
Period 2::Luciferase Per2::Luc
Joseph Takahashi (Southwestern Medical Center Texas University
) ADX SCGX 5 2
...Tonometer (lcare TonoLab TV02; Icare)
4
5
Graph Pad Prism 6
...Per2::Luc
200u m 35
Dio(AB- 2550 ATTO)
Clock Lab (ver. 6) (Actimetrics)
. Chx10-Cre
B6.Cg-Tg [Chx10-cre] G5 Tfur/TfurRbrc mice RIKEN BioResource Research Center
Bmal 171/ hox Bmal1
Nr3cl GR flox/flox RIKEN BioResource Research Center
GR
e Na+/K+ATPase ouabain(
10 100 py M phosphate-buffered saline [PBS]) 34-gauge needle (0.18 x 8
mm Pasny Unisis) 3ulL 5
fluosphere polystyrene microspheres (10 /PBS 15 um
F8844) 2

carboxylate-modified microspheres ( 0.5 um F8813)



0 12 6 (525 nm)
(Dino-Lite Edge M Fluorescence TGFBW) SpectraMax M5
(Molecular Devices)

30uL
4
2 5
. 6580 SCR
T-371-C ABM
e 24 pHrodo
Green Zymosan Bioparticles (2.5 p g/well P35365 ThermoFisher) IncuCyte ZOOM
instrument (Essen Bioscience)
pHrodo 3
CAMP ...LANCE cAMP Detection Kit (AD0262 PerkinElmer) TR-
FRET 1 SpectraMax M5
RNA . Accell SMARTpool siRNA 0.04 p M/
Accell Delivery Media Dharmacon) 24
PIP3 . 16
PIP3 PIP3 Mass ELISA kit (K-2500s Echelon
Biosciences)
Na+t/K+ ATPase - 30
Na+/K+ ATPase Na+/K+ ATPase Microplate Assay Kit MBS8243226 Mybiosourse
Bmal1
Bmall / Nat/K+ ATPase
GC NE
1
GC NE GR B 2AR
Perl
pars plana
Per2::Luc SCN
Per?2
SCN Per2
GC NE

b el e .
L EERED - - plicata

/W?beuyl FLAaLFACER

ra

-,

i -
B2 TEM AR

; 156
gﬁzﬁﬁ@) ST R %

J’ #%ERE

BRE " X Ls

HIERE



Bmall

Na+/K+ATPase

Ouabain

2B

NE Nat+/K+ATPase

Na+/K+ATPase Ouabain
Bmall
Na+/K+ATPase
CcAMP
B1 B 2AR
B
300 E %
[+] [=]

(5]
[=1
(=]

Na+K+-ATPasej&
(nmol Pi /h/mg protein)
3
o

o

=}

% B & ®
WT cBmallKO Bmal1KO
Ouabain
Bmall Bmall
Na+K+ATPase

Latrunculin A Cytochalasin D

GC
NE GC
1
2A
Na+/K+ATPase
SCN
NE
NE NatK+ATPase
NE Gs GPCR
B 2AR
NE
GR A'8
GR =
€ 6
E
5 4
GC W 2
GR £ o
Dexamethasone Dex & 2
CAMP Veh
GC NE
Na+/K+ATPase 2
A:Na+K+ATPase
B:
Dynasore
ROCK
Dynasore
GC NE
3 AR

B 1AR
RNA AR

RK11447

NE

CAMP  PKA  EPAC



EPAC

NE (10 LM) 30 min Dex (10 pM) 30 min

5 002
© 0.01
#H 0,00
PIP3 R o
& .0.02
PIP3 g 0.03
PIP3 & -0.04
EPAC  © 05 3% 4 60 72 84 0 12 24 36 48 60 72 B84
SEAR (57 maBsRY (B5RD)
PIP3
P|3Ky NE GR Dex
NE Dex30 NE
B 1AR
PIP3 EPAC EPAC  PIP3 SHIP1
PIP3 SHIP1
B 1AR EPAC NE EPAC
SHIP1 PIP3  AKT ERK
B 1AR EPAC
SHIP1 NE SHIP1
3 1AR-EPAC-SHIP1 4 NE
B 1AR SHIP1
B 1AR
EPAC/SHIP1
NE
4
I B
- L
HIAREE WEAAAER - e o @ * .. P
e wRE . .
PIP3—PIP2
; i 12
s (M)
TrAHA b=y T N,
SALLE TR ERT I 2
., EiRE LR ERIEEIE 2
AT A AR ¥ ¥
- 'f\”t,[j%\t BEAGHEER L REAKHRMERT
AE D R R o - ¥ ¥
- BRE | BRE T
NE
B1 AR)-EPAC-SHIP1 PIP3
NE
GC NE
GC NE GC



Ikegami Keisuke Shigeyoshi Yasufumi Masubuchi Satoru 61

Circadian Regulation of I0P Rhythm by Dual Pathways of Glucocorticoids and the Sympathetic 2020

Nervous System

Investigative Opthalmology & Visual Science 26 26
DOl

10.1167/iovs.61.3.26

Ikegami Keisuke Masubuchi Satoru 5
Suppression of trabecular meshwork phagocytosis by norepinephrine is associated with nocturnal 2022
increase in intraocular pressure in mice

Communications Biology 339

DOl
10.1038/s42003-022-03295-y

126 / 98

2021

67

2020




Role of cAWMP in light-induced resetting of circadian rhythm in vivo

27

2020

2020

Circadian regulation of intraocular pressure rhythm by both glucocorticoids and sympathetic nerves

2019

2020




Ikegami Keisuke, Masubuchi Satoru

Involvement of trabecular meshwork phagocytic suppression by sympathetic norepinephrine in nocturnal intraocular pressure
rise.

99

2022

16

2022

Sympathetic noradrenaline regulates circadian rhythm of intraocular pressure by nocturnal suppression of aqueous humor
outflow in mice.

19

2021

https://ww.aichi-med-u.ac. jp/files/soumu/2019topics06.pdf

https://ww.aichi-med-u.ac. jp/files/soumu/2019topics06.pdf

https://ww.aichi-med-u.ac.jp/files/soumu/2022topics0l.pdf
.com

https://ww. facebook.com/1351569578207131/posts/5267527989944584/

http://www.qlifepro.com/news/20220412/noradrenaline-2.html




(Masubuchi Satoru)

(80362771)

(33920)




