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Elucidation of the molecular basis of the small GTPase Rapl governing the
dynamic regulation of vascular permeability

Fukuhara, Shigetomo

13,400,000

Rapl G Rapl

Endothelial cells lining the inner surface of blood vessels adhere to each
other to form vascular barrier, thereby maintaining vascular permeability at a low level. However,
during inflammation, vascular permeability temporarily increases as a part of defense mechanism.
This study investigated the molecular mechanisms responsible for the dynamic regulation of vascular
permeability and identified Rapl small GTPase as a key intracellular signaling molecule to regulate
vascular permeability. In particular, we demonstrate that Rapl is essential for maintaining the
barrier function of alveolar blood vessels. Additionally, we show that Rapl has a protective role in

conditions such as acute respiratory distress syndrome, where the barrier function of alveolar
blood vessels is compromised.

G Rapl



cadherin VE-cadherin

Vascular endothelial-

VE-cadherin

VE-cadherin
VE-cadherin
VE-cadherin
ARDS

VE-cadherin

VE-cadherin

G
“ Rapl” Rapl  VE-cadherin
VE-cadherin
Rapl Ras G
Rapl Rho G Rho  Cdc42 VE-cadherin
Mol Cell. Biol. 2005; Mol. Biol. Cell 2010; J.
Cell Biol. 2012 rapl
Rapl Dev
Cell 2019 Rapl Rap1 o
ARDS Rapl
Rapl
Rapl
Rapl ARDS
RAPIA RAP1B RAP1
Cre/loxP Rapla  Raplb
Rap1 o Evans Blue en face
3 HPAEC
in vitro HAPEC
VE-cadherin
ibidi pump System
HPAEC
(@)) Rapl
RapliECKO
Evans Blue Rap1xo
RapliECKO
Evans Blue Evans Blue
RapliECKO RapliECKO
in vitro Rapl Rho
Cdc42 CAB; Circumferential



actin bundle VE-cadherin
RapliECKO
VE-cadherin en

Circumferential actin bundle VE-cadherin

face

CAB;

Rap1"© CAB VE-cadherin
VE-cadherin
Rap1e-° VE-cadherin
Rapl Rho Rap1er
Rho
Rap1'&-+° Rho ROCK
Rapl  Rho
VE-cadherin 3
VE-cadherin
VE-cadherin Rap1'&-+°
VE-cadherin
Rapl  VE-cadherin
Yamamoto et al. FASEB J. 37:e23310,2023
Rapl  Rho
CAB VE-cadherin
D
RFEHEAT AT~ m
Eb/ \
; =
ROCK MRCK

' ‘

ASYIT AT TI

(#HpRE) CERIS 2=y
‘

Stress fiber %E]ﬂ'ﬂﬁﬁ?%g(l‘}’n‘oﬁ:li7}>m?ﬁﬁ (CAB)
VE-cadherin mEZEBIETTE mEEBIHET VE-cadherin

(a1

Stress fiber VOF 4t VE-cadherin

Rapl

(2) VE-cadherin

oo

—_————

R REEES (oo
TOF M (CAB)

G Gs AVP  cAMP Epacl
Rapl
HPAEC  in vitro
VE-
cadherin SIRNA RAP1 EPAC
VE-cadherin
FRET CAMP
Rapl Pdgfb-iCre Gs floxed

Gs

Gs CcAMP Epacl Rapl



(3) ARDS Rapl

ARDS Rapl
ARDS
Rapl Rapla 1
RaplaiECHet;RaplbiECKO Rapl
LPS Evans Blue

RaplaiECHet -RaplbiECKO

Rapl ARDS
Yamamoto et al. FASEB J. 37:e23310,2023 Rapl
Epacl Rapl
007 LPS
Yamamoto et al. FASEB J. 37:e23310,2023
Rapl ARDS



17 15 0 3

Watanabe-Takano H., Kato K., Oguri-Nakamura E., Ishii T., Kobayashi K., Murata T., Tsujikawa 15

K., Miyata T., Kubota Y., Hanada Y., Nishiyama K., Watabe T., F?ssler R., Ishii H., Mochizuki

N., Fukuhara S.

Endothelial cells regulate alveolar morphogenesis by constructing basement membranes acting as 2024

a scaffold for myofibroblasts.

Nature Communications 1622
DOl

10.1038/s41467-024-45910-y

Yamamoto K., Watanabe-Takano H., Oguri-Nakamura E., Matsuno H., Horikami D., Ishii T. Ohashi 37

R., Kubota Y., Nishiyama K., Murata T., Mochizuki N., Fukuhara S.

Rapl small GTPase is essential for maintaining pulmonary endothelial barrier function in mice. 2023

FASEB J €23310
DOl

10.1096/fj .202300830RR

Mizukami K., Higashiyama H., Arima Y., Ando K., Okada N., Kose K., Yamada S., Takeuchi J.K., 12

Koshiba-Takeuchi K., Fukuhara S., Miyagawa-Tomita S., Kurihara H.

Coronary artery established through amniote evolution. 2023

eLife €83005
DOl

10.7554/eLife.83005

Yuge S., Ishii T., Noishiki C., Fukuhara S. 174

Novel regulatory mechanisms underlying angiogenesis during wound healing revealed by 2023

fluorescence-based live-imaging in zebrafish.

J. Biochem. mvad024
DOl

10.1093/jb/mvad024




Yuge S, Nishiyama K., Arima Y., Hanada Y., Oguri-Nakamura E., Hanada S., Ishii T., Wakayama Y., 13

Hasegawa U., Tsujita K., Yokokawa R., Miura T., Itoh T., Tsujita K., Mochizuki N., Fukuhara S.

Mechanical loading of intraluminal pressure mediates wound angiogenesis by regulating the TOCA 2022

family of F-BAR proteins

Nature Communications 2594
DOl

10.1038/s41467-022-30197-8

Nishimura Y., Ishii T., Ando K., Yuge S., Nakajima H., Zhou W., Mochizuki N., Fukuhara S. 3

Blood flow regulates glomerular capillary formation in zebrafish pronephros. 2022

Kidney360 700-713
DOl

10.34067/K1D.0005962021

Ando K., Tong L., Peng D., V?zquez-Li?banas E., Chiyoda H., He L., Liu J., Mochizuki N., 57

Fukuhara S., Grutzendler J., Betsholtz C.

KCNJ8/ABCC9-containing K-ATP channel modulates brain vascular smooth muscle development and 2022

neurovascular coupling.

Developmental Cell

1383-1399.e7

DOl
10.1016/j .devcel .2022.04.019

Sasaki Y., Higashijima Y., Suehiro J., Sugasawa T., Oguri-Nakamura E., Fukuhara S., Nagai N., 12
Hirakawa Y., Wada Y., Nangaku M., Kanki Y.

Lysine demethylase 2B regulates angiogenesis via Jumonji C dependent suppression of angiogenic 2022
transcription factors.

Biochem Biophys Res Commun. 16-23

DOl
10.1016/j .bbrc.2022.03.054




12 2022

( 107-120
Dol
73
2022
11: , 529-532
Dol
Watanabe-Takano H., Ochi H., Chiba A., Matsuo A., Kanai Y., Fukuhara S., Ito N., Sako K., 36

Miyazaki T., Tainaka K., Harada l., Sato S., Sawada Y., Minamino N., Takeda S., Ueda H.R.,
Yasoda A., Mochizuki N.

Mechanical load regulates bone growth via periosteal Osteocrin 2021
Cell Reports 109380
DOl

10.1016/j .celrep.2021.109380

Okasato R., Kano K., Kise R., Inoue A., Fukuhara S., Aoki J. 24

An ATX-LPA6-Ga 13-ROCK axis shapes and maintains caudal vein plexus in Zebrafish 2021

iScience 103254
DOI

10.1016/j . isci.2021.103254




Rho S., Oguri-Nakamura E., Ando K., Yamamoto K., Takagi Y., Fukuhara S. 31

Protocol for analysis of integrin-mediated cell adhesion of lateral plate mesoderm cells 2021

isolated from zebrafish embryos.

STAR Protoc. 100428
DOl

10.1016/j .xpro.2021.100428

Watanabe-Takano H., Fukumoto M., Fukuhara S., Mochizuki N. 3

Protocol for whole-mount X-gal staining combined with tissue clearing in embryo and adult mouse 2022

using CUBIC

STAR Protoc. 101127
DOl

10.1016/j .xpro.2022.101127

Abdelhakim M., Dohi T., Yamato M., Takada H., Sakai A., Suzuki H., Ema M., Fukuhara S., Ogawa 148

R.

A new model for specific visualization of skin graft neoangiogenesis using Fltl-tdsRed BAC 2021

transgenic mice

Plast. Reconstr. Surg. 89-99
DOl

10.1097/PRS.0000000000008039

Ando K., Shih Y.-H., E. Lwaki, Grosse A, Portman D., Chiba A., Mattonet K., Gerri C., Stainier 479

D.Y.R, Mochizuki N., Fukuhara S., Betsholtz C, Lawson N.D.

Conserved and context-dependent roles for Pdgfrb signaling during zebrafish vascular mural cell 2021

development.

Dev. Biol. 011-22
DOl

10.1016/j .ydbio.2021.06.010




Peng D., Ando K., Hu?mann M., Gloger M., Skoczylas R., Mochizuki N., Betsholtz C., Fukuhara S.,
Schulte-Merker S., Lawson ND., Koltowska K

11

Proper migration of lymphatic endothelial cells requires survival and guidance cues from 2022
arterial mural cells.
e74094

eLife

DOl
10.7554/eLife.74094

23 18 2

23

2024

46

2023

96

2023




2023

2023

Ang-2

77

2023

2023

2023




55

2023

2023

2023

32

2023




Shigetomo Fukuhara

Regulatory mechanisms of physiological and pathological angiogenesis revealed by fluorescence bioimaging

Basic Cardiovascular Research Seminar Series ?Winter 2022 Seminar-

2022

EVIDENT

2022

63

2022

Shigetomo Fukuhara

Novel regulatory mechanisms of angiogenesis during wound healing

22nd International Vascular Biology Meeting (1VBM2022)

2022




Shigetomo Fukuhara

Deciphering the cellular and molecular mechanisms of angiogenesis by fluorescence-based bioimaging in zebrafish

17th International Zebrafish Conference (1ZFC)

2022
Rapl G
142
2022
2
2022
29 CvmMw2021

2021




Rapl G

2021

2021

TOCA

F-BAR

94

2021

51

2021

42

2021




2022

244

http://www.nmsbyoutai .com/

http://www.nmsbyoutai .com/

(Terai Kenta)

(20616073) (14301)
2021 8 20
2021 11 30
(Takano Haruko)
(40532891) (84404)




