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The effect of changes in gut microbiota due to habitual exercise on prevention
of cardiovascular disease
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It has been reported that obesity and abnormalities in the gut microbiota
are associated with the onset of atherosclerosis, which 1s the underlying lesion of cardiovascular
disease. Although it has been reported that exercise habits prevent atherosclerosis, it is unclear
that the effect of changes in the gut microbiota on prevention of atherosclerosis by exercise
habits. The purpose of this study was to clarify the effect of the gut microbiota on the prevention
of atherosclerosis caused by exercise using pathological model mice. We used pathological model mice

(ApoE knockout) treated with high fat diet and/or voluntary exercise, and then were observer with
pathological of atherosclerosis and were analyzed gut microbiota composition. In conclusion,
Voluntary exercise partially improved gut microbiota, and improvement of lipid metabolism in the
liver due to an increase in lipid-related proteins in the liver.



(Hossain et al., N Engl J Med, 2007)

Karlsson
(Nature Commun, 2012) (TMA)
FMO3 TMAO TMAO
(Wan et al., Cell,
2015)
(Clark et al., Gut, 2014)
(Uchida et al., J Immunol Methods, 2013)
(
) (
2018)
1
5 ApoE (ApoE KO, n=20) (WT, n=10)
ApoE KO ApoE-Sed ApoE-Ex
WT ApoE KO (HFD) WT (ND)
16 24
( )
PCR Clusterin ELISA
(TNF-a F4/80, CD1lc, CD163) ppar-a ppar-y UCP-1
ACC-1 Cptl PCR
OilRed O
10 24
60 OilRed O 37 20
Image J verl.48
24 DNA
(Ubeda et al., J Exp Med, 2012) DNA
QlAamp DNA mini kit (Qiagen, Vakencia, CA) DNA Ilumina
MiSeq 3200 QIIME version
1.8.0 operational taxonomic units (0TUs) 97
1 SPSS (IBM SPSS

Statistics, version 22, , NY)
80



C57BL/6 C57BL/6
ApoE Sed-TP n=3 ApoE
Ex-TP n=3 vehicle
Sham n=3 ampicillin neomycin
1 Co2
(0.2m1/mouse) 1
3
10
( ) Clusterin
ELISA (TNF-o) ppar-a ppar-
y ucp-1 acc-1 cptl PCR
WT ApoE-Sed ApoE-
Sed ApoE-Ex WT ApoE-Sed
ApoE-Sed ApoE-Ex
WT
ApoE-Ex ApOoE-Ex ApoE-EX
CS WT ApoE-Sed ApOoE-Ex
ApoE-Sed ApoE-Ex
WT ApoE-Sed
ApoE-Ex ApoE-Sed ApoE-Ex
WT ApoE-Sed ApOE-Ex ApoE-Sed
ApoE-Ex
(Kawano et al., Cell Metab, 2016) TNF-
a WT ApoE-Sed ApoE-Sed
ApoE-Ex F4/80 CD1lc WT
ApoE-Sed ApoE-Ex ApOoE-Ex
, CD163 WT ApoE-Sed ApoE-Ex
ApoE-Sed ApoE-Ex
ppar-y ACC-1 WT ApoE-Sed ApoE-Ex
ApoE-Sed ApoE-Ex ppar-a
UcP-1 WT ApoE-Sed ApoE-EXx ApoE-
Sed ApoE-Ex Cptl ApoE-Ex
ApoE-Sed WT
TMAO
(TMA)
FMO3 TMAO TMAO (Karlsson etal.,
Nature Commun, 2012) FMO3 ApoE-Ex ApoE-Sed
WT

Clusterin



Clusterin

(Park et al., Sci Rep, 2020)

Clusterin (Miguel et al., Natur, 2021)
Clusterin WT ApoE-Sed ApoE-Sed
ApoE-Ex
ApoE
Shanonn index ApoE ApoE-
Sed ApoE-Ex
PC1 52.29 ApoE 2
PC2 22.77 ApoE-Sed WT
WT ApoE-Ex
ApoE Bacteroidetes WT
ApoE-Sed ApoE-Sed ApoE-Sed ApoE-Ex
Firmicutes WT ApoE-Sed ApoE-Sed
ApoE-Sed ApoE-Ex Firmicutes/ Bacteroidetes
Clusterin
Clusterin Firmicutes/Bacteroidetes p<0.05
ApoE
Sham
ApoE
ApoE
TNF-a
3
16
ApoE
(TMA) FMO3 TMAO
TMAO
FMO3
Clusterin
Clusterin
(Park et al., Sci Rep,
2020) Clusterin

Clusterin



ApoE

Bacteroidetes Firmicutes Firmicutes/ Bacteroidetes
Firmicutes
Bacteroidetes Firmicutes/Bacteroidetes
Firmicutes/ Bacteroidetes Clusterin

Firmicutes/ Bacteroidetes
Clusterin



9 9 4 3

Uchida Masataka Suga Tadashi Terada Masafumi Isaka Tadao 15

A pilot study: the relationship between salivary MCP-1 and IgA, and exercise performance in 2022

long-distance runners and sprinters

BMC Research Notes 118
DOl

10.1186/s13104-022-05989-2

Terada Masafumi Uchida Masataka Suga Tadashi Isaka Tadao 1-15

Altered gut microbiota richness in individuals with a history of lateral ankle sprain 2022

Research in Sports Medicine 1 15
DOl

10.1080/15438627.2022.2036989

Horii Naoki Hasegawa Natsuki Fujie Shumpei lemitsu Keiko Uchida Masataka Hamaoka 67

Takafumi lemitsu Motoyuki

Effects of <i>Dioscorea esculenta</i> intake with resistance training on muscle hypertrophy and 2020

strength in sprint athletes

Journal of Clinical Biochemistry and Nutrition 338 343
DOl

10.3164/jcbn.19-124

Fujie Shumpei Hasegawa Natsuki Horii Naoki Inoue Kenichiro Uchida Masataka lemitsu 13

Motoyuki

Effects of combined exercise training and Chlorella intake on vasorelaxation mediated by nitric 2020

oxide in aged mice

Applied Physiology, Nutrition, and Metabolism 16

DOl
10.1139/apnm-2020-0543




Horii Naoki Hasegawa Natsuki Fujie Shumpei Uchida Masataka lemitsu Motoyuki

34

Resistance exercise- induced increase in muscle 5a - dihydrotestosterone contributes to the
activation of muscle Akt/mTOR/p70S6K- and Akt/AS160/GLUT4- signaling pathways in type 2
diabetic rats

2020

The FASEB Journal

11047 11057

DOl
10.1096/Fj .201903223RR

Inoue Kenichiro Fujie Shumpei Hasegawa Natsuki Horii Naoki Uchida Masataka lemitsu Keiko 45

Sanada Kiyoshi Hamaoka Takafumi lemitsu Motoyuki

Aerobic exercise training-induced irisin secretion is associated with the reduction of arterial 2020

stiffness via nitric oxide production in adults with obesity

Applied Physiology, Nutrition, and Metabolism 715 722
DOl

10.1139/apnm-2019-0602

Uchida M, Horii N, Hasegawa N, Oyanagi E, Yano H, lemitsu M. 11

Sparassis crispa intake improves the reduced lipopolysaccharide-induced TNF-a production that 2019

occurs upon exhaustive exercise in mice.

Nutrients E2049
DOl

10.3390/nu11092049.

Hasegawa N, Fujie S, Horii N, Uchida M, Toyama Y, Inoue K, Sanada K, Hamaoka T, lemitsu M. 124

Aging-induced Elevation in Circulating Complement Clq Level Is Associated With Arterial 2019

Stiffness.

Exp Gerontol. 110650

DOl
10.1016/j .exger.2019.110650.




Horii N, Hasegawa N, Fujie S, Uchida M, lemitsu K, Inoue K, lemitsu M. 63-64

Effect of combination of chlorella intake and aerobic exercise training on glycemic control in 2019
type 2 diabetic rats.

Nutrition 45-50

DOl
10.1016/j .nut.2019.01.008

18 0 5

Mio Shimomura, Shumpei Fujie, Natsuki Hasegawa, Naoki Horii, Yuta Toyama, Kenichirou Inoue, Masataka Uchida and Motoyuki
lemitsu.

Myokine: musclin is relate to prevention of atherosclerosis by aerobic exercise training

APS Integrative Physiology of Exercise 2020 conference

2020

Hiroki Kajimoto, Kenichirou Inoue, Naoki Horii, Shumpei Fujie, Natsuki Hasegawa, Masataka Uchida, Shousaku Kato, Shinohara
Y, Motohiko Miyachi, Kiyoshi Sanada, Motoyuki lemitsu.

Chronic dietary animal protein intake cancels resistance training-induced increase in arterial stiffness in older women

American College of Sports Medicine, American College of Sports Medicine 68th Annual Meeting.

2021

76

2021




76

2021

FSTL1

76

2021

75

2021

76

2021




Mio Shimomura, Naoki Horii, Shumpei Fujie, Kenichirou Inoue, Natsuki Hasegawa, Keiko lemitsu, Masataka Uchida and Motoyuki
lemitsu.

Decreased Muscle-derived Musclin by Chronic Resistance Exercise is Associated with Improved Insulin Resistance in Rats with
Type 2 Diabetes

APS annual meeting at Experimental Biology.

2021

FSTL1 NO

28

2021

: musclin

28

2021

apelin

28

2021




74

2020

TIr5

74

2019

74

2019

Clq

74

2019




74

2019

Hiromi Yano, Nanako Kobiki, Chihiro Watanabe, Michael J. Kremenik, Takafumi Aoki, Masataka Uchida, Motoyuki lemitsu, Eri
Oyanagi -

Relationship between physical activity and gut microbiota in exercised TLR5 deficient mice.

The 14th ISEl symposium

2019

Yano H, Kobiki N, Watanabe C, Kremenik M J, Aoki T, Uchida M, lemitsu M, Oyanagi E.

Voluntary wheel running influences on dynamics of gut microbiota F/B ratio in TLR5 deficient mice.

24th Annual Congress of the European College of Sport Science

2019







