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2019 4 Je Fy o (2 5 BR A6 M 28 1Y B SR T AU A 3R HC A F S A B PR
AR e S Al S M I 22 30 E (EFE  (acute respiratory distress syndrome, ARDS) -
5 A 4H%% (World Health Organization, WHO) i I B et iR 9 55 AT 5 |
HHYERTE 2 B COVID-19 (Coronavirus disease 2019) » [ 2y 52 5y JHE
&R I 20 i B R E A A R B B o M I G E i B e IR W R A
(Severe acute respiratory syndrome coronavirus 2, SARS-CoV-2) (Tsai et al.,
2021; P. Zhou et al., 2020) » EF 2021 4 7 H 1 » AR5 AR 2H B A AR 4
BK COVID-19 sz N8z 1.88 {8 A RAET AEGE# 4 HE A (WHO, 2021)¢

¥~ ATAS k%S SARS-CoV-2 ff 4

SARS-CoV-2 FEEHM RNA Ji5HE > FTENRELSBEOCE @ B
(envelope, E) ~ &4 2 H (nucleocapsid, N) ~ fEZE H (membrane, M) Kz
FHEYEEH (spike, S) ([ 1) o BliE X i pl B B T MR I 0 28 O figt B
(Severe Acute Respiratory Syndrome, SARS) F 5|8V AR H &= SARS-CoV
L R HME U 4 Z B8 2 (Angiotensin converting enzyme 2,
ACE2) fF R R4y A > BE K HEFE&E O %K 2
(Transmembrane protease serine 2, TMPRSS 2) 47f# BffilE&E H S1 (spike
elycoprotein, S1) ELMEEEZE (1 S2 (spike glycoprotein, $2) » H kA 1 SI
HEL ACE2 ¢S5 &% 12 AfE T4 (Li et al., 2003; Li, Geng, Peng, Meng, &
Lu, 2020; Samavati & Uhal, 2020; Wu, 2020) - 3 = {7 55 K 475 25 fH L #% » SARS-
CoV-2 Bl SARS-CoV IFRE H i AHIT > A 76.5%HE (Xuetal., 2020) > {H
531 SARS-CoV-2 8l ACE2 &5 G I BEF RIS YA B R - AL » A58
=g SARS-CoV-2 ¥ ACE2 Hy4i& JIEL#E A /Y SARS-CoV #58HYJF A
(Wang et al., 2020; Yan et al., 2020) - SARS-CoV-2 5 [F#ERIE K T B2 By e 4 o
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W 5 SEE (A B R i i (b (pulmonary fibrosis) - [G] B TS LU 3% % ARG
MR~ B MELNEE H  (Torres Acosta & Singer, 2020) ~ {& i K &EIE 1A
Y)'& (reactive oxygen species, ROS) HYESL » % R HF(LEEFHEE
o 1Y 4 Rfd 2 25 JEL % (cytokine storm) Kz hR7 332 il g 0 (F & THBE  (Delgado-
Roche & Mesta, 2020)

FH > SARS-CoV-2 &8 ACE2 g\ H 4Rt Ay [F] 5t & 18 ACE2 JR A2 6l
M4 IAE (Samavati & Uhal, 2020) - & R N AJREEREEIR FEREE ~ &
EEF - BN BB EEA OMERRE ~ R ~ 18 MRS HE 12
PEPR IR B RS SARS-CoV-2 1% » By BRI Ky 8 B8 Y IR S = Y SE %8
(Guan et al., 2020; Zhou et al., 2020; Zhu et al., 2020) - H #ij 7] 5E ¥} $1 SARS-
CoV-2 RZ:HYRISIRE B R CEMBIVTUREEEY) - L RNA B EHEE
) e A 45 2 ) (Wang et al., 2020; Zhu et al., 2020) » %2 155 DR
& AP H AR HH1ES BE 2 O B SR e ik 2 BB 2205 M - [HET ACE2
PRz as ROEA B EIFHHIRAE (soluble form) HY ACE2 » 2 (R Bl IR
HFHYEZLYEE /1 (Zhang, Penninger, Li, Zhong, & Slutsky, 2020) °

EEIR RS
SARS-CoV-2

#®ZER (spike, S)
E# (envelope, E)

#ZESMEE R (nucleocapsid, N)

RN ZE B (membrane, M)

EARRNA

IBIEREOEARE2
() (TMPRSS 2)

& 1. ¥ e R B SARS-CoV-2 Hy4E#E - BLHE A 7S L 4HARES - & U4E
(Ll 2 (ACE2) HyA T
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i IR AF 2 (ACE2) st B 4 4

ACE2 REFEATE L 4lHE (alveolar epithelial cell) k& 2 &H &% fIf
B RN (capillary endothelial cell) » 22 B3R 28 B 22 - I & UX 4 28 & 40
(Renin-Angiotensin system, RAS) » %5 2 #5 A 5 &1 25 fi# B B 1f11 BR Y B S AR Al
PRS- R EBIEF a3 E - 40« fifi - AFBLEF AV R A N EA Z VR (% (Tan,
Liao, Zhou, Mei, & Wong, 2018; Uzunova et al., 2021) ([& 2) - B & fig 8y
B R AR & U 48 E R (Angiotensinogen) S f# I B U 4 R 1
( Angiotensin I, Ang I) » ACE H15¢ZLl§ (chymase) T Ang | 3 #E B lE
Uz %5 2= 11 ( Angiotensin II, Ang II) » & Ang II & &5 HE R <58
(Angiotensin I1 type 1 receptor, ATIR) » 7 |2 F 1 52 [ 8 48 £ 535 {6 586
52,55 By e (CateCholamine) Y o3 > HECE WHE ~ Bl &4 R 4 AR
(fibroblast) 44 ~ JEMEEVEAVEE KRBT - WFE Ang T 455 5
AT2R > EUH@?IEE&E@?@ ~ Rk /D A HE I AR BT B SR YRR o ACE2 fEAREE
ERripEAaERmERmER 1 oRIMmEI4E2 (1-7) [Angiotensin
(1-7), Ang (1-7)] > 1272 7 (B ELBEATRERK - AI &5 & 5] MAS $£ 2 251% > 751k
PL % 3% (anti-inflammation) ~ $7 % 4L (anti-fibrogenesis) J Ifil & &F 5&
(vasodilation) HYEHSE FHIREL T o 8 25 5 Al BE AV AH R 2R - BREUEEDY) BA 2%
EREIE T Fr T BL ACE HIIHTEETTI6 /s Z 50 #1H] Ang I/Ang II/ATIR
FRAS B2 (L ACE2/Ang (1-7)/Mas #2858 (% - BB U 4E 2R 11 AT A
MHEFEPT (Tan et al., 2018) - A 5[EME & 7 ?ﬁféli&ﬁé*faﬂ’ﬁﬁl%
(Povlsen, Grimm, Wehland, Infanger, & Kruger, 2020; Wu, 2020) » #Ef J5 />
H M ERY RS B ~ SRR ol BB S 4 (R 4B F2  (Simoes e Silva, Silveira,
Ferreira, & Teixeira, 2013) ~ [ (K fifi i 5 35 5 0 R 380 MU 2 &0 F H R
(Santos et al., 2003) -
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B (Renin) MEWHRIHLE (ACE) ML EB{EE2 (ACE2)
A
nzwazs R nEwsz MERGI (Ang 1) NEREEL)
(Ang) (Ang1) *— (Ang (1-7)]
% Fii] .-HE_ §_=_-| —H -—-EW +
(ATlR) (AT2R MASIE B 3%
&ﬁﬁﬁﬁﬁ
1.%%%&{ ﬁﬁ?
2. MEWH z mmgz
3. EEitEt 3 AExd 5 mﬁﬁif
4. g d \ 3. HERA

5. P S mmEE )

A 2. W4 ZE Ll 2 (ACE2) BAEAHRH 7+ 2 Bl 2 4 B 2

Y ACE2 /2 SARS-CoV-2 # A FI4HAAY AT - R - HEF 5T iR
il ACE2 FIL&EE G B EE i 2w i m BV EEYIE  (Pagliaro
& Penna, 2020) ? ZX[fi » ACE2 (Ll P4}/ e E 1A » [N ACE2 EIR{E:
A E o W B BF o0~ BE S /DNEG B (LA, Li, Zhang, & Wang, 2020)
FHWE R LAVES R C#UR ACE/ACE2 LLfl i & (3 O B DD BE A 1
SIMER ~ S ke & E A RERNEAI K E (Crackower et al., 2002; Mizuiri et
al.,2008) - K[t » JEiZ SARS-CoV-2 & ACE/ACE2 [LPIE s » B IR KE &
BiH 1% & s B D Re M EALMVASE R - B/ NZAYIG AL R IR S 2 HY ACE2 »
] BESZ SARS-CoV-2 J{iZs18 » &5 B ABINRE I IR #IF - &ERIEREA
BB (Chenetal., 2020) - 555 » AJRER Folif &% (estrogen) & & (L ACE2
{&f#H ACE2/Ang (1-7) HYEZE (Hilliard, Sampson, Brown, & Denton, 2013;
Marquez et al., 2020) - /£ H Aj 2 EKE#E COVID-19 {KMERPET A F » K
B0y B 2 20 SE T ER B4R S5 M4 1.0-3.5% (Dehingia & Raj, 2021) < H i
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SRS EEN INE 93838 7 DI I ACE2 RIFE - #Efi[F (& ACE/ACE2 th
$ll (Fernandes et al., 2011) » R REF B A 50 RN A% W A 76t IR 9 25 1Y e L1
B[ fE B TEI COVID-19 # &1y (A -

B BT i § 430 1K SARS-CoV-2 B 4 b &
2 e 2 ERH

P E S MR RE - /o A 8 i S iR g A EEE) 7] DA il ACE2
FYERER - RS R -8 W4 R RS A SO I (Almeida et al.,
2020) ° 5540 FE—{EIK B 22 02 FE R Y BRI A =0 - 38 30 o sy o JE Uk
B A 1% tA SEE) AT DU Lo b AT2 BEz a5 R BB I i 1T B &
o [EHF ACE2 KMEW4HEZ (1-7) FIRMEII (Gnoni, Longo, Gnoni, &
Giudetti, 2020) ; &/H 6 X ~ &K 30 oy gAY D E 8t & hE il ACE2 #Y%
& (Kar, Gao, & Zucker, 2010) ; B EERH 5 X ~ X 1 /N K&
60%585 fEH FEB) - fERE/E(L ACE2 BYZEY)(# F ) B (KA S SR 4 Ly
H5e (Prataetal., 2017) - ZEBhEEN IO AZHLHY ACE2 JRIEH A 52 2 1f0E T
ACE2 V& » FRILTHMmEW4E 2 (1-7) &30 (Echeverria-Rodriguez,
Gallardo-Ortiz, Del Valle-Mondragon, & Villalobos-Molina, 2020; Kloting,
Ristow, & Bluher, 2020) Jz 3% f5 KEEEE JJAVFR L (Frantz et al., 2017,
Gomes-Santos et al., 2014) » it 3% 8 % FE B BT 3 i1 ACE2 %5 » I o
Ae A Bh S 4EFF IE & AR BTN RE - [BI0S OB/ i B et iR 2 R A 1& P i e 1 (5 25
([&3) -

ENBGHIE T - T3 E 12 EAYFHJ7E Eh o] DLBH RS 5 — s i BE
HY B UL AHEE (Moraes et al., 2012) 5 EE B KL 50% HIAHGEE S (L
BRI 0.0 M I (de Freitas Brito etal., 2015) B8 o A3 B0 B
F-IME L4 3R A SRR MR - $13f 20-25 Y B T iaymse s - #HA
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B e e o ] S Bl B 9 R A B R T BRI > MnAE Ay ACE2
AL B I E T2 S (Magalhaes etal., 2020) » 2R7f - 15 e & 46 48 4 B
I A% > SR ACE2 &3 K SARS-CoV-2 [§l 1% b PRAEAR Z U 18 R B %

B RACE ZHINT T LT 0T -

i~ EHF 5y B4 K SARS-CoV-2 & % B *&

2 B BHER
07 I T LS — P A 3 o R O s B 14 T B

EH RS CHEEENA S —A) T 4iiA6 (helper type I T cell, TH1)

B Bh RYSE R T 4lif (helper type 1L T cell, TH2) SZFERY A M TR - 4l
RNV R A 55 - RIS B DLAH AR ME o0 % S Ry 2 RS R M SR i R JE Ty
FHY LR DL THI By E (Nieman, 2020) - BB AFFZHRECHE TS
o FE 1 R 13 28 oy (3R {IK [ P IR 78 B2 (upper respiratory tract infection,
URTI) A% K g &% (Fernandes et al., 2011; Matthews et al., 2002;
Simpson et al., 2020) » B &2 5 i F ] R EE H R E AR R E L E  (Bachi
et al., 2013; Kohut, Cooper, Nickolaus, Russell, & Cunnick, 2002; Monteiro
et al., 2020) - T EA A IHIE T - STy 21.2 ERFEREE A 72405t 38
B KRR B G VE B B ] DA LG8 et Bl S8 i 55 SARS-CoV-2 iz JElf - R
{50 g % L B AR T L R A - R AR R I 8 3R R BT
BOE A HEEAE (Lee etal, 2021) < AT %A B E B 1] 2 B E (K
SARS-CoV-2 HyFEHE K AF It (& 3) 20k :

— BEREHARYEDRREHEE

v S o R E Bl 1% 0] B L B 0Ok R Y B B BB RZ 4B (peripheral blood
mononuclear cell, PBMC) Az 4 #Y 18 Z -y (interferon gamma, IFN-y) 25
Z I (Zamani, Salehi, & Alahgholi-Hajibehzad, 2017) - 3 & 0] DLUUE{R{E 47
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ZEE(EE H ¥ (mitogen-activated protein kinase, MAPK) P& » #E &
HESE —AUEH B — R ZFLRFE I (Gonzalez et al., 2016; Platanias, 2005;
Vijayaraghava & K, 2014) « Z5#E1{T 40-60 7y §##HY = 58 S8 - Al & & E G
R FE I8 0% T A% F4MBE S CD8+E 4% T A4S e 0 (Campbell et
al., 2009) - 75 L& B {7 jp5 75 A0 B AV SR e 4 AR - HOEE (L (chemotaxis) F A B
% (phagocytosis) WYEE L fFE B £ (Bigley et al., 2015; Simpson,
Kunz, Agha, & Graff, 2015) - 2 S5 & 0] gE A BN e T ¥ Bt SARS-CoV-2 AfE
HY R
T BRBRRE

= WY FITIAT R %8 72 %2 (immunosenescence) > BLE © B iR 23 AE
HY 7 g A AE Dh BE T ~ BHBH AV S —AUEH 55 AU T 4H A AR E R P -
T WA EAL BN A /) ~ Al XM R EERZHFH L (Salimi &
Hamlyn, 2020; Shaw, Joshi, Greenwood, Panda, & Lord, 2010) - #& X EHF
AT MR EE) G4 R R K EKE RIEE (de Souto Barreto,
Vellas, & Rolland, 2021; Duggal, Niemiro, Harridge, Simpson, & Lord, 2019) -
HRNEZFEANRAEY - n[HEMREABGUREAR < REDIEE - 41 B
il ZE 4t (dendritic cell) HYRKFN ~ T AHARDE AL B i & WY~ i B 2 55 — 2
BiZE — AU T 42 fEZ (Chupel et al., 2017; Eustaquio et al., 2020; Furtado
etal., 2020; Furtado et al., 2021) - Bl ZZH88 6 ([ FEH) » o] [FR K e mE{LDh
RER R 1EMES R (Cao Dinh et al., 2017) » S H L 52 5] SARS-CoV-2 g}
Fell A B EIE R R BRI RIEZE -
= f@aRARAER

FH IR COVID-19 5 A B A e 45 ) 0 A 008 o 9 B+ 7 2
A5 25 SR B R ROETE S E VAR - 2 S Bl A ER 4 4R B 15 1 R
M R E AT £ (Cao, 2020) - Hf 58 [ B Y 2 ) & [ (RS Y
& R ER BB S S & R REFEZHE 4 (Toll-like receptor 4,
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TLR4) K% §kK T «B (Nuclear factor kappa B, NF-xB) AYFRIH » ZF([$i
2R IR (Zhu et al., 2016) o 72 A JBES K] SARS-CoV-2 Fir i Bl i A 1Y 4
M ERERE > M RESRERERRENGE -

ML RERE

AEER-NEWRRERA

1M $F3R B M B SR (1-7) 4
FhspagaE(E |

maft

P #17] - i
hEIRE | HEMECovID-19 e
- RBBIEE
) 1. 1. HARSOAR
P L I © FiEE 4
0 l.‘ s\ ¥, o aswTan !
o... OO ® cog+SmETamt
> ® WILIEMEFmELEN 4
0 2. AERBRE
o .?@":' SARS-CoV-2 O BREE

nAWNE

© HizRMmg® 4
® THAMELEL
3. HMVBRHERR
© BREEHE
@ BHEAESE
@ HIEFR4 (TLR4)|

/B 3. R B SE R 38 COVID-19 JE g (Y 4 B AR 4 52 Bl 0 s B2 25 %

5

-“g&‘.

H A5 7 5 B 6 IR 95 3 SARS-CoV-2 3fi it B — [ 5 S AU S A R EEY) - Fir
SEE R 8% AR 1 A AR S e R RS A fife - — P @5
BUEALIR A BB RN ERUR - BB 35 8t e R EEY) - Bk
BEANRE ARG ZEFFZNRVEE - G &N - 28 - iR - &3
Fo mMEStEREREEERELIRENSENRNER - HHBEVIHE
o EEE RIS B e 1R o B A DU RO SR R SN o B R
T REEANAT RS o (H S BIFE(K SARS-CoV-2 HY B RBLIEE ) » FEIREE S
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R ) 8 By ] BE S RS SARS-CoV-2 [ LAY i (SIS -

10




HHFNEL COVID-19

1

Almeida, J. A., Motta-Santos, D., Petriz, B. A., Gomes, C., Nogueira, M. E., Pereira,
R. W., . .. Franco, O. L. (2020). High-intensity aerobic training lowers blood
pressure and modulates the renal renin-angiotensin system in spontaneously
hypertensive rats. Clinical and Experimental Hypertension, 42(3), 233-238.
doi:10.1080/10641963.2019.1619755

Bachi, A. L., Suguri, V. M., Ramos, L. R., Mariano, M., Vaisberg, M., & Lopes, J. D.
(2013). Increased production of autoantibodies and specific antibodies in
response to influenza virus vaccination in physically active older individuals.
Results in Immunology, 3, 10-16. doi: 10.1016/j.rinim.2013.01.001

Bigley, A. B., Rezvani, K., Pistillo, M., Reed, J., Agha, N., Kunz, H., . . . Simpson,
R. J. (2015). Acute exercise preferentially redeploys NK-cells with a highly-
differentiated phenotype and augments cytotoxicity against lymphoma and
multiple myeloma target cells. Part II: impact of latent cytomegalovirus infection
and catecholamine sensitivity. Brain, Behavior, and Immunity, 49, 59-65.
doi:10.1016/j.bbi.2014.12.027

Campbell, J. P., Riddell, N. E., Burns, V. E., Turner, M., van Zanten, J. J., Drayson,
M. T., & Bosch, J. A. (2009). Acute exercise mobilises CD8+ T lymphocytes
exhibiting an effector-memory phenotype. Brain, Behavior, and Immunity, 23(6),
767-775. doi:10.1016/.bbi.2009.02.011

Cao Dinh, H., Beyer, L., Mets, T., Onyema, O. O., Njemini, R., Renmans, W., . . .
Bautmans, 1. (2017). Effects of Physical Exercise on Markers of Cellular
Immunosenescence: A Systematic Review. Calcified Tissue International, 100(2),
193-215. doi:10.1007/s00223-016-0212-9

Cao, X. (2020). COVID-19: immunopathology and its implications for therapy.
Nature Reviews. Immunology, 20(5), 269-270. doi:10.1038/s41577-020-0308-3

11




Ehe o P lPS L
F10EFE 287 (110.06) 0 121 H

Chen, J., Jiang, Q., Xia, X., Liu, K., Yu, Z., Tao, W., . . . Han, J. D. J. (2020).
Individual variation of the SARS-CoV-2 receptor ACE2 gene expression and
regulation. Aging Cell, 19(7), e13168. doi: 10.1111/acel.13168

Chupel, M. U., Direito, F., Furtado, G. E., Minuzzi, L. G., Pedrosa, F. M., Colado, J.
C., ... Teixeira, A. M. (2017). Strength training decreases inflammation and
increases cognition and physical fitness in older women with cognitive
impairment. Frontiers in Physiology, 8, 377. doi: 10.3389/fphys.2017.00377

Crackower, M. A., Sarao, R., Oudit, G. Y., Yagil, C., Kozieradzki, I., Scanga, S. E., . ..
Penninger, J. M. (2002). Angiotensin-converting enzyme 2 is an essential
regulator of heart function. Nature, 417(6891), 822-828.
doi:10.1038/nature00786

de Freitas Brito, A., Brasileiro-Santos Mdo, S., Coutinho de Oliveira, C. V., Sarmento
da Nobrega, T. K., Lucia de Moraes Forjaz, C., & da Cruz Santos, A. (2015).
High-Intensity Resistance Exercise Promotes Postexercise Hypotension Greater
than Moderate Intensity and Affects Cardiac Autonomic Responses in Women
Who Are Hypertensive. Journal of Strength and Conditioning Research, 29(12),
3486-3493. d0i:10.1519/JSC.0000000000001009

de Souto Barreto, P., Vellas, B., & Rolland, Y. (2021). Physical activity and exercise
in the context of SARS-Cov-2: A perspective from geroscience field. Ageing
Research Reviews, 66, 101258. doi:10.1016/j.arr.2021.101258

Dehingia, N., & Raj, A. (2021). Sex differences in COVID-19 case fatality: do we
know enough? Lancet Global Health, 9(1), el4-el5. doi:10.1016/S2214-
109X(20)30464-2

Delgado-Roche, L., & Mesta, F. (2020). Oxidative Stress as Key Player in Severe
Acute Respiratory Syndrome Coronavirus (SARS-CoV) Infection. Archives of
Medical Research, 51(5), 384-387. doi:10.1016/j.arcmed.2020.04.019

Duggal, N. A., Niemiro, G., Harridge, S. D. R., Simpson, R. J., & Lord, J. M. (2019).

12




HHFNEL COVID-19

Can physical activity ameliorate immunosenescence and thereby reduce age-
related multi-morbidity? Nature Reviews. Immunology, 19(9), 563-572.
doi:10.1038/s41577-019-0177-9

Echeverria-Rodriguez, O., Gallardo-Ortiz, 1. A., Del Valle-Mondragon, L., &
Villalobos-Molina, R. (2020). Angiotensin-(1-7) Participates in Enhanced
Skeletal Muscle Insulin Sensitivity After a Bout of Exercise. Journal of the
Endocrine Society, 4(2), bvaa007. doi:10.1210/jendso/bvaa007

Eustaquio, F. G., Uba, C. M., Guerra, M. L., Luis, R., Carlos, C. J., Eef, H., . . . Maria,
T. A. (2020). The mediating effect of different exercise programs on the immune
profile of frail older women with cognitive impairment. Current Pharmaceutical
Design, 26(9), 906-915. doi: 10.2174/1381612826666200203123258.

Fernandes, T., Hashimoto, N. Y., Magalhaes, F. C., Fernandes, F. B., Casarini, D. E.,
Carmona, A. K., . .. Oliveira, E. M. (2011). Aerobic exercise training-induced
left wventricular hypertrophy involves regulatory MicroRNAs, decreased
angiotensin-converting enzyme-angiotensin ii, and synergistic regulation of
angiotensin-converting enzyme 2-angiotensin (1-7). Hypertension, 58(2), 182-
189. doi:10.1161/HYPERTENSIONAHA.110.168252

Frantz, E. D. C., Giori, I. G., Machado, M. V., Magliano, D. C., Freitas, F. M.,
Andrade, M. S. B., . .. Tibirica, E. (2017). High, but not low, exercise volume
shifts the balance of renin-angiotensin system toward ACE2/Mas receptor axis in
skeletal muscle in obese rats. American Journal of Physiology. Endocrinology
and Metabolism, 313(4), E473-E482. doi:10.1152/ajpendo.00078.2017

Furtado, G. E., Carvalho, H. M., Loureiro, M., Patricio, M., Uba-Chupel, M., Colado,
J. C.,, . . . Teixeira, A. M. (2020). Chair-based exercise programs in
institutionalized older women: Salivary steroid hormones, disabilities and frailty
changes. Experimental Gerontology, 130, 110790. doi:
10.1016/j.exger.2019.110790

13




Ehe o P lPS L
F10EFE 287 (110.06) 0 121 H

Furtado, G. E., Letieri, R. V., Caldo, A., Sarddo, V., Teixeira, A. M., de Barros, M.
P.,...Bachi, A. L. L. (2021). Sustaining efficient immune functions with regular
physical exercise in the COVID-19 era and beyond. European Journal of Clinical
Investigation, €13485. doi: 10.1111/eci.13485

Gnoni, A., Longo, S., Gnoni, G. V., & Giudetti, A. M. (2020). Carnitine in Human
Muscle Bioenergetics: Can Carnitine Supplementation Improve Physical
Exercise? Molecules, 25(1). doi:10.3390/molecules25010182

Gomes-Santos, I. L., Fernandes, T., Couto, G. K., Ferreira-Filho, J. C., Salemi, V. M.,
Fernandes, F. B., . . . Negrao, C. E. (2014). Effects of exercise training on
circulating and skeletal muscle renin-angiotensin system in chronic heart failure
rats. PLoS One, 9(5), €98012. doi:10.1371/journal.pone.0098012

Gonzalez, A. M., Hoffman, J. R., Townsend, J. R., Jajtner, A. R., Boone, C. H., Beyer,
K. S., . .. Stout, J. R. (2016). Intramuscular MAPK signaling following high
volume and high intensity resistance exercise protocols in trained men. European
Journal of Applied Physiology, 116(9), 1663-1670. doi:10.1007/s00421-016-
3417-8

Guan, W. J., Liang, W. H., Zhao, Y., Liang, H. R., Chen, Z. S., Li, Y. M., . . . China
Medical Treatment Expert Group for COVID-19. (2020). Comorbidity and its
impact on 1590 patients with COVID-19 in China: a nationwide analysis.
European Respiratory Journal, 55(5). doi:10.1183/13993003.00547-2020

Hilliard, L. M., Sampson, A. K., Brown, R. D., & Denton, K. M. (2013). The "his and
hers" of the renin-angiotensin system. Current Hypertension Reports, 15(1), 71-
79. d0i:10.1007/s11906-012-0319-y

Kar, S., Gao, L., & Zucker, I. H. (2010). Exercise training normalizes ACE and ACE2
in the brain of rabbits with pacing-induced heart failure. Journal of Applied
Physiology, 108(4), 923-932. doi:10.1152/japplphysiol.00840.2009

Kloting, N., Ristow, M., & Bluher, M. (2020). Effects of Exercise on ACE2. Obesity,

14




HHFNEL COVID-19

28(12), 2266-2267. doi:10.1002/0by.23041

Kohut, M. L., Cooper, M. M., Nickolaus, M. S., Russell, D. R., & Cunnick, J. E.
(2002). Exercise and psychosocial factors modulate immunity to influenza
vaccine in elderly individuals. Journals of Gerontology. Series A, Biological
Sciences and Medical Sciences, 57(9), M557-562. doi:10.1093/gerona/57.9.m557

Lee, S. W, Lee, J., Moon, S. Y., Jin, H. Y., Yang, J. M., Ogino, S., ... Yon, D. K.
(2021). Physical activity and the risk of SARS-CoV-2 infection, severe COVID-
19 illness and COVID-19 related mortality in South Korea: a nationwide cohort
study. British Journal of Sports Medicine. doi:10.1136/bjsports-2021-104203

Li, M. Y., Li, L., Zhang, Y., & Wang, X. S. (2020). Expression of the SARS-CoV-2
cell receptor gene ACE2 in a wide variety of human tissues. Infectious Diseases
of Poverty, 9(1), 45. doi:10.1186/s40249-020-00662-x

Li, W., Moore, M. J., Vasilieva, N., Sui, J., Wong, S. K., Berne, M. A., . . . Farzan,
M. (2003). Angiotensin-converting enzyme 2 is a functional receptor for the
SARS coronavirus. Nature, 426(6965), 450-454. doi:10.1038/nature02145

Li, X., Geng, M., Peng, Y., Meng, L., & Lu, S. (2020). Molecular immune
pathogenesis and diagnosis of COVID-19. Journal of Pharmaceutical Analysis,
10(2), 102-108. doi:10.1016/j.jpha.2020.03.001

Magalhaes, D. M., Nunes-Silva, A., Rocha, G. C., Vaz, L. N., de Faria, M. H. S.,
Vieira, E. L. M., . . . Simoes, E. S. A. C. (2020). Two protocols of aerobic
exercise modulate the counter-regulatory axis of the renin-angiotensin system.
Heliyon, 6(1), €03208. doi:10.1016/j.heliyon.2020.e03208

Marquez, E. J., Chung, C. H., Marches, R., Rossi, R. J., Nehar-Belaid, D., Eroglu,
A., ... Ucar, D. (2020). Sexual-dimorphism in human immune system aging.
Nature Communications, 11(1), 751. doi:10.1038/s41467-020-14396-9

Matthews, C. E., Ockene, I. S., Freedson, P. S., Rosal, M. C., Merriam, P. A., & Hebert,

J. R. (2002). Moderate to vigorous physical activity and risk of upper-respiratory

15




Ehe o P lPS L
F10EFE 287 (110.06) 0 121 H

tract infection. Medicine and Science in Sports and Exercise, 34(8), 1242-1248.
doi:10.1097/00005768-200208000-00003

Mizuiri, S., Hemmi, H., Arita, M., Ohashi, Y., Tanaka, Y., Miyagi, M., . . . Aikawa,
A. (2008). Expression of ACE and ACE2 in individuals with diabetic kidney
disease and healthy controls. American Journal of Kidney Diseases, 51(4), 613-
623. doi:10.1053/j.2jkd.2007.11.022

Monteiro, F. R., Roseira, T., Amaral, J. B., Paixdo, V., Almeida, E. B., Foster, R., . . .
Apostélico, J. S. (2020). Combined Exercise Training and [-Glutamine
Supplementation Enhances Both Humoral and Cellular Immune Responses after
Influenza Virus Vaccination in Elderly Subjects. Vaccines, §(4), 685.

Moraes, M. R., Bacurau, R. F., Casarini, D. E., Jara, Z. P., Ronchi, F. A., Almeida, S.
S., ... Araujo, R. C. (2012). Chronic conventional resistance exercise reduces
blood pressure in stage 1 hypertensive men. Journal of Strength and Conditioning
Research, 26(4), 1122-1129. doi:10.1519/JSC.0b013e31822dfc5e

Nieman, D. C. (2020). Coronavirus disease-2019: A tocsin to our aging, unfit,
corpulent, and immunodeficient society. Journal of Sport and Health Science,
9(4), 293-301. doi:10.1016/j.jshs.2020.05.001

Pagliaro, P., & Penna, C. (2020). ACE/ACE2 Ratio: A Key Also in 20
19 Coronavirus Disease (Covid-19)? Frontiers in Medicine., 7, 335.
doi:10.3389/fmed.2020.00335

Platanias, L. C. (2005). Mechanisms of type-I- and type-Il-interferon-mediated
signalling. Nature Reviews. Immunology, 5(5), 375-386. doi:10.1038/nri1604

Povlsen, A. L., Grimm, D., Wehland, M., Infanger, M., & Kruger, M. (2020). The
Vasoactive Mas Receptor in Essential Hypertension. Journal of Clinical
Medicine, 9(1). doi:10.3390/jcm9010267

Prata, L. O., Rodrigues, C. R., Martins, J. M., Vasconcelos, P. C., Oliveira, F. M.,
Ferreira, A.J., ... Caliari, M. V. (2017). ACE2 activator associated with physical

16




HHFNEL COVID-19

exercise potentiates the reduction of pulmonary fibrosis. Experimental Biology
and Medicine, 242(1), 8-21. doi:10.1177/1535370216665174
Salimi, S., & Hamlyn, J. M. (2020). COVID-19 and Crosstalk With the Hallmarks of
Aging. Journals of Gerontology. Series A, Biological Sciences and Medical
Sciences, 75(9), e34-e41. doi:10.1093/gerona/glaal49
Samavati, L., & Uhal, B. D. (2020). ACE2, Much More Than Just a Receptor for
SARS-COV-2. Microbiol Frontiers in Cellular and Infection Microbiology, 10,
317. doi:10.3389/fcimb.2020.00317
Santos, R. A., Simoes e Silva, A. C., Maric, C., Silva, D. M., Machado,
R. P., de Buhr, 1., . . . Walther, T. (2003). Angiotensin-(1-7) is
an endogenous ligand for the G protein-coupled receptor Mas.
Proceedings of the National Academy of Sciences of the United St
ates of America, 100(14), 8258-8263. doi:10.1073/pnas.1432869100
Shaw, A. C., Joshi, S., Greenwood, H., Panda, A., & Lord, J. M. (2010). Aging of the
innate immune system. Current Opinion in Immunology, 22(4), 507-513.
doi:10.1016/j.c01.2010.05.003
Simoes e Silva, A. C., Silveira, K. D., Ferreira, A. J., & Teixeira, M. M. (2013). ACE2,
angiotensin-(1-7) and Mas receptor axis in inflammation and fibrosis. British
Journal of Pharmacology, 169(3), 477-492. doi:10.1111/bph.12159
Simpson, R. J., Campbell, J. P., Gleeson, M., Kruger, K., Nieman, D. C., Pyne, D.
B., . .. Walsh, N. P. (2020). Can exercise affect immune function to increase
susceptibility to infection? Exercise Immunology Review, 26, 8-22. Retrieved
from https://www.ncbi.nlm.nih.gov/pubmed/32139352
Simpson, R. J., Kunz, H., Agha, N., & Graff, R. (2015). Exercise and the Regulation
of Immune Functions. Progress in Molecular Biology and Translational Science,
135,355-380. doi:10.1016/bs.pmbts.2015.08.001
Tan, W. S. D., Liao, W., Zhou, S., Mei, D., & Wong, W. F. (2018). Targeting the

17




Ehe o P lPS L
F10EFE 287 (110.06) 0 121 H

renin-angiotensin system as novel therapeutic strategy for pulmonary diseases.
Current Opinion in Pharmacology, 40, 9-17. doi:10.1016/j.coph.2017.12.002

Torres Acosta, M. A., & Singer, B. D. (2020). Pathogenesis of COVID-19-induced
ARDS: implications for an ageing population. European Respiratory Journal,
56(3), 2002049. doi:10.1183/13993003.02049-2020

Tsai, S. C., Lu, C. C., Bau, D. T., Chiu, Y. J., Yen, Y. T., Hsu, Y. M., .

. Yang, J. S. (2021). Approaches towards fighting the COVIDI19 pan
demic (Review). International Journal of Molecular Medicine, 47(1), 3-22.
doi:10.3892/ijmm.2020.4794

Uzunova, V. V., Todev, A., Zarkos, J., Addai, D., Ananiev, J., Rashev, P., . . .
Tolekova, A. (2021). Strengthening CoViD-19 therapy via combinations of RAS
modulators. Medical Hypotheses, 150, 110571. doi:10.1016/j.mehy.2021.110571

Vijayaraghava, A., & K, R. (2014). Alteration of Interferon Gamma (IFN-gamma) in
Human Plasma with Graded Physical Activity. Journal of Clinical and
Diagnostic Research, 8(6), BC05-07. doi:10.7860/JCDR/2014/9502.4440

Wang, M., Cao, R., Zhang, L., Yang, X., Liu, J., Xu, M., . . . Xiao, G. (2020).
Remdesivir and chloroquine effectively inhibit the recently emerged novel
coronavirus (2019-nCoV) in vitro. Cell Research, 30(3), 269-271.
doi:10.1038/s41422-020-0282-0

Wang, Q., Zhang, Y., Wu, L., Niu, S., Song, C., Zhang, Z., . .. Qi, J. (2020). Structural
and Functional Basis of SARS-CoV-2 Entry by Using Human ACE2. Cell, 181(4),
894-904 ¢899. d0i:10.1016/j.cell.2020.03.045

World Health Organization. (2021). WHO Coronavirus (COVID-19) Dashboard.
Retrieved from https://covid19.who.int.

Wu, Y. (2020). Compensation of ACE2 Function for Possible Clinical Management
of 2019-nCoV-Induced Acute Lung Injury. Virologica Sinica, 35(3), 256-258.
doi:10.1007/s12250-020-00205-6

18




HHFNEL COVID-19

Xu, X., Chen, P., Wang, J., Feng, J., Zhou, H., Li, X., . . . Hao, P. (2020). Evolution
of the novel coronavirus from the ongoing Wuhan outbreak and modeling of its
spike protein for risk of human transmission. Science China. Life Sciences, 63(3),
457-460. doi:10.1007/s11427-020-1637-5

Yan, R., Zhang, Y., Li, Y., Xia, L., Guo, Y., & Zhou, Q. (2020). Structural basis for
the recognition of SARS-CoV-2 by full-length human ACE2. Science, 367(6485),
1444-1448. doi:10.1126/science.abb2762

Zamani, A., Salehi, 1., & Alahgholi-Hajibehzad, M. (2017). Moderate Exercise
Enhances the Production of Interferon-gamma and Interleukin-12 in Peripheral
Blood  Mononuclear Cells. Immune  Network, 17(3), 186-191.
doi:10.4110/in.2017.17.3.186

Zhang, H., Penninger, J. M., Li, Y., Zhong, N., & Slutsky, A. S. (2020). Angiotensin-
converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor: molecular mechanisms
and potential therapeutic target. Intensive Care Medicine, 46(4), 586-590.
doi:10.1007/s00134-020-05985-9

Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., . . . Cao, B. (2020). Clinical course
and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China:
a  retrospective  cohort  study. Lancet, 395(10229), 1054-1062.
doi:10.1016/S0140-6736(20)30566-3

Zhou, P., Yang, X. L., Wang, X. G., Hu, B., Zhang, L., Zhang, W., . . . Shi, Z. L.
(2020). A pneumonia outbreak associated with a new coronavirus of probable bat
origin. Nature, 579(7798), 270-273. doi:10.1038/s41586-020-2012-7

Zhu, L., She, Z. G., Cheng, X., Qin, J. J., Zhang, X. J., Cai, J., . . . Li, H. (2020).
Association of Blood Glucose Control and Outcomes in Patients with COVID-19
and Pre-existing Type 2 Diabetes. Cell Metabolism, 31(6), 1068-1077 e1063.
doi:10.1016/j.cmet.2020.04.021

Zhu, L., Ye, T., Tang, Q., Wang, Y., Wu, X., Li, H., & Jiang, Y. (2016). Exercise

19




Ehe o P lPS L
F10EFE 287 (110.06) 0 121 H

Preconditioning Regulates the Toll-Like Receptor 4/Nuclear Factor-kappaB
Signaling Pathway and Reduces Cerebral Ischemia/Reperfusion Inflammatory
Injury: A Study in Rats. Journal of Stroke and Cerebrovascular Diseases, 25(11),
2770-2779. doi:10.1016/j.jstrokecerebrovasdis.2016.07.033

20




HHFNEL COVID-19

The Physiological Mechanism of Exercise to
Reduce the Risk of COVID-19
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Abstract

The whole world is now facing a very severe and treacherous challenge of
a new coronavirus disease (COVID-19) with high morbidity and high mortality
rate. The SARS-CoV-2 entered cells through angiotensin converting enzyme 2
(ACE2), which subsequently caused the secretion of cytokines and the
production of a large number of reactive oxygen species (ROS), resulting in a
strong inflammatory reaction that is harmful to life. Regularly moderate high-
intensity exercise can increase ACE2 expression and help maintain normal
physiological functions, and achieved anti-oxidation and anti-inflammatory
effects. In addition, COVID-19 patients often suffer from lung tissue damage
and acute respiratory distress syndrome. Moderate exercise can reduce
inflammatory cytokines and stress hormones in the body to slow down the
occurrence of cytokine storms. In addition, the activation of the chemotaxis and
phagocytosis of immune cells moderate exercise may resist the invasion of
SARS-CoV-2. Nowadays, the SARS-CoV-2 epidemic is threating the world,
and fight against the mutant viruses will be the definite direction of epidemic
prevention in the future. Through moderate and regular exercise to improve
immunity may be one of the best strategies against SARS-CoV-2.
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