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Abstract

The new coronavirus, known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), causes an
infectious disease called coronavirus disease 19 (COVID-19). This disease is highly contagious, and it damages
organs due to the high affinity of Spike protein for the human angiotensin-converting enzyme 2 (ACE2) cell
receptor, which is highly expresses in organs such as the lungs, heart, liver, kidneys, brain, and bladder. These
organs seems a probable host for the virus although the main target tissue of the virus is the lungs. In general, the
virus enters the host cell by Spike protein, which it is a good candidate for the vaccine design. Inhibition or
blockade of ACE2 receptors using antibodies that neutralize this receptor can be a hope to prevent the virus from
invading the cell and causing damage.

Keywords: Angiotensin-Converting Enzyme 2 (ACE2), COVID-19, Coronavirus Receptor, SARS-CoV-2

*Corresponding author: Maliheh Entezari, Email: mentezari@iautmu.ac.ir
Address: Faculty of Advanced Science and Technology, Tehran Medical Sciences, Islamic Azad University, Tehran, Iran.



http://dx.doi.org/10.30491/1.1.3
mailto:mentezari@iautmu.ac.ir
http://dx.doi.org/10.30491/2.1.13
https://jmarmed.ir/article-1-83-en.html

[ Downloaded from jmarmed.ir on 2026-06-17 ]

[ DOI: 10.30491/2.1.13 ]

Ly b dow
yyaa )LQQ ) b)m Y 8,9

N JOURNAL OF 7 .
MARINE MEDICINE YY-Fe :Olbxio

10.30491/2.1.13 4

Sl Jolw & da (g 29lig S 399 05 5 ACE2

Y 6 U1 doxde LT s 0315 (65,0 ! (5 5US Sligeo ¢ (Gwrw b3 30

Sl 7 b 55 ol gl ST 305 sl oSl Sy 3 o 35 s ol 3 s o 55 oy
u'/)d/‘u'bef ;u/).qu_fuz/u ,a}lc :L;odw/)/)'/’o[iﬁb U,;}J/D}IG oSl S o})f r
Ol lijle olhlijle (K pole oK o Ky oapae (550 oprmih T

WA/ F/YA o (i dy YA/ A e B 4

TR
JUs] 0338 (glo nl 2295 (o 0200l VA=198" f 51 (G3b (6)low g Canl 0 w5 SARS-COV-2 pb b sy (g pglig S
wplil 4 a8 ol SLIACE2 Jsho 0.5 5 4 Spike g, Jiled o UL oUle cde dy duoy (o jlas &y g atdly (0L 0,8 4408
Sl lismo oplil ] 005 el altmo ) NS o 33y camol httants 03555 () 31 U lime (s> 45 4S5 1S B s, 5
Cye b ) ogpy (nl Ban (Lol il ax ST0)lIK 13U b plail () 9) Solom el (Bl Sl 5 835 Cgusme gy o
ol g8 151 e 250 b (Bl 45 33,5 (oo plijee Joko 2l SPIKE (g0 STk oy ol IS psbo 05 (o0
Cailos (sl (sdaal W5 o 05,8 ol 00238 5 (gla sl 5 e2lizs] LACER (ko 05,8 Sl b oo g Attt STy sl (ol

23,5 ol 36 e ol 5 Jskos & Gag g ol 02l |

SARS-COV-2 ¢ g5 LigsS 035,65 Va-1y555 ACE2 : e lgals’

mentezari @iautmu.ac.ir : g xSl o .5 ) URG! doealo @ J gt 01 * I
el olytd colprg (Ss i pole o sollul 55T oSy (g pole 0aSily (K55 09,5 1 w0l



http://dx.doi.org/10.30491/1.1.3
mailto:mentezari@iautmu.ac.ir
http://dx.doi.org/10.30491/2.1.13
https://jmarmed.ir/article-1-83-en.html

[ Downloaded from jmarmed.ir on 2026-06-17 ]

[ DOI: 10.30491/2.1.13 ]

Y0/ Gl Jgbo 4 359 (sl dpd (59 o9 2959 03,5 ACE2

Sldlas wlol » .col receptor binding domain >
SARS-CoV spike (xSgy (BSglim ) 5 (obandsn
receptor- casge .(V+) o)b gl ACE2 4 UL bles
odd Bly Spike uSgy S1 asly 55 RBD s «$ binding
ooy Jual g cosl Jols )3 (ljee oo cloygins b el
SPike (g5 (VV) S (o 5 )Sdlawly 1) lsee sl &
receptor-binding Jlwe s-N 5 Joide  ugyglg,S
heptad 4 (S2 solgy;) Lic & Jlasl Jluo 5-C (SLasly )
S IS 5 093 o G U S Sl sle repeat
(WY)Wl o edyls s gl 4y g pg JUas] y> coiled-coil
JUail sl S (g 5l o ugng (Jobw ) alicsgis sl
2 ol o5l g 4 a8 (gl dugp S o oalitwl Lis &

(OVFV8) 598 (oo Jled Loyl ¢ 5988 < Cpmas 5

(ACEZ2) Angiotensin Converting Enzyme I1
4 d9y9 lp yotw) leie & ACE2 ;1 SARS-CoV-2
SARS-COV-2 (W8 o) w8 o oslil olsee Jsho
SARS-COV & Caws gdes S b |, lusl ACE2
@58 3 Jsl )3 1, SARS-COV-2 ,Ulss a8’ S o ol
ACE2 4 SARS-CoV-2 .(3Y) a0 Lyiuljal 555 0,8 &
(VOA) 395 (o0 3)ly Jobo & by (s 9 2b (o JLa]
ACE2 ;I SARS-COV-2 &5 &5 o slgidy 02,56 lanlie
2 (W) &S o odlatwl 355 S pgy sl RBD lais 4
SARS-COV-2 | cisic Wlgi o ACE2 oy Liuldl ases
YAF con), oS caol oad 35 (V) wes Ll
SARS- ;3 FYA 554}y s SARS-COV-2 ;3 RBD ((55lisl5)
20,5 ol ACE2 ;0 ¥V (pjd dlusy 4 Wil 0 COV
2Ly ke & B g a4y JU5 o) sl Jsko 3 ACE2 (W)
35 o ol g 039y 5 (M) G55 sl S, s 39 (V)
2 ACE2 (utigy ol j ZAY & ol oad ol sl (VA)

ol 85 o oy o sl Y e JUU gl gl (sl Jolo
S (W) dr gy w265 clr Oljee Olys 4 b Jske
3959 (sl CO-transporter 5 o3 Ub blos b (gl 05,5 oy
St ol gl 5] 51 s g, (YY) bl o oy s oy
Ll (YFF) 35,8 Lo JL3 b cow VAmygsS by 4 oS
(YENV) S (Y0) (635 po (e s (2 (5503 sl
ob (FEXD) < o () oime (¥+—TY) 39, (YAYR) &S
e (bl & 0ad ()15 055650 )3 b cod Wil e
gy 9 JUS sladobs 9, p &5 2S5 oo 1, ACE2
Vamige sl ool ogil G |y gl &8 w1 ons lulis
S 1o 3x] ¢l2 1, SARS-COV bl axiS olallas 1S e
SARS- 1yl 3 oslle (¥5) 51 0313 ot b bgo (sl 9,95
adlae 3 (V) Casl b3yl )3 35 ol Slodo | COV-2

J Mar Med Spring 2020, Vol. 2, No. 1

.

CVRET
lolid s> gy LS gollee YN Jlo ol >
2948 gy b )3 (S9egts 3)lge Sl sl dcgecme sl &S 0
9 (%) 292 bt cpl (2> b 51 ol gy 9 (VF) 03,8 o
Jols (ol 5 <855 pb (VA-955) COVID-19 (5 low: ()
Sl calige plojl s | oollse oY a0 ¥ o ol
B F) 235 2l (oges Cualls 0o 3 Sl SIS S
~h995 Slowr 4 )3 1AV 9 (gekee N+l i VT (595 VA
ol Ll 5155 58l 0 ar Sod5 g il ead Wie VA
A dadd g VYY1 Gt ol )3 9 35 030 Gl )low
92 5 Ol &ljgy 9 1 AL pla 55 aail g 5l50 ) 390 e
@ U ohlon (8) 358 (o0 OIS olnl 3 e ) e
S by 5 Fgoghs b badye ille odes sk 411968
OSee 43 ,S.aiad o i |y cans b aliae 5y3 clals 0oy ¢ i
gl (Jloewl ¢ 2ot o5 505 Sl (g ()15 pille ol
0 $9y5 B8 wlle (xS 9300 (g2 (mas olle
a5l azsls o yen 4 1, chest distress 5 palmus ¢ 5 coul
w2l Loyl ) cere i LlST (SIS el ()
Olsk Gl el cuwl Sen 42 )5 S oo Wl (w9 19l9)S
Oles > S5 Pkgigel ol Jgtue & K9 LByl
SARS- cigis diled L(A) Cuwl wgyg UsyS cigie 4 Wi
IL-1b, IFN- zi g il cel 35 SARS-CoV-2 CoV
13 &yt olost 35 o G, IP-10, MCP-1, IL-4, IL-10
IL-2, 1L 51 Ul g (sl sploms 2] 5 s L, ICU
,» 7, IL-10, GCSF, IP-10, MCP-1, MIP-1A, TNF-a
39 (oo 003 oyl kel 3g3g 4 sl &S Wit 95 (slowolly

(V) 25 (6 lam 15 | Lo e Jols S gl lsho &S

Spike (g
5 Bl i s)ldle sl g n L Gusrsbs)S
S ol b pBisn bl ple jl ol (e sl (i
ool SPIKe (159 nsSAl5 i Jolds widd (o 1) (g9 S
LeSeilSe 5 (Membrane) lie  (Envelope)
e BB sl 5 Sloe W g, ol .l (NUCleocapsid)
ol ole S (g S (o0 el gy SN B2 )
(3) ol (gwgng 399 5 Olsre Al (Jsho 4 GRS
594> SARS-CoV-2 4 SARS-CoV s spike &gy
5 (Vo) 1)l (eammlyinal wilsw o (identity) SLsS 7ZVE/D
SRS IRV PYVIN A R R § IRV NNV ||| A N PO
2929 0 (owlol A8 298 (o0 odmlde (gwgpg sliE ()
el o8 ol (S 5l 5 5 3305 pljee sk 4 o
SARS- 3 x5 o) (M) 33,5 0 olijes (stasl gy S
Sy am 4w 3L gl el SARS-CoV-2 4 CoV


http://dx.doi.org/10.30491/2.1.13
https://jmarmed.ir/article-1-83-en.html

[ Downloaded from jmarmed.ir on 2026-06-17 ]

[ DOI: 10.30491/2.1.13 ]

Cosl (RAS) (i Bl=py i 3, (85 (15385 5
et Col N ppatin 5l 055 alowg & RAS (5Ll (FY)
(FF) 35 oo gt i 33 (52, Skac

) led Gpme b Wlge ACE2 sy
Sl alply S Iy olo Gl RAS laoaiiS oS
ol ORIPl el cul (Son & lise sl ploy (Sl
5y30 €83 4y il B3 SARS-COV-2 ) lass ,5 ACE2
(FF) 855 )13 (o)

i 3 5m) (slargsSII L os Wl ia el
Wl oo ABl Al dgg Slusl (gla pigy 4o aS SPike
sl (G184 il ity g g Ug)S p SAiS Ltis i
SY0) 3l (48 Jsho & g g 2909 95 2 9 ACEZ (sl
sl 53l 51 JUglS gig0 Ay 4y polaid] (gl 5 9, 0
ACE2 4 45 ol el oo 5T 5 S uiigy > RBPuS
Calon Joho & (w929 399 J1 9o y5b 4 Slg5 (o b Sl
ol wopglyyS oS s ool sl (FF) Ll
Taw 59y 2 45 1md (o518 Baa 1) (Gren (1TgpaSAlS
5 dawly ) ljee Jshe 4 3959 9 ol 39290 (g
aS (B =FY) sl (g3 Sas a5y 435 93 (glyd S gy S o
5 orgng plEdl g (AYYZNY) SL soly 5 bwg (Jobo Jlas!
ool il 3o o g Salawly S2 15ly s lawss ol Lié
Saa 1 ST 5 jgtm) ol (USSle el cogdlly 0aiS s
V) S5 oo 51y iy lo (2SSLke g b2 o 1,8
(o

&)y ACE2 3l SARS-COV-2 & el o o3l oLt
ot S lgis & TMPRSS2 5 S o o3lil sk 4 39,
21 )oe S WS Joe S onBgn Jip Glp e
Jsbo 4 39)9 oaiS Sy G lgie 4 Al o TMPRSS2
(BF) 59,2 )8 & Sloyy gy S plgis & doms 3 g A8 s
2 plodl G890 Jas Cunl 1SK00 ACE2 Jolowo p )3 b Lo yd
(NP b Jsbo (903 &2 gy G2 5S 9 99)9 <y ilS
b gy (BA-D0) 33,5 sl |y gl 1 b 4y, cliabloo
Sl S oeSgn 28 2 b o ol Glew cnl ade STy
Como gl IN VIV Slilejl a3 wil wlie 43S
(09) sy il a1y o] 5 Shee

ol odel V= IS5 )3 b axaS oS an o 51 ol asls

W5 o &S alauly ACE2 aluusy 43 45 (clogilly (clo oo,
2 Wl b 5uSly SPIKE gy aly sl sy
iiSilo ACE2 sty b 4 15,8 ol ST sy ol
activity transmembrane protease cullsd oS yw .Y 35l
Delivering ¥ ACE2 g, (3,5 S5l ¥ serine 2
(y-Js) (7+) excessive soluble form of ACE2

b ials )y S ASgige il cudyls o sl
P ook odalie (g5 lgjlral 4 i ollac
—2995 4 Uie (il 51 (o 51 Gl 53 sy 1 ()l gua
dylge b awslio ;3 .ub odmliv (gylon (63900 adsl 518 0 VA
bog B39 (2)S MuSgige il slp 4y DUy ) (omin
59 2UgyS hlew ) (b ool (55905 (YY) 123 )5 alga
s OT 2 Gl Koo ACE2 (slo gy Lol ] s bl
ACE2 sl 015,85 & ‘j UL Lls Jds a0 a8 susl acsh
oo S92y (ojo il (g0 Bgpe (jlow (YA) A3 o
gy J) oty 58 calys 58 Bose o
ol bl i 4 b diBly g s VA=1968 pho (sl oS

(Y) S oo 0SB VA=0955 (low j3 b (D yge0S

S b S,

45 ACE2 il Slsan § ACE (nob jbo 4 (2 3
9% Mt jlily (63 (S 9)S Jdsiy (93 03l & Bl 9
1 gyl ACE caims oo bl 1y slie S50 ST
& o5 ol gty 45) 3390 395 & |y 1 i 3T B30 o
el g a8 o Jlb 1) ol g 0k o Jlail | i 31 5200
el Gk ol jl o ) 098 (0 S sla S, 5L
1 gy ACE2 8 Jlo 55 (555 oo ops L ialjil
S5l vy 4 V=Y sl g WS Jubpd |,
dowg 4 &30 1) 3gy0 0238 SIS 09l A & (GMiyln)
renin- iwew (F+) (> o &, Mas receptor gjls Jus
i clale angiotensin-aldosterone system(RAAS)
TP o) 1l b 4SS o i o el L) Lol
o S (o s N il ) (i grpmiiin 1 o578 oo
sl 4 )| i 5145 03,8 5 ACE o 4y g loalS
(YY) 58 o Sy 11

081 &y 3Ll )3 o 5 Sy e 3 B b
Solosr «uld () o3 ol b g3 )lis & (ol
Lpuslo (5 Jote Sl (So 95 (o0 0205 115 (9,0 3
3 g 532 5 oA sl sl el g (0 VA-ps8 &S
5l sl ACE2 (sl tsms) 4 SARS-COV-2 il 3o
SBorsm sl hlon 9 Uk 01935Lad b e ubd (il 05
l2osiS Sy 5 ACE2 01iiS lgo (slb 01535 e 3y b
MRNA ACE2 ol Lo Sogd it g3l s,
&S Cawl 0l (lis llas g5y p lalllas aad o iul58l
slag)ly lgie & ACE2 (sla 08 )lpe I (s0li 1 ooliiu!
ole > ply ez GRIBIL LSyl 53 qoi93Las ade opill
oS loygiSls §| LS (F)) Casl gor) 5 o5 MRNA ACE2

\Y’ii)l{)&\ D)Wcr 8,93 lg‘)bh..«bdub.w


http://dx.doi.org/10.30491/2.1.13
https://jmarmed.ir/article-1-83-en.html

[ Downloaded from jmarmed.ir on 2026-06-17 ]

[ DOI: 10.30491/2.1.13]

YV /Gl Jgbo 4 359 (sl dpd (59" o9 2959 035,,5 ACE2

Fusion

SARS-CoV-2 =22, Neutralizing mAb
Spike Protein 3% "l; / Receptor ACE2
L 4

Host cell

Viral RNA release

.. Endosomal membrane
fusion

() oaiS 25 el (o0l 5] dlpusy 4 SARS-COV-2 (gjls 25 5| Silosd (& prgead -V — JSUS

Viral replication Angiotensinogen
l Renin
Angiotensin |
2 SARS- - l
spike i spike R — ACE2 ACE
ced l
Ang 1-9 Ang Il
Ang 1-7 Ang I
TMPRSS2
@ TMPRSS2 @ spike v
inhibitor vaccine Anti-atrophy Pro-atrophy
Anti-fibrosis Pro-fibrosis
Anti-inflammation Pra-inflammation
Antl-oxidant Pro-oxidant
@ S(:-Iuble @ ACEE Vasodilation Vasoconsiriction
ACE2 receptor blocker l
Therapeutic approaches Tissue Tissue
protection injury

205 o1l sk

£ e O])Ko.m Slesj Olfx.wg.y’ :u.s‘b).@ 9 )S.wS
Sy 1y S5 g i LS

Wlio agl 555 )3 Sty dan 2y Mg i
ol dlie L5 20l b den g Wdg e o) 5L L

.b);.b‘_;ol) ul 2 Tydee ;JUQoWauB) uJW
SLas &565 g 45 WS (0 2o el M 5 18 Lo DS

.))lJJ J9>9 ).ol> |1 298 JLl U:.‘?LA

J Mar Med Spring 2020, Vol. 2, No. 1

& 5 o
Jsbo 3)lg Spike (g SSb gy cnl S sob 4
gy ol e (e b oelign nl & 205 (0 e
ol )5 e ) (STl (Al Gl G088 (lgis 4,
335 (o (i sl Joho 2l (SLusl ACEZ 325k 5l 0559
alie g o S WS By e ol plusl 3 055yl &S
5 dols il Sl gl Cael ol (San g il 3¢5
(=9 @ ACE2 (chosi S S loee g 3,5 (99529 9929
Slgs Ls0 08y ol eaiS S sl ool u':"T 51 eolazwl b Uze

b el 5 Jobo & Gog g ol o2l ) Colos sl 5ol


http://dx.doi.org/10.30491/2.1.13
https://jmarmed.ir/article-1-83-en.html

[ Downloaded from jmarmed.ir on 2026-06-17 ]

[ DOI: 10.30491/2.1.13 ]

&bo
1. Wang C, Horby PW, Hayden FG, Gao GF. A novel
coronavirus outbreak of global health concern. The
Lancet. 2020;395(10223):470-3. doi:10.1016/S0140-
6736(20)30185-9

2. Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q.
Structural basis for the recognition of SARS-CoV-2
by full-length human ACE2. Science. 2020;367
(6485): 1444-8. doi:10.1126/science.abb2762

3. Hui DS, Azhar El, Madani TA, Ntoumi F, Kock R,
Dar O, et al. The continuing 2019-nCoV epidemic
threat of novel coronaviruses to global health-The
latest 2019 novel coronavirus outbreak in Wuhan,
China. International Journal of Infectious Diseases.
2020;91:264-6. doi:10.1016/j.ijid.2020.01.009

4. Phelan AL, Katz R, Gostin LO. The novel
coronavirus originating in Wuhan, China: challenges
for global health governance. JAMA. 2020;323(8):
709-10. doi:10.1001/jama.2020.1097

5. https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/situation-reports/.

6. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y,
et al. Epidemiological and clinical characteristics of
99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. The Lancet. 2020;
395(10223):507-13. doi:10.1016/S0140-
6736(20)30211-7

7. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et
al. Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. The lancet.
2020;395 (10223):497-506.
doi:10.1016/S0140-6736(20)30183-5

8. LiG,FanY, Lai Y, Han T, Li Z, Zhou P, et al.
Coronavirus infections and immune responses.
Journal of medical virology. 2020;92(4):424-32.
doi:10.1002/jmv.25685

9. Chang A, Masante C, Buchholz UJ, Dutch RE.
Human metapneumovirus (HMPV) binding and
infection are mediated by interactions between the
HMPV fusion protein and heparan sulfate. Journal of
virology. 2012;86(6):3230-43.
doi:10.1128/JV1.06706-11

10. Xu X, Chen P, Wang J, Feng J, Zhou H, Li X, et
al. 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. 2020;63(3):457-60.
doi:10.1007/s11427-020-1637-5

11. Li F, Li W, Farzan M, Harrison SC. Structure of
SARS coronavirus spike receptor-binding domain
complexed with receptor. Science. 2005;309(5742):
1864-8. doi:10.1126/science.1116480

12. Du L, Yang Y, Zhou Y, Lu L, Li F, Jiang S.
MERS-CoV spike protein: a key target for antivirals.
Expert opinion on therapeutic targets. 2017;21(2):
131-43. doi:10.1080/14728222.2017.1271415

13. Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al.
Genomic characterisation and epidemiology of 2019
novel coronavirus: implications for virus origins and
receptor binding. The Lancet. 2020;395(10224):565-
74.

14. Zhou P, Yang XL, Wang XG, Hu B, Zhang L,
Zhang W, et al. A pneumonia outbreak associated
with a new coronavirus of probable bat origin.
Nature. 2020;579 (7798):270-3.

15. Ge XY, Li JL, Yang XL, Chmura AA, Zhu G,
Epstein JH, et al. Isolation and characterization of a
bat SARS-like coronavirus that uses the ACE2
receptor. Nature. 2013;503(7477):535-8.
doi:10.1038/nature12711

16. Li W, Moore MJ, Vasilieva N, Sui J, Wong SK,
Berne MA, et al. Angiotensin-converting enzyme 2 is
a functional receptor for the SARS coronavirus.
Nature. 2003;426(6965):450-4.
doi:10.1038/nature02145

17. Wan Y, Shang J, Graham R, Baric RS, Li F.
Receptor recognition by the novel coronavirus from
Wuhan: an analysis based on decade-long structural
studies of SARS coronavirus. Journal of virology.
2020;94(7). doi:10.1128/JV1.00127-20

18. Donoghue M, Hsieh F, Baronas E, Godbout K,
Gosselin M, Stagliano N, et al. A novel angiotensin-
converting enzyme-related carboxypeptidase
(ACE2) converts angiotensin | to angiotensin 1-9.
Circulation research. 2000;87(5):e1-9.
doi:10.1161/01.RES.87.5.e1

19. Wu K, Peng G, Wilken M, Geraghty RJ, Li F.
Mechanisms of host receptor adaptation by severe
acute respiratory syndrome coronavirus. Journal of
Biological ~ Chemistry.  2012;287(12):8904-11..
d0i:10.1074/jbc.M111.325803

20. Velavan TP, Meyer CG. The COVID-19
epidemic. Tropical medicine & international health.
2020;25(3):278. d0i:10.1111/tmi.13383

21. Kuba K, Imai Y, Ohto-Nakanishi T, Penninger
JM. Trilogy of ACE2: A peptidase in the renin—
angiotensin system, a SARS receptor, and a partner
for amino acid transporters. Pharmacology &
therapeutics. 2010;128(1):119-28.
doi:10.1016/j.pharmthera.2010.06.003

22. Sparks MA, Crowley SD, Gurley SB, Mirotsou
M, Coffman TM. Classical renin-angiotensin system
in kidney physiology. Comprehensive Physiology.
2011;4(3):1201-28. doi:10.1002/cphy.c130040

23. Aigner C, Dittmer U, Kamler M, Collaud S,
Taube C. COVID-19 in a lung transplant recipient.
The Journal of Heart and Lung Transplantation. 2020;
39(6):610. doi:10.1016/j.healun.2020.04.004

24. Cheng H, Wang Y, Wang GQ. Organ-protective
effect of angiotensin-converting enzyme 2 and its
effect on the prognosis of COVID-19. Journal of
medical virology. 2020. doi:10.1002/jmv.25785

25. Baig AM, Khaleeg A, Ali U, Syeda H. Evidence
of the COVID-19 virus targeting the CNS: tissue
distribution, host-virus interaction, and proposed
neurotropic mechanisms. ACS chemical
neuroscience. 2020; 11(7): 995-8.
doi:10.1021/acschemneuro.0c00122

26. He Q, Mok TN, Yun L, He C, Li J, Pan JH. Single
cell RNA sequencing analysis of human kidney
reveals the presence of ACE2 receptor: A potential

\Y’ii)l{)&\ D)Wcr 8,93 lg‘)bh..«bdub.w


https://doi.org/10.1016/S0140-6736\(20\)30185-9
https://doi.org/10.1016/S0140-6736\(20\)30185-9
https://doi.org/10.1016/S0140-6736\(20\)30185-9
https://doi.org/10.1126/science.abb2762
https://doi.org/10.1016/j.ijid.2020.01.009
https://doi.org/10.1001/jama.2020.1097
https://doi.org/10.1016/S0140-6736\(20\)30211-7
https://doi.org/10.1016/S0140-6736\(20\)30211-7
https://doi.org/10.1016/S0140-6736\(20\)30183-5
https://doi.org/10.1002/jmv.25685
https://doi.org/10.1128/JVI.06706-11
https://doi.org/10.1007/s11427-020-1637-5
https://doi.org/10.1126/science.1116480
https://doi.org/10.1080/14728222.2017.1271415
https://doi.org/10.1038/nature12711
https://doi.org/10.1038/nature02145
https://doi.org/10.1128/JVI.00127-20
https://doi.org/10.1161/01.RES.87.5.e1
https://doi.org/10.1074/jbc.M111.325803
https://doi.org/10.1111/tmi.13383
https://doi.org/10.1016/j.pharmthera.2010.06.003
https://doi.org/10.1002/cphy.c130040
https://doi.org/10.1016/j.healun.2020.04.004
https://doi.org/10.1002/jmv.25785
https://doi.org/10.1021/acschemneuro.0c00122
http://dx.doi.org/10.30491/2.1.13
https://jmarmed.ir/article-1-83-en.html

[ Downloaded from jmarmed.ir on 2026-06-17 ]

[ DOI: 10.30491/2.1.13 ]

¥/ Gl Jgbo 4 359 (sl dpd (59 o9 259 035,:5 ACE2

pathway of COVID-19 infection. Available at SSRN
3544810. 2020. doi:10.2139/ssrn.3544810

27. Cheng Y, Luo R, Wang K, Zhang M, Wang Z,
Dong L, et al. Kidney impairment is associated with
in-hospital death of COVID-19 patients. MedRxiv.
2020. doi:10.1101/2020.02.18.20023242

28. Feng G, Zheng KI, Yan QQ, Rios RS, Targher G,
Byrne CD, et al. COVID-19 and liver dysfunction:
current insights and emergent therapeutic strategies.
Journal of clinical and translational hepatology. 2020;
8(1):18. doi:10.14218/JCTH.2020.00018

29. Zhang C, Shi L, Wang FS. Liver injury in
COVID-19: management and challenges. The lancet
Gastroenterology & hepatology. 2020;5(5):428-30.
d0i:10.1016/S2468-1253(20)30057-1

30. Cao X. COVID-19: immunopathology and its
implications  for  therapy. Nature reviews
immunology. 2020;20 (5):269-70.
d0i:10.1038/s41577-020-0308-3

31. Monteleone G, Ardizzone S. Are patients with
inflammatory bowel disease at increased risk for
Covid-19 infection?, Journal of Crohn's and Colitis.
2020. doi:10.1093/ecco-jcc/jjaa061

32. Turner D, Huang Y, Martin-de-Carpi J, Aloi M,
Focht G, Kang B, et al. Corona Virus Disease 2019
and paediatric inflammatory bowel diseases: global
experience and provisional guidance (March 2020)
from the Paediatric IBD Porto group of European
Society of Paediatric Gastroenterology, Hepatology,
and Nutrition. Journal of Pediatric Gastroenterology
and Nutrition. 2020;70(6):727.

33. Poggiali E, Ramos PM, Bastoni D, Vercelli A,
Magnacavallo A. Abdominal pain: a real challenge in
novel COVID-19 infection. European Journal of Case
Reports in  Internal  Medicine.  2020;7(4).
d0i:10.12890/2020_001646

34. Akhmerov A, Marban E. COVID-19 and the
heart. Circulation research. 2020;126(10):1443-55.
d0i:10.1161/CIRCRESAHA.120.317055

35. Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et
al. Association of cardiac injury with mortality in
hospitalized patients with COVID-19 in Wuhan,
China. JAMA cardiology. 2020.
doi:10.1001/jamacardio.2020.0950

36. Netland J, Meyerholz DK, Moore S, Cassell M,
Perlman S. Severe acute respiratory syndrome
coronavirus infection causes neuronal death in the
absence of encephalitis in mice transgenic for human
ACE2. Journal of virology. 2008;82(15):7264-75.
d0i:10.1128/JV1.00737-08

37. Huang Y, yan Tan C, Wu J, zhu Chen M, guo
Wang Z, yun Luo L, et al. Impact of Coronavirus
Disease 2019 on Pulmonary Function in Early
Convalescence Phase. doi:10.21203/rs.3.rs-26415/v1
38. Fang L, Karakiulakis G, Roth M. Are patients
with hypertension and diabetes mellitus at increased
risk for COVID-19 infection?. The Lancet
Respiratory Medicine. 2020. doi:10.1016/S2213-
2600(20)30116-8

39. Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W,
et al. Clinical characteristics and intrauterine vertical
transmission potential of COVID-19 infection in nine

J Mar Med Spring 2020, Vol. 2, No. 1

pregnant women: a retrospective review of medical
records. The Lancet. 2020;395(10226):809-15..

40. Santos RA, e Silva AC, Maric C, Silva DM,
Machado RP, de Buhr I, et al. Angiotensin-(1-7) isan
endogenous ligand for the G protein-coupled receptor
Mas. Proceedings of the National Academy of
Sciences. 2003;100(14):8258-63.
d0i:10.1073/pnas.1432869100

41. Nejadi Babadaei MM, Hasan A, Haj Bloukh S,
Edis Z, Sharifi M, Kachooei E, et al. The expression
level of angiotensin-converting enzyme 2 determine
the severity of COVID-19: lung and heart tissue as
targets. Journal of Biomolecular Structure and
Dynamics. 2020.
d0i:10.1080/07391102.2020.1767211

42. Battistoni A, Volpe M. Might renin-angiotensin
system blockers play a role in the COVID-19
pandemic?, European Heart Journal-Cardiovascular
Pharmacotherapy. 2020.
doi:10.1093/ehjcvp/pvaa030

43. Masi S, Uliana M, Virdis A. Angiotensin Il and
vascular damage in hypertension: role of oxidative
stress and sympathetic activation, Vascular
pharmacology. 2019. doi:10.1016/j.vph.2019.01.004
44. Zheng YY, Ma YT, Zhang JY, Xie X. COVID-19
and the cardiovascular system. Nature Reviews
Cardiology. 2020;17(5):259-60.
d0i:10.1038/s41569-020-0360-5

45. Gralinski LE, Menachery VD. Return of the
Coronavirus: 2019-nCoV. Viruses. 2020;12(2):135.
doi:10.3390/v12020135

46. Shanmugaraj B, Siriwattananon K, Wangkanont
K, Phoolcharoen W. Perspectives on monoclonal
antibody therapy as potential therapeutic intervention
for Coronavirus disease-19 (COVID-19). Asian Pac J
Allergy Immunol. 2020; 38:10-18.

47. Hwang WC, Lin Y, Santelli E, Sui J, Jaroszewski
L, Stec B, et al. Structural basis of neutralization by a
human anti-severe acute respiratory syndrome spike
protein antibody, 80R. Journal of Biological
Chemistry. 2006; 281 (45):34610-6.
d0i:10.1074/jbc.M603275200

48. Prabakaran P, Gan J, Feng Y, Zhu Z, Choudhry
V, Xiao X, et al. Structure of severe acute respiratory
syndrome coronavirus receptor-binding domain
complexed with neutralizing antibody. Journal of
Biological ~Chemistry.  2006;281(23):15829-36.
d0i:10.1074/jbc.M600697200

49. Reguera J, Santiago C, Mudgal G, Ordono D,
Enjuanes L, Casasnovas JM. Structural bases of
coronavirus attachment to host aminopeptidase N and
its inhibition by neutralizing antibodies. PL0S
pathogens. 2012;8(8):21002859.
doi:10.1371/journal.ppat.1002859

50. Rockx B, Corti D, Donaldson E, Sheahan T,
Stadler K, Lanzavecchia A, et al. Structural basis for
potent  cross-neutralizing human  monoclonal
antibody protection against lethal human and
zoonotic  severe acute respiratory syndrome
coronavirus challenge. Journal of virology. 2008;
82(7):3220-35. d0i:10.1128/JV1.02377-07

51. Mao L, Wang M, Chen S, He Q, Chang J, Hong
C, et al. Neurological manifestations of hospitalized


https://doi.org/10.2139/ssrn.3544810
https://doi.org/10.1101/2020.02.18.20023242
https://doi.org/10.14218/JCTH.2020.00018
https://doi.org/10.1016/S2468-1253\(20\)30057-1
https://doi.org/10.1038/s41577-020-0308-3
https://doi.org/10.1093/ecco-jcc/jjaa061
https://doi.org/10.12890/2020_001646
https://doi.org/10.1161/CIRCRESAHA.120.317055
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1128/JVI.00737-08
https://doi.org/10.21203/rs.3.rs-26415/v1
https://doi.org/10.1016/S2213-2600\(20\)30116-8
https://doi.org/10.1016/S2213-2600\(20\)30116-8
https://doi.org/10.1073/pnas.1432869100
https://doi.org/10.1080/07391102.2020.1767211
https://doi.org/10.1093/ehjcvp/pvaa030
https://doi.org/10.1016/j.vph.2019.01.004
https://doi.org/10.1038/s41569-020-0360-5
https://doi.org/10.3390/v12020135
https://doi.org/10.1074/jbc.M603275200
https://doi.org/10.1074/jbc.M600697200
https://doi.org/10.1371/journal.ppat.1002859
https://doi.org/10.1128/JVI.02377-07
http://dx.doi.org/10.30491/2.1.13
https://jmarmed.ir/article-1-83-en.html

[ Downloaded from jmarmed.ir on 2026-06-17 ]

[ DOI: 10.30491/2.1.13 ]

patients with COVID-19 in Wuhan, China: a
retrospective ~ case  series  study. 2020.
d0i:10.2139/ssrn.3544840

52. Li YC, Bai WZ, Hashikawa T. Response to
Commentary on “The neuroinvasive potential of
SARS-CoV-2 may play a role in the respiratory
failure of COVID-19 patients”. Journal of Medical
Virology. 2020. doi:10.1002/jmv.25824

53. Wrapp D, Wang N, Corbett KS, Goldsmith JA,
Hsieh CL, Abiona O, et al. Cryo-EM structure of the
2019-nCoV spike in the prefusion conformation.
Science. 2020;367(6483): 1260-3.
doi:10.1126/science.abb2507

54. Hoffmann M, Kleine-Weber H, Schroeder S,
Kriiger N, Herrler T, Erichsen S, et al. SARS-CoV-2
cell entry depends on ACE2 and TMPRSS2 and is
blocked by a clinically proven protease inhibitor.
Cell. 2020. doi:10.1016/j.cell.2020.02.052

55. Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B,
et al. A crucial role of angiotensin converting enzyme
2 (ACE2) in SARS coronavirus—induced lung injury.
Nature medicine. 2005;11(8):875-9.
doi:10.1038/nm1267

56. Imai Y, Kuba K, Rao S, Huan Y, Guo F, Guan B,
et al. Angiotensin-converting enzyme 2 protects from
severe acute lung failure. Nature. 2005;436
(7047):112-6. doi:10.1038/nature03712

u\)lg.o.b 9 d.\.unw/\"

57. Zhang R, Pan Y, Fanelli V, Wu S, Luo AA, Islam
D, et al. Mechanical stress and the induction of lung
fibrosis via the midkine signaling pathway. American
journal of respiratory and critical care medicine.
2015;192(3):315-23. doi:10.1164/rccm.201412-
23260C

58. Wosten-van Asperen RM, Lutter R, Specht PA,
Moll GN, van Woensel JB, van der Loos CM, et al.
Acute respiratory distress syndrome leads to reduced
ratio of ACE/ACE2 activities and is prevented by
angiotensin-(1-7) or an angiotensin Il receptor
antagonist. The Journal of pathology. 2011;225(4):
618-27. doi:10.1002/path.2987

59. Bhattacharya M, Sharma AR, Patra P, Ghosh P,
Sharma G, Patra BC, et al. Development of epitope-
based peptide vaccine against novel coronavirus 2019
(SARS-COV-2): Immunoinformatics  approach.
Journal of medical virology. 2020;92(6):618-31.
doi:10.1002/jmv.25736

60. Zhang H, Penninger JM, Li Y, Zhong N, Slutsky
AS. Angiotensin-converting enzyme 2 (ACE2) as a
SARS-CoV-2 receptor: molecular mechanisms and
potential therapeutic target. Intensive care medicine.
2020;46(4):586-90. doi:10.1007/s00134-020-05985-
9

\Y’ii)l{)&\ b)low':!cr 8,93 lg‘)bh..«bdub.w


https://doi.org/10.2139/ssrn.3544840
https://doi.org/10.1002/jmv.25824
https://doi.org/10.1126/science.abb2507
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1038/nm1267
https://doi.org/10.1038/nature03712
https://doi.org/10.1164/rccm.201412-2326OC
https://doi.org/10.1164/rccm.201412-2326OC
https://doi.org/10.1002/path.2987
https://doi.org/10.1002/jmv.25736
https://doi.org/10.1007/s00134-020-05985-9
https://doi.org/10.1007/s00134-020-05985-9
http://dx.doi.org/10.30491/2.1.13
https://jmarmed.ir/article-1-83-en.html
http://www.tcpdf.org

