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Abstract

COVID-19 has affected several aspects of health care systems
worldwide. While our understanding of the impact of cancer and
its treatment on COVID-19 mortality is improving, there is still
little known regarding the possible mechanisms by which
COVID-19 might affect cancer cells, especially breast cancer.
Several factors activated during COVID-19 have been implicated
in  tumorigenesis and the development of metastasis.
Inflammation, hypoxia, reduced levels of angiotensin-converting
enzyme 2, and elevated levels of interleukin 6 and some other
cytokines that are hallmarks of COVID-19 are capable of
inducing tumor relapse and metastasis. Understanding the
interaction between COVID-19 and breast cancer cells is essential
for evaluating the potential long-term risks of COVID-19 in
patients and for scheduling necessary preventive, screening, and
therapeutic interventions.
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Introduction

Since the beginning of the COVID-19
pandemic, several experts have suggested
that patients with cancer were more prone
to developing severe infection and had a
higher rate of mortality from COVID-19
(1, 2).

A recent study in the United States
estimated 33,890 excess deaths among
cancer survivors over the age of 40 as a
result of COVID-19 (3). While our
understanding of the impact of cancer and
its treatment on COVID-19 mortality is
improving, there is still little known
regarding the possible mechanisms by
which COVID-19 might impact cancer
cells. As a result, the potential long-term
effects of COVID-19 on cancer prognosis
remain unclear (4).

As COVID-19 alters regulations that are
implicated in cancer pathogenesis, there
are concerns about potential interactions
between the two diseases (4). Regarding
breast cancer, there are reports on
discontinuation of screening, delaying the
surgeries, and alterations and adaptation of
chemotherapy and radiotherapy protocols
to reduce hospital visits, which, in turn,
might result in increased rates of disease
progression, morbidity, and mortality (5).
Furthermore, there are speculations that
COVID-19 might have detrimental effects
on  tumor  microenvironment  and
pathophysiology, and, as a result, patients
with a history of cancer who develop
COVID-19 might be at higher risk of
cancer-related death.

Although there is no robust evidence that
COVID-19 might modulate cancer
pathophysiology, it seems prudent to
assume that COVID-19 may create a
microenvironment favorable to cancer
recurrence, for instance, by awakening the
dormant breast cancer cells (6).
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Therefore, it seems essential to understand
the impacts of COVID-19 on tumor cells
and their microenvironment as COVID-19
might have a negative impact on the
survival of patients with cancer. Also,
scheduling  timely  preventive  and
therapeutic interventions depends on the
understanding of the potential long-term
risks of COVID-19 in cancer patients.

In this review, we briefly overview the
potential effects that COVID-19 might
have on breast cancer tumorigenesis and its
relapse.

Chronic inflammation

Cytokine release and inflammation are
hallmark events occurring during severe
COVID-19. There is evidence that this
phenomenon may have a role in activating
dormant cancer cells (DCCs) (4). DCCs
are cells that survive oncological
treatments and usually disseminate early
and localize in specific compartments of
metastasis-prone distant organs, where
they enter a clinically asymptomatic period
called metastatic dormancy (6). During this
period, DCCs are hardly detectable with
current diagnostic methods.

It has been suggested that all patients with
a history of cancer may have DCCs (6).
Reactivation of these cells under the
influence of several microenvironmental
triggers such as inflammatory signals
might lead to tumor relapse and metastasis
(4, 6).

Distinguishing between self and non-self is
one of the cardinal characteristics of the
immune system. It has been shown that
inflammation can cause the immune
system to lose this ability. This can, to
some extent, explain why chronic
inflammation caused by viral infections
might be associated with increased tumor
growth and metastasis (4).
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COVID-19-induced inflammation —may
affect the tumor cells by means of the
above-mentioned mechanisms.

Hypoxia

COVID-19 is frequently accompanied by
thrombosis and tissue hypoxia. In solid
tumors, these
hallmarks of poor prognosis. Pathological
hypoxia is a major factor which leads to
tumor cell survival (7).

Hypoxia induces neovascularization and
enhances angiogenesis, and these, in turn,

events are considered

facilitate extravasation and dissemination
of tumor cells to other parts of the body
(7).

Hypoxic microenvironments present in
COVID-19 patients may play several roles
in breast cancer recurrence. The first
possible impact is that hypoxia might
cause cancer cells to enter the dormant
state and survive, a phenomenon that can
result in tumor relapse and metastasis.
Second, hypoxia can cause the existing
DCCs to “wake up” and start proliferation.
And third, hypoxia can generate aggressive
drug-resistant phenotypes that lay the
ground for subsequent tumor relapse (6).
Angiotensin-converting enzyme 2

The local renin-angiotensin system has
been demonstrated to influence cancer
cells to proliferate and infiltrate other
tissues.

As angiotensin-converting enzyme 2
(ACE2) gene expression in human breast
tissue is high (even higher than in the lung
tissue), some experts have suggested that
COVID-19 might be able to cause the
transformation of normal breast cells (8).
ACE2 gene expression 1is negatively
associated with breast cancer progression
and metastasis. Compared with malignant
breast cells, normal breast cells have
significantly higher of ACE2
protein. Therefore, the inactivation of

levels

ACE?2 can result in malignant growth in
breast cells and consequently local
infiltration and metastasis (8).

One crucial step in the entrance of SARS-
CoV-2 into target cells is its binding to the
ACE2 receptor. Recent data indicate that
COVID-19 can downregulate ACE2
expression on cells and block ACE2,
precluding its protective effects against
tumorigenesis (8).

Inflammatory cytokines

Cytokine release syndrome (CRS) is a life-
threatening  consequence of  severe
COVID-19. Recent data indicate that many
cytokines that can promote tumorigenesis
might be elevated in the plasma of patients
with COVID-19 (4). These
cytokines include but are not limited to
interleukin 6 (IL-6), interferon vy, vascular
endothelial growth factor, tumor necrosis
factor-a (TNF-a), IL-1 (especially IL-1p),

Severe

granulocyte  colony-stimulating factor,
granulocyte-macrophage colony-
stimulating factor, and transforming

growth factor 1(4). Previous studies have
demonstrated that elevated levels of IL-1b
and IL-6 are involved in the progression
and relapse of breast cancer.

Elevated levels of IL-6 and other cytokines
released during severe COVID-19 can
result in an extensive activation of nuclear
factor kappa B (NF-xB) in both immune
and non-immune cells (6). NF-xB is a
protein complex with multiple key roles in
the cell, including controlling DNA
transcription, cytokine production, and cell
of NF-xB in
premetastatic niches may contribute to
DCC awakening. This might occur both
directly by stimulating cancer cell
proliferation and indirectly by promoting

survival.  Activation

the formation of a prometastatic

microenvironment (6).
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Neutrophils and neutrophil extracellular
traps

COVID-19 is often associated with
profound immune system alterations,
including a reduced number of natural
killer cells and T cells in the peripheral
blood, and a dysregulated activation of
monocytes, neutrophils, and tissue
macrophages (6). Activated neutrophils
release several tissue-damaging products
including neutrophil extracellular traps
(NETs) that are web-like structures of
proteins and DNA.

NETs entrap pathogens and provide a
suitable  environment for a  high
concentration of antimicrobial
components. On the other hand, they also
create a physical barrier that prevents
immune cells from accessing tumor cells
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knowledge of the biology of SARS-CoV-2
and its correlation with breast cancer
prognosis.

5. Mathelin C, Ame S, Anyanwu S, Avisar E,
Boubnider WM, Breitling K, et al. Breast
Cancer Management During the COVID-19
Pandemic: The Senologic International
Society Survey. 2021;17(2):188-96.

6. Francescangeli F, De Angelis ML, Zeuner A.
COVID-19: a potential driver of immune-
mediated breast cancer recurrence? Breast
Cancer Res. 2020; 22(1):20-2.

7. Muz B, de la Puente P, Azab F, Azab AK. The
role of hypoxia in cancer progression,
angiogenesis, metastasis, and resistance to
therapy. Hypoxia. 2015; 83.

8. Al-benna S. Angiotensin-Converting Enzyme

2 Gene Expression in Breast Tissue.
2021;17(2):112-5.

15(4): 129-140


http://dx.doi.org/10.30699/ijbd.15.4.129
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.8.8
https://ijbd.ir/article-1-1008-fa.html

[ Downloaded from ijbd.ir on 2026-01-29 ]

[ DOR: 20.1001.1.17359406.1401.15.4.8.8 ]

[ DOWNL6A30Adiivd]s. 1. BBDP23-01-28 |

VO(F): 1Ya-NF.

&9 Al

S29.0 Axdllao 9 25l W g 995 (595 2 13995 (5 slom 1 1
5o 0013Ls y dwa! < Bllae (6,8 e Jooly S BT v yo | sole anbld

(i ey Sy pole oKl (S 00Sls ¢y plol (s Lo (555550, e o
olrl ol

oM >

Sl Sl e ane S L5 sle iS5l (6l 5o lizren Vg9 (5 5kon
Slagleys 5 b ylem DSl 8550 50 Lo Jails a5 Jl> )3 05 o e
0975 3,50 ;> Lo SleMbl lizes 355 o0 iy VAssS lom 555 O & by
el Sl g oy oy 4 Sl s sl sl 555 52 VA58 5 5lem 3B
55 sbelse cpad JUed o Wlg3 oo VA dugsS (5 ke 45 wlosls oyl calises ladllas
Olpee 8l (S s DLl aits L3 Gl Sbalie g o 50 45 090 G
Frs P oSPrnl Ol o8 Yo 50 Y el il easS Jias 35!
Cel wilgh oo a5 aiiee VA5e5 (gilen dasin e 3l Ko oS s
5 oS >k (grmlin Ky (glaali sty 4S8l sl s alte 5 ol
i 5l ool |y (s St 5 5 50,2 o 35 has L ol g oizens
35 el e iy ol s (sl Sl b V1358 (6 oy Jobss 03 (52ndls et
2 5 e 18 28 (6lans o5 | cslogilly Sl ads jsba L (59,0 lie o

oS (o0 90wl ails s b pw d9e 9 592 (S,

398 liwbie el oy 1R w965 (5 5koc gl GlodS

Oy Ol (6o ()l Aaliad
VeV e V0(E): \YA- V-

VEVEID oyl )b
VEVAIYY 2 by gyl

s O 5 °
ahmadrmafi@yahoo.com


http://dx.doi.org/10.30699/ijbd.15.4.129
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.8.8
https://ijbd.ir/article-1-1008-fa.html

[ Downloaded from ijbd.ir on 2026-01-29 ]

[ DOR: 20.1001.1.17359406.1401.15.4.8.8 ]

[ DOWNL6A30Adiivd]s. 1. BBDP23-01-28 |

5 oloys Goldl Gged 4 5 beakai 3 plowl (ploys o
slagleys 3)lse 5l 5yl )o (il sl e (2 Jlosl
laslaz; ol 5 ogdon Juld 55 1, Gl 4 by
Solor Oloys 5 s Xy Wy, 53 S s wlss o
e Gl oy 9550 )3 (VF) 035 oo
@ ozl e elS sl 4SSl (S 0l S92y
ot Pl o S e Jlesl (gleys ST
oxd 9l (g b g ool o 4 glinol, Sy
(V) el

Ell 590w 0ans] )0 cel (Soe Jlojo (slaaidy oyl
FB ol 9)lee 5l ol g 905 (5 ke abiny
b e JlBs 5 Sobulee gilo 4 ) 2D
by5e 9 (Susyge LRl 5l azg ool OV)) wles
aS Cel Sl gom azg ol s ol Blaal 5l 7,5
5 o8 ke (g9, Cwl (Sew Vg5 (55len
aS o)ls 0>y (Il il ails QT S5999 3931
e &8 gl (L3 aile b ghlen aeoe plas
Sy sln eV ShS e wed oo V1 ngsS )l
Solonr 455 4l (VY) WS oo )18 b s I S50
Ol 5l (o2 S e Gl 3l s Wilgi o0 VY ge8
Sl (piize s attie §85 gl ool
VA gsS Srlem 4sSx a5 Wiles S ke | (gouate
5 900y 1) Gl Jsbo ielnidsly Wlgi oo
Syde az Sl cnlply 205 sl 5 (2055508 G
69y 2 VY W9sS Gl T ,5U 0550 0 aSme
Sl ailblizme (Jy o0 525 Gl S35)5 58550
B L I B e
Syl Sl |y Ll a5 09h oo j9es8 SibI Laimmesy )
sy, 5l S Jie Gl S o0 Ly jlislis
wd) Sl 4 Gl sbasle (5555 o wad 53
(AN el

Oty b VAgsS (s)lew ogng Joe S35 Coenl
adllas o 50 &5 Sl o Sl S Gl Ol
Golomm e 0550 Vo VA 5l aS ol oasd & ya0eS

QLH....» ul—b)ﬂ) ARS J.’).»T G uu)La olo O \ﬂ..bjgs

olp! by s (5 low aoblad | o, Kon g cole dabld

dosds

o lo)siS 5l gk )0 Olzmes VAugsS (5 Lo
) 2gdion wgmima Sloyo (Siloge e Jane S
Trbe praadie jl )l lom l 65 2en b
A o o 4 dstiis ol jlo ol a5 Wles S
2z Shles 5l (5l it V04555 ool (5l
S5 5 gl oo Mive VAnygs5 (5low 4y oy
ol Glel S Jleasl @ a5 s ol 5l S e
0uds =0 V20985 (5 ko 3 (g pmad s @ ol e
zo oS Ghlewm b anglio jo (Ul 5 50 5 S o5 5
(F-Y) Conl jiian ol aw g0 sss ol

a5 0) st odztie OYLI [eiS 5l LSl adllas S
VY5 Gt a8 (s )low @ Sl ooy
PUSRUIREPESRR VAo LSJI)L@.?; O b S e
(B) axts Jloo Fe (VU 5 ol il 0500 T o
Ol DIl 0500 o b slaaidls 3 Spo a5 Jb jo
b e g S5y 2 0 & by glagleys
L sloanails plizes 3sdon yiim V555 )l
Silow ol g 4 &5 Jlezs! lapucile 3550 50
5 s 5 Glos glosle b wilgige VAaygs8
Saw SYeb 0stll Ol Sl a0 o] Sail aaS Jelss
Ol 5l Ohle 55555 o) 2 VigsS ol
(A=F) G LaPrine

s el G )0 VS mgny &S lxl
5595h 0 oot sasliv WS 4 348 e lbemslSe
Sl &5 D)l vgzy G cnl s A b e
Sl oS w8 ol a0 1) Sl Wlen VAseS
DAL 935 Gl 392 g 590 Jlial b a
S e s S sy 2 VWS olen Lo
SgeeS a5 5 Sl Jl ool gy JB 4z 95 5l Ol
@ Gl Gloytwsd gy besSlen; s gl
0 oaslys el a5 il sl by ol
095 > SuisdsSl lagleys a ol (o iws
JELb log i slasd 390aF @l )3 090 2aS (6 T den

AO(F): VA f-


http://dx.doi.org/10.30699/ijbd.15.4.129
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.8.8
https://ijbd.ir/article-1-1008-fa.html

[ Downloaded from ijbd.ir on 2026-01-29 ]

[ DOR: 20.1001.1.17359406.1401.15.4.8.8 ]

[ DOWNL6A30Adiivd]s. 1. BBDP23-01-28 |

VO(F): Y YA f-

o dxdlae SO by by 952 (595 32 13 w985 (55l I i1

ONan olas ) cpl ams o plis a5 5 )ls 3529 (gunlsd
50,5 ain by slosho o )lis5 colld s o
Dormant Cancer) ais Jlb,w sboJsls (AF)
sl 5l a5 ae leJsle (Cells, DCCs
Ml o Ysamo 5 wine ;o & plle plr So5lsSi
OBl Sy o plaSie g Wigd oo 23y o o )b
ol Oglite S0 Joko €55 2 L o5 o 5l ol
san e Ygaze ols SloplE) nl S ioe )13
o glbyw sleJok as Sl slajluls
Sy 4 Ml 3 l50 51 (55l 5 LS| 0l @ 399
Sedle (g 090 Sy 3 )ly ani slaJshe (nl g e
(AN 2355 oo Sslinlio 33, Olss b ol
Wiz Glbyw sladob (KB, Slg> 0j90 oal o
sty b 5 Sidndl; padis glagty, bey
o ok andp al s sy B i
OB Jiml 4 plbpw jlze phlen ples &5 ol
AIYNF) sien by i sl sl ol ozl
wlF st ol o Gl ais sladshe 4z S
bix 1) 553 Glacll ol Jy Wl w5 ok
NP [RCE PSRN USSR PTINE SV S FRIRREEL gyN
Cool 50,8 Jld o)lgs 5 05 e b sl
W5 bl 5 v ap e S slasle
FANYND)

6093 padtd gl lashe Ay (n et 5l (S
Sl a5 Wlesls flis Slallas .casl g4 ué
sledoke 5Skee cul S o o> b W9 o
) g3o50 (nl Wlgioo o U and B (nl 05l Sl
Loy ool obnl i Ol 1z a5 sas musy
sladobo o) Al o Wl oo (g ny lacdsie
(F) 05 5 sl 5 Sl

sloanl 3 as s o plis 3l Gldlas ggamme o
VA-au5eS ibe lacighe Sy 50 assil aile olpdl
Codled sazme £4,00 50 cepe LI N Sl g0 039

'Metastatic dormancy
Microenvironmental

s Ollem S5 S)lse 5l )s YY) by (n els
S 51599 c@dly 5o (V) 9gr oDl (o )0 (Ol
Oy YL gond 5 jsp @ a2 b &5 Coed o2
Slem & Ohlem &l 5l ey JB ol ol
Jolai 0920 rdle gyl s Mie VA8
Sl ol iy Gl sladshos b V300555 g9
2 i Sl el (Sew g lom ol 4 Ml oS 1>
(V) adly axsls b Gl & M oilew 59)

9 ol lr il

ol (5900 Sy g ailpRay Ol iyl
> & Ol Olb s (59, 2 VAgsS )ler IS
TAe &5 Bl vez g Sllllas Jg ol sois ain
JUd 0)ligd o Conl (San V00555 (5 lo S (o0
i jo g 008 Wi by by sladshe ud

(A) 50,5 slewlin g 098 59 sl
w3 pe Slosill Sl oy be (550 aslllan (ol 5o
S 5 wliyses 5o Sl (Sae VA58 (s)le &S
5 Slade ez 3l o all adls g b
g e sleoslsalds L PubMed 4 Google Scholar
o Sy e Bl DYl jo oul eslatll alie
Jole (nyiogen a5 d o0 SIS @ fgame jo 8T 18
05090 Codlad w555 (5 5lan b Lo o iy b jas 252
G el il ais b sleJolw
oo Dl Lol wiloas - ykae o,bgs codled ol (sl
o SS9 SenSge Lz
ez 5 S g O Skae LS (ailisy ]
Se e e o bl o Jeke )5 (b Sg slaals

el 00 a3l Slwsss Slais 4 Jelge onl sl

o)

oo el

Solow hel laslas ) Sldl 5 LhulSgule o o3l
Sl 5Sen VA5 ol odle atten VAayssS
S iS5 T slagdsbe o,kee sl o
o> 5l e Sodled uen 5 (Natural Killer, NK)
(V) 355 o Judg o3


http://dx.doi.org/10.30699/ijbd.15.4.129
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.8.8
https://ijbd.ir/article-1-1008-fa.html

[ Downloaded from ijbd.ir on 2026-01-29 ]

[ DOR: 20.1001.1.17359406.1401.15.4.8.8 ]

[ DOWNL6A30Adiivd]s. 1. BBDP23-01-28 |

Olis Cuoglin doxin slag lo 4 g 009 coxlyd [lws a5
(YFEA) v o

olse 5| o & (S 4 S ion Eyea o
ubbl.‘?ua » 05)'{-9 el \‘\—&555 G)LQ...; o 9 b»L...J
DiyeaS 5 058 o el 08 NN BRI OR{
28,5 adgl plims by

(ACE2) Y (yromilin 551 Jono o 51
Q...M...:ij.a).:]—u.u) W FLCII I VPR K uLMAJ
5 Gl ladshe ol idsp Sl Wi oo (20
e (1F) 55,5 plomo ol 5 ba Jobo & o2l
by 25 Ole GRlP con Wl go w0
05 o &5 (2T 51OFNF) 00,5 jlnlio 5550
e ppaatie (Fp (4, 8Ll e (o)
pe S el Wl oo VngeS slem wlos S

(V) 098 Gl (b slasho
Ol Ol s Sbislio 9 2 yiog L ACE2 (555 (le
per sledske boanslie jo o)l usSee ala,
sbdshe SACE2 ppsn ol gl ooy
O35 JWéné cnlply ol il Gl (b
et 33 o Wl o0 ¥ Geedlin 1 Joee w3l 0
olas (V) 208 slilie 5 p2les 5 Ol ool
ACE2/ angiotensin (1-7) e a5 Col oo solo
oy iy blie o ohablee i S, /Mas
5 oie ole b ogangiotensin 1-7 L sleys g o)l
)y Gl pelS e Wlgs 0 ACE2 (254 pos
Skl Gl zen 5 p2led bl el sl
OFAY) 30,5 by ol gbadshe o sbisbs
OEd3gily)  (Bgse eauSolas SOV pnibis sl
5 0y 4o e ool ad o ST 5T Sl anly 5 enss
4 ol ol 5 csl (Glb s 05 5 (ol i) poles
Sl oS Gl slasbe yo glabi>de JB ©)90

VA%995 09229 2959 Mg 52 e >0 S0 (VAVF)

olp! by s (5 low aoblad | o, Kon g cole dabld

g gl nl &5 S e ik ais Glb e sladobe
lie G952 5 Silem Sdpbey cam Wlgio0 293 gl
28,5

9 B90= jymgr ek glo yeb 4 VhagsS 5 )len
crl (S0lid) 55 (slaygags 1 090 (b (T 5en
S 58590 lp ey, slapatls plaie 4 gl
l2,s5L 5l (o SOl (ouS gp igd 0 LS
Ihses sladshe Gl Gl o o5 Sl ppeo Sl
(S5 5l com Tsme (0) 395 o
sladsbe (s Ay Japead Sl 093 45 09000
S 5e2 (V0) 955 o0 o lacdly plo & Jly9ess
obgs Codld o Wl oo AL sloogd @
Wogeds (nl 5l (Su 93,5 Dl by iz slo sl
sdske Clsz aig, o a5 cul glags ole (il
5! o (AND) s S0 k53'5)L> Ceoglio g il ps
S sbml V=558 ol 08 4 pazie Sloogas
OSae e ol 53 ol psals (Sses ol o
wdls gl b Sl G5eST gldl Jlen ol
Son 093 511 (omdiS (s @il Al (pen L
oSan Sl ol 45 Wlos,S zokae sedl Slalllas s
VsS4 e ol woys Fo IV s ol
(AND) 35 55,

Sl slodsbe Lo ) )0 odd dlml (wS g
Sl wilgs oo daxie sleedg) 51 VA0u505 (g ke 5l (L
S s a5 Sl ol a3 gl 00,5 b s Sge
oo Doz dl> e 35 1) Gl slaobe lgi o
So3elsSl slagsleys Wi Sl e g0 cnl 4 g wiS
Gllas a5 cansl as 3 g (VD) o)ls oS el o
S5 Dls al e 4y 3955 slp ook Sy
s 3 05,5l wly 5l 1, s glash Wig e
S g Sl pom 005 (ol (ygmnljidsn SO o8

35,5 Glbpw Jokw 5l (oloog S 05 adg o Wil o

'Silent hypoxia

AO(F): VA f-


http://dx.doi.org/10.30699/ijbd.15.4.129
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.8.8
https://ijbd.ir/article-1-1008-fa.html

[ Downloaded from ijbd.ir on 2026-01-29 ]

[ DOR: 20.1001.1.17359406.1401.15.4.8.8 ]

[ DOWNL6A30Adiivd]s. 1. BBDP23-01-28 |

VO(F): Y YA f-

o dxdlae SO by by 952 (595 32 13 w985 (55l I i1

S 5556 Ll B opai) ) oS3l
556 5 GM-CSF) 3085,5Lo ol S i o5

FNXY) (TGE-B1) Bl oaisS 165,55
59,15 sage 4 (gouxie 0SS il sle i TGF-B
S slcdld gyl o Jbd Gb pgas 4
28 oo Wl Seuml s @zl aled iy Jols Jslos
Gl Vs sl e Shoyat Sl
i pizman Eedled il 53l ol el TGF-B codlas
Sobom Olz 50 (RS e Bk S5n 50 (oete sl
Ll 5 S a5 5,05 p,8g5) aw TGF-B .o jls Va0y565
ol L Sldllas (YY) ol jlsbin 555 o e
g 93¢ ;0 j IL-6 g IL-1b « TNF-a a5 <ol ools
Jeolie (AYY) a8 o gl il iy oy 5linslie
e 85 Syl gl s P S )] 4y )59
30 @2 Nlgi o edi s oud wald VAngsS (5 ke
s 4 L o s Slashe )3 o2 5 (el sla sl
B L lain 45556 o 5 i odled s oo
&S Cenl iy n oSS NF-kB 555 (NF-xB)
A5 w055 o ) o )5 smgn 528 slo 2
ok sl s Sy ady DNA g,
Soslwlie i (niches) sleasy ;o NF-kB ool
30,8 aid by slaole (08 o o Wl o0
Alg o aas by sba Joku ol Jlay ((VFYYA)
slodsbe oyl iy 225 b priis gty 02
by S obml b pelitase oé O g0t o0 9 Slb
Sldlas 51 ganles (ATY) aes &, Sobaule s
O3 e wed oo LS &S W)ls ey (sl A
058 Ol SRl o Sl (S £ (S]]
15 NTTY) 05,8 iy by alazsl ool
3y 7 P oS Sl & 5 e gpana
Al (2 2> g ozmn e H5es Lo,
50 Sl sl Jolo b odlelay ol 380 bl el
PlRaslesT Glalllas zuls .ol suis asin s 4
16 (oSol il 9 eS gl o5 as S5 Gl e

WJoal b aiS oo Ll (21555085 55 ot A Yoz

ACE2 looss 5 Ly Jlasl con glo Jskos J51s 4y
VAdgeS gy a5 wiloals olis was aldlas .ol
chw 0 ACE2 ox, 5 ol solS o Wlgi oo
W 50 5 WS Sgoes |) 00 pS (pl 5 0ud ool
GolS 5 ees Blas ,o |, ACE2 liblee ol
il 31NV il 35T M 5 .(VFAAN Q) ao
ol ol ooy 3093l 5o (e S 28 Y
O g b VagsS ilem 0br 0 S
5 g o 99350 V-V (peiliss 551 ades AACE2 005 ,,5
Memreel Ol eilinil g el L
s Mg o0 Slmgieel Gliee GRalil il oo Rl
Oezes (VFAA) 005 Jloys sand 4 Cooglio G
Olime GIBl SLl (e Wls 352y alat)lS
Wlgh oo lanimgiel codlad iul38l 5 ¥ slis 3l
393 g 4 &5 09d S 9ol 4 Cuoglie S9n cum
OAY ) 05,5 (5 ke 09 Jim! 35l58) oo wilgs oo
5> O35t 5] pudgilin a5 S (g3 o0 Egeme 0
sk L Golite Glane (Gl Gl slasle
O3l ais 0B Glb s sla sl 35 o0
Fod il 5T 51 o0 gawin slacdplio 4,
¥V ol 3l Jose @3l 0f ol & e ol s
DS Sl GV e a; Sl 5l g ey Bl o
Sladle 55 ool (San 45 55 o gmime (sotee
Ol g Sl Glb s slodsles )3 i sly ST
g Wt Lol ogad (nl 0 Slalllas 35,5 S9e (e
IRVESIRUVA P S TIPSR sanl yo NI
oS g plw 97 (uSgd il ) (gl i
ouiiS wags el S oS g s3lusl] pyy0ne
Sledbol el V0585 wual shlem I AL ol
oS g 5 )l Ol &5 im0 laS 22
Slodly )3 W35 2l)008 S o WSl o0 &S
Vb s BB 55k 4 ) T0u555 (5)lom & Me Lo
25 )y Jold lagS g o fags (FYTY) 05,00
asy B LIS Gapanl B oSl
TNE-) W 5055 55,55 ,52516 (VEGE) 390 Jlolis

Rty


http://dx.doi.org/10.30699/ijbd.15.4.129
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.8.8
https://ijbd.ir/article-1-1008-fa.html

[ Downloaded from ijbd.ir on 2026-01-29 ]

[ DOR: 20.1001.1.17359406.1401.15.4.8.8 ]

[ DOWNL6A30Adiivd]s. 1. BBDP23-01-28 |

NI g5 slo sy sy a5 I o ool ailfys Yo
2l N2 55 slody s i ls (5 50550 Copols
ol anly (V9) wisd jbslie 5 j5088 23S, s
e (Fsyd 4 i )ygeg8 w0 g0 LA

el o0

R
oz Ol Ol 5 VigsS Golem o Jolss
les 45 015 o b 0,53 a5 Sl e
"o 3 Vs Golem s &5 Gl by 2o
S5l 18 skl 5 99 590 sl VL Sl 0 wigd
s e s Jaie nl oot e 5 St
0,bg0 Codled o Ol o a5 goomie Julse oo Ho
i ws S iy b jo i Jlbpw sla e
5 (AL-6 psak) oSyl M85 &5 o) o
i 5l 5 Ky Jobe ) 95 slaal e
Ay Lo idle a8 canl 5o (g i Sldlas ol
Ol Ol 555555 9 V2985 (65ko e Dol
rixe S5l plonl g las oy 3280 Cud amo il
Sledbl sanl glals jo olghd Jlas! 4 o)ll
CaldE sales o Kl yo jLas aise) opl ol 6
B3 S by pleysaS (ks 45 550 e Sleiiey
el slogleys 5 o S 5 VR s 4 Skl o)l
5l Gl plbsw lzs Ghle onign ;o oud
13 oSen Lasl o 1 s ledll o3 suy]

RO

(a8 g ySuis
550 @ I e Slos Sl abwgnay s Slojad 5SS
wlople dsn 250 (W3 5w 5 oloyde o)5ate
ebed (5o &) sl

olp! by s (5 low aoblad | o, Kon g cole dabld

ol e 0T i o ke 457 03l g2y SL5,15S
S92 39 3 38 hpegas Sl 6K il b
50 Deles ol oled 4zt o)l ys o5 Sledbl e
oSS Dlidod wiejls a5 0 ls 3929 (55055 Laneen
el

S Tl iy gbaliy bfdy e
(neutrophil extracellular traps (NETs))
stz 9 FB Sielgigen] Slnss V0995 55ke Sl 2
oaiS slo Jobow slaws rals” Jolss wiws o &) oy
Oizes 5 e 93 0 T slasbe 3 NK) (onnls
lily Sle g Lo Jad iss datmsise ameb e ollad
e 535 olass oud JUsb (slo Juds s YF)
Sed sloyisle &ly 0 &5 Joko 25 g5
soal (AYF) s DNA 5 opuiigy Jolis asile
ol o 1y gl g S 5l ke g5 Slibasiy
Syo poz gl colio 5 Jo o K 5 w5l e
S o sl YU slacdale 13 g Seoid Sigm o]
S aS e sl (Kb ae K %8 e
L ab o] & sl slaJshe (ocal) oo (o yiws
o 3118 anl 3 50 Ll s (o auS oo Sgae
CD8+ sl sk 51 Jlypn57 csloJsbo clidlons 5 (oo
0l B 0 Jbd & jgods g oS o oS, NK 5 T
Ol 5o (AYTF) wls oS lie DCCs (g3lu,low
loali Sl e ) 352y 2B Gl
Selie 595 9 )lom Cdyien b (Lds s Jolw )
(VD) sis of ot

s bueny w0 5 Jhgesi slodobe wo &ly o
WpS B4 g 008 Qi ) by e wiS e e
sedsbs ;o Ldgsy YL ol .(recruitment)
S5 wsglid 0ud (6 705,0 l B o Wl oo U958
33,5 Gy al>po 028, VL g j50g8 mled azys ol
b sla s 55 s i A1 (Jlogal L (VF)

AO(F): VAN f.


http://dx.doi.org/10.30699/ijbd.15.4.129
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.8.8
https://ijbd.ir/article-1-1008-fa.html

[ Downloaded from ijbd.ir on 2026-01-29 ]

[ DOR: 20.1001.1.17359406.1401.15.4.8.8 ]

[ DOWNL6A30Adiivd]s. 1. BBDP23-01-28 |

VO(F): Y YA f-

o dxdlae SO by by 952 (595 32 13 w985 (55l I i1

References

1.

10.

11.

12.

Motlagh A, Elmi F, Yamrali M, Ranjbar M,
Azmin M, Moshiri F, et al. Routine COVID-19
testing may not be necessary for most cancer
patients. Sci Rep. 2021; 11(1):23294.

doi: 10.1038/s41598-021-02692-3.

Addeo A, Friedlaender A. Cancer and COVID-
19: Unmasking their ties. Cancer Treat Rev.
2020; 88:102041.

doi: 10.1016/j.ctrv.2020. 102041.

. Kuderer NM, Choueiri TK, Shah DP, Shyr Y,

Rubinstein SM, Rivera DR, et al. COVID-19
and Cancer Consortium. Clinical impact of
COVID-19 on patients with cancer (CCC19): a
cohort study. Lancet. 2020; 395(10241):1907-
18. doi: 10.1016/S0140-6736(20)31187-9.

Lasagna A, Zuccaro V, Ferraris E, Corbella M,
Bruno R, Pedrazzoli P. COVID-19 and breast

cancer: May the microbiome be the issue?
Futur Oncol. 2021;17(2):123-6.

. Lai AG, Ph D, Pasea L, Ph D, Banerjee A,

Denaxas S, et al. Estimating excess mortality in
people with cancer and multimorbidity in the
COVID-19  emergency. 2020; medRxiv
2020.05.27.20083287

Jyotsana N, King MR. The Impact of COVID-
19 on Cancer Risk and Treatment. Cell Mol
Bioeng. 2020;13(4):285-91.

. Francescangeli F, De Angelis ML, Baiocchi M,

Rossi R, Biffoni M, Zeuner A. COVID-19-
Induced Modifications in the Tumor
Microenvironment: Do They Affect Cancer
Reawakening and Metastatic Relapse? Front
Oncol. 2020;10:1-9.

Francescangeli F, De Angelis ML, Zeuner A.
COVID-19: a potential driver of immune-
mediated breast cancer recurrence? Breast
Cancer Res. 2020; 22(1):20-2.

Mathelin C, Ame S, Anyanwu S, Avisar E,
Boubnider WM, Breitling K, et al. Breast
Cancer Management During the COVID-19
Pandemic : The Senologic International Society
Survey. 2021;17(2):188-96.

Mafi AR, Motlagh A, Foudazi H, Fadavi P,
Moghaddam S, Akhavan A. Radiation Therapy
for Breast Cancer During the COVID-19
Pandemic in Low Resource Countries:
Consensus Statement from the Iranian Society
of Radiation Oncology. Int J Cancer Manag.
2022; 15(1):1-7.

Lerner E, Tamara P. Patient - reported
treatment delays in breast cancer care during
the COVID - 19 pandemic. Breast Cancer Res
Treat. 2020; 184(1):249-54.

Kuderer NM, Choueiri TK, Shah DP, Shyr Y,
Rubinstein SM, Rivera DR, et al. Clinical
impact of COVID-19 on patients with cancer

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

(CCC19): a cohort study. Lancet. 2020;395
(10241):1907-18.

Park SY, Nam JS. The force awakens:
metastatic dormant cancer cells. Exp Mol Med.
2020; 52(4):569-81.

Phan TG, Croucher PI. The dormant cancer cell
life cycle. Nat Rev Cancer. 2020;20(7):398-
411.

Muz B, de la Puente P, Azab F, Azab AK. The
role of hypoxia in cancer progression,
angiogenesis, metastasis, and resistance to
therapy. Hypoxia (Auckl). 2015;3:83-92.

doi: 10.2147/HP.S93413.

Al-benna S. Angiotensin-Converting Enzyme 2
Gene Expression in Breast Tissue. 2021;17(2):
112-5.

Bujak-Gizycka B, Madej J, Bystrowska B,
Toton-Zuranska J, Kus K, Kolton-Wroz M, et
al. Angiotensin 1-7 formation in breast tissue is
attenuated in breast cancer-a study on the
metabolism of angiotensinogen in breast cancer
cell lines. J Physiol Pharmacol. 2019;70(4):
503-14.

Vatansev H, Kadiyoran C, Cure MC CE.
COVID-19 infection can cause chemotherapy
resistance development in patients with breast
cancer and tamoxifen may cause susceptibility
to COVID-19 infection. Med Hypotheses.
2020;143:110091.

Ni W, Yang X, Yang D, Bao J, Li R, Xiao Y,
et al. Role of angiotensin-converting enzyme 2
(ACE2) in COVID-19. Crit Care. 2020; 24(1):
422,

Hu S. Organ-protective effect of angiotensin-
converting enzyme 2 and its effect on the
prognosis of COVID-19. Journal of Medical
Virology. 2020; 92:726-30.

Semesiuk N, Zhylchuk A, Bezdenezhnykh N,
Lykhova A, Vorontsova A, Zhylchuk V, et al.
Disseminated tumor cells and enhanced level
of some cytokines in bone marrow and
peripheral blood of breast cancer patients as
predictive factors of tumor progression. Exp
Oncol. 2013; 35(4):295-302.

Shen WX, Luo RC, Wang JQ, Chen ZS.
Features of Cytokine Storm Identified by
Distinguishing Clinical Manifestations in
COVID-19. Front Public Health. 2021; 9:
671788. Doi: 10.3389/fpubh. 2021.671788.
Wellenstein MD, Coffelt SB, Duits DEM, van
Miltenburg MH, Slagter M, de Rink I, et al.,
Loss of p53 triggers WNT-dependent systemic
inflammation to drive breast cancer metastasis.
Nature. 2019;572(7770):538-542.

doi: 10.1038/ s41586-019-1450-6.


http://dx.doi.org/10.30699/ijbd.15.4.129
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.8.8
https://ijbd.ir/article-1-1008-fa.html

[ Downloaded from ijbd.ir on 2026-01-29 ]

[ DOR: 20.1001.1.17359406.1401.15.4.8.8 ]

[ DOWNL6A30Adiivd]s. 1. BBDP23-01-28 |

24.Barnes BJ, Adrover JM, Baxter-Stoltzfus A,
Borczuk A, Cools-Lartigue J, Crawford JM, et
al. Targeting potential drivers of COVID-19:
Neutrophil extracellular traps. J Exp Med.
2020; 217(6):1-7.

25.Snoderly HT, Boone BA, Bennewitz MF.
Neutrophil extracellular traps in breast cancer
and beyond: Current perspectives on NET

olp! by s (5 low aoblad | o, Kon g cole dabld

stimuli, thrombosis and metastasis, and clinical
utility for diagnosis and treatment. Breast
Cancer Res. 2019; 21(1):1-13.

26.Mafi A R, Motlagh AG, Azadeh P. The Impact
of COVID-19 on Cancer Recurrence: A
Narrative Review. Arch Iran Med. 2022; 25(7):
450-55.

AO(F): VA f-


http://dx.doi.org/10.30699/ijbd.15.4.129
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.8.8
https://ijbd.ir/article-1-1008-fa.html
http://www.tcpdf.org

