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ABSTRACT

The persistent pandemic of coronavirus disease in 2019 (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) currently poses a major infectious threat to public health around the world. COVID-19 is
an infectious disease characterized by strong induction of inflammatory cytokines, progressive lung inflammation,
and potential multiple organs dysfunction. SARS-CoV-2 infection is closely related to the innate immune system and
adaptive immune system. Dendritic cells (DCs), as a “bridge” connecting innate immunity and adaptive immunity,
play many important roles in viral diseases. In this review, we will pay special attention to the possible mechanism of
dendritic cells in human viral transmission and clinical progression of diseases, as well as the reduction and
dysfunction of DCs in severe SARS-CoV-2 infection, so as to understand the mechanism and immunological

characteristics of SARS-CoV-2 infection.
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Introduction

In December 2019, an outbreak of pneumonia of
unknown origin attracted domestic and international
attention. on 7 January 2020, Chinese scientists
extracted and isolated a novel coronavirus (CoV)
from pneumonia patients, named 2019-nCoV [1]. It
is highly infectious and rapidly spreads all over the
world [2]. In March 2020, according to the develop-
ment trend of the epidemic situation and the assess-
ment of the number of patients and deaths, WHO
declared COVID-19 a pandemic [3]. Since the 31st
of December 2019 and as of early 2022, 328,558,243
cases of COVID-19 have been reported, including
5,548,696 deaths. COVID-19 patients have symptoms
of respiratory diseases, like cough, shortness of breath,
sore throat, and fever with other symptoms. Most
patients are mildly symptomatic or even asympto-
matic, but there are also serious patients who develop
severe pneumonia and death [4]. The organism’s
immune system, the intensity of virus replication,
and the degree of tissue and organ damage determine

the severity of the disease in infected people. Although
the pulmonary inflammation caused by SARS-CoV-2
has attracted extensive attention all over the world in
recent years, and scientists have also carried out rel-
evant researchs, the pathology and pathogenesis of
the disease are not entirely known [5,6]. As a signifi-
cant part of the human immune system, dendritic
cells (DCs) are also very important in viral infection,
but their role and function in SARS-CoV-2 infection
are not completely distinct.

DCs have an important role in generating immune
responses, linking innate and adaptive immunity. It is
considered to be the most efficient antigen-presenting
cells (APCs). The newborn dendritic cells are derived
from CD34+ hematopoietic stem cells (HSCs) in the
bone marrow. Immature DCs are located in the skin
and mucous membranes on the body surface, such
as the gastrointestinal tract, respiratory tract, lung
and urogenital tract [7]. When the pathogen invades
the body, it contacts the immature dendritic cells on
the surface of the body’s mucosa, and the immune
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response mediated by dendritic cells begins to start.
Immature dendritic cells recognize, process and pre-
sent pathogen antigens and produce cytokines under
the action of DAMP (damage-associated molecular
pattern) and PAMP (pathogen-associated molecular
pattern) [8]. During the process from immature to
mature, DCs migrate to lymphoid tissue and activate
immature B and T lymphocytes. DCs also interact
with innate immune cells, such as monocyte macro-
phages and NK cells, so as to assist in regulating innate
immune response. As mentioned above, if the matu-
ration process of DCs cannot be completed success-
fully, it will directly affect the initiation of adaptive
immunity and the progress of innate immunity, thus
consequently affecting the clearance of pathogens.

The phenotype and function of maturing DCs are
becoming increasingly understood. Immature DCs
express a low level of costimulatory molecules and
major histocompatibility complexes (MHCs). Immature
DCs are primarily situated in organismic barrier tissues,
for example the skin, lymphoid tissues and mucous
membrane, and function for antigen uptaking and pro-
cessing. DCs mature during bodily injury, inflammation,
microbial invasion, or tumours growth. After matu-
ration, the endocytic ability of DCs will diminish,
while the ability to produce immunostimulatory cyto-
kines will be enhanced, which act to regulate the activity
of innate immune cells. In addition, the migration of
mature DCs to lymphoid tissues is enhanced and they
are presented to CD8+ and CD4+ T cells by efficient
antigen presentation to drive adaptive immune response.

This review focuses on the role of dendritic cells in
innate and adaptive immunity against viruses and
their role in the transmission of SARS-CoV-2. The
purpose of this paper is to conceptualize the role of
DCs in the pathogenesis and immune mechanisms
of COVID-19, and the potential value of DCs in
therapy [9] (Figure 1).

General information of SARS-CoV-2

SARS-CoV-2 belongs to coronaviruses, which are a
group of enveloped positive single stranded RNA gen-
ome viruses. According to previous epidemiological his-
tory, severe respiratory diseases such as coronavirus
middle respiratory syndrome (MERS) and severe acute
respiratory syndrome (SARS) were reported [10]. The
genome size of SARS-CoV-2 is determined to be
approximately 30 kb and contains 14 open reading
frames [11]. The positive single stranded RNA genome
encodes the structural proteins (S protein, E protein,
M protein, and N protein) along with 16 non-structural
proteins (NSPs). NSPs are responsible for the replication
and transcription of genes, while structural proteins are
responsible for the assembly of new virions [12].

The process of virus entering cells is closely related
to S protein. This protein contains S1 subunit and S2

subunit. The role of S1 subunit is to specifically com-
bine with the host cell receptor angiotensin converting
enzyme 2 (ACE2), while S2 subunit is used to mediate
the fusion of virus and host cell membrane [13].
SARS-CoV-2 gets into the host cells through ACE2
receptor expressed on the host cell membrane [14].
The receptor mainly exists in the epithelial cell mem-
brane of lung, mucosa and small intestines. Because of
the receptor location, person to person transmission
tends to depend on aerosol droplets from the infected
person. The S1/S2 site can be cleaved by the trans-
membrane serine protease 2 (TMPRSS2) via the
plasma membrane pathway or by the internal lysoso-
mal cathepsin L mediating viral cell membrane fusion
via the endosomal pathway, thus allowing efficient
entry of the virus into the cell [15]. After getting
into cells, the RNA single stranded genome trium-
phantly entry the cell, where it generates replicase pro-
teins that can carry out the next activity. The
translated macromolecular protein is encoded by the
virus, and the translated protease is hydrolysed into
a single replicase complex nonstructural proteins
(NSPs). The replication of single positive strand
RNA begins with virus induced endoplasmic reticu-
lum double membrane vesicles (DMV). The positive
strand genome entering the double membrane vesicles
of endoplasmic reticulum is replicated as the template
of full-length negative strand RNA and sub genome
(SG) RNA. In the next step, the structural protein
and helper protein produced by sgRNA translation
will be inserted into the endoplasmic reticulum
Golgi intermediate region (ERGIC) for virus particle
assembly. Subsequently, the single positive strand
RNA genome is inserted into the newly synthesized
virus particles to form a new virion with infectious
ability. These virus particles are secreted by the plasma
membrane.

The reported patients with COVID-19 have vari-
able severity of clinical symptoms. The main symp-
toms of respiratory tract include fever, chest
tightness, cough and shortness of breath; other symp-
toms such as nasal congestion, rhinorrhea and diar-
rhoea can also occur. Severely ill patients suffer from
hypoxia, shortness of breath, sweating and peripheral
weakness. The lesions of critically ill patients may
accumulate other tissues and organ systems, resulting
in the damage of other systems and serious compli-
cations. Thus, the symptoms of the patients are
diverse, but mainly respiratory symptoms as the
main manifestations. We cannot rely on one symptom
to determine whether it is a SARS-CoV-2 infection or
not. To diagnose SARS-CoV-2 infection, we should
rely on laboratory tests, such as nucleic acid test for
SARS-CoV-2. According to the clinical symptoms
and patients’ body reactions of 2019 coronavirus dis-
ease, the development process of the disease can be
divided into three stages [16]: 1. phase I:
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Figure 1. The role of dendritic cells in COVID-19 infection. When dendritic cells come in contact with viruses, they are stimulated
and play different roles. Positive effect: It means that dendritic cells exert immune functions and play an important role in the
body’s resistance to viral invasion, connecting innate and specific immunity. Negative effect: It refers to the fact that viral infection
of dendritic cells leads to decrease in the number and loss of function of dendritic cells, which is detrimental to the elimination of

the invading virus by the organism.

asymptomatic phase, where inhaled virus binds to
nasal epithelial cells and begins to replicate, proliferat-
ing locally and inducing a limited immune response;
2. phase II: downward migration of virus into the
lower respiratory tract, triggering a strong immune
response, leading to pathological changes of conges-
tion, edema and inflammatory cell infiltration with
obvious clinical manifestations of COVID-19 disease;
3. phase III: hypoxia and progression to acute pneu-
monia, SARS-CoV-2 reaches the functional or gas
exchange units of the lungs, which in turn can pro-
gress to acute respiratory distress syndrome (ARDS)
eventually leading to possible multi-organ failure. In
humans, the immune response plays an important
role in fighting SARS-CoV-2. The immune response
can clear virus, inhibit viral replication, and promote
tissue repair; it also plays a significant role in SARS
related pathogenicity.

The role of dendritic cells in COVID-19
infection

Dendritic cells (DCs) are bone marrow-derived cells
that are distributed in the periphery as immature den-
dritic cells. In the respiratory system, DCs respond
dynamically to inflammation produced by local tissues
of the airways and lung [17]. DCs express abundant
receptors, for the recognition of conserved pathogen
patterns. When immature dendritic cells are activated
by a pathogen, a maturation process is initiated, con-
sisting of the secretion of cytokines, and the
expression of surface molecules, such as MHC and
costimulatory molecules. In turn, the morphology of
DCs changes during this process with the

reorganization of their cytoskeleton and the surface
expression of some integrin and chemokine receptors.
The expression of these molecules enables dendritic
cells to obtain the ability of migration and costimula-
tion. The S protein, particularly its receptor-binding
domain (RBD) can induce the maturation and acti-
vation of dendritic cells. S protein and RBD increase
the number of MHC class I and MHC class II mol-
ecules on dendritic cell membrane, up-regulate the
expression of CD40 and CD80, while RBD also up-
regulates the expression of CD86 [18]. Upregulation
of costimulatory molecules marks the activation of
DCs. Together, these findings indicate that maturation
and activation of DCs are due to recognition of the S
proteins and RBD.

There are three dendritic cell subtypes in human
lung tissue: myeloid/conventional dendritic cell types
1 and 2 (referred to as cDC1 and ¢cDC2 in mice) and
plasma cell like dendritic cell (pDC) [18]. In human
tissues, cDC1 are expressed as CD141+, and cDC2
are expressed as CDlc+. ¢DCls are distributed in
the vascular wall and mucosa, where they are impor-
tant stimulating cells of Th1 response. There is a dis-
tribution of ¢cDC2 in the lamina propria, where their
function is to produce inflammatory chemokines
required for the aggregation of different inflammatory
cells at the lesion site. cDC2 may also be involved in
the establishment of immune tolerance [18]. pDCs
exist in the whole lung tissue, including airway, lung
parenchyma, and lung stroma. pDCs play a significant
role in innate immunity. Because it can produce a
large amount of type I interferon. Except for these
three dendritic cell subtypes, DC can also be produced
by circulating monocytes during inflammation,
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Table 1. DC subtype and function.

DC subtype Function
cDC1 cDC1s have a high intrinsic capacity to cross-present antigens, due to expression of the CLEC9A c-type
lectin [24], and activate CD8+, Thl, and NK cells [25].
pre-DCs [20-23] c«bC2 cDC2s express various pattern recognition receptors (PRRs) and can promote a wide range of immune

responses, especially CD4+ T-cell responses [26].

pDC pDCs express high levels of endosomal nucleic acid sensing Toll-like receptors (TLRs) TLR7 and TLR9. pDCs
respond to these nucleic acids with massive secretion of IFN-I and also produce type Ill interferon (IFN-A
or IL-28/IL-29) and additional cytokines (e.g. TNF-a) and chemokines [27-29]

mo-DC

mo-DCs have a key role in inflammation [30] and infection [31], often termed “inflammatory mo-DC” [18].

DCs encompass a heterogeneous family of bone marrow-derived cells and are found in the peripheral blood, lymphoid organs, and tissues. According to
the most recent DC classification, conventional DCs (cDCs) and plasmacytoid DCs (pDCs) are the two main functional DC subtypes. Conventional DCs
encompass a new subset with monocyte-like characteristics, named monocyte-derived mo-DCs or DC3.

namely mo-DCs [18,19]. The classification and func-
tions of dendritic cells are shown in Table 1 [18,20-
31].

Although studies on other viral infectious diseases
have proved that dendritic cells play an important
role in the immunology of disease occurrence and
development, we still cannot fully explain the role of
dendritic cells in the progress of COVID-19. However,
there is evidence that dendritic cells may be involved
in the development and evolution of COVID-19.

The role of dendritic cells in innate immune
responses

Innate immunity is the defense system of human body
against external injury and self-abnormality [32]. The
innate immune response system forms a line of
defense against conserved components of microorgan-
isms, generating a rapid inflammatory response. Cells
that make up the innate immune system include
myeloid cells and innate lymphoid cells, which in
turn include monocytes, macrophages, dendritic cells
(DCs) and granulocytes. These cells enable direct
clearance of pathogens and are able to turn on adap-
tive immune responses. DCs are significant members
of the innate immune response and are involved in
orchestrating the adaptive immunity.

Innate immune cells, including dendritic cells, uti-
lize pathogen recognition receptors expressed on the
cell membrane to bind and recognize pathogen associ-
ated molecular patterns. There are many different
classes of pathogen recognition receptors expressed
by innate immune cells, which are C-type lectin recep-
tors, nod-like receptors (NLRs), RIG-I-like receptors
(RLRs), and toll-like receptors (TLRs) [33,34]. The
RNA genome contained in SARS-CoV-2 is recognized
by RNA sensors located in the cytoplasm and endo-
somes, such as RIG-I and TLRs (TLR2, TLR3, and
TLR7) [35-37]. RIG-I and TLRs afterwards activate
interferon regulatory factor 3 (IRF3) and nuclear fac-
tor kappa-light-chain-enhancer of activated B cells
(NF-kB), which enhances the transcription and trans-
lation of corresponding genes, inducing the expression
and release of proinflammatory cytokines, chemo-
kines, and type I interferons [38].

pDCs have an irreplaceable role in the organismic
first line of defensing against viral replication, which
relies on their ability to produce IFN-I via TLR-7/8
stimulation [39,40]. IFN-I can induce a strong anti-
viral response and limit virus replication in early
stage of virus invasion [41]. pDCs are the important
source of IFN-I, once activated, having an irreplace-
able role in the early antiviral response [42,43].
Patients with acute SARS-CoV-2 infection exhibit
defective DC numbers and reduced TLR9 dependent
IEN-a production [44]. The occurrence of IFN-a is
associated with the severity of physical damage
caused by viral infection. IFN expression rises with
disease severity in infected patients. Higher in
patients with severe SARS-CoV-2 acute infection
than in those with mild symptoms [44]. SARS-
CoV-2 activated pDCs are able to efliciently produce
type I and type III IFNs [45]. Pathogen recognition
receptors (PRRS) combined viral nucleic acids,
which rapidly trigger IFN-I production [46]. IFN-1
induced signals are aggregated to activate transcrip-
tion factors. When transcription factors enter the
nucleus, they rapidly induce hundreds of IFN stimu-
lating genes (ISG) to express [41,47]. The waterfall
effect of this signalling molecular cascade arises in
any cell type exposed to IFN-I. And those down-
stream molecules (including proinflammatory cyto-
kines) produced by ISGS and IFN-I control have
powerful immune functions. They play such roles as
directly inhibiting viral replication and activating var-
ious immune cells [48,49]. Therefore, the IFN-1
response is a part in first protective line of antiviral
infection to facilitate viral removal, induce tissue
repair and extend the adaptive immune response to
the virus. SARS-CoV-2 induces IFN-I response less
vigorously than other respiratory RNA viruses in
vitro culture and animal models and appears to be
a defective derivative of the IFN-I response [50,51].
Clinically, patients have lower than normal levels of
IEN-I in serum, even though the expression of ISGS
is still detectable [52-54]. Thus, limited IFN-I gener-
ation is sufficient to induce ISG. Perhaps the pro-
duction of IFN-1 may be limited to specific
immune cells, such as pDCs. SARS-CoV-2-derived
IFN-I was produced in smaller amount than SARS



[53], and SARS itself is a low elicitor in organism
[55-57].

The production of interferon by DCs can lead to the
production of CCL3 (MIP-1a) [58,59]. Recruiting NK
cells, directly kill virus infected cells and release IFN-y
[60].

The role of dendritic cells in adaptive immune
responses

Innate immune system provides a basic mechanism
for rapid detection and removal of viruses, but the
adaptive immune response is necessary to effectively
remove many viruses and establish immune memory.
The adaptive immune system provides two methods of
immunity antibodies from B cells and cytotoxicity
CD8+T lymphocytes. Activation of the adaptive
immune system requires antigen presentation on
major histocompatibility complex (MHC) molecules
and costimulatory signals [61].

Among antigen presenting cells, DCs are con-
sidered to be the most effective in inducing the adap-
tive immune response [62]. DCs exist in the thymus,
spleen, and lymph nodes. Entrance into the lymphoid
organs, are divided into two categories: 1. DCs devel-
oped from bone marrow precursor cells and travel
through the blood to lymphoid organs; 2. DCs develop
from precursor cells in peripheral tissues and after
activation by pathogens, migrating through peripheral
tissue to draining lymph nodes [42,43]. In the process
of maturation, dendritic cells constantly express
MHC-II molecules and costimulatory molecules, so
as to activate specific immune cells and have strong
migration ability. Therefore, dendritic cells are con-
sidered to be the major cells in the immune response.
A subset of dendritic cells can also present exogenous
antigens on MHC-I via cross presentation, leading to
activation of CD8+ T cells [63,64].

In vivo, DCs have a unique ability to phagocytose
pathogens without being infected themselves, and
then go on to process, and present antigens from the
pathogens to lymphocytes [65]. During these events,
DCs undergo maturation. DCs present antigens in
two ways: depending on whether the antigen is self
or nonself derived. Peptides derived from intracellular
proteins are displayed on the cell surface by binding
MHC I molecules, which are specific for antigens.
Whereas peptides produced by nonself containing
proteins are displayed by MHC II molecules. When
DCs are infected with viruses, the virus genome enters
the nucleus and directs production of viral genes and
proteins. The newly synthesized viral peptides are ubi-
quitinated, degraded by proteasomes, and the frag-
ments are loaded onto newly formed MHC class I
molecules. The MHC I/peptide complex is then
transported to the cell surface for presentation,
where CD8+T cells respond by interacting with
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MHC class I bound antigen. In contrast, dead viruses
engulfed by dendritic cells are degraded and trafficked
in endosomes and then attached to MHC class II mol-
ecules for display on the cell surface [66,67],where CD4
+ T cells recognize MHCII molecules and cause corre-
sponding immune response. The maturation of dendri-
tic cells is marked by MHC molecules, costimulatory
molecules or co inhibition of expression, and the for-
mation of more cytokines. After that, they entered the
secondary lymphoid organ and activated T cells [68].

In addition, SARS-CoV-2 can effectively induce
specific B cell response [69]. pDCs play a significant
role in activating B cells and promoting their differen-
tiation into plasma cells-a mediated process [70,71]
(Figure 2).

Infection of dendritic cells by SARS-CoV-2

In mildly infected lungs and upper respiratory tract,
DCs are activated and induced to produce a positive
immune response. To some extent, the number of
activated DCs positively correlates with the severity
of the disease. However, in severe infections, the num-
ber and maturation of DCs decrease, which is a sign of
DC failure [72,73].

DCs are the key sentinel cells in organism. Previous
works have indicated that DCs affects the process of
MERS and SARS in the body. The coronavirus can
spread through many cells, including the dendritic
cells [74,75]. As mentioned earlier, when SARS-
CoV-2 gets into the lung with air, it will invade cells
with the help of ACE-2 expressed on the cell surface
[5]. ACE-2 is also expressed in pulmonary interstitial
DCs, indicating that DCs can be invaded by SARS-
CoV-2 [76,77]. Furthermore, this possibility is
increased due to microcellular proliferation or inter-
action with dipeptidyl peptidase (DPP) 4 receptor
[76,78]. It is currently suspected that SARS-CoV-2
can also enter cells via DC-SIGN [79]. DC-SIGN is
also expressed on DCs, which specifically recognizes
viral proteins containing high mannose glycans [80].
Recently, studies have found a new infection pathway
through the interaction of CD147 spike protein [81].
DCs also express CD147 [82], which further proves
that SARS-CoV-2 has the possibility of infecting DCs.

The interaction between DCs and SARS-CoV-2 is
still mysterious, but it may have some similarities
with the typical SARS-CoV infection model. Fluor-
escence staining of SARS-CoV infected DCs reveal
the early infection the microscope, where negative
strands of viral RNA is tested in DCs, indicating that
the virus can replicate within DCs. However, at later
time points there is no increase in viral RNA.
Additionally, through the detection of cytopathy,
there is no increase in virus titre in the infected DCs
or cell culture supernatant, which confirms that the
virus replication is incomplete and abortion. DCs
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Figure 2. The role of dendritic cells in adaptive immune responses.

cannot produce infectious new viruses. Meanwhile,
apoptosis related genes and maturation related genes
in DCs are not induced. DCs show antiviral cytokine
interferon a, interferon B, interferon y and interleukin
12p40, proinflammatory cytokine (TNF-a And IL-6).
This lack of antiviral cytokine response may be one
of the mechanisms of SARS coronavirus evading
immunity [65].

SARS-CoV-2 infection may lead to acute immune
dysfunction. Clinical data showed that the percentage
of dendritic cells in the peripheral blood was decreased
in patients in the acute and convalescent phases (mean
13% and 30%) [83]. SARS-CoV-2 probably causes the
cytopathy of DCs and reduces the number of dendritic
cells. SARS-CoV-2 also decreases the function of DCs.
Reported that CDllc+ conventional DCs from
patients with acute coronavirus infection were unable
to produce sufficient IFN y - a And IFN-f [83]. In
conventional DCs, expression of costimulatory mol-
ecules CD80 and CD86 is impaired. Consequently,
proliferation of subsequently activated CD4+ and
CD8+ T cells and adaptive T cell response to SARS-
CoV-2 are also impaired [83-85]. The expression of
HLA-DR in infected DCs decreased, indicating that
the antigen presentation ability of DCs was also
weakened [86]. Infected mo-DCs upregulated the
expression of proinflammatory cytokines and chemo-
kines and enhanced the severity of inflammation but
not antiviral interferons and IFNs-a and IFN- gener-
ation [65,87,88]. Thus, SARS-CoV-2 seems to escape
from the body’s immune mechanism by inhibiting
the number of DCs and decreasing the function of
dendritic cells and the number of IFN molecules pro-
duced [89], leading to impaired progression of innate
and adaptive immunity. In critically ill patients using
ventilator, DC is significantly reduced [90]. The failure
of DCs may be part of innate antiviral immune acti-
vation in the acute phase of infection [91,92]. Further-
more, the rapid loss of DC numbers and function
helps to explain the delayed T cell response and low
level of IFN-y/ IFN - III [50].
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Discussion

DCs not only play a part in the innate immune
response, but also guide the subsequent adaptive
immune response. There are still many unknown fac-
tors about the function of dendritic cells in SARS-
CoV-2 infection. When DCs are exposed to virus,
they are stimulated and develop into two different
types. For one thing, cells that are not infected by
the virus play an antiviral immune function, for
another, cells that are infected by the virus participate
in the process of immune evasion [77,93]. DCs are an
important immune part for inducing adaptive
immune response mediated by T cells and B cells.
Furthermore, when pathogens are recognized, DCs
can release a great quantity of cytokines and chemo-
kines. Up to now, available data indicate that the
acute infection of SARS-CoV-2 will result in the
rapid consumption and abnormal function of host
DCs. These functional abnormalities affect the out-
comes of infectivity, clinical disease, and future re-
exposure. Also, these DC changes impair immune
memory, as well as vaccine efficacy. For therapeutic
aspects, the number and function of DCs can be tar-
geted to improve. Currently, modulation of dendritic
cell maturation and thus immune response through
mesenchymal stromal cells (MSCs) has been pro-
posed as an alternative therapeutic strategy for
COVID-19 [%94].

Clinically, the number of female patients is lower
than that of male patients. Does this mean that the
probability of SARS-CoV-2 infection is lower in
women than in men? Estrogen has a positive stimulat-
ing effect on dendritic cells, which is conducive to the
activation of dendritic cells and lays a foundation for
the generation of subsequent immune response. Fur-
thermore, it has been shown that although two dendri-
tic cell subsets, dendritic cells (DCs) and mucosal
Langerhans cells (LCs), have not been infected by
SARS-CoV-2, they are both able to efficiently capture
virus through heparan sulfate proteoglycans and



transmit the virus to ACE2 expressing cells, allowing
them to become infected [95].

In the future, we need to continue to understand
the interaction mechanism between SARS-CoV-2
and DCs in different stages of infection. Moreover, a
comprehensive understanding will provide the knowl-
edge for studying and creating new therapies [96].
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