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ABSTRACT 

Adenoviruses (AdVs) have attracted special attention for immune responses against 

them, particularly cellular and intracellular immunity. Mentioned viruses, for their 

intracellular life and destructive feature, are responsible for some cellular pathway 

changes. In the first step, AdV is sensed by some immune cells and factors (e.g., 

macrophages). Note that coordination between cells is managed and regulated by 

proteins (e.g., interleukins). For immune responses, some functional mechanisms in cells 

(immune and non-immune) will occur; these mechanisms (e.g., cellular and genetic 

changes) are essential for immunity to AdV. Cellular receptors are the first detectors 

and virus destinations to reach this goal. The Coxsackievirus and Adv receptor is the 

first important step for AdVs to enter host cells. In the second, AdV goes uncoating, 

and cell entering. Intracellular traffic will change after admission because activating 

of pathways and some molecules to deal with the virus and its uncoating. Our 

intelligent virus can escape from the immune cells, and cellular functions (e.g., 

phagocytosis) before and during uncoating, so host cells synthesize intracellular 

globulins. AdV also can deactivate the immune regulation signaling for its successful 

escape. During all of mentioned steps, pathways, and genes in immune and host cells 

undergo some changes. 

INTRODUCTION 

Adenoviral infection  

Adenoviruses (AdVs) are able to infect different parts of the human body such as the 

respiratory system, mucosal organs (e.g., eyes), kidneys, and gastrointestinal tract [1]. 

Different epidemics and infections occurred around the world. Adenoviral epidemics 

occur in winter and cold seasons of year [2]. Transmission of this virus is through 

inhalation of droplets, fecal-oral axis, and conjunctival inoculation [3,4].  

Review of the history and development of immunology  

Immunology is a wild field that interacts with many other sciences (e.g., microbiology). 

We can find the Iranian “immunologist king” Mithridates VI, Eupator of Pontus, by 

reviewing immunology history. For the first time, he could use poison as an antidote by 

prescription of small doses, So we know him as a pioneer in the Mithridatism theory, 

which was a prelude to the scientific understanding of acquired immunity (goes back 

120 BC). Furthermore, in 430 BC, Thucydides, who was an Athenian historian, 

described who recovered from the plague had developed immunity to the epidemic. 

In 1774, Benjamin Jesty, who was a farmer, inoculated the vaccinia virus belonging to 
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Poxviridae to his wife for establishing immunity against the 

prevalent and dangerous Poxvirus. In 1796, Edward Jenner 

inoculated James Phillip with Cowpox obtained from a dairy 

maid and could found the first vaccine for the prevalent 

Poxvirus disease. Luis Pasteur started his experiments on 

chicken cholera (in 1877) and found the main causative 

microorganism and called it Pasteurella multocida; due to this 

experiment, he could repeat the Jenner experiment, but by 

Pasteurella and its inoculation to other healthy chickens, so he 

observed similar results. Although we know Pasteur as the 

“father of immunology,” Koch's role in founding “germ theory” 

is no less than Pasteur's efforts in immunology, by “tuberculin 

test” [5-9]. 

Pioneers in the cellular immunology: Although Metchnikoff is 

not famous, he discovered the unknown world of phagocytosis 

and its role in the immune system. He introduced cells that eat 

and digest pathogens. He named them “phagocytes” (meaning 

swallowing cells in Greek) in 1886. Paul Ehrlich is credited as 

the pioneer who first discovered the connection, between 

antibodies (Ab) and antigens (Ag). The studies of Michael 

Heidelberger and Elvin Kabat were a step to completing this 

chemical information, which made it possible for further studies, 

especially the recognition of the structure of Ab by Rodney 

Porter and Gerard Edelman in 1950. How Ags are recognized 

by the immune system was still unknown until Ralph Steinman 

answered this question in 1950 by introducing phagocytic 

dendrites with the ability to present Ag to the immune system. 

Of course, Butcher introduced adhesin molecules in 1979, and 

Leonard introduced chemokines in 1989. T-Helper (Th) cells and 

their capabilities were also discovered by Mossman and 

Coffman in 1986. The first time the name of cytokines was 

mentioned dates back to 1957 after the discovery of 

interferon by Issacs and Lindemann [7,10-14]. 

Adenovirus discovery: Adenoviruses (AdVs) which are 

responsible for acute respiratory infections, gastroenteritis, and 

ocular infection, were discovered by cancer virologist Dr. 

Wallace Rowe and his fantastic colleagues in 1953 when they 

were working on adenoid lymphatic tissue and cultured its cells 

[15]. Although Dr. Wallace was a cancer researcher, Dr. John 

Trentin described it as a carcinogenic virus in 1962. Adenoviral 

infection caused millions of people hired in the military in 1970. 

Molecular and cellular details of AdV and immune responses 

have been discovered by some scientists in recent decades. The 

International Committee on Taxonomy of Viruses (ICTV) has 

provided a systematic classification for AdVs based on 

serological properties and genome sequencing to five genera 

[16-18]. These viruses are double-stranded DNA (ds-DNA) 

viruses that have more than 100 serological types which 49 of 

them are infective to humans [19]. 

Adenovirus cellular structure 

Adenovirus belongs to the family of adenoviridae. Adenovirus 

is a large virus (65-90nm) for large genome virus due to 

having a 26-45 kb pair in length [20]. A double-stranded DNA 

(DS-DNA) is a non-envelope icosahedral virus [21,22]. About 

110 genotypes were identified that classified into seven 

species (A to G) [1]. Pentons, hexons, and fibers compose the 

viral capsomeres of icosahedral capsid [23]. Penton base 

carries the beta epitope, hexon carries alpha and epsilon 

epitopes, and fiber carries gamma epitope of antigens. All of 

antigens and surface proteins (e.g., hemmaglutinase) are 

neccecary for entrance and pathogenesis [23,24]. 

RESULTS 

Sensing and detection in the immune system  

Sensors of the host's immune system monitor each stage of viral 

infection to identify and destroy any pathogens. The immune 

system responds to the presence of AdVs according to the 

following steps: 

A.  Stimulation of systemic pro-inflammatory factors and pro-

inflammatory cytokines (interleukin-6 (IL-6), IL-1β, and tumor 

necrosis factor-alpha (TNFα)). 

 B.  Induction of cytotoxic cells to the infection site for the 

elimination of infected cells. 

 C.  Warning for uninfected cells adjacent to viral infection. 

First step of sensing in the bloodstream  

At first, the presence of the AdV is sensed by cells containing 

factor X (FX), neutralizing antibodies (nAbs), and complement 

components (C3 and C4) [25,26]. The binding of FX to capsid 

hexon is a stimulus to activate nuclear factor kappa B (NFκB) 

for transcription of IL-1β cytokine genes in the spleen [27,28]. 

The Ad FX complex triggers signaling pathways by stimulating 

toll-like receptor 4 (TLR4) and Intermediary proteins (myeloid 

differentiation 88 (MyD88), TNF receptor-associated factor 6 

(TRAF6), and toll/interleukin-1 receptor (TIR)-domain-containing 
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adapter-inducing interferon-β (TRIF)). However, the AdV5 can 

interfere with FX binding and thus IL-1β transcription with single 

mutations in the T425A hexon. Furthermore McEwan et al. 

Introduced a receptor known as motif containing 21 (TRIM21) 

which has proven to be successful, in the identification of Ab 

AdV complexes. At first, this receptor recognizes intracellular 

Ab and then activates the unanchored Lys63 polyubiquitin 

chain, which is the starting point for the activity of Activator 

protein 1 (AP1) and interferon regulating factor (IRF) [29-34]. 

Macrophages as signaling radars 

The next step is binding to plasma membrane receptors and 

identifying pathogens, which is done by capsid fiber proteins in 

the case of AdV. These primary receptors connect to specific 

species with their fiber knobs and finally cause the virus to 

enter the cell. Subsequent connections are made by Arg-Gly-

Asp (RGD) rings on the capsid penton [35,36]. The RGD motif 

serves as an adhesion interface, for integrins including, α3β1, 

α5β1 αvβ1, αvβ3 and αvβ5 integrins [37,38]. Macrophages 

are the first responders to AdVs entering the body. 

Furthermore when IL 1α is released it communicates through IL 

1R1. Attracts polymorphonuclear neutrophils (PMNs), to the 

infection sites, by means of CXCL1 and CXCL2 chemokines [39-

42]. 

Type I interferon as a messenger 

Type I interferon (IFN) forms a barrier, against viruses, in cells 

that have not been infected. Transcription of TLR9 by MyD88 

adapter is necessary for Secretion IFNα by splenic 

plasmacytoid dendritic cells (pDCs). In contrast, non-pDC cells 

(such as Kupffer cells, conventional DCs, or peritoneal 

macrophages (MFs)) don’t need this mechanism and produce 

IFNα by recognizing cytosolic DNA [29,43]. Unlike IFNα, IFNβ 

production in response to the AdV requires endosomal escape 

and direct contact with viral DNA by the cytosolic sensor cyclic 

GMP-AMP synthase (cGAS). These sensors have the ability to 

identify DNA, within cells and produce messenger molecules 

called cGAMP homodimers which're cyclic guanine adenine 

monophosphates [44]. cGAMP binds to the stimulator of 

interferon genes (STING) adapter and activates tank-binding 

kinase 1 (TBK1) and IRF3 [45,46]. 

 

 

Nuclear sensors function 

The difference between viral and cellular DNA inside the 

nucleus is possible through the host DNA repair, or the 

MRE11/RAD50/NBS1 (MRN) complex, when large amounts of 

AdV double-stranded DNA (dsDNA) are produced inside the 

cell, and inhibit the replication of viral DNA [47,48]. The main 

enemy of MRNs are E1B-55K and E4-ORF3 proteins, which 

prevent the activation of DNA damage response. Furthermore 

the AdV protein VII plays a role, in regulating responses by 

binding and sequestering the high mobility group box 1 

(HMGB1) protein within the nucleus [49-52]. 

Entrance gates 

The surprising structure of the human AdV (HAdV) capsid has 

complicated how it binds to host cells. Two types of receptors 

are involved in these interactions: 

 A. High-affinity primary receptors or fiber knobs 

 B. The main receptors in all HAdV types such as Coxsackie and 

Adenovirus  

receptor (CAR).  

 Also, the endocytosis of vesicles made of clathrin proceeds 

faster due to the interactions of the penton base of the 

Adenovirus capsid and αv integrins. Although the molecular 

mechanisms effective in isolating HAdV are still unknown, the 

hypothesis of pVI inner capsid protein for easier 

endosomalization has been proposed. These proteins are a 

license for the coating particles to enter the cell. The main 

structure of the N region of pI consists of a projected domain 

that's amphipathic α-helical. The vector transport of uncoated 

AdV particles is carried out with the help of dynein microtubule 

motors in these tubules [53-57]. 

Interactions of complex Fiber-CD4 and epithelial cells 

Species B1, C, and E in AdVs cause some respiratory tract 

infections. CAR forms a tight junction between polarized 

epithelial cells. The relationship between CAR and fiber protein 

is one of the co-factors in the infectivity of HAdv endocytosis. 

The fiber knob of AdV-12 with the N-terminal Ig-like domain 

(D1) of CAR creates a strange communication ability. The CAR-

binding surface loop sequences are composed of an AB loop. 

Although these receptors are important for the pathogenesis of 

serotypes such as A and C, some species such as, B, are useless, 

and others are used.  Binding tightly to the decay-accelerating 

factors (DAF) receptor and transduction is the next step. Then, 
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the relationship between CAR and group B coxsackieviruses 

(CVB) changes the structure of the capsid and creates a gate 

for the virus to enter and release the RNA genome [58-62]. 

Fiber-CD4 intracellular cooperation 

The fibrous knob in type B Adenoviruses cannot maintain the 

sequence, which requires primary receptors to infect cells.  In 

other words, CD46 is the receptor of most B Adenoviruses and 

some D types of HAdVs, especially AdV. CD46 is a type of 

complement regulatory protein whose extracellular domain 

consists of three main components: 

A.  Four short consensus repeats (SCRs), each of which is a set 

of 65 to 70 amino acids. 

B.  The glycan-rich region attached to the hydroxyl groups of 

serine, threonine or proline-rich STP domain in the protein chain. 

C. The small domain near the cell membrane whose function is 

still unresolved. 

CD46 establishes a short cytoplasmic tail containing 16 to 23 

amino acids by appending to the cell membrane with the aid 

of a single transmembrane domain on the intracellular 

membrane. The molecular structure of CD46 changes 

completely upon binding to hydroxyacyl-coenzyme A 

dehydrogenase (HADH) fibers compared to unbound receptors 

[63,64]. 

CD46-AdV fiber interactions were discovered when 

explorations was performed on the interplay of the co-crystal 

fiber knob in the SCR1-2 complex and CD46. So, SCR-1 and 

SCR-2 are critical interfaces, especially SCR-2, because the 

remaining glutamic acid in the SCR-2 (E63) position constructs a 

key interaction with arginine 280 in the fiber knob [65-67]. 

Virus uncoating and entry to the cellular matrix and plasma 

The release of protein VI and endosomal triggering are two 

important events in AdV cell entry enabled by viral 

disassembly. Protein VI is discharged from inside the viral 

capsid. Exposure to the endosomal environment helps prepare 

protein VI for transport of Adenovirus to the nucleus. 

Furthermore, protein VI has a essential function as a cofactor 

for the viral cysteine protease during viral contamination 

[68,69]. During virion disassembly in the endosome, the capsids 

can undergo conformational changes that allow recognition of 

these alterations by the dynein motor proteins along 

cytoplasmic microtubules. This facilitates the process of 

transporting the virion genome to the nucleus. After alterations 

befall in the viral capsid, the connection between the capsid-

motor protein and nuclear pore complexes (Nups) occur. 

Finally, the naked viral nucleic acid is exuded from the capsid 

after accessed the nuclear pore complex and permits the viral 

genome to penetrate into the nucleus. Nevertheless, nuclear 

smuggling associated to the last phase is not clarified, yet 

[56,70,71]. 

Rupturing of the cell membrane and the extracellular matrix 

The extracellular matrix (ECM) serves as a safeguarding 

framework, for the cell membrane comprising a skeleton of 

proteins and sugars. The removal of particles, from the 

environment and the regulation of surface receptors, known as 

endocytosis has been extensively studied in the past. 

Specifically endocytosis can be facilitated by clathrin at the 

binding site of the cytosolic adapter protein 2 (AP2) complex 

to endocytic receptors and phosphoinositides. This interaction 

triggers the formation of clathrin coats around vesicles, which 

eventually leads to the internalization of the cargo [72]. 

Caveolar coats are enriched in cholesterol and sphingolipids, 

and they act as signaling platforms for the recruitment of 

specific receptors. Moreover, Lipid rafts are distinctive domains 

that are loaded from cholesterol and sphingolipids. They serve 

as signaling platforms and can mediate endocytosis 

independently of clathrin and caveolae [73-75]. 

Endocytosis; clathrin-mediated: Attracting the Hip1 Hip1 / 

Hip1R heterodimer by clathrin causes the formation of actin-

dependent invaginations in the cellular membrane. Then, 

proteins passing through short endocytic sorting motifs in 

cytoplasmic domains are recruited into clathrin-coated pits 

(CCPs). Tyrosine-based motifs are the most common sorting 

sequence in cargo proteins [76,77]. 

The name Hip1 is derived from the interaction of the huntingtin 

protein with AP2. a heterotetramer of AP2 consists of two 

massive components (α and β2) and two small chains (μ2 and 

σ2). Recently, researchers have shown that Eps15, clathrin 

fragments and K44A-dynamin negatively regulate the 

formation of clathrin-coated pits. These constructs demonstrated 

that the infectious entry of Ad2 and Ad5 viruses into epithelial 

cells is dependent on clathrin [78-80]. 

Phagocytosis and related functions 

Invading microorganisms are large particles that are removed 

by phagosomes and macropinosomes. The process of 
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phagocytosis starts when Fc receptors (Fc Rs) bind, to 

antibodies. The fusion of endoplasmic reticulum (ER) membranes 

with the plasma membrane can contribute to the creation of 

phagocytic membranes in extensive phagocytosis. Phagocytosis 

plays a role in the functioning of cells, epithelial, fibroblasts 

and certain immune cells, like neutrophils and macrophages. 

Researchers have identified four steps involved in zippering 

phagocytosis: 

A. Opsonized fragments bind to Fc-Rs coated with 

immunoglobulins (Igs), like FcγRI (CD64), FcγRIIA (CD32), and 

FcγRIIIA (CD16). A threshold based on the concentration of 

activated kinases, such as spleen tyrosine kinase (SYK), 

determines the type of intracellular trafficking pathway for 

FcγRI receptors. 

B.  The cellular membrane extension (zippering) for 

particle engulfment without the need for actin polymerization 

or signaling from the cytoplasmic domain.  

C. Multiple proteins, within the cytoskeleton play a role, 

in triggering receptor signaling pathways, including the 

complex known as actin-related protein 2/3 (Arp2/3) 

complex. This complex is responsible for nucleating new 

branches of actin filaments beneath the particle. These newly 

formed actin filaments then push against the plasma 

membrane, leading to its extension and reconstruction around 

the target. This process is referred to as pseudopod extension. 

D. Activation of class I PI3K (p85α/p110β) leads to 

phagosome closure by production of PI3P lipids [81-85].  

Cytosol; Good for escape  

Penton base protein of Adenovirus enhances membrane 

permeability by binding to integrin αVβ5 in the low 

extracellular pH, similar to the effect of releasing small 

molecules around the cell. TS1 is a mutation of AdV2 with the 

ability to create cell entry signals. Its capsids do not dissociate 

upon entering the cell because they are proteolytically 

unprocessed. To bind the target ligand to the capsid, Ts1 binds 

to the CAR receptor, but cannot bind to a new ligand. The 

retrograde viral carrier cannot escape degradation by 

endosomes and lysosomes, which impairs virus dissemination. 

For example, the transfer of AdV to brain microcapillary cells 

by placing transferrin receptors (in the HI loop of the fiber 

knob) may be possible but ineffective overall. Therefore, 

precise modifications are necessary for successful targeting. 

Delivery of AdV5 to FcγRI (CD64) hematopoietic cells using a 

soluble adapter from CAR D1/D2 domains and the constant 

region of human IgG increases transfer efficiency and is an 

example of successful targeting. [86-91]. 

The human immune system against virus uncoating   

immune cells (innate and adaptive immune cells) protect 

vertebrates against viruses. Mentioned cells, function related to 

detecting and eliminating outsider agents, releasing 

biochemical signals, setting off reactions of security in other 

immune and non-immune cells, and producing pathogen-

neutralizing Abs. The defense against AdVs continues by 

creating long-term immune memory through acquired immunity, 

which can prevent the spread of recurrent and persistent 

infections. [92,93]. 

Human alpha-defensin in dealing with AdV uncoating  

Antimicrobial peptides such as defensins are evolved by 

vertebrates against invasive pathogens. The impact of 

defensins, on enveloped viruses, such as Papillomaviruses and 

AdVs is not as extensive as it is, on enveloped viruses. 

However, human α-defensin 5 (αHD5) is capable of limiting 

non-enveloped viral infections (AdV-C5) by mechanically 

stabilizing the capsids during cellular entry and uncoating 

[94,95]. Binding of αHD5 to the penton base and fiber proteins 

of AdV-C5 increases the rigidity of the AdV-C5 capsid vertex 

region, but does not affect the two- and three-fold symmetry 

axes. The fact that AdV-C5 has not evolved to evade αHD5 

binding suggests that αHD5 recognizes a pathogen-associated 

molecular pattern in AdV-C5. It may be difficult for AdV-C5 to 

mutate to escape αHD5 binding without compromising viral 

function. Binding of αHD5 could reduce adaptive immune 

responses and benefit the virus. This evolutionary adaptation 

by AdV-C5 in neutrophil-rich inflammatory environments 

hinders viral clearance. Specific types of defensins are 

produced in different locations. For instance α defensins are 

created within the Paneth cells of the intestine whereas β 

defensins are generated by epithelial cells. β-Defensin attracts 

neutrophils to sites of inflammation [95-99]. 

Complements in endosomal escape  

The recognition of pathogens is an aspect of immunity and we 

cannot overlook the significance of the complement system in 
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this process. Binding of AdVs to the anti-viral Abs activates the 

classical complement pathway. By binding complement 

components (such as C1q, C3, and C4) to the Abs, the virus is 

opsonized [100,101]. Kupffer cells in the liver activate 

scavenger receptors that have activity independent of 

complement components and IgM, but can increase the uptake 

of adenovirus towards these cells. C4b deposition on AdV does 

not affect virus binding and endocytosis, but it prevents fiber 

release, exposure of VI, endosomal escape, and entry into the 

cytosol [102-104]. 

Intracellular globulins and other proteins 

The TRIM21 receptor, through a high-affinity combination with 

the Fc region of Abs, provides another intracellular defense 

against adenovirus. TRIM21 captures antibodies inside the 

cytoplasm and plays a role in the clearance of viruses in the 

cytosol [105,106]. The recruitment of AAA-ATPase p97/valosin 

transforms TRIM21 into a K63-ubiquitinated form and provides 

the energy required for the degradation of viral capsids into 

subunits (the genome of the adenovirus and nuclear proteins) 

that release viral DNA to be exposed to cytoplasmic DNA 

sensors such as cGAS. In addition to degrading and 

neutralizing adenoviral particles, TRIM21 also releases immune 

signals to induce humoral immune responses [106-108]. 

The vital role of critical immune factors  

The human immune system contains some types of cells and 

chemical compounds that, with their help, them can deal with 

pathogens. In Adenoviral infection, immune cells and 

compounds have different roles and missions. For their correct 

and practical functions, some connections are made between 

proteins and other biochemical molecules [109-111]. 

Macrophages, TNFs, IFNs, and ILs form a great network of 

cellular and molecular elements with incredible cooperation 

[112-114]. 

Macrophages 

Macrophages and other cells responsible, for presenting 

antigens (APCs) (such as Kupffer cells and macrophages found 

in the spleens zone) possess receptors known as SR receptors.  

These receptors can bind to patterns associated with pathogens 

(PAMPs) which're protein patterns discovered on viral capsids 

and other molecules present, on the surface and internally 

within pathogens, such, as proteins, polysaccharides and 

polyribonucleotides. Moreover they generate proteins (IFN I, IL 

1α, IL 6 and TNF) that have a function in restricting infection 

and preventing the dissemination of AdVs [115,116]. 

Macrophages possess pattern recognition receptors, including 

TLRs, which enable them to identify patterns exhibited by 

adenovirus serotypes like AdV C2, AdV C5 and AdV B35. 

These receptors are present, on tissue macrophages such, as 

macrophages located in the lungs. After entering the cell 

adenoviruses cause the endosome membrane to break and 

then move into the cytosol. Their capsid proteins bind to NPC to 

transport the viral genome to the nucleus. During the process 

certain virus particles have the ability to disrupt the endosome 

and trigger cytosolic DNA sensors known as cGAS. This 

activation initiates the STING pathway leading to the 

generation of cytokines, like IFN I, IL 6 and IL 1α [117-119]. 

Inflammasome  

The significance of NLRP3s involvement, in inflammation 

becomes clear when we observe how phorbol 12 myristate 13 

acetate differentiated THP 1 cells and monocyte derived 

macrophages respond to AdV C5 and AdV B3 infections 

leading to the release of IL 1β, a cytokine. Factors such as TLR9 

and cytosolic caspase inhibitors disrupt the function of NLRP3. 

The absence of cytosolic DNA sensors indicates that NLRP3 is 

indirectly activated by adenoviral DNA and involves cGAS and 

STING [120-122]. However this particular route operates 

separately from the involvement of TANK binding kinase 1 

(TBK1) and I kappa B kinase epsilon (IKKε) both of which're 

crucial, for generating IFN I via the cGAS STING pathway. 

Lysosomal disruption and increased membrane permeability 

are features of pathways associated with STING [123-126]. 

Cytokines and chemokines: homeostasis of the immune 

system 

The balance of cytokines and chemokines, in the system is 

crucial, for maintaining homeostasis. The importance of these 

responses became evident through efforts to comprehend how 

the immune system defends against Adenoviral threats. 

Cytokines and chemokines can be classified into four groups: 

 A. ILs: IL-1RA, IL-21, IL-31, IL-1α, IL-23, IL-4, IL-1β, IL-12p70, 

IL-8 

 B. Chemokines CXCLs: GRO-α, SDF-1α, IP-10 

 C. Chemokines (C-C motif) (CCLs): MIP-1α, MIP-1β, MCP-1, 

RANTES, eotaxin 
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 D. Granulocyte-macrophage colony-stimulating factor (GM-

CSF), also known as (CSF2) 

 It seems that an increased amount of cytokines, in the 

bloodstream might be required. In the meantime researchers 

have noticed a rise, in the levels of IL 1RA, IL 6 and IL 21. In the 

basolateral supernatant, researchers discovered a collection of 

interleukins (such, as IL 10, IL 4, IL 13 IL 12p70, IL 18, IL 21, IL 

1RA and, IL 1α) interferons (including IFN γ) and some factors 

(like TNF β) along, with GM CSF [33,127-129]. 

Encoding cytokines and chemokines 

The vital role of transcription factors Interferon regulatory 

factor 3 (IRF3), IRF7, and NF-kB as transcripts of cytokine and 

chemokine genes is revealed when the siren of AdV entry is 

activated and specific signals are released. IFN-I is coded by 

IRF7. NF κB, a transcription factor plays a role, in initiating the 

gene expression process for cytokines and chemokines. These 

include ILs such as IL 1β, IL 6, IL 8, IL 12, IL 18 as CCLs like 

CCL2, CCL3, CCL4 and CXCLs such, as CXCL1, CXCL2, 

CXCL10. The synergistic effects of NF-κB and IFN-I/STAT1 are 

beyond the sum of their separate effects, which are necessary 

to activate some chemokines, such as CXCL10 [130-133]. 

Achieving the transcription of IFN-I genes is possible through 

three different pathways. path choice depends on the answer 

to the question, "Which cell is infected by AdV?" 

The first pathway: TLR9/MyD88 activity, starts with the release 

of viral dsDNA inside plasmacytoid dendritic cells. The result is 

the transcription of IFN-I genes with the help of IRF7 

transcription. 

The second pathway: is the initiation of cGAS/Stimulator of 

interferon genes (STING)/TBK1/IRF3 signaling by viral DNA 

sense within the cytoplasm. Transcription of IFN-I genes is not 

dependent on TLR in this pathway. 

The third route involves the activation of stress activated 

kinases, c Jun N kinases (SAPK/JNK) and the promotion of IRF7 

activity, in myeloid DC. Transcription of IFN-I genes is not 

dependent on TLRs or IRF3 in this pathway. 

Recently, new enhancers have been introduced for the IFN 

production cycle, For example, cGAS. The story is that 

stimulation of cGAMP production along with STING/IRF3 

signaling occurs in the presence of ZCCHC3 after the 

recognition of adenovirus dsDNA by cytosolic cGAS. This 

mechanism allows the binding of hnRNAPA2B1 protein to viral 

DNA. Finally, it upregulates IRF3, following an increased rate 

of TBK1 phosphorylation. On the other hand, a series of 

suppressors of IFN production has been presented. For 

example, increased transcription of Myb-like SWIRM and MPN 

domains 1 (MYSM1) is an inhibitor of STING activity, so the 

production of IFN-I from the STING/TBK1/IRF3 pathway is 

disturbed despite the presence of AdV [33,134-136]. 

Escape plan from the immune system, genetics, and 

signaling changes 

ISGs, also known as interferon stimulated genes play a role, in 

stimulating the signaling of IFN (interferon) inhibiting replication 

and maintaining resistance and control, over pathogens. AdVs 

produce a series of macromolecules and cytoplasmic signaling 

that bypass IFN and DNA damage responses (DDR) with their 

help. Consequently they cannot be detected by the system. 

Cells infected with AdVs, escape from the shadow of death by 

innate cells and TCD8, such as inhibiting interferon response, 

blocking TNF death ligands, Fas ligand (FasL), and TNF-related 

apoptosis-inducing ligand (TRAIL) [137,138]. The regions 

known as E3 and E1a play a role, in preventing the suppression 

of histocompatibility complex (MHC) class I genes. They achieve 

this by enhancing the binding of the repressor called chicken 

ovalbumin upstream promoter transcription factors (COUP TFs) 

and reducing the binding of NF κB. That is, they stop the 

transfer of MHC to the cell surface with the ER, and cancel the 

option of apoptosis with cytokines [139-141]. 

Suppression of genes responsible for interferon synthesis; a 

fantastic collaboration with RNA viruses for muting of 

related genes 

Although an RNA virus cannot survive in IFN-protected cells, it 

can replicate in the presence of AdV. A primary gene called 

E1A is responsible for producing IFN-suppressing proteins, 

which was discovered in many studies of deletion mutations. 

There is a hypothesis that suggests E1A has the ability to block 

IFN signaling by targeting IFN stimulated gene factor 3 

(ISGF3). Other effective proteins in this cycle, especially in 

common with cytokines, were identified by understanding IFN 

signaling pathways. The binding of IFN-ct/p to its receptor 

phosphorylates tyrosines, which are the main components of 

signaling and transcription activation. So basically tyrosines are 

enzymes that transfer phosphates specifically belonging to the 
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Janus kinase (JAK) family. There's this one called Jakl and 

another one called tyrosine kinase 2 (Tyk2). The heterodimer 

formed by activated signal transducer and activator of 

transcription (Stat) la or Ib and Stat2 proteins binds to p48 

and causes the formation of interferon-stimulated gene factor 

3 (ISGF3). This complex travels to the nucleus to stimulate IFN 

signaling by binding to the IFN-a/p-stimulated response 

element (ISRE) of the amino-terminal DNA-binding domain of 

the p48 [142-146]. 

Ways to stop signaling 

The genetic reservoir of HAdV encodes a set of genes that help 

viruses win the battle with the immune system. A weapon called 

E3 acts as a modulator of the immune system by encoding 

proteins such as 49K, receptor internalization and degradation 

α (RIDα,) RIDβ, 6.7K, and 14.7K [147-149]. The story of 

evading apoptosis begins with the tricking of cytotoxic T cells. 

Patient cells are saved from apoptosis with this method by 

inhibiting FasL, TNF, and TRAIL. E3 protein reduces the 

presentation of newly synthesized MHC by inhibiting ER 

trafficking. E3s utilize transporters as a means to evade 

detection by the system. These clever solutions enable 

adenoviruses to stay in the host for a long time and multiply 

[150-153]. 

E3 region: A strategy to inhibit cellular immune responses: 

The transcription factory of AdV produces a series of products 

that neutralize the antiviral properties of the immune system 

through the pathways of the host cell. RIDα is a protein 

encoded by non-pathogenic type C AdVs. Even though the 

interaction between RIDα and the epidermal growth factor 

receptor (EGFR) has been identified through region 3 (E3), still 

the function of this relationship between the host and pathogen 

deose not know. EGFR activation and signaling are facilitated 

through a robust pathway induced by viral entry stress that 

precedes viral gene expression within epithelial target cells. NF 

κB transcription factors, known as the defenders of the immune 

system, against AdVs and adenoviral vectors play a crucial 

role, in regulating activated EGFRs. NF-κB p65 subunit is 

phosphorylated by Thr254, which can stabilize genetic 

reservoirs and gene transcription through EGFR tyrosine kinase 

activity. The Adenoviral RIDα protein can block all these 

pathways in two steps: 

The first step is selecting Alix as an adapter to sort activated 

EGFRs in secondary endosomes. The second step is the formation 

of a hybrid organelle independent of small guanosine 

triphosphate (GTPase)_ Rab7 in virus-infected cells.  

RIDα expression is sufficient to reduce the activity of the 

EGFR/NFκB signaling cycle and EGFR activation pathway caused 

by TNF-α intervention. Therefore, RIDα, similar to E3, is not rescued 

in highly pathogenic AdVs species, which indicates a direct 

relationship between AdVs virulence and activated EGFR signaling 

[154-156]. 

Escape from the clutches of cell death: Sec49K is the N-terminal 

part released from E3-49K of AdV by proteolysis. sec49K is an 

enemy of activated T cells and NK cells. sec49K have tissue 

tropism because they stick to lymphoid cells and primary 

leukocytes, but they don't like to contact fibroblasts or epithelial 

cells. It is hypothesized that the tropism of sec49K is directly 

related to its immunological property. Perhaps this feature 

discovered is related to epidemic keratoconjunctivitis in E3-49K 

because it is involved in the pathogenesis of the ocular disease. 

HAdVs can prevent cell apoptosis with four encoded proteins. 

 A. RID complex having two parts (RIDα and RIDβ proteins). 

This complex is an escape map of lysosomal death with unique 

receptors such as Fas (CD95), and TRAIL TRAIL-R1 and TRAIL-R2. 

 B. 6.7K protein 

 C. 14.7K protein 

TRAIL-R2 contributes to the function of the E3-14.7K protein (the 

third member of E3). Indeed, E3-14.7K reduces inflammation and 

apoptosis by inhibiting TNF and suppressing NF-κB transcription 

[157-159]. 

CONCLUSION  

AdVs are one of many kinds of viruses that cause an immune 

response in the body after the entrance. the pathways and causes 

of this response were mentioned in this article to discuss the 

conceivable possibilities of the mentioned response in 

pathogenesis. The response that occurs by entrance of the AdV, 

leads to both immune and not immune related mechanisms in which 

are essential for immunity to AdV. Afterwards, AdV starts the 

procedure of uncoating and cell entering in which Intracellular 

traffic will change after entrance because of the activation of 

pathways and some molecules to deal with the virus and its 

uncoating. 
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Steps Key points Description  

 

Sensing and 

detection in the 

immune system 

* Sensing in the bloodstream 

* Macrophages as signaling 

radars 

* Type I interferon as a 

messenger 

* Nuclear sensors function 

The presence of the AdV is sensed by both nuclear and humoral sensors by cells binding to cell 

surface receptors which leads to the identification of pathogens by capsid fiber proteins. therefore, 

(IFN) creates an antiviral shield in uninfected cells. 

Entrance gates * Interactions of complex 

Fiber-CD4 and epithelial cells 

* Fiber-CD4 intracellular 

cooperation 

Species B1, C, and E in AdVs are the cause of some respiratory tract infections The relationship 

between CAR and fiber protein is one of the co-factors in the infectivity of HAdv. HAdV capsid has 

complicated how it binds to host cells by Two types of receptors. CD46 is a type of complement 

regulatory protein whose extracellular domain consists of three main components. CD46 attaches 

to the cells layer through a transmembrane region and creates a brief sequence of 16 to 23 amino 

acids, within the cells interior. 

Virus uncoating and 

entry to cellular 

matrix and plasma 

* Rupturing of the cell 

membrane and the 

extracellular matrix 

* Phagocytosis and related 

functions 

* Cytosol; Good for escape 

Two events that are needed for later steps in cell entry are promoted by AdV disassembly. The 

first one is the release of protein VI molecules located inside the viral capsid and during virion 

disassembly, the capsids can undergo conformational changes. The infectious entry pathway of 

Ad2 and Ad5 into epithelial cells is clathrin-mediated. Invading microorganisms are large particles 

that are removed by phagosomes and macropinosomes. 

First, opsonized particles bind via the conserved Fc domains of immunoglobulins. concentration of 

activated kinases such as spleen tyrosine kinase (SYK), determines whether the Fcγ -RI receptor 

is internalized by the one or the other pathway. For retargeting AdV particles to new receptors and 

cell types normally not affected by AdV successfully, precise activations seem to be also crucial. 

Human immune 

system against virus 

uncoating   

* Human alpha-defensin in 

dealing with AdV uncoating 

* Complements in endosomal 

escape 

* Intracellular globulins and 

other proteins 

Systemic dissemination of AdV is strongly restricted by adaptive immunity and Abs.  Immune cells 

and a range of B and T cells function is related to detection and elimination of outsider agents. 

This defense rises to long-living cellular and humoral immunity in the case of AdVs, which protects 

humans from recurring infections and also suppresses persistent infections from breaking out. 

Antimicrobial peptides such as defensins are evolved by vertebrates against invasive pathogens. 

Notably, the uncoating of AdV-C5 is restricted by human α-defensin 5 (αHD5) with stabilizing the 
capsids during entry. Complement is a well-conserved innate defense system when it comes to 

detecting pathogens. A cascade of immune signaling events is triggered by dissociation of the 

virion into subunits. 

Vital role of important 

immune factors 

* Macrophages  

* Inflammasome 

In Adenoviral infection, immune cells and compounds have different roles and missions., there are 

some connections made of proteins and other biochemical molecules for the correct and effective 

function of those cells. In case of facing stress, injury, and pathogens; macrophages protect the 

host against them while they are functionally adapted to their tissue environment. The main 

sensor in the inflammasome pathway for cytoplasmic DNA is absent. 

Cytokines and 

chemokines: 

homeostasis of the 

immune system 

 The immune system maintains its balance through the use of cytokines and chemokines which 

can be grouped into four categories. 

Encoding cytokines 

and chemokines 

 The important role of transcription factors Interferon regulatory factor 3 (IRF3), IRF7, and NF-kB 

as transcripts of cytokine and chemokine genes is revealed when the siren of AdV entry is 

activated and certain signals are released. Transcription of IFN-I genes is possible through three 

different pathways. 

Escape plan from the 

immune system, 

genetics and 

signaling changes 

* Suppression of genes 

responsible for interferon 

synthesis 

* Ways to stop signaling 

The story of evading apoptosis begins with the tricking of cytotoxic T cells. Although an RNA virus 

cannot survive in IFN-protected cells, it can replicate in the presence of AdV. Cells infected with 

AdVs, escape from the shadow of death by innate cells and TCD8.  Interferon stimulated genes 

(ISGs) get activated when the IFN signaling pathway is triggered playing a role, in suppressing 

replication enhancing resistance and regulating pathogen control. AdVs produce a series of 

macromolecules and cytoplasmic signaling that bypass IFN and DNA damage responses (DDR) 

with their help. The genetic reservoir of HAdV encodes a set of genes that help viruses win the 

battle with the immune system. The transcription factory of AdV produces a series of products that 

neutralize the antiviral properties of the immune system through the pathways of the host cell. 

 

 

 

 

 

 

 

Table 1: steps and description of Adenoviral infection and immune responses. 
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AdV is able to escape from the immune cells and cellular 

functions before and during the uncoating. Therefore, it is 

known as an Intelligent virus that makes the host cells synthesize 

intracellular globulins. Moreover, AdV also can deactivate the 

immune regulation signaling for its successful escape. Immune 

and host cells undergo some changes during all of mentioned 

steps, pathways, and genes. Hence, knowing these striking 

changes and significant factors can lead to two beneficial 

consequences: 

A: Helps the medical staff in treatment of diseases that are 

caused by the above-mentioned virus like the respiratory 

infection. 

B: Improves the future pharmaceutical medicines that are made 

to cure respiratory infections and other diseases caused by this 

intelligent virus. 

It is predictable that the AdV will change its infectivity and 

functions to infect cells in the near future, cellular pathways and 

immune responses will change due to behavior and features of 

the AdV. For this, we should monitor the changes in cellular and 

molecular scale, constantly.  
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