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Abstract 

Host anti-viral factors are crucial for controlling HIV infection, but their role remains largely unknown due to bias in 
previous large-scale studies. HIV-1 infection remains untreatable due to unanticipated infected cells. A large amount of 
OMIC data and functional genomics screening have gathered in the prose and public records. Recent years have seen 
the publication of interacting analyzes of related OMICs data, which recognized different types of molecular networks, 
including HIV-human protein-protein interaction networks, gene regulatory, co-expression networks and signaling 
networks, and approaches for evaluating their topology and changing aspects. Important paths and proteins complex 
in the HIV life cycle, cellular and immunological responses to infection, viral escape from the host immune system, with 
processes governing various human susceptibilities to infection may all be regulated with the use of this review. The 
pathways and proteins identified in this study can be used to develop new anti-HIV therapeutic strategies, such as drugs 
that inhibit CD4+ cell infection and viral replication, effective vaccines, and "shock and kill" and "block and lock" 
approaches to cure latent infections.  
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1. Introduction

Human immunodeficiency virus type 1 (referred to as “HIV”) is the causative agent of attained immune deficiency 
syndrome (AIDS) (1). HIV infection stimulates the production of viral RNAs and proteins in the host cells, alters their 
morphology and function significantly, and signals the host cell cycle's advancement (2). Meanwhile, HIV genomes can 
take part into host cell DNA, acting as a tenacious viral reservoir and housing replication-competent proviruses 
in a latent form (3). One of the most important infections to impact humanity is the human immunodeficiency virus, or 
HIV (4). Approximately 36.9 million individuals worldwide are living with HIV, and 780,000 of those deaths were caused 
by HIV-related illnesses in 2018, as stated by the World Health Organization. At the moment, over 25 antiretroviral 
therapies can be used to address human immunodeficiency virus (HIV) infection (5). The viral integrase (IN) antiviral 
drug, such as ritonavir, or that avert the congutation of the six-helix bundle core of the gp42 transmembrane protein 
essential for virus-cell blend, like enfuvirtide, accepted for clinical use (6). The World Health Organization (2020) states 
that HIV infection is still a global health concern even though combination antiretroviral medication (cART) now 
available controls the virus and stops it from spreading (7). Understanding anti-HIV processes is therefore crucial in 
order to create fresh approaches to treatment and prophylaxis. An estimated 690,000 people died from HIV/AIDS in 
2019; 33% of these fatalities were linked to TB that is connected with HIV (8). HIV increases the likelihood of latent TB 
reactivation by a factor of 20, and that risk increases with a decrease in CD4+ T cells (9). Once immune function is 
compromised by both HIV and TB co-infection, the combination becomes fatal, with one infection hastening the other's 
progression. It has long been thought that DNA sensors are only able to operate outside of the nucleus in order to 
prevent immune responses from being falsely triggered and self-DNA from being recognized. But most human dsDNA 
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viruses that are now known to exist reproduce inside the nucleus, where their genomes of viruses are deposited in the 
nuclei of infected cells (10). Herpesviruses, including human cytomegalovirus (HCMV), herpes simplex contagion type 
1 (HSV- 1), and Kaposi's sarcoma- associated herpesvirus (KSHV), are examples of nuclear-replicating DNA viruses (11). 
The history of herpesviruses dates back hundreds of millions of years, giving them plenty of opportunity to co-diverge 
with their hosts (12). Long-term non-progressors (LTNP) and HIV controllers (HICs) can manage their HIV infection for 
numerous years without ART and AIDS-related events by conservating high levels of CD4+ T cells and limiting viral 
replication, respectively (13). Nonetheless, patients classified as LTNP/HICs comprise a highly diverse population, as 
indicated by varying parameters such as CD4+ T cell counts, viral load (VL) and duration of follow-up. There are several 
difficulties in researching HIV latency (14). The low frequency of latently infected cells in infected persons (1 in 107 - 
108 cells) complicates investigations of in vivo latency (15). Therefore, without a way to discrete or improve the latently 
infected cells, genetic, biochemical or other -OMICs analyses—which depend on a high enough regularity of latently 
infected cells to identify statistically significant changes in phenotypes—are not currently feasible for use with clinical 
use. Consequently, two methods have been used to create in vitro models of HIV latency: the creation of latently infected 
cell lines and the ex vivo modification of primary CD4+ cells (16). Notably, alterations in glucose, lipids, glutamic acid, 
phenylalanine, and branched amino acids were correlated with significant variations in metabolic characteristics (17). 
These findings suggest the presence of oxidative stress and insulin resistance. In order to corroborate oxidative stress 
even more, nine metabolites associated with oxidative stress could be quantitatively described using consecutive 
targeted GC/MS-based metabonomic analyses (18). Aspartic acid, phenylalanine, and glutamic acid were all significantly 
up-regulated in HIV-positive cohorts as compared to control subjects (19). Compared to HIV-treated and negative 
control participants, tryptophan and tyrosine levels were down-regulated while cystine levels were elevated in HIV-
positive but untreated people (20). Eleven metabolic pathways were shown to have been significantly impacted by 
infection and/or therapy, according to pathway analysis (21). These processes comprised the manufacture of 
aminoacyl-tRNA, phenylalanine, tyrosine, and tryptophan, as well as nitrogen metabolism (22).  

 

Figure 1 The process of HIV-1 infection of CD4+ cells and its central role in promotion of HIV infection 

2. Identification of potential HIV-related genes 

2.1. Potential HIV-resistance-related genes 

HIV-resistant (HIV-R) samples were collected from the highly exposed seronegative (HESN) population for EXP-blood-
HIV-resistance (GSE33680) (23). Using the RLE plot and removed 12 low-standard samples and examined the 
remaining 74 samples with GEO2R, revealing 453 differentially expressed genes (DEGs) in HIV-R (81 up-regulated and 
371 down-regulated) (24). For EXP-CD4-HIV-resistance (GSE14378), removed a low-standard sample and found 554 
DEGs (279 up-regulated and 275 down-regulated) in HIV-R (Fig.1). DEGs from EXP-blood-HIV-resistance and EXP-CD4-
HIV-resistance contained 26 genes, including 12 DEGs (GYPE, THCAT158, ADGRV1, COBLL1, MYLK3, COL1A1, UNC13C, 
EGF, LOC142, LOC1402 LOC105374042, CALD1, and HM13) showing consistent appearance 
patterns in together groups (25). Studying these 12 DEGs across diverse tissues using a issued gene expression profile 
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dataset showed those tissues of the kidney, spleen, brain, testis, and adrenal exhibited the highest expression levels of 
12 putative HIV-1-resistance genes (26). In the following discussion, it’s will refer to these as '12 common HIV-
resistance-associated DEGs' (Fig.2). In EXP-blood-HIV-resistance DEGs and detected FGA, NCAM1, ITGB1, GRIA2, and 
EGF are the five hub genes (27). while in EXP-CD4-HIV-resistance DEGs, ten hub genes, including GAPDH, EGUNF, 
B4NMP, BN4, FGA, LEP, AURKA, and PLEK, were discovered. 14 identified hub DEGs (one shared) were highly expressed 
in brain, bone marrow, fat, kidney, liver, placenta and testis (28). In addition to 12 common HIV-resistance-associated 
DEGs with 25 potential HIV-resistance genes (29). 

 

Figure 2 The manifestation and operation of potential genes linked to HIV resistance 

2.2. Genes possibly related to HIV infection 

To study the part of these possible Gene, die mit HIV-1-Resistenz in Verb in dung stehen in reaction to HIV disclosure, 
they estimated EXP- Blood-HIV-Infection (GSE29329) and EXP-CD4-HIV-Infection (GSE73978) are two datasets after 
carrying out quality assurance (Fig.2) (30). Researchers discovered 1458 DEGs, of which 533 are down-regulated and 
925 are up-regulated associated with EXP: HIV infection in the blood (31). In central memory CD4+ T cell samples, EXP-
CD4+ HIV infection they linked 152 DEGs (33 down-regulated and 119 over-regulated), while in naïve CD4+ T cell 
samples, they setup 274 DEGs (82 down-regulated and 192 over-regulated) (32). Using the same strategy as for HIV- R 
mecca DEGs, set of connections for HIV mecca DEGs and set up 16 mecca genes( PLEK, JUN, CXCL8, TYROBP, MYC, CCL5, 
IL1B, MPO, CYBB, CCL4, GZMB, CD68, CDPTG62, CD682, CD68, CD68, GZMB) in EXP- CD4- HIV- infection (Fig.3) and 9 
mecca genes (JUN, RRM1, BUB1B, RAD51, GATA2, ERAB2, UBA5, IRF4 and FBXO7) among DEGs of EXP- blood- HIV- 
infection (S13) (33). In all, there are 36 hub genes associated with HIV, 36 hub genes were assembled into a PPI network 
and their expression in different tissues was examined (34). According to the findings, JUN and PLEK are hub genes 
shared by HIV infection and HIV resistance (35). In the bone marrow, hub genes associated with HIV infection showed 
preferentially higher expression than genes associated with HIV resistance (p-value < 0.044, Wilcoxon test) (36). 
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Figure 3 The 36 hub genes associated with HIV are shown in the PPI network diagram. Red dots indicate genes 
associated with HIV infection that are increased, blue dots indicate genes associated with HIV infection 

that are inhibited, Dark yellow dots indicate genes associated with HIV resistance that are downregulated, and green 
dots indicate genes associated with HIV resistance that are upregulated 

3. Host factors targeted by antiretroviral therapy  

3.1. Targeting viral entry 

Viruses lack an independent metabolism and are obligate intracellular parasites, and only reproduce within their hosts 
(37). The primary CD4 cellular receptor for the virus was identified more than 20 years ago and confirmed as a biological 
requirement for HIV-1 replication, mediating viral tropism to CD4+ T cells and tissue macrophages (38). It’s considered 
a number of approaches to inhibit binding between the host cell CD4 and gp120 on the external viral envelope (39). 
Examples of each are soluble CD4 or CD 4 mimetics that appear to trigger more a non-functional than inactive gp 120 
conformation, small molecule inhibitors designed for the conserved binding site between Cd4-gp 120 as well as very 
strong antibodies from patients against CDS (40). Among these, one CD4 antibody (TNX-355) has reached clinical 
properties with certain existing advantages (41). Synergizes with enfuvirtide (T20) targeting a sequence within gp41 
which disrupts viral entry at in a further stage of the procedure still, TNX-355 is hampered by optimal oral 
bioavailability and to date no CD4 inhibitor has been developed for clinical applications (42). Ten years after the 
identification of CD4 as the major HIV receptor, the seven-transmembrane G protein-coupled chemokine receptors, 
CCR5 and CXCR4, were found to serve as crucial coreceptors for HIV-1 entry (43). A short time later, multiple 
organizations disclosed which involves a homozygous exclusion in the CCR4 phenotype (Δ31/Δ32), which occurs 
naturally within approximately 2% of Caucasians, defendants regarding HIV-1 infection and does not significantly 
reduce immunity (44). It has been noted that heterozygous CCR5 deletion is associated with a delayed course of the 
disease (45). These outcomes indicate that CCR5 is a useful target for anti-HIV treatment, as its inhibition ought to be 
safe and efficient against HIV-1 strains that are CCR5-tropic (R5) (46). At first, a number of adjusted versions of the 
inorganic CCL5/RANTES (which is governed due to trigger, manifestation and exercised by normal T cells) ligand for 
CCR5 were developed (47). Despite their failure in clinical studies, PSC-RANTES is then undergoing investigation as 
potential HIV microbicides (48). Maraviroc, one of these inhibitors, has received approval from the European Medicines 
Agency and the US Food and Drug Administration (FDA) with multidrug-resistant HIV-1 strains (49). To make siRNA-
mediated CCR5 knock-down clinically applicable, work is being done to reduce the resulting cytotoxicity (50). The use 
of small inhibitory transfer protocols for molecules or gene therapy aimed at inhibiting or downregulating CCR5 
demonstrates potential but also has drawbacks (51). A concern is that CCR5 might be involved in immunity against 
certain pathogens (52). Another drawback is its lack of efficacy against X4 HIV-1 strains (53). It would clearly be best 
to combine inhibitors of CCR5 and CXCR4 (54). Therefore, effective and milder CXCR4 inhibitors could be made 
accessible in the future to support CCR5-targeting antiretroviral treatments (55). Fig.4 described the protein host 
factors effect of HIV-1 replication. 
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Figure 4 Protein host factors effect of HIV-1 replication 

3.2. Other cellular targets for antiretroviral treatment currently being analysed 

HIV-1 entry is a particularly attractive stage for intervention because it involves several well-defined cell membrane 
contacts that can be inhibited without the inhibitor actually entering the cell (56). Preventing HIV-1 at this early stage 
stops the formation of latent viral reservoirs because it impedes the fusing of the proviral genome into the host cell's 
DNA (57). But in theory, it is possible to stop the replication of HIV-1 at each stage of its cycle and prevent the 
virus from spreading (58). Targeting the HIV cofactor Tat and Rev is one of the primary strategies for therapy (59). 
These cofactors are crucial for viral replication and are highly dependent on specific cellular factors for their function 
(60). However, after integration, blocking the budding of particles by the cell-to-cell or plasma membrane migration of 
microorganisms is a sensible proposal to prevent viral infection (61). Infected cells release their own endogenous cell 
sorting complex, which is subsequently hijacked by HIV-1 and is required for transporter I (ESCRT-I) (62). HIV-1 IN 
transacts with a cellular factor having therapeutic potential: lens epithelial-derived growth factor (LEDGF)/p76, a 
choroid-associated protein significant for HIV-1 integration (63). Although the structure morphology of the 
communication interface has been resolute, it remains difficult to develop a short inhibitor to block LEDGF/p75–
IN binding (64). HIV-1 IN inhibits the interaction with LEDGF/p76, which inhibits viral replication. Genome-wide 
screening and studies of HIV infection, although not without limitations, provide a solid foundation for identifying 
cellular targets for HIV treatment (65). Candidate cellular variables that are annotated in the HIV interaction database 
and recognize in two out of the three siRNA screens are particularly compelling (66). 

3.3. Genome-wide screening obscure various aim for antiretroviral cure 

Prior to genome sequencing, the driving force behind advances in HIV host genes was molecular biology, including early 
polymorphisms in genetic factors, and the elucidation of HIV-host interactions (67). HIV-1 hosts were resolute using 
candidate gene studies (68). In the candidate gene method, genetic variations in already existing genes are associated 
with phenotypes and disease states (69). A more comprehensive understanding of the molecular mechanisms behind 
HIV infection and replication has suggested ways to develop innovative approaches to combat HIV infection (70). This 
change in the drug discovery paradigm for viral diseases is still new and is currently provided by the many useful 
organisms discussed below whose genes contribute to different stages of the life cycle, but may also play a role in 
influencing host immunity (71). TRIM5α from rhesus macaques and owl monkeys specifically blocks HIV-1, while 
human TRIM5α provides only a weak restriction (72). These host-inhibition factors obstruct retroviral replication 
through several mechanisms and can protect mammals from a variety of retroviruses (73). The communication 
between CD4 and HIV Env provides a binding site for CXCR5, an alpha chemokine receptor or CCR5, a beta chemokine 
receptor (74). Other cellular aspects have also been developed to enhance HIV binding and entry efficiency, such as 
galectin-1, but are not required for this procedure (75). The emergence of resistant viruses is still a problem, especially 
when adverse side effects lead to poor drug adherence or treatment discontinuation (76). If HIV infection develops 
resistance to conventional HAART, there are several options (77). In theory, host proteins that are essentially 
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unchanged are significantly more favourable candidates for therapeutic activity (78). Because these proteins have a low 
mutation rate due to their DNA repair enzymes and proofreading facility, they are fewer prone to outflow variations or 
drug resistance, which significantly expands the utility of any new antiviral (79). The static nature of their requisite 
partners also places constraints on the viral protein domains that cooperate with host components (80). First, there is 
very little overlap between siRNA screens; Only three of the 842 HIV-dependent factors—MED6, MED7, and RELA—
were found in all three investigations (81). The HeLa and HEK293T cell lines that were employed, the amount of siRNA 
exposure for separate gene, the phases of the HIV repetition cycle that were examined, the time periods that were 
examined, and the filtering criteria that were applied may have contributed to this poor overlap (82). Second, some of 
the applicability of these results is limited by the use of pseudo-typed virions and cell lines (such as HeLa and HEK293T) 
that are not frequently infected with HIV-1 (83). However, only six of 252 genes associated with HIV-1 infection were 
found by the siRNA screen performed in HeLa and three in HEK293T (84). Furthermore, third, by definition, siRNA 
screens target proteins whose functions can be inhibited without causing an obvious cytotoxic effect—that is, proteins 
that are redundant in their function or not important for cellular survival (85). Fourth, because the study examined 
virus contamination in cell lines only as an experimental terminus and it is unclear whether they play a major role in 
HIV-1-infected individuals, many hits may reflect false positives of biological relevance (86). These considerations, 
along with the fact that RNA interference is a partial knock-down mechanism, likely explain why key cellular factors 
long recognized as vital for HIV-1 infection were overlooked by genome-wide studies (87). The different constituents 
of the hosts that input a significant role in HIV-1 infection is given in Table 1. 

Table 1 Factors related to the host that play a role in HIV-1 infection 

Category Example Reference 

Signalling Ras family, cAMP phosphodiesterase, phosphatases. (88) 

Surface molecules MHC, clusters of differentiation, lectins (89) 

RNA splicing Splicing factors (90) 

Lysosomal degradation Vascular ATPases, breakdown enzymes, (91) 

Chromatin Histone deacetylases, histones (92) 

Nuclear export Transport reliant on nuclear export signal, RNA export factors (93) 

Cytoskeleton Microtubule, actin, associated proteins (94) 

Lysosomal degradation Breakdown enzyme, vascular ATPases (95) 

Proteasomal degradation ubiquitin-conjugating enzymes, proteasome subunits (96) 

4. Several pathways controlling for antiretroviral therapy  

Numerous mechanisms that stop or restrict HIV replication are part of the antiviral pathways that control the virus (97). 
Here are some key pathways, 

4.1. Innate Immunity 

The initial line of protection against infections is innate immunity, which offers prompt protection (98). Although it is 
non-specific, it detects all infections rather than merely a handful (99). Against invasive infections, the innate immune 
responses serve as the initial line of protection (100). They are also necessary for inciting particular adaptive immune 
reactions. Recognizing conserved characteristics of infections that are absent from the uninfected host is essential for 
innate immune responses (101). Phagocytic cells eliminate invading microbes by synthesizing reactive oxygen species, 
antimicrobial peptides, and degradative enzymes. They begin to mobilize the adaptive immune system by releasing 
signalling molecules that trigger an inflammatory response (102). Interferon, which is produced by virus-infected cells, 
triggers a cascade of cellular responses that inhibit viral replication and trigger the death of cytotoxic T-lymphocytes 
and natural killer cells (103). Toll-like receptor proteins, which are present in plants as well as invertebrates 
and vertebrates, riggers a cascade of cellular responses that inhibit viral replication and trigger the death of cytotoxic 
T-lymphocytes and natural killer cells (104). Toll-like receptor proteins, which are present in plants as well as 
invertebrates and vertebrates, are able to recognize several of these pathogen-specific compounds (105). Complement, 
a collection of blood proteins, is also activated by microbial surface molecules in vertebrates (106). Complement targets 
bacteria for phagocytosis by neutrophils and macrophages, disrupting the microbial membrane and 
causing inflammation (107). The classification of innate immunity is provided Table 2. 
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Table 2 Classification of innate immunity 

1 Interferon (IFN) 
pathway 

IFN-α and IFN-β inhibit HIV replication by inducing expression of antiviral proteins 
like protein kinase R (PKR) and 2',5'-oligoadenylate synthetase (OAS). 

2 Apoptosis Programmed cell death eliminates infected cells, reducing viral spread. 

3 Natural Killer (NK) cells Recognize and kill infected cells. 

4.1.1. Apoptosis  

Apoptosis, also known as programmed cell death, plays a crucial role in maintaining tissue homeostasis and overall 
health (108). Apoptosis secures that unhealthy or superfluous cells are eliminated, supporting normal tissue function 
and averting illness (109). Apoptosis ensures the removal of harmful or unnecessary cells, promoting healthy tissue 
function and preventing disease (110). Its key functions include and Fig.5 describe the apoptosis of cell death, 

• Elimination of damaged or mutated cells, preventing cancer development (111). 
• Removal of excess cells during development and tissue remodelling (112). 
• Maintenance of immune system balance by eliminating autoreactive immune cells (113). 
• Prevention of inflammation by removing infected or damaged cells (114). 

 

Figure 5 Schematic diagram of apoptosis cell death 

4.2. Natural killer cell 

The innate immune system relies heavily on natural killer (NK) cells, a subset of lymphocytes, which are white 
blood cells (115). The innate immune system's natural killer (NK) cells serve as the initial defence against tumour and 
virus-infected cells (T cells and B cells) without requires prior activation, unlike other immune cells (116). By 
preventing the spread of various cancers and microbial infections and the resulting tissue damage, these cells aid in the 
control of these conditions (117). They work by locating and eliminating host cells that have been compromised (118). 
Natural killer cells play a crucial role in controlling HIV infection. HIV is a chronic infection in its second stage, also 
known as chronic HIV infection, NK cells in the peripheral blood of patients with persistent HIV infection showed 
considerably lower expression of NKG2D, which is consistent with NK cells producing fewer cytokines and causing less 
cytotoxicity than those in healthy people (119). The association between fatty acids and NKG2DL remains to be 
thoroughly clarified by hepatocyte research (120). However, it has been demonstrated that human leukaemia and 
lymphoma cells express MICA in response to short-chain fatty acids like propionic acid (121). NK cells make up 10–16% 
of the total lymphocyte population in human peripheral blood (122). Important activating receptors that aid in blood 
vessel extravasation include NK group 2D (NKG2D), DNAX accessory molecule-1 (DNAM-1), natural cytotoxicity 
receptor (NKp30), and others (123). Integrin adhesion receptors that aid in extravasation include LFA-1, VLA-4, Mac-1, 
PSGL-1, and L-selectin (along with other leukocytes) (124). 
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4.3. Adaptive Immunity 

T-cell activation accelerates HIV replication and is also a predictor of disease progression (125). The importance of T-
cell activation in HIV was first recognized in the late 1980s, with early studies of HLA-DR and CD38 (126). Antigen-
presenting cells (APCs) and naïve T-cells constitutively express HLA-DR and CD38, which are down-regulated on resting 
memory cells and up-regulated on subsequently activated cells, respectively (127). Nef, a protein produced by the 
human immunodeficiency virus type 1 (HIV-1), works against the antiviral action of cytotoxic T cells, thereby evading 
cellular adaptive immunity (128). These cells restrict viral replication by recognizing viral peptides presented on MHC-
I cell surfaces and then removing the infected cells (129). Nef inhibits the presentation of viral antigens to infected cells 
by reducing MHC-I surface expression, which in turn inhibits cytotoxic T lymphocytes (130). In the pathophysiology of 
HIV-1 infection, the Negative regulatory factor (NEF) plays an important role. Imperfect NEF genes are related with 
significantly slower development to AIDS (131). The MHC- I cytoplasmic tail (remainders 315 – 332) binds securely to 
a long, thin groove at the NEF and µ1 edge, forming a clamp- suchlike structure in the NEF – MHC- I CD – µ1 compound 
(132). The biological significance of chemokines in the central nervous system has been clarified thanks to major 
advances in recent years (133). Recent studies by our group and other researchers have shown that virions produced 
by macrophages bind to chemokine (chemotactic cytokine) receptors on neurons (134). Originally thought of as 
immunological modulators, chemokines appear to have many biological functions in the central nervous system, 
together with development, neuronal excitability, synaptic transmission, neuro-swelling and neuro-erosion (135). It is 
conceivable that mingling HIV-specific CD8 cells may be partially anergic and unable to eliminate HIV-1-infected cells 
in vivo while helper CD4 T cells are functionally compromised at later stages of infection (136). In the SIV model, a CD8-
depleting monoclonal antibody was used to show a direct role of condensed CD8 cell immunity in the 
pathophysiology of HAD (137). 

4.4. Cellular limitation factors 

According to reports in the early 1991s, cyclophilin (Cypa) is a cellular element that fixes the HIV- 1 capsid protein (CA) 
but not the CA of other lentiviruses similar as SIVmac239 (138). It has recently been shown that it also interacts with 
SIV again, CA of certain HIV-2 strains and FIV (feline immunodeficiency virus) (139). The kinase activity of Itch 
(inducible T-cell kinase) in CD4+ T cells and the nuclear export of Zpr1 (zinc finger protein 1) in yeast are two unique 
cellular roles of Cyp. When used with the immunosuppressive medication cyclosporine, it effectively inhibits T cell 
calcineurin, a CA-dependent phosphatase (140). According to, a crucial proline residue is involved in the interaction 
with HIV-1 CA, and CypA binding causes a conformational shift in CA. Silencing RNF19A, TRIM25, and TRIM27—all of 
which associate with or belong to E3 ligases—also restored infectivity, increasing it 3–3.5-fold from 1 × 103 to 3 × 103 
FFU/ml. Notably, RIG-1-mediated IFNb synthesis and antiviral activity depend on TRIM25 (141). Only one of the four 
siRNAs confirmed the restricted phenotype for TRIM27, the only one of the last three genes to be validated with 
individual siRNAs. Furthermore, WSB2, a bridge protein that connects the substrate-binding domain and E3 ubiquitin 
protein ligases, was moderately restored upon knockdown (3.2-fold, 1 in 4 independent siRNAs (142).  

5. Conclusion 

HIV/AIDS remains a significant global health problem, with existing antiretroviral therapy unable to eliminate the virus 
from the body and challenges in creating anti-HIV vaccines. To advance the safety and efficacy of antiretroviral therapy, 
a deeper understanding of the HIV-human interface is needed. A network-based OMICs data analysis can illuminate 
these mechanisms and identify new points in therapeutic interventions. Over 2800 interactions among human and HIV-
1 proteins belonging to different viral sets and subtypes have been added to public databases. Most of the interactions 
go to HIV-1 group M subtype B, which presents a barrier to interrelating investigations of other HIV forms. 233 HIV-
related transcriptomics were studied, evaluated the expression characteristic of anthropogenic and HIV non-coding and 
coding RNAs across various kinds of cells. People can vary in their susceptibility to HIV, the rate at which they experience 
disease progression, and their reciprocation to vaccine and drug therapies. Identification of degenerate genes (DEGs) 
in various conditions accompanying pathway flourish analysis allows study to interpret conditions differences. 
Comparing transcriptional outlines in insusceptible cells from individuals treated with more or less operative vaccines, 
with stronger or weaker immune responses to specific vaccines, can help identify genes and pathways that alter 
vaccine efficacy. By comparing the transcriptional biographies by examining chronically infected, viraemic and elite 
controllers, individuals can indicate mechanisms that reduce susceptibility to HIV infection. It’s possible to improve the 
efficiency of antiretroviral curatives and vaccines by emulating the distinct transcriptional histories of viraemic and 
elite controllers with different natural and chemical agents.  
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5.1. Future prospective 

There is a lot of potential for the future of integrated multi-omics analysis in determining antiviral host components and 
pathways governing HIV infection. Researchers are obtaining a more thorough knowledge of HIV-host interactions, 
antiviral resistance mechanisms, and possible treatment targets by utilizing developments in genomes, transcriptomics, 
proteomics, metabolomics, and other omics domains. Here are some important viewpoints on how integrated multi-
omics might influence HIV research and therapy going forward. By finding host genetic variations that affect infection 
outcomes or therapeutic responses, integrated analysis enables a more thorough investigation of genetic vulnerability 
to HIV. It may also reveal epigenetic changes that impact HIV latency and persistence, such as DNA methylation and 
histone alterations. A comprehensive picture of the dynamic interactions between HIV and the host including viral entry, 
replication, and immune evasion can be obtained by multi-omics platforms. This would make it easier to find new 
immune modulators or antiviral host variables that would not have been visible from a single-omics viewpoint. 
Researchers are able to map out intricate signaling networks involved in HIV infection and its control by combining 
transcriptomic, proteomic, and metabolomic data. This involves identifying important cellular pathways, including NF-
kB, interferon signaling, or autophagy, that HIV uses for reproduction or persistence. New understanding of how HIV 
affects the immune system, including changes in cytokine profiles, T-cell responses, and macrophage activation, can be 
gained using a multi-omics approach. Finding new immune modulators to improve antiviral immunity may result from 
an understanding of these alterations. Using integrated multi-omics, host variables that are important for HIV 
replication but also necessary for other viral infections may be found. This makes it possible to use small compounds to 
target host pathways that HIV hijacks or to repurpose already-approved antiviral medications. Future antiviral 
therapies could concentrate on altering host pathways essential for viral multiplication, immune evasion, or latency in 
addition to addressing HIV directly. Multi-omics will assist in finding novel host targets that may be therapeutically 
altered, such as kinases, transcription factors, or enzymes. 

The development of latent reservoirs, in which the virus remains inactive within certain cells despite the administration 
of ART (antiretroviral treatment), is one of the key obstacles to HIV eradication. A more thorough knowledge of the 
molecular processes that sustain HIV latency, including chromatin remodeling, transcriptional repression, and host 
immune modulation, may be obtained by integrated omics technologies. It could be feasible to create methods for 
carefully reactivating the virus and increasing its susceptibility to immune clearance by identifying the routes 
underlying latency. Multi-omics analysis may be able to pinpoint host characteristics that affect immune cells' (such as 
CD8+ T cells and NK cells) capacity to locate and attack latent HIV reservoirs. Furthermore, knowing how particular 
metabolites or cytokines affect latency may open the door to creating treatments that target latent HIV reservoirs 
precisely without inducing negative inflammation. The potential of multi-omics to shed light on the individual 
differences in HIV infection and treatment outcomes is among its most intriguing features. Clinicians may be able to find 
patient-specific biomarkers for ART response, progression, or susceptibility by integrating multi-omics data.  
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