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Abstract
 The Human Immunodeficiency Virus type 1 (HIV-1) viral genome is 

9.1 KB in length, containing both genes that code for structural, regulatory 
and accessory proteins found on viral single-stranded RNA. These 
different genes encode for specific proteins with specific functions. This 
is the case of the viral protein Tat, a regulatory protein, encoded by the tat 
gene (transactivator of transcription) of the HIV-1 viral genome, which is 
an essential protein for the replication, expression and progression of HIV-
1 infection. It is one of the first proteins to be expressed immediately after 
infection. It can also penetrate into neighboring uninfected cells. It is both 
active in the cytoplasm and in the nucleus but more present in the nucleus. 
The tat gene has a length of 14 to 16 kda with two exons coding from 1 to 
86 or 101 amino acids depending on the strain or isolate present (exon 1 
and exon 2 necessary for its function in vivo). The multiple functions of 
the tat gene allow it to be a focal point of research for the understanding of 
the AIDS disease, the relationships and the impacts that this gene has and 
can develop with other cells in the context of the disease. Until date, it is 
the focus of several researches linking HIV-1 with other pathologies, as for 
example, HIV associated neurocognitive disorders, cancer oncogenesis, 
cardiovascular diseases; or phenomenon like viral latency establishment. 
The tat gene is also associated to pathologies that are induced or created, 
following HIV-1 infection worldwide. A literature review is thus important 
in order to know the current state of work on this gene which is of so much 
interest in HIV-1 research, including treatment and vaccine design.
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Introduction
Human Immunodeficiency Virus type 1 (HIV-1) is a human retrovirus of 

the lentivirus genus responsible for slowly evolving pathologies grouped under 
the name acquired immunodeficiency syndrome (AIDS). The emergence of 
HIV/AIDS in 1981-1982[1], brought out a wide range of studies, particularly 
based on disease pathogenesis, treatment and vaccine design, in order to 
overcome this tremendous illness. Although continuous efforts had been 
made till date, there has been neither known treatment which could cure the 
disease nor a good vaccine for prevention or treament. In the same battle, 
we are focusing on this review on HIV-1 tat gene in order to bring out our 
contribution on HIV/AIDS studies for the future better management of HIV 
infected patients. HIV infection remains a major public health concern. 
Globally, in 2022, about 39 million people were living with HIV, and 1.3 
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Role of the tat gene in HIV-1 progression and 
its different functional domains identifying the 
viral subtypes
The tat gene

HIV-1 tat gene exists in two short different fragments 
of about 216 and 258 bps as colored in black in the HIV-
1 gene map shown below; each of which encode a specific 
Tat protein. Tat-1 exon (minor form) of 72 amino acids 
and Tat-2 exon (major form) of 86 amino acids [11]. It acts 
by binding to the TAR (transactivation response) RNA 
element and activating transcription initiation and elongation 
from the LTR promoter, preventing the 5' LTR AATAAA 
polyadenylation signal from causing premature termination 
of transcription and polyadenylation. It is the first eukaryotic 
transcription factor known to interact with RNA rather than 
DNA [10].

Different functions of tat gene
The tat gene, which is part of the viral genome, has several 

functions during both internal and external HIV-1 infection. 
In addition to its main function, which is the transcriptional 
function allowing viral multiplication in the host organism, it 
also participates in HIV-1 pathogenesis. It has a regulatory, 
co-activating activity, it also exerts an extracellular function 
by affecting uninfected cells and even seeing the increased 
production of free radicals in the body leading to the alteration 
or damage of DNA thus leading to cancer.

Transcriptional function of tat gene
The tat gene performs several functions in the infected 

organism, but its main function remains the transactivation 
of the transcription of the provirus for the formation of large 
quantities of complete mRNAs. In the absence of the tat gene, 
recruitment of transcription factors to the 5' LTR promoter is 
sufficient to initiate transcription, but not for the production 
of full-length mRNAs due to premature termination of 
elongation and pause of RNA polymerase II (RNAPII) at 

million of people were newly infected; among them about 
25 million of people were in sub-Saharan Africa [2]. Every 
week, 4000 adolescent girls and young women aged 15–24 
years became infected with HIV globally in 2022; 3100 of 
these infections occurred in sub-Saharan Africa, where, 
women and girls (all ages) accounted for 63% of all new 
HIV infections [2]. In Cameroon particularly, the overall 
HIV/AIDS prevalence rate is about 2.7% [3], an apparently 
low prevalence which should emphasize the necessity of 
focusing on more studies in order to end AIDS by 2030 as 
prescribed by UNAIDS [4]. The HIV-1 viral genome is 9.1 
KB in length, containing both genes that code for structural, 
regulatory and accessory proteins found on viral single-
stranded RNA [6]. These different genes encode for specific 
proteins with specific functions. This is the case of the viral 
protein Tat, a regulatory protein, encoded by the tat gene 
(transactivator of transcription) of the HIV-1 viral genome, 
which is an essential protein for the replication, expression 
and progression of HIV-1 infection. It is one of the first 
proteins to be expressed immediately after infection, thanks 
to its size and its structures such as the protein transduction 
domain (PTD) and the nuclear localization signal (NLS) [7]. It 
can also penetrate into neighboring uninfected cells. It is both 
active in the cytoplasm and in the nucleus but more present 
in the nucleus. The tat gene has a length of 14 to 16 kda with 
two exons coding from 1 to 86 or 101 amino acids depending 
on the strain or isolate present (exon 1 and exon 2 necessary 
for its function in vivo) [8, 9]. The multiple functions of 
the tat gene allow it to be a focal point of research for the 
understanding of the AIDS disease, the relationships and the 
impacts that this gene has and can develop with other cells in 
the context of the disease. Until date, it is the focus of several 
researches linking HIV-1 with other pathologies induced or 
created, following HIV-1 infection worldwide. A literature 
review is thus important in order to know the current state 
of work on this gene which is of so much interest in HIV-1 
research, including treatment.

Figure 1: HIV-1 gene map [11]
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the region proximal to the transcription start site [12]. The 
transcription of viral mRNAs resulting in the formation of 
new virions using the tat gene takes place in 3 steps in the 
nucleus of the host cell. Of which we have the initiation 
which is materialized by the acetylation of the nucleosomes 
present at the level of the 5' LTR promoter thanks to HATs 
(histone acetyl transferase) such as the CBP (CREB Binding 
Protein) / P300 complex, inducing a chromatin change 
allowing RNA polymerase II to transcribe viral genes [13; 
14].  This rearrangement allows the recruitment of a pre-
initiation complex composed of sp1, NF-κB and a TFIIH 
complex in order to phosphorylate the C-terminal part 
of RNA polymerase II (RNAPII), the polymerase is then 
able to transcribe from the TAR region using the multiple 
transcription start sites (TSS) in the promoter driven by the 
TATA box [15]. The RNAP II complex linked to the promoter 
allows the initiation of the synthesis of short mRNAs [16].  
The elongation process is inhibited by two inhibitory factors 
such as negative elongation factors (NELF) and DRB 
(5,6-dichloro-1-β-D-ribofuranosylbenzimidazole) sensitivity 
inducing factors (DSIF). They induce the dissociation of the 
Pol II RNA from the proviral DNA, thus marking a pause in 
the elongation or stopping It [17; 12], hence the production 
of short mRNA strand 59 nucleotides along. The secondary 
structure loops of short strands of RNA formed will then bind 
to the TAR element (transactivation response). The formation 
of the TAR mRNA loop of 59 nucleotides linked to RNAP II 
allows the recruitment of tat at the level of the transcription 
complex having the capacity to remove the elongation 
inhibitor elements and allows the binding of Histone Acetyl 
transferase (HATs) such as CBP (CREB Binding Protein) 
/ P300 at the level of the TATA box which will recruit 
partners for the transcription machinery (elongation). At 
the level of elongation, the P-TEFB complex (positive 
transcription elongation factor b) consisting of CDK9 and 
its regulatory partner cycT1 is recruited and then allows 
the phosphorylation of the serine residues of the C-terminal 
domain (CTD) of RNAPII [7]. These events allow RNAPII to 
achieve productive elongation and thus synthesize full-length 
HIV transcripts [16]. The action of tat allows the production 
of genomic precursors and multi and mono spliced   mRNAs.

Regulatory function of the tat gene
The tat gene is a regulator of Rev-dependent mRNA 

transport, packaging, splicing, and translation. It also interferes 
with RNAi interference. The tat gene also has a stimulatory 
effect on reverse transcription. At high concentrations, the tat 
gene is able to inhibit the activity of reverse transcriptase.

Tat gene:  a co-regulator of the reverse transcription
The presence of the tat gene during transcription of the 

provirus into mRNA, at the level of the 5'LTR promoter, 
involves the recruitment of transcription coactivators such as: 
HATs, the P-TEFb complex and chromatin remodeling [18].

Thus the presence of the tat gene allows the phosphorylation 
of many transcription factors such as: the acetylation of 
the p50 subunit of NF-kb by HATs [19]. ; phosphorylation 
of CRP/P300 and sp120] thus allowing the activation of 
the regulation of the viral promoter. Sp1 is a ubiquitously 
expressed, prototypic C2H2-type zinc finger-containing DNA 
binding protein that can activate or repress transcription in 
response to physiologic and pathological stimuli. It has since 
been shown to regulate the expression of thousands of genes 
implicated in the control of a diverse array of cellular processes, 
such as cell growth. This gene itself is modified by PTMs 
(post translational modifications) including phosphorylation, 
acetylation, ubiquitination and methylation leading to the 
generation of the tat gene determining its binding partner for 
good viral transcription, it can be inhibited or activate during 
these PTMs [ 20, 22].

The tat gene is a regulator of the expression of cer-
tain cellular genes

It plays a role in the pathogenesis of HIV-1 by regulating 
in such a way as to increase the level of expression of the 
chemokine co-receptors CXCR4, CCR5 [23], interleukin 
cytokine receptors like IL-2 (CD25) in infected cells [24], 
IL-6, IL-10 [25]. A dysregulation of the production of 
cytokines contributes to the inefficiency of the immune 
system against the virus. This is the case of IL-10, which is 
a cytokine being the most anti-inflammatory, playing a far 
role in regulating the host's immune response to the pathogen, 
thus preventing damage to the host and maintaining tissue 
homeostasis. Normally it is produced in small quantities or 
even almost not in mononuclear cells. The study conducted 
by Bennasser et al in 2001 in human monocytes demonstrated 
that the Tat protein allowed an overproduction of IL-10 by 
activating the PKC pathway and transcription factors such 
as Nf-KB. This excessive production of this cytokine due to 
the presence of the Tat protein also leads to an increase in 
the calcium concentration in the monocytes by acting on the 
calcium signal at several levels. Moreover, Tat induces the 
expression of chemokines that attract uninfected T cells and 
macrophages, facilitating expansion of HIV in the host [26]. 
On the other side, Tat can also contribute to the depletion 
of T cells during AIDS progression by up-regulating cellular 
pro-apoptotic genes [27]. Finally, Tat is able to repress the 
transcription of several genes encoding receptors of the 
innate immune system responses.

HIV Integrase, a competitive element of the tat gene     
Integrase (IN) is an enzyme integrating into the HIV-

1 viral genome necessary for the formation of the provirus 
by allowing the integration of viral DNA onto DNA in the 
nucleus of the host cell, thus being able to be transcribed in 
mRNA for the formation of new virions [33]. During the 
transcription of the provirus, it has this capacity to be able 
to recruit the tat gene (transactivator of transcription) for the 



Georges T, et al., Fortune J Health Sci 2024
DOI:10.26502/fjhs.193

Citation: Teto Georges, Tagomo Sob Sandra, Dambaya Beatrice, Kamgaing Rachel, Pieme constant Anatole and Alexis Ndjolo. The 
Human Immunodeficiency Virus tat gene, its Pathogenesis and Treatment Implications. Fortune Journal of Health Sciences. 7 (2024): 325-337.

Volume 7 • Issue 2 328 

transcription of complete mRNAs by first binding to the TAR 
RNA loop. It thus has the ability to bind to both RNA and 
DNA [34]. Integrase (IN) being made up of the N-terminal 
domain, the catalytic core domain and the C-terminal domain, 
can, thanks to its CTD (C-terminal) domain and having a high 
affinity for TAR, bind to the TAR RNA loop Polymerase II. 
This IN-CTD TAR ARP II binding allows the recruitment of 
the tat gene by conformational modulation of TAR which will 
read to the loop. Subsequently, the gene will release IN-CTD 
and in turn allow the recruitment of the P-TEFB complex 
(CDK9 + CYCT1) which can thus phosphorylate the RNA P 
II at the level of the serine residues which will in turn carry 
out a complete transcription of the mRNAs complete [35]. It 
has been shown that integrase could be a competing element 
of the tat gene, since they have the same binding site on the 
TAR domain. This function that it acquires gives rise to a 
new therapeutic target and to the development of a new drug 
generation [36].

Structure of tat gene derived protein
The HIV-1 tat gene encodes a 14 to 16 kda Tat protein with 

two exons ranging from 1 to 86 or 101 amino acids depending 
on the isolates present. Exon 1 ranges from 1 to 72 amino 
acids essential to its in vivo and in vitro function, including 
the transactivation of the highly conserved viral promoter 
and exon 2 from 73 to 86 or 101 amino acids essential to 
its function in vivo, poorly conserved [37; 38]. Based on 
previous studies, researchers have been able to demonstrate 
that the Tat protein has five major functional domains. The 
first four are located in the first exon (I, II, III, IV) all having 
very specific functions and of domain V in the second exon. 
Domain I is involved in protein structuring (1 to 21 aa), 
cysteine-rich domain II is required for tat transactivation, 
domain III or 'core' is highly conserved and is essential for the 
transactivator function of Tat, a mutation at the level of the 
latter leads to the abolition of transcriptional activity. Domain 

IV is the basic domain of the protein. It allows attachment to 
the TAR sequence of the newly synthesized viral RNA and 
also contains the nuclear localization signal (NLS, aa 48 to 
59) which contributes to localization of Tat in the nucleus
where it exerts its transactivating function [33].

Variations of the functional domains of tat gene ac-
cording to viral subtype

The Tat protein encoded by the tat gene is involved in 
the progression of HIV-1 in the host cell, due to its multiple 
functions within the virus and in infected cells. The Tat 
protein plays several roles such as replication of the provirus 
(necessary for the formation of new virions), infection of 
neighboring cells, involvement in the immune response, 
it is involved in the regulation of certain genes, in the 
affection of certain specific cells such as neurons, playing 
a role in the production of free radicals that can lead to the 
development of opportunistic diseases such as cancers. These 
different functions clearly demonstrated from the different 
scientific studies show clearly the implication of the tat gene 
in the progression of the HIV-1 disease leading to AIDS. 
In the serum of infected patients, there are viral RNA and 
proteins among which the Tat protein. Since the level of Tat 
antibodies found in it is high, research has led to a thought 
of setting up a prophylactic vaccine against this Tat protein 
[28]. Animal and preclinical studies on subtype B have 
shown efficacy in inducing a Th1 and Th2 immune response, 
thereby increasing immune function in these patients. The 
Human Immunodeficiency Virus exists in two types, type 1 
and type 2. HIV-1 is the most prevalent form in the world, 
accounting for 95% of all HIV-related infections [29]. HIV-
1 exists in the world in four major groups: group M (the 
main one), group O (the outliers), group N (the new ones) 
which are non-M and non-O and the rarest group P. Due to its 
spread and phylogeny, group M is subdivided into 9 subtypes 
of A-D, F-H, J and K and unique recombinant forms [30], 

Figure 2: structure of protein Tat of HIV-1 [39]
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one hundred and fiftyseven circulating recombinant forms 
(CRF157_A6C) and several unique unclassified recombinant 
forms (URFs) have been identified to date.  The subtypes are 
in turn subdivided into other subtypes of which for the most 
part we have A1, A2 and F1, F2. There are also subtypes 
that recombine with each other, for example CRF01-AE, 
a recombinant form of the A and E subtypes (probably 
ancestral and not yet described) of group M. [31]. This high 
genetic variability is due to a high rate of mutations and a 
high rate of inter- and intra-molecular recombination that 
occurs in infected host cells due to a lack of DNA correction 
or proofreading system during reverse transcriptase action 
[32]. From the study of the genetic disposition of HIV-1 in the 
world, we note that 50% of the infections are caused by the 
C subtype generally found in Sub-Saharan Africa, India and 
South America. The most studied clade, subtype B, accounts 
for 10% of infections and is most commonly found in Europe 
and America. Subtypes A and D are found in Sub-Saharan 
Africa with a percentage of 12% and 3% respectively and 
subtype G of 6%; subtypes F, H, J and K represent 0.94% 
of infections. The recombinant circulating forms CRF01_AE 
based in East Asia and CRF_AG represent 5% of infections 
worldwide and CRF03_AB represents 0.1% [30]. It is also 
stated that the other forms represent the remaining 8% of 
infections. All recombinant forms combined are responsible 
for 18% of infections worldwide [30]. Beside these HIV-
1 subtypes, CRFs and URFs, there is the first CRF namaly 
CRF01_AB spreading in Japan [5].

Study of the variability of the tat gene using genomic 
sequencing shows a variation of the sequences of the tat gene 
belonging to different subtypes. The study conducted by Teto 
et al in 2016 on 100 Cameroonian HIV positive samples 
showed genetic variability of the tat gene of different subtypes. 
From this study, several recombinant forms were detected in 
the study area and different mutations in the different existing 
subtypes were: N29K and N36I on CRF02_AG and CRF11_
cpx isolates respectively; N23T, N24K, and K29T subtype 
G isolate; N23T and T24K on CRF13_cpx; K24S, Y26H, 
and K29H on subtype D; N24K and F26W on CRF22_01A1; 
K24Q, C31S, and P35Q on CRF18_cpx; and N23S and K29R 
on the CRF01_AE isolates [29]. No mutations were observed 
in the cysteine region of CRF37_cpx. In 93% of the samples 
analyzed, only three CRF02_AG isolates showed mutations 
at C31 (C31S/A/F) and one CRF18_cpx isolate showed a 
C31S mutation and one CRF18_cpx isolate showed a C31S 
mutation. Several CRF02_AG samples showed mutations 
from asparagine (N) to lysine (K) in the cysteine-rich and 
Core regions, including N24K, N29K, and N40K in 44%, 
58%, and 30% of samples, respectively. All subtype G 
samples also showed an N24K mutation and 42% of CRF02_
AG samples had an S23N substitution. Compared to the 
consensus sequences, no major mutations were observed in 
the N-terminal Tat region of Cameroon isolates except for 

the P3L substitution in 63% of CRF02_AG isolates. These 
mutations can lead to functional modifications of the different 
domains of the Tat gene. Lysine-associated hydrogen bonds 
are important for protein stability and K residues play an 
important role in HIV-1 Tat transactivation. Studies of 
HIV-1 B, C and CRF01_AE Tat subtypes have shown that, 
compared to B Tat subtype, there was a significant increase 
in viral transactivation with CRF01_AE and C Tat subtype 
[27]; K residues in the cysteine-rich, Core, and TAR-binding 
regions played an important role in this increased Tat activity 
and viral transactivation, and mutations in K residues in A 
decreased viral transactivation by two to 20 folds [27]. Thus, it 
is possible that mutations resulting in increased K residues, as 
shown in the Cameroon study for CRF02_AG and G subtype 
isolates, could result in increased LTR transactivation and 
replication in individuals infected with these subtypes. This 
said, a large variability in the functional domains of the gene 
tat viral subtypes implies a modification of the interaction 
of the viral transactivator with cellular and/or viral proteins 
influencing the overall level of transcriptional activation as 
well as its action as a neurotoxic protein. Therefore, genetic 
variability within Tat may impact the molecular architecture 
of Tat protein functional domains that may impact HIV 
pathogenesis and disease [28].

Tat gene and HIV-associated neurocognitive disor-
ders (HAND)

HIV is the target of brain mononuclear phagocytosis 
(monocyte-derived macrophage and microglia) and immune 
suppression accelerates virus growth and associated 
neuronal damage. One of the pathologies related to HIV is 
the condition of the central nervous system which affects 
cognitive, behavioral and motor function which triggers 
a range of negative clinical outcome. There are nearly 
27% of people infected with HIV-1 who have identifiable 
cognitive dysfunction and 84% who have definable deficits 
in cognition, physiology and behavior [40]. The tat gene 
(transactivator of transcription), which is involved in the 
transcription machinery of the HIV provirus type 1 in the host 
cell, is also a powerful mediator involved in the development 
of neurocognitive disorders associated with HIV-1 (HAND). 
Despite taking antiretrovirals, it is able to cross the blood-
brain barrier and finally attack the central nervous system 
(CNS). It interacts at this level with microglia, astrocytes, 
microvascular endothelial cells of the brain and neurons [41]. 

HIV-1 by itself cannot infect neurons in general, but 
lesions and excitotoxicities on CNS neurons suggest HIV-
1 infection of other CNS cells such as microgolia, atrocytes 
[42] which can produce and secrete viral proteins such as the
Tat protein and pro-inflammatory cytokines which can attack
neurons even in the absence of active HIV-1 replication [43].
HIV-1 has four major groups, of which the M form is the most
widespread and includes subtypes ranging from A-D, F-H, J
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and K [44]. It is noted that subtype B is the most predominant. 
Studies have shown a genetic, biological and pathological 
difference in the tat gene of subtype B and subtype C, that of 
subtype B being 101 amino acids in length. The extracellular 
tat gene has this ability to infect other cells such as the 
CNS, this recombinant and purified form acts according 
to the subtype belonging to the length of the gene. Thus, 
from reviews of articles studying the impact of the tat gene 
belonging to different subtypes and having different lengths 
on the central nervous system in laboratory rats, it emerges 
that the most found and studied protein of 101 Amino helpers 
including Tat variants, such as Tat 72 and Tat 86 exhibit a 
number of distinct activities with respect to mediating CNS 
damage and neurotoxicity. The following figure presents the 
different functionalities of variants of the Tat protein in the 
induction of neurocognitive diseases associated with HIV-1.

The Tat protein, which is a mediator of neurocognitive 
diseases, acts on cells of the central nervous system as well as 
neuron receptors, thus playing several roles that contribute to 
the production of neurotoxicity in patients carrying the HIV-
1 virus. The Tat protein released by these immune cells from 
central nervous system phagocytosis called extracellular tat, 
combined with free radicals (which can be produced by the tat 
gene) attacks neurons by binding to neuron receptors such as 
NMDAR (N-Methyl -D-aspartate), LRP or CXRC4 allowing 
endocytosis. This leads to excitotoxicity and apoptosis by 
increasing by potentiation of glutamate through the NMDAR 
pathway, hence the destruction of neurons [42].

Involvement of the tat gene in cancer oncogenesis
Thanks to its size (14kDa) and its structures (the protein 

transduction domain and its cell localization signal), the tat 

Figure 3: tat gene mediator of neurocognitive diseases
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gene is able to penetrate uninfected neighboring cells and can 
create metabolic disturbances at this level such as increased 
production of oxygenated species and the production of 
oncogenesis leading to cancers. The incidence of neoplasms 
increases drastically in HIV-1 infected patients, even when 
on long-term treatment. Several types of cancer have been 
associated with HIV-1 infection and AIDS, such as Kaposi 
sarcoma (KS), lymphoproliferative disorders and cervical 
cancer [45]. Cervical cancer is the most common cancer in 
developing countries and affects most women with HIV-1, 
and is recurrent in women with HIV-1 and not dependent 
on immunosuppression [46]. Kaposi's sarcoma one of 
the malignant cancers occurring in HIV-1 patients is the 
most common tumor, it usually occurs in the late stage of 
severe immunosuppression [47]. It is characterized by the 
proliferation of spindle cells that appear to be of lymphatic 
endothelial origin. The extracellular Tat protein can infect 
neighboring cells and is able to enter endothelial cells, which 
are one of its targets. Tat protein induces angiogenesis in 
endothelial cells and the growth of KS spindle cells [48; 49]. 
Overexpression of Tat in vivo leads to an increase in KS-
like lesions, so Tat acts as a cofactor in KS production [50] 
although its mechanism of action is not yet well elucidated. 
B-cell lymphoma is another type of cancer occurring in HIV-
1 patients. The tat gene induces at this level an increased
production of ROS leading to oxidative DNA damage
which is a source of genomic instability thus activating
the PI3K /AKT/ mTORC1 (phosphatidylinositol-3-kinase/

protein kinase B/mammalian target of rapamycin complex 
1) pathway which in turn inhibits the expression of cMYB
and E2F8 (E2F transcription factor 8), being transcriptional
inhibitors of AICDA (activation-induced cytidine
deaminase). This inhibition promotes overexpression of this
gene, resulting in the oncogenic translocation between MYC
(The oncoprotein MYC is a pleiotropic transcription factor
that modulates global gene expression and regulates critical
cellular processes including proliferation, differentiation, cell
cycle, metabolism and apoptosis.) and IGH characteristic of
Burkitt's lymphoma [51]. Note that the tat gene allows the
reconciliation of the MYC and IGH loci in the B lymphocyte
initially located in different nuclear compartments. The Tat
protein encoded by the tat gene is a true oncogenic cofactor
in patients carrying this virus.

The role of HIV-1 Tat in HIV-1 related cardiovascu-
lar disease

Several studies have shown that most HIV-1 patients 
also suffer from cardiovascular disease. This is due to factors 
such as dyslipidemia, chronic inflammation, abnormal lipids 
such as HDL, increased triglycerides and the duration of 
antiretroviral therapy taken by HIV-positive patients [52, 53, 
54]. HIV-associated cardiovascular disease is characterized 
by cardiomiopathy, increased fibrous tissue and significant 
infiltration of immune cells in the heart [52]. Several studies 
have demonstrated that gp120 and Tat proteins are involved 
in the development of cardiovascular disease in HIV patients. 

Figure 4: Role of the Tat protein in the induction of neurotoxicity
Microglia are shown in green, astrocytes in orange, oligodendrocytes in blue and neurons in purple. Tat in red
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Through certain pathways, these proteins lead to apoptosis of 
cardiomyocytes and epithelial cells. The MAPK/ERK Kinase 
pathway (MEK inhibition) (mitogen-activated protein kinase/ 
ERK ist the first mammalian MAP kinase) inhibits apoptosis 
in cardiac cells [55, 56]. The role of Tat protein in HIV-
associated cardiovascular disease is increasingly recognized. 
Studies have shown that Tat protein induces transcriptional 
changes in different cell types that make up the heart, and 
some of these transcriptional changes are similar to those 
observed in certain non-HIV-associated cardiovascular 
diseases [57]. Tat protein induces connexin 43 (Cx43) 
mRNA and protein in cardiomyocytes and increased levels of 
lipofuscin, a known biomarker of cardiac aging. Both of these 
observations are also seen in non-HIV-related cardiovascular 
disease [52]. Interestingly, in human hearts, an increase in 
Cx43 protein expressed in response to Tat exposure has 
also been observed, suggesting that Cx43 undergoing Tat 
exposure is more sensitive to the effects of Tat exposure [58]. 
Tat-induced cardiomyocyte apoptosis led to the formation of 
fibrous tissue plaques and the accumulation of mitochondria. 
This suggests that cardiomyocyte apoptosis is a mitochondria-
controlled pathway. High levels of circulating ATP correlate 
with cognitive impairment and endothelial damage [59]. 
Furthermore, exposure of cardiomyocytes to an increasing 
concentration of ATP in vitro caused an increase in the 
frequency of pain and inflammation. These results show that 
HIV infection and exposure to viral proteins result in damage 
to the heart and cardiovascular disease.

Tat protein and inhibition of latency establishment
Most of the world's HIV patients are treated with highly 

active antiretroviral drugs to increase CD4+ T cells and 
reduce viral load. Infected CD4+ T cells lie dormant in 
the body, preventing complete eradication of the disease 
in these patients [60]. The latent reservoir is established 
during acute infection and represents an archive of wild-
type and drug-resistant viruses [61]. Reactivation of latently 
infected cells is probably the main source of viral rebound 
when treatment is interrupted or terminated [62]. Thus, 
HIV-1 latency allows infection to persist throughout life, 
and is the subject of intense research. Several approaches 
aimed at reactivating the latent reservoir have been used in 
clinical trials. The establishment of HIV-1 latency is mainly 
the result of one or more transcriptional blockages, usually 
at the time of infection of an activated CD4+ T cell that 
switches to the resting state. NF-B (Nuclear Factor K-B) and/
or Nuclear Factor of Activated T Cell (NFAT) (depending 
on the cell type) are required to initiate viral transcription 
by binding to the activated CD4+ T cell. The Tat protein, 
important for viral transcription and multiplication in the 
host, also plays a key role in viral latency. There are several 
mechanisms by which Tat protein, if present in sufficient 
quantities, could counteract the establishment of HIV-1 

latency by promoting transcription initiation or elongation. 
The transcriptionally active form of NF-B, p50/p65, can be 
sequestered in the cytoplasm by IκBα. Tat itself can induce 
nuclear translocation of NF-B p50/p65 [63], probably via 
a direct interaction with Protein Kinase Reductase (PKR) 
(double-stranded). This may lead to IκBα degradation [64]. 
IκBα (Nuclear Factor of Kappa light polypeptide gene 
enhancer in B-cells Inhibitor alpha; NFKBIA) is one member 
of a family of cellular proteins that function to inhibit the NF-
κB transcription factor. IκBα inhibits NF-κB by masking 
the nuclear localization signals (NLS) of NF-κB proteins 
and keeping them sequestered in an inactive state in the 
cytoplasm. In addition, IκBα blocks the ability of NF-κB 
transcription factors to bind to DNA, which is required for NF-
κB's proper functioning. In addition to initiating transcription, 
NF-B p50/p65 can displace HDAC1 (deaceted histone). The 
p50/p50 homodimers bound to HDAC1 (histone deacetylase 
1) at the B sites of the viral promoter. Chromatin is also
regulated by the Tat protein through restrictive modifications.
Histone acetyltransferases (HATs), notably p300, CBP and
PCAF, are recruited by Tat to the 5' LTR [65], where they
can reverse the effects of histone deacetylation. Nucleosome
remodeling is induced by Tat via recruitment of the Ini1,
BRG-1 (Brahma-related gene-1) and Brm components of the
SWI/SNF chromatin remodeling complex (The mammalian
SWI/SNF complexes mediate ATP-dependent chromatin
remodeling processes that are critical for differentiation and
proliferation.) [14, 66] and by recruitment of the histone
chaperone hNAP-1 (human Nucleosome Assembly Protein-1) 
[67], which relaxes chromatin structure and thus enables
transcription. Tat can also overcome elongation barriers by
disrupting the RNP 7SK (human 7SK ribonucleoprotein)
complex through direct displacement of Hexim 1 resulting
in increased nuclear levels of enzymatically active P-TEFb
[68, 69].  Hexim 1 is an essential transcription regulator
during Human erythropoiesis. Hexamethylene bis-acetamide
inducible 1 (HEXIM1) regulates RNAPII activity by
controlling the location and activity of positive transcription
factor β. Findings show that in vivo depletion of the tat gene
contributes to the establishment of virus latency. One example 
is the study carried out by Daniel A. and colleagues in 2012,
where the in vitro menes study on cells and virus clearly shows 
that the presence of large quantities of intracellular Tat leads
to inhibition of virus latency. Good therapeutic follow-up is
important in the establishment of latency, thus preventing the
presence in sufficient quantity of the Tat protein which plays
a primordial role in the activation of latency [70].

Tat as a therapeutic target
A number of drugs have been developed for the 

management of patients with HIV worldwide, with the aim of 
reducing viral load and increasing TCD4+ cell counts. These 
drugs are known as antiretroviral drugs, and include among 
others, protease inhibitors, nucleoside reverse transcriptase 

https://en.wikipedia.org/wiki/NF-%CE%BAB
https://en.wikipedia.org/wiki/NF-%CE%BAB
https://en.wikipedia.org/wiki/Transcription_factor
https://en.wikipedia.org/wiki/Nuclear_localization_signal
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inhibitors, non-nucleoside transcriptase inhibitors and 
integrase inhibitors. With proper therapeutic follow-up, these 
ARVs allow HIV latency in seropositive patients; if treatment 
is interrupted, patients will switch from the resting state of 
the virus to the active state with the help of the tat gene [71, 
72]. Recent studies have shown that these ARVs cannot 
inhibit the transcription of the virus that is driven by the 
HIV-1 tat gene.  This tat gene has been the subject of several 
studies and has been clearly shown to be involved in several 
mechanisms leading to disease progression and commorbidity 
in patients with the virus [73, 74]. Given its involvement in 
the progression of this incurable disease, researchers have 
focused on this protein as a potential therapeutic target for 
improving patient care. As a result, anti-Tat agents have been 
developed for the treatment of HIV. The review by Hongping 
et al in 2020 clearly shows that through certain mechanisms 
including the Tat protein, it is possible to establish a vaccine 
using anti-Tat. They suggest that the development of an agent 
that inhibits newly synthesized Tat and thus virus production 
by infected cells would be an important step towards a 
functional cure [75,76]. Tests with Nullbasic and HT1 have 
shown that both can strongly inhibit HIV transcription, and 
the former has been tested in mouse models of acute HIV 
infection. Their application would most likely require a gene 
therapy approach in hematopoietic stem cells. The question 
of whether immune cells protected against HIV infection by 
Nullbasic or HT1 would escape pre-existing humoral and 
cellular immune responses to Tat. However, a Phase I/II 
clinical trial of a Rev TDN (Trans-Dominant Negative) called 
RevM10 showed stable expression for over 100 weeks and a 
preference for Tat 168. TDN inhibitors (TDNi) are defined as 
a mutant protein that lack an intrinsic activity that can inhibit 
function of the wild-type protein in trans. Early studies 
showed that Tat TDNi inhibited HIV-1 trans-activation of 
transcription if expressed in excess compared to wild-type 
Tat. Didehydro-cortistatin A (dCA) has the remarkable 
ability to inactivate Tat and preclinical studies suggest that 
it can "lock" the HIV promoter so that RNAP II-mediated 
transcription is durably inhibited, even after dCA treatment 
is stopped. However, large-scale production of dCA may 
prove difficult [77], which could limit its availability. As 
the molecular interaction between dCA and Tat has been 
modeled [78], future in silico screening experience using 
pharmacopoeia-based models of the interaction of dCA 
with Tat could identify new agents with anti-Tat activity. 
Triptolide, a drug used to treat rheumatoid arthritis, has been 
converted into an HIV inhibitor and is awaiting the results 
of clinical trials in terms of safety and efficacy. Triptolide 
affects global transcription, which may limit its usefulness in 
the fight against HIV.

 Tat protein as vaccine target
 Vaccination has been successful in control of various viral 

diseases and induces specific cytotoxic T-cell elimination 

of infected cells displaying viral proteins in association 
with HLA molecules and/or specific antibody blocking and 
clearing of free virus. This approach is effective for viruses 
with stable phenotypes, such as smallpox and measles, and 
for viruses with limited variation in their antigenic epitopes, 
such as poliomyelitis. But this mode of vaccination becomes 
more problematic with viruses such as influenza, for which 
the predominant epitopes may change from year to year, 
necessitating the preparation of an annual vaccine for use 
before the winter flu season.   For HIV-1, the huge diversity 
in immunogenic viral epitopes and the rapid mutational 
variations that occur within and between individuals' have 
so far prevented successful application of these conventional 
approaches [79], so far, HIV Tat can offer an alternative 
to this; first, the two tat immunodominant domains in the 
essential first exon of Tat (amino acids 1-72) are relatively 
conserved, no doubt because of restraints imposed by 
overlapping reading frames. Antibodies to each of two 
separate immunogenic domains can inhibit cellular uptake, 
and the polyclonal response in a Tat-vaccinated subject 
should yield a variety of antibody binding patterns with a high 
probability of uptakeblocking antibodies to either or both of 
the immunodominant domains in the majority of extracellular 
Tat proteins. Second, specific antibody interdiction of Tat 
in the extracellular fluid would inhibit the replication of all 
HIV-1 quasispecies indiscriminantly and should thus exert no 
pressure for the selection of variants producing particular Tat 
proteins. Therefore, selective development of quasispecies 
producing antibody unreactive to Tat proteins should not occur 
within a given individual. Third, prevention of massive virus 
replication must minimize opportunities for the development 
of mutant viruses with variant structural proteins permissive 
for evasion of the earlier antiviral immune response. A further 
corollary of this analysis is that, to be successful, antibody 
interdiction of the predominant populations rather than all 
variants of Tat proteins should suffice to minimize the initial 
rapid burst of viral expansion. it is envisaged that such a Tat 
vaccine would be used alone, in a manner analogous to toxoid 
vaccination for tetanus and diphtheria [80, 81]. Antibodies to 
Tat occur both naturally and in response to HIV-1 infection, 
and there is a correlation of low or absent antibodies with 
progression to AIDS [82-83], further supporting the notion 
that extracellular Tat interdiction by antibodies can contribute 
to the control of HIV-1 infection. Tat vaccination represents 
an example of a “pathogenic-driven” intervention that is 
potentially effective for both preventative and therapeutic 
strategies, since it is aimed at blocking virus transmission 
and spread. The rationale is based on the evidence that HIV-1 
Tat, which is necessary for HIV gene expression, replication, 
and cell-to cell transmission, appears also to be critical in the 
initial steps of virus acquisition.

Ensoli and al showed that a therapeutIc Tat vaccine 
was able to promote increases of CD4+ T-cells and return 
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to immune homeostasis while reducing the virus reservoir 
in chronically cART-treated patients in a similar way to 
that seen in spontaneous 'post-treatment controllers' whose 
immune system can control the reactivation of HIV after 
discontinuing therapy. They showed that such kind of vaccine 
was an optimal vaccine candidate for cART intensification 
towards HIV reservoirs depletion, functional cure, and 
eradication strategies [84-85].

Conclusion
The Tat protein, encoded by the Human Immunodeficiency 

Virus tat gene, is a gene with multiple functions in HIV 
disease, creating co-morbidity in patients. Its main role 
is in the transcription of proviral DNA leading to viral 
multiplication, but it is also involved in several mechanisms 
leading to severe disease and activation of virus latency. Cases 
of commorbidity include its involvement in cardiovascular 
disease, cancer and neurocognitive disorders in HIV-positive 
patients. Tat protein is a potential therapeutic target for 
improving the health of these patients. Particular interest is 
focused on this gene, given its importance and role in several 
mechanisms affecting HIV-positive patients. With a view to 
improving patient care, researchers should focus more on 
inhibiting this gene to counteract its harmful effects in these 
patients, althought most efficient conclusions has not yet 
been drive in term of therapy or vaccine, but hopefully, by 
focusing all our attention on it, maybe a better solution could 
be found on tat gene studies in a shortcoming future.
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