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Abstract

People living with HIV (PLWH) receiving effective antiretroviral therapy (ART) continue to
exhibit chronic immune activation and systemic inflammation despite virological suppres-
sion. The viral envelope glycoprotein gp120, which binds the CD4 receptor and mediates
viral entry, has been implicated in pro-inflammatory and pro-apoptotic effects in neuronal
and endothelial cells. Although gp120 is expressed on the viral surface, its oligomeric
structure and its ability to form immune complexes with circulating antibodies may reduce
the sensitivity of standard detection assays in serum. Soluble gp120 has been associated
with increased levels of pro-inflammatory cytokines, including interleukin-6 (IL-6), tumor
necrosis factor-« (TNF-o), and interleukin-1 (IL-1f3), as well as chemokines. These media-
tors may contribute to blood-brain barrier dysfunction, endothelial injury, vascular smooth
muscle alterations, and subsequent neurodegenerative and cardiovascular complications.
Importantly, gp120 shedding may persist due to viral reservoirs and intermittent reacti-
vation, even during ART. Fostemsavir inhibits the interaction between gp120 and CD4,
preventing viral entry and potentially limiting gp120-mediated pathogenic effects. Beyond
antiviral activity, this mechanism suggests a potential role in attenuating gp120-mediated
inflammation. This review discusses the biological effects of gp120 and the rationale for
targeting it therapeutically in PLWH.
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1. Introduction

People living with human immunodeficiency virus (HIV) (PLWH) continue to ex-
perience chronic inflammation and premature aging despite effective antiretroviral ther-
apy (ART) [1]. The mechanisms underlying this persistent immune activation remain
incompletely understood. Among potential contributors, the HIV envelope glycoprotein
gp120 is a biologically plausible driver, as it can be shed into plasma even when viremia
is undetectable [2]. Circulating gp120 levels correlate with pro-inflammatory cytokines,
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including interleukin-6 (IL-6), tumor necrosis factor-« (TNF-o), and interleukin-13 (IL-13),
as well as with CD4/CDB8 ratios [3,4]. We hypothesize that soluble and tissue-associated
gp120 contributes directly to chronic inflammation in PLWH independently of detectable
viral replication, via pro-inflammatory and pro-apoptotic effects on endothelial, immune,
and neuronal cells [2]. This persistent inflammatory signaling can cause tissue damage and
organ dysfunction. In the central nervous system, gp120 disrupts the blood—brain barrier
(BBB) and promotes neuronal apoptosis, contributing to cognitive impairments collectively
referred to as HIV-associated neurocognitive disorders (HAND) [5,6].

Outside the CNS, gp120, along with other viral proteins such as transactivator of tran-
scription (Tat), may facilitate cardiovascular disease through direct and indirect atherogenic
effects on endothelial cells [7]. Overall, the apoptotic and inflammatory actions of gp120 are
central drivers of immune activation and disease progression in PLWH [8]. Elucidating
these mechanisms is crucial for developing therapeutic strategies to mitigate inflammation
and its detrimental consequences in individuals living with HIV.

2. Exploring the Detection of Gp120

The HIV envelope protein, composed of gp120 and gp41 subunits, forms a trimeric
structure on the viral surface, facilitating interaction with target cells, including CD4+ T
cells, macrophages, and dendritic cells [9]. The initial stage of HIV infection involves
gp120 binding to CD4 and co-receptors (CCR5 or CXCR4), a process that mediates mem-
brane fusion and viral entry; subsequent signaling events and downstream pathogenic
mechanisms contribute to immune activation and inflammation [10].

The inflammatory role of gp120 is well documented, as its presence in plasma and
tissues is associated with immune dysfunction, cytokine release, and neurological and
cardiovascular complications in PLWH [2].

Early studies highlighted the challenges in detecting gp120 due to its association with
host antibodies. Oh et al. [11] reported that gp120/160 could be identified in AIDS patients
using ELISA, but detection often required dissociation from immune complexes. Similarly,
Klasse et al. [12] demonstrated that spiked gp120 in HIV-positive sera was variably masked
by endogenous anti-gp120 antibodies, complicating accurate quantification.

Tissue studies indicate that gp120 is more abundant in lymphoid tissues than in
plasma. Santuosso et al. [13] showed that gp120 concentrations were higher in spleen
and lymph nodes compared to serum, with cell-free tissue extracts often containing more
gp120 than tissue lysates. Sunila et al. [14] observed gp120 on the plasma membranes
of apoptotic CD4+ and LCA+ lymphocytes in lymph nodes, suggesting a possible link
with cell-cycle disruption and apoptosis. Overall, these studies emphasize that gp120 is
difficult to detect in circulation due to its oligomeric form, immune complex formation,
and preferential tissue localization. See Table 1.

Table 1. gp120 percentage on the membrane of apoptotic and normal cells [14].

gp120 Label (%(n/total))

Apoptotic Cells Normal Cells
CD4 12 (6/50) 4 (7/176)
CD8 0(0/30) 0(0/87)
CD20 0(0/67) 0(0/90)
CD45 5 (2/40) 3.5(18/514)
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3. Investigating the Impact of Gp120 on Immune Cell Dynamics

Numerous studies have demonstrated that the HIV envelope glycoprotein gp120 can
act as a potent pro-inflammatory molecule, influencing multiple immune cell types [15,16].
Gp120 exposure induces the release of pro-inflammatory cytokines, including TNF-«, IL-6,
IL-8, IL-10, and chemokines such as CCL2 and CCL4, engaging both innate and adaptive im-
mune responses. Initial in vitro studies first demonstrated cytokine induction by gp120 [17],
which was later confirmed ex vivo using plasma from patients with acute or early HIV
infection [18]. Different populations of PBMCs respond variably to gp120. Levast et al. [15]
showed that CD14+ monocytes are the primary source of multiple cytokines, including IL-1,
IL-6, IL-10, IL-18, IL-23, IL-27, CCL2, CCL4, CCL20, CXCL2, CXCL13, TSLP, and TNF-«.
Among these, IL-6, IL-1, IL-10, and CCL2 were particularly prominent. Mechanistic studies
using gp120 mutants confirmed that binding to CD4 is essential for cytokine induction:
mutants unable to engage CD4 failed to trigger cytokine production, and addition of soluble
CD4 or the VRCO01 antibody reduced IL-10 production by monocytes [15,16].

Other immune cells, such as neutrophils, can also produce chemokines in response
to gp120, highlighting a broader role of non-T-cell populations in gp120-driven immune
activation. Basophils exposed to gp120 release histamine, LTC4, and IL-4 in a concentration-
dependent manner via interaction with the VH3 domain of IgE, suggesting a superantigen-
like effect [19]. Longitudinal studies in PLWH revealed that detectable plasma gp120 cor-
relates with elevated IL-6, TNF-«, and IL-10 levels independent of viral load or ART,
confirming that gp120 can sustain chronic immune activation in vivo [18].

Together, these findings elucidate mechanistic pathways of gp120-induced cytokine
production, integrating effects across monocytes, neutrophils, and basophils, and provide
a framework to understand persistent inflammation in HIV infection despite effective
viral suppression.

4. Unveiling the Role of gp120: A Key Player in the Development of
Neurologic Disease

To date, approximately 40 million people are affected by HIV worldwide, and up to
69% of them may experience neurocognitive impairments. HIV-associated neurocogni-
tive disorders (HAND) encompass a spectrum from mild attention and memory deficits,
emotional changes such as depression or apathy, to severe forms including HIV-associated
dementia [20]. Despite effective antiretroviral therapy (ART), the prevalence of HAND re-
mains high. HIV-1 and its proteins, including gp120 and Tat, are associated with alterations
in the blood-brain barrier (BBB) and neuroinflammation, potentially exposing the central
nervous system to immune and microbial challenges [21]. Mechanistic studies demonstrate
that gp120 can induce apoptosis in mouse neurons and in primary hippocampal, neocortical,
cerebellar, and retinal ganglion cell cultures. In glial cells, gp120 stimulates the production
of cytokines and reactive nitrogen species, which act synergistically with glutamate to
activate N-methyl-D-aspartate (NDMA) receptors, contributing to neurotoxicity [4].

Notably, gp120 from different HIV-1 strains—reflecting natural viral diversity influ-
enced by host factors and therapeutic exposure—shows variable capacities to induce nitric
oxide (NO), TNF-«, and IL-6 in murine glial cells [4].

Endothelial cells are also affected: gp120 exposure in rat brain endothelial cells (RBE4)
increases oxidative stress, decreases intracellular glutathione, and alters antioxidant enzyme
activity, highlighting the protein’s role in promoting reactive oxygen species-mediated
damage [22].

In HIV gp120 transgenic mice, neuroinflammatory responses vary by brain region and
immune status, with the hippocampus particularly susceptible, as evidenced by changes in
cytokine expression and reduced synaptophysin levels [23].
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Overall, these findings suggest that gp120 may contribute to neuroinflammation
and neuronal dysfunction underlying HAND, although direct causality remains to be
fully established.

As illustrated in Figure 1, gp120 released from infected cells interacts with CD4+ T
cells, monocytes, and microglia, triggering the release of pro-inflammatory cytokines (e.g.,
TNF-«, IL-13, IL-6, IL-8, IFN-&) and chemokines (CCL2, CCL5, CXCL10), which collectively
contribute to neuronal apoptosis, oxidative stress, and the pathogenesis of HIV-associated
neurocognitive disorder (HAND).
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Figure 1. Effect of the envelope glycoprotein gp120 on CNS cells and the development of HAND. The

increased production, gp120-mediated, of cytokines and chemokines leads to apoptosis, neurotoxicity,
and cell death in the nervous system. Image created with Biorender.com.

5. Deciphering gp120: Unraveling Its Impact on Cardiovascular Health

Emerging research suggests a potential association between HIV infection and the
onset of cardiovascular disease (CVD), with gp120 potentially contributing to vascular dys-
function [24]. While immunodeficiency remains the primary consequence of HIV infection,
chronic HIV infection has been linked to an increased risk of CVD, and despite advances
in ART, cardiovascular complications continue to pose a significant concern in PLWH.
Understanding the interplay between HIV-associated factors, such as gp120, and CVD
development is essential to improve preventive strategies and long-term outcomes. Mech-
anistic studies indicate that gp120 can activate endothelial cells and induce dysfunction,
which may impact vascular integrity and contribute to atherosclerosis [24].

Kim et al. [25] identified a gp120 receptor potentially involved in vascular smooth
muscle cell (VSMC) hyperplasia. An octapeptide sequence of gp120, peptide T, related to
vasoactive intestinal peptide (VIP), can inhibit gp120 binding and block its neurotoxicity
in vitro and in vivo. Additionally, gp120 shares homology with neuropeptide Y (NPY),
which regulates vascular and cardiac contraction, hypertrophy, proliferation, chemotaxis,
and angiogenesis; gp120 can mimic NPY effects on VSMCs, promoting mitogenic activity.

Huang et al. [26] showed that gp120 induces apoptosis in human umbilical vein
endothelial cells (HUVECs) via chemokine receptors, primarily CXCR4.

Clinical evidence supports these mechanistic findings. Benlarbi et al. [27] measured
soluble gp120 (sgp120) and anti—cluster A antibodies in 386 PLWH, finding that detectable
sgp120 correlated with higher IL-6 and TNF-« levels, lower CD4+ T-cell counts, and, in
subsets, with subclinical CVD markers such as coronary artery plaque size on computed
tomography coronary angiography (CCTA). Although sgp120 or antibody levels were
not directly associated with CVD presence, correlations with plaque size suggest that
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sgp120 may act as an “effect modifier,” contributing to chronic inflammation and premature
cardiovascular comorbidities.

Additional studies have linked viral reservoirs with subclinical CVD in ART-treated
PLWH [28,29]. Investigations into HIV cardiomyopathy (HIVCM) detected HIV-1 RNA and
DNA in cardiac tissue but not in cardiomyocytes, whereas gp120 was present, indicating
possible viral protein-mediated effects without active replication [30]. Collectively, these
data suggest that gp120 may contribute to endothelial dysfunction, immune activation, and
cardiovascular pathology in PLWH Figure 2.
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Figure 2. Interaction between the envelope glycoprotein gp120 and endothelial cells. Image created
with Biorender.com.

Further mechanistic and clinical studies are warranted to clarify its precise role and to
guide early detection and preventive strategies.

6. Fostemsavir

Despite the efficacy of combination antiretroviral therapy in managing HIV-1 infec-
tion, virologic failure persists as a challenge for certain individuals. This failure not only
raises the likelihood of drug resistance but also constrains future treatment alternatives,
consequently affecting morbidity and mortality rates [31]. Understanding the intricate
involvement of gp120 in the pathogenesis of neurologic disease and CVD not only sheds
light on the complex interplay between HIV infection and these pathologies but also
underscores the importance of comprehensive management strategies in this vulnerable
population [32,33]. One of the potential avenues to follow is certainly to evaluate therapeu-
tic strategies aimed at the mechanisms mediated by gp120. HIV therapies are categorized
into six groups according to their targets. These groups comprise nucleoside/nucleotide
reverse transcriptase inhibitors (NRTIs), protease inhibitors (PIs), non-nucleoside reverse
transcriptase inhibitors (NNRTIs), entry inhibitors, integrase strand transfer inhibitors
(INSTIs), and capsid inhibitors. Entry inhibitors are further classified as pre-attachment
inhibitors, post-attachment inhibitors, CCR5 antagonists, and fusion inhibitors [1].

According to the WHO's brief 2024 HIV drug resistance report, the prevalence of
acquired and transmitted HIV drug resistance has increased significantly worldwide [34].
The suppressive combination antiretroviral regimen cannot be administered to heavily
treatment-experienced (HTE) individuals who present with multidrug resistance, toxicities,
or intolerance to antiretroviral drugs.

For this delicate group of subjects, it is necessary to introduce drugs on the market
that are well tolerated and do not have cross-resistance with therapies currently on the
market [35].
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Fostemsavir, a novel antiretroviral therapy, has emerged as an important option for
individuals with multidrug-resistant HIV-1 infection, offering a new mechanism of action
within the armamentarium of HIV therapeutics [36]. As a prodrug of temsavir, fostemsavir
belongs to the class of attachment inhibitors and exerts its primary antiviral effect by directly
binding to the viral envelope glycoprotein gp120. Specifically, it targets a conserved site near
the CD4 binding region beneath the b20-21 loop, locking gp120 in a closed conformation
and preventing the structural rearrangements necessary for viral attachment and entry into
CD4+ T cells and other susceptible immune cells [37]. By inhibiting this critical early step
in the viral life cycle, fostemsavir effectively reduces viral replication, as demonstrated in
clinical trials.

The BRIGHTE study (NCT02362503) evaluated the efficacy and safety of fostemsavir
in combination with optimized background therapy in heavily treatment-experienced
adults with multidrug-resistant HIV-1 [38]. Participants in both the randomized and
non-randomized cohorts achieved significant reductions in HIV-1 RNA levels and im-
provements in CD4+ T-cell counts up to Week 96. Among participants experiencing
protocol-defined virologic failure, no consistent pattern of genotypic or phenotypic changes
in temsavir susceptibility was observed, suggesting that multiple host and viral factors
contribute to individual treatment outcomes [39].

Case reports further illustrate fostemsavir’s utility in complex clinical scenarios. For
example, a 35-year-old woman with vertically acquired HIV-1 infection and end-stage renal
disease, who had experienced sequential treatment failure due to extensive drug resistance
and adherence challenges, was successfully treated with a combination of lenacapavir,
fostemsavir, and lamivudine [40]. These data highlight fostemsavir’s role in providing
viable therapeutic options for patients with limited alternatives.

Beyond its well-established antiviral activity, preclinical studies have suggested that
temsavir may modulate gp120-induced immune activation. The viral envelope protein
gp120 is known to trigger pro-inflammatory cytokine release, including TNF-«, IL-6, and
IL-10, from monocytes and other immune cells, contributing to persistent inflammation
even in virally suppressed patients [41]. By preventing gp120-CD4 interactions, temsavir
could theoretically reduce this cytokine induction. However, it is important to note that
these immunomodulatory effects remain speculative, and further studies are required to
confirm their relevance in clinical practice.

Overall, fostemsavir represents a dual opportunity: a potent antiviral therapy for
multidrug-resistant HIV-1 and a potential modulator of gp120-related inflammation. Nev-
ertheless, additional clinical and mechanistic investigations are necessary to clarify its
long-term impact on residual viral proteins and chronic immune activation, ensuring a
cautious interpretation of any anti-inflammatory potential.

Altogether, the evidence discussed in this review highlights that gp120 is not merely
a structural component required for viral entry, but a biologically active protein capable
of sustaining immune activation, apoptosis, endothelial dysfunction, and tissue injury
even in the setting of suppressive antiretroviral therapy. The persistence of soluble and
tissue-associated gp120 may contribute to chronic inflammation and non-AIDS comor-
bidities, including cardiovascular and neurocognitive complications, in people living with
HIV (PLWH). Therefore, while current antiretroviral strategies effectively control viral
replication, addressing gp120-mediated pathogenic mechanisms could represent an addi-
tional therapeutic dimension. At present, anti-gp120 therapy is clearly justified from an
antiviral standpoint; whether it is needed as a strategy to mitigate chronic inflammation
and long-term comorbidities remains an open but increasingly relevant clinical question.
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