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Abstract: With the widespread use of antiretroviral therapy (ART), the life expectancy of people living with HIV (PLWH) has significantly
improved. However, the incidence of cardiovascular disease (CVD) in this population has progressively increased. PLWH exhibit
a significantly higher risk of cardiovascular diseases compared to the general population. Consequently, CVD has become one of the leading
contributors to mortality not related to AIDS. The pathogenesis may involve several factors: HIV-related proteins exacerbating endothelial
injury and inflammation; immune activation and chronic inflammation; adverse effects of ART; and traditional cardiovascular risk factors.
Although multiple inflammatory cytokines are implicated in HIV-associated CVD, interleukin-32 (IL-32) stands out due to its distinctive
multifunctional properties. Compared with other cytokines, Interleukin-32 (IL-32), a multifunctional pro-inflammatory cytokine, plays key
roles in inducing the release of inflammatory cytokines, promoting endothelial dysfunction, and driving monocyte migration. IL-32 is closely
associated with the development of HIV-associated CVD and shows potential as a novel biomarker and therapeutic target. This review aims to
summarize recent advances in understanding the role of IL-32 in HIV-associated CVD. It also provides new insights for the diagnosis and
treatment of CVD in PLWH.
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Introduction
Recent reports indicate that there are approximately 39.9 million people living with the human immunodeficiency virus (HIV)
globally, with 1.3 million new HIV infections.! In recent years, the widespread use of antiretroviral therapy (ART) has
significantly reduced AIDS-related mortality and markedly increased the life expectancy of people living with HIV (PLWH).?
However, even with long-term effective ART, chronic inflammation and systemic immune activation markers do not return to
normal levels in PLWH. This persistent chronic inflammation increases the risk of various comorbidities.>* Studies have shown
that PLWH have a significantly higher risk of cardiovascular disease (CVD) comorbidities compared to the general population.
Specifically, PLWH are more susceptible to atherosclerosis, myocardial infarction, ischemic cardiomyopathy, atrial fibrillation,
heart failure, and stroke, with a CVD risk 1.5 to 2 times higher than that of the general population.’ This increased risk may be
associated with chronic inflammation, immune activation, traditional cardiovascular risk factors, and the side effects of ART
drugs. CVD has become one of the leading causes of non-AIDS-related morbidity and mortality.® In recent years, the role of
interleukin-32 (IL-32), a pleiotropic pro-inflammatory cytokine, in HIV-related CVD has gained increasing attention.
Research indicates that IL-32 expression is upregulated early in HIV infection and remains elevated even after ART,
suggesting its involvement in HIV-associated chronic inflammation and immune activation. IL-32 affects cardiovascular
health through multiple mechanisms, including promoting the release of pro-inflammatory factors, inducing endothelial
dysfunction, driving monocyte migration, and exacerbating oxidative stress and cardiomyocyte apoptosis via signaling
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pathways such as NOD2/NOX2/MAPK. Furthermore, different isoforms of IL-32 may have isoform-specific functions in
HIV-related CVD.

This review aims to outline the biological characteristics of IL-32 and to elucidate its potential mechanisms and recent
research advances in HIV-associated chronic inflammation and CVD pathogenesis. Additionally, it provides perspectives
on future translational research directions.

Risk Factors and Mechanisms of HIV-Associated CVD

The precise mechanisms by which HIV affects vascular function are not fully elucidated, but several factors are
considered to play key roles in this damage.

Traditional Cardiovascular Risk Factors

The prevalence of traditional CVD risk factors varies across regions, populations, living environments, and diets.
However, dyslipidemia, smoking, and hypertension consistently have significant impacts on CVD risk in PLWH.
A European study revealed higher rates of smoking, dyslipidemia, hypertension, overweight, and obesity among HIV-
positive individuals compared to their HIV-negative counterparts.” A retrospective study in China identified dyslipide-
mia, smoking, hypertension, diabetes, and obesity as common traditional CVD risk factors in PLWH, with 67.7% of
patients having at least one CVD risk factor.®

A study on CVD risk in PLWH indicated that the risk was relatively low for individuals under 50 years old, regardless
of gender, but increased substantially beyond this age. Moreover, obesity and related CVD risk factors, such as type 2
diabetes, chronic kidney disease (CKD), hypertension, and hypertriglyceridemia, were highly prevalent in this cohort.’
Furthermore, studies have indicated that women living with HIV face a cardiovascular disease risk that is 1.5 to 2 times
higher than that of men with HIV. The mechanisms underlying this elevated risk are multifactorial, involving metabolic
dysregulation, accelerated reproductive aging, and amplified pathways of traditional risk factors. Simultaneously,
adolescent girls exhibit a heightened biological susceptibility to HIV acquisition due to distinct physiological factors,
such as mucosal barrier vulnerability and hormonal influences.'*"'

A systematic review estimated the prevalence of hypertension in the HIV population to be as high as 35%, potentially
linked to chronic immune activation and activation of the renin-angiotensin-aldosterone system.'? The incidence of
insulin resistance and diabetes is significantly higher in people with HIV than in the general population, likely caused by
chronic inflammation, certain ARV drugs affecting glucose transport, and HIV proteins.'> Compared to the general
population, traditional CVD risk factors are more prominent and prevalent among PLWH.

Infllmmatory Response and Immune Activation

Chronic HIV infection leads to persistent inflammation. Studies have confirmed that people living with HIV (PLWH)
exhibit abnormal inflammatory responses and immune activation. These aberrant markers strongly predict mortality, non-
AIDS events, and the occurrence of cardiovascular disease (CVD). Compared to HIV-negative individuals, people living
with HIV (PLWH) show more severe inflammatory responses that correlate with elevated circulating inflammatory
markers. Defective viral particles and alterations in viral proteins may be key factors. HIV infection directly damages
vascular endothelial cells, leading to increased permeability. In addition, HIV-associated proteins—primarily gp120, Tat,
and Nef—promote vascular endothelial dysfunction. They do so by mediating endothelial cell activation and enhancing
immune activation and inflammation.'* The gp120 protein disrupts endothelial cell function and cellular junctions,
increasing vascular permeability and triggering pathological changes such as vascular degeneration and necrosis,
ultimately leading to cardiovascular disease.'” The Nef protein enhances the adhesion of T lymphocytes to endothelial
cells, alters cholesterol homeostasis within endothelial cells, impairs cholesterol efflux, and promotes foam cell
formation.'® Research indicates that the HIV transactivator of transcription (Tat) protein acts as a trans-activator
activating Nuclear Factor-kappa B (NF-«xB) signaling. This induces the expression of inflammatory mediators in
monocytes and macrophages and promotes the secretion of inflammatory cytokines IL-6 and TNF-a,'”'® Both IL-6
and TNF-a play significant roles in the development and progression of CVD. IL-6 can induce the expression of adhesion
molecules and chemokines in vascular endothelial cells, promoting the migration of inflammatory cells into the vascular
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wall,'® It also stimulates the liver to produce more cholesterol, thereby exacerbating atherosclerotic lesions.”’ TNF-a is
a cytokine with both pro-inflammatory and anti-inflammatory properties that also influences lipid metabolism by
reducing HDL levels and increasing LDL levels. Elevated TNF-a levels in patients with coronary heart disease may
exacerbate the inflammatory response.”'

Furthermore, early damage to CCR5+ CD4+ T lymphocytes in the gut mucosa of PLWH causes microbial translocation.
Microbes and their metabolites enter the systemic circulation through the compromised intestinal barrier, triggering
immune activation and inflammatory responses.”> Reportedly, markers of microbial translocation are associated with
inflammation and mortality markers in PLWH. Individuals with higher levels of microbial translocation markers exhibit
increased levels of inflammatory cytokines IL-6 and TNF, potentially contributing to the pathogenesis of CVD.**

A compromised immune system, indicated by a CD4 count <200 cells/uL or a CD8/CD4 ratio <1, increases the risk of
subclinical CVD. A cross-sectional study in Thailand reported an association between low CD4 count and carotid artery stenosis
or plaque formation,”* and similar findings have been reported in other countries.”> A cohort study also reported an association
between the duration of ART exposure and abnormal carotid intima-media thickness (cIMT).%® In AIDS patients under 50 years
of age, a low CD4/CDS ratio is an independent risk factor for increased CVD risk.”” Moreover, the onset of subclinical CVD

(such as abnormal cIMT and carotid plaques) in PLWH occurs earlier than in non-HIV individuals.?**°

Impact of Antiretroviral Therapy

ART effectively suppresses viral replication, controls disease progression, and reverses the clinical course in PLWH.
However, some ARV drugs may increase the risk of CVD. Numerous studies suggest that some ART regimens may
contribute to endothelial dysfunction and promote atherosclerosis. Additionally, the use of antiretroviral drugs in PLWH
is frequently associated with lipid metabolism disorders, which may be linked to enhanced innate immune activation.
Protease inhibitors, particularly ritonavir, have been shown to significantly elevate levels of triglycerides, total choles-
terol, and LDL cholesterol.’*>? Research by Msoka et al confirmed that combination therapies comprising different
regimens of nucleoside reverse transcriptase inhibitors (NRTIs) and non-nucleoside reverse transcriptase inhibitors
(NNRTIs) exacerbate inflammatory responses in arterial endothelial cells; thereby, accelerating the development of
cardiovascular disease.*®> Additionally, ART may induce mitochondrial dysfunction, leading to the activation of inflam-
matory and immune cells.**

Biological Functions of IL-32

Interleukin-32 (IL-32) is a relatively novel cytokine, also known as tumor necrosis factor (TNF)-a-inducing factor and
natural killer cell transcript 4 (NK4). Identified as a pro-inflammatory cytokine, it was first discovered and named in
2005.%3 The IL-32 gene is located on human chromosome 16p13.3. It encodes multiple isoforms at the mRNA level
through alternative splicing, such as 1L-32a, IL-32f3, IL-32y, IL-329, IL-32¢, IL-32{, 1L-32n, IL-320, and a small 1L-32
isoform. The expression patterns and functions of different IL-32 isoforms may vary across tissues and cell types. IL-32a
is the most common isoform and has been shown to induce inflammation by upregulating IL-8, TNF, and CCL2. In
contrast, IL-326 has demonstrated anti-inflammatory effects that may function as a tumor suppressor, while IL-32y is
considered the most biologically active isoform.*®’

Previous studies have reported IL-32 expression in various immune and non-immune cells, including T cells, natural
killer (NK) cells, monocytes, macrophages, and epithelial cells. Human monocytes can produce endogenous IL-32, and
its levels increase upon stimulation with IL-1B and TNF-a. IL-32 can induce the release of multiple cytokines and
chemokines, including tumor necrosis factor-alpha (TNF-a), interleukin-1 beta (IL-1pB), interleukin-6 (IL-6), and inter-
leukin-8 (IL-8), leading to increased cytokine expression in the extracellular matrix. It is associated with a growing
number of diseases such as arthritis, inflammatory bowel disease, and skin disorders, and plays important roles in
numerous biological processes. These include antimicrobial responses, inflammation, immune activation, immune
suppression, mitogenic signaling, migration, adhesion, angiogenesis, metabolism, oxidative stress, cell death, and bone
homeostasis. Additionally, IL-32 can enhance antiviral immune responses and promote the clearance of virus-infected

cells.*®3°
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Research indicates that IL-32 is involved in various cancers and may serve as a biomarker for cancer immune infiltration
and poor prognosis. For example, exosomal IL-32 promotes M2 macrophage polarization and metastasis in esophageal
squamous cell carcinoma via the FAK/STAT3 pathway.*® Activation of Toll-like receptors (TLRs) in multiple myeloma (MM)
cells promotes IL-32 expression via NF-«kB activation. This increase enhances MM cell proliferation and survival and may be
associated with tumor recurrence.*' Patients with active chronic hepatitis B show an increased frequency of the IL-32 T allele
and elevated serum IL-32 levels. Moreover, the IL-32 T/T polymorphism may be associated with liver flares in chronic HBV
infection.*” Chang et al detected IL-32 expression in tissue and blood samples from patients with atopic dermatitis. IL-32
upregulates JAK1 expression and phosphorylation of downstream genes, promotes miR-155 expression, thereby activating
the JAK signaling pathway and contributing to the development of atopic dermatitis.** IL-32 polarizes inflammatory reactive
astrocytes and is upregulated in astrocytes within multiple sclerosis lesions, where it activates mTOR. Additionally, 1L-32
influences metabolic disorders in human nucleus pulposus cells by activating FAT4-mediated Hippo/YAP signaling, thereby
exacerbating intervertebral disc degeneration.** Downregulation of IL-32 reduces triglyceride and type I collagen levels in
primary hepatocytes, implicating it in non-alcoholic fatty liver disease and insulin resistance.*

Based on the persistent upregulation of IL-32 in HIV infection and its independent pathogenic role in CVD, we
propose it as a key bridging molecule connecting the two disease processes for further investigation.

Potential Significance of IL-32 in HIV and Cardiovascular Disease
IL-32 and HIV Infection

IL-32 is induced early following HIV infection and remains elevated in long-term treated HIV-1 patients, with IL-32
mRNA expression levels increasing with age. Plasma levels of total IL-32 predict inflammation, reflected by CD4+ T cell
decline and increased viral load, in HIV-infected slow progressors. In HIV-1-infected individuals, increased IL-32
expression correlates with IFN-y, Thl, and Tcl responses, while showing a negative correlation with the frequency of
intestinal T cell subsets producing interferon-gamma.*>*¢

Early studies found that elevated IL-32 levels in HIV infection could suppress HIV replication.*” However, recent
research reveals a dual role for IL-32 in HIV-1 infection. IL-32y is considered the most active isoform. In contrast, IL-
32p typically acts as a safety switch by reducing chronic inflammation and modulating IL-32vyeffects.

In ART-treated HIV-1 patients, different IL-32 isoforms demonstrate distinct expression patterns and immune
functions. All IL-32 isoforms are significantly upregulated, with IL-323 being the dominant isoform in T cells and NK
cells. Functionally, the isoforms play diverse roles in immune regulation: IL-32y exerts typical pro-inflammatory effects;
IL-320 exhibits anti-inflammatory properties; and IL-328 demonstrates both pro- and anti-inflammatory functions,
representing a unique dual-functional phenotype. Importantly, the strongly pro-inflammatory IL-32y isoform has been
shown to specifically activate latently infected CD4+ T cells, leading to HIV-1 production.*® IL-32f and y isoforms
impair both the proliferation and effector functions of HIV-specific cytotoxic T lymphocytes (CTLs) by downregulating
CDY6 expression, thereby contributing to disease progression.*® This suggests IL-32y may be a key factor in reactivating
viral reservoirs and influencing disease progression.

Research has found that in monocyte-derived macrophages (MDMs), IL-32 inhibits HIV-1 production dependent on
SAM domain and HD domain-containing protein 1 (SAMHD1), a deoxynucleoside triphosphate triphosphohydrolase that
inhibits viral reverse transcription. IL-32 increases the non-phosphorylated, active form of SAMHDI1, thereby suppres-
sing viral reverse transcription. Concurrently, IL-32 upregulates immunosuppressive molecules in MDMs, including
IDO1, IDO2, TDO, and PD-L1, which may support HIV-1 replication by suppressing T cell immune responses. 1L-32
also indirectly promotes MDM motility, which may facilitate cell-to-cell HIV-1 transmission.>”

In HIV-associated Kaposi’s sarcoma (KS) tissues, mRNA expression of IL-32f and IL-32y isoforms is significantly
higher than in non-HIV-associated KS and normal skin tissues, with a reduced splicing ratio of IL-32y to IL-32f. Altered
splicing from IL-32y to IL-32f, along with IL-6, IL-8, and CXCR1 signaling, may counteract the pro-apoptotic effects of
the IL-32y isoform, thereby favoring the progression of HIV-associated KS.!

These findings collectively indicate that the pro-inflammatory cytokine IL-32 is highly expressed in the serum and
tissues of PLWH and may participate in HIV-associated chronic inflammation and immune activation.
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Role of IL-32 in Cardiovascular Disease

The role of IL-32 in cardiovascular disease is increasingly recognized. Specifically, studies have identified elevated 1L-32
expression in atherosclerotic plaques, where it promotes inflammatory responses in vascular endothelial cells and smooth
muscle cells, thereby accelerating atherosclerosis progression and correlating with unstable plaque phenotypes.’
Compared to coronary arteries from healthy donors, atherosclerotic plaques from patients with coronary artery disease
(CAD) demonstrate significantly increased IL-32 expression in macrophages. Furthermore, plasma levels of 1L-32,
interferon-gamma (IFN-y), and interleukin-17 (IL-17) are substantially higher in CAD patients—including those with
stable angina, unstable angina, and acute myocardial infarction—compared to non-CAD controls, increasing progres-
sively with CAD severity. Plasma IL-32 levels may correlate with both the Gensini score (an indicator of coronary
stenosis severity) and the efficacy of percutaneous coronary intervention (PCI) in CAD patients.”*-*

IL-32 is believed to regulate endothelial cell function and serum high-density lipoprotein (HDL) concentration, and it
also modulates key inflammatory pathways implicated in inflammatory diseases and atherogenesis—including TNF-a,
IL-6, and IL-1B.>> Specific IL-32 isoforms (IL-32f and v) selectively influence the production of the pro-inflammatory
cytokine IL-6 in coronary artery endothelial cells. These isoforms drive monocyte migration and induce endothelial
dysfunction by upregulating adhesion molecules ICAM-1 and VCAM-1, as well as the chemoattractants CCL2, CXCL3,
and CXCL1.>

Moreover, IL-32 can induce cardiomyocyte apoptosis, potentially contributing to myocardial infarction and heart
failure. A study modeled myocardial ischemia-reperfusion injury by subjecting cardiomyocytes to hypoxia/reoxygenation
(H/R). IL-32 was shown to induce oxidative stress, inflammation, and apoptosis via the NOD2/NOX2/MAPK signaling
pathway. Downregulation of IL-32 expression attenuated H/R-induced impairments in cell viability, LDH release,
oxidative stress, inflammation, and apoptosis.’’ IL-32 can induce nitric oxide, pro-angiogenic molecule and IL-8
production by IFN-y-stimulated endothelial cells by triggering the integrin aVP3 signaling pathway, which implies
that it has a critical role in angiogenesis.’®

Emerging evidence indicates that IL-32 is highly expressed in human placental villi and enhances the invasive
capacity of trophoblast cell lines (HTR8/SVneo cells). Through miR-205-mediated regulation of the NF-kB pathway, IL-
32 increases the expression of MMP2 and MMP9 in these cells, suggesting a potential role in pregnancy-induced
hypertension.>”

Role of IL-32 in HIV-Associated CVD

Persistent inflammation during HIV infection is associated with increased cardiovascular disease (CVD) risk. A cross-
sectional study compared peripheral blood IL-32 levels and carotid plaque presence between HIV-positive women
(WLWH) and HIV-negative women. This study identified IL-32 as a potential biomarker for subclinical carotid atherosclerosis
in WLWH.® Compared to HIV-negative controls, ART-treated PLWH show significantly elevated expression of all tested
peripheral blood IL-32 isoforms (a, B, v, 9, &, and 0). Among these, 1L-326 and IL-326 isoforms are further upregulated in
individuals with coronary atherosclerosis. In vitro experiments suggest that 1L-32 is associated with macrophage activation,
IL-18 production, and downregulation of the atheroprotective protein TRAIL. These factors collectively constitute a distinct
pro-atherogenic inflammatory signature in PLWH. Concurrently, increased IL-32 isoform expression in PLWH correlates with
gut microbiota alterations and reduced levels of the gut microbiota-derived short-chain fatty acid (SCFA) caproic acid.
Caproic acid can attenuate 1L-32, IL-18, and IL-1p production by human PBMCs stimulated with bacterial LPS, thereby
potentially counteracting atherosclerosis development.®’ IL-32p and IL-32y upregulate the production of the inflammatory
cytokine IL-6 while downregulating the anti-inflammatory cytokine IL-10 in primary coronary artery endothelial cells
(CAECs). They also significantly increase the expression of endothelial dysfunction markers ICAM-1 and VCAM-1. An
association between IL-32 expression and arterial stiffness was observed in relatively young PLWH but not in older PLWH,
suggesting that IL-32 may accelerate vascular disease at earlier ages in PLWH.>®

Research has found that IL-32p and y isoforms can induce a specific phenotype of CD4+ T cells expressing the c-Met
receptor, conferring cardiac-homing properties. In vitro, IL-32p and y upregulate CCL22 and CCL24 expression—chemo-
kines that may promote the migration of T cells expressing corresponding receptors to inflammatory sites. In PLWH, CCR4
+CXCR3+ double-positive (DP) memory CD4+ T cell subsets with cardiac-homing potential are associated with subclinical
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atherosclerosis, suggesting that IL-32 isoforms may exacerbate cardiac inflammation and CVD progression by promoting the
homing of HIV-infected CD4+ T cells to the heart.®* In PLWH, different IL-32 isoforms exert opposing effects on the skeletal
and vascular systems. The IL-32a isoform promotes monocyte differentiation into osteoblasts and may inhibit pathological
vascular calcification. In contrast, [L-32f and IL-32y suppress this function by inhibiting TGF-p, instead inducing monocyte
differentiation into osteocalcin-producing osteoblasts and exacerbating vascular calcification.®®

Collectively, these studies indicate that IL-32, particularly its pro-inflammatory isoforms, constitutes a central
mechanism driving accelerated atherosclerosis in PLWH through chronic inflammation, endothelial dysfunction, and
aberrant immune cell homing.

Conclusion

Although antiretroviral therapy has substantially improved clinical outcomes in PLWH, their risk of cardiovascular
disease (CVD) remains persistently elevated compared with the general population. This excess risk is largely attribu-
table to chronic inflammation that persists despite effective viral suppression. Established CVD risk prediction tools often
underestimate the risk in this population,®® Identifying novel inflammatory mediators with intrinsic potential as CVD
biomarkers and therapeutic targets is therefore crucial for improved risk stratification and disease management in PLWH.

This review systematically delineates the emerging role of the pro-inflammatory cytokine IL-32 in the pathogenesis of
CVD among PLWH. Current evidence indicates that the sustained high expression of IL-32—particularly the IL-323 and
IL-32y isoforms—following effective ART is a key driver of chronic inflammation and immune activation. It promotes
the progression of atherosclerosis through multiple mechanisms, including inducing endothelial dysfunction, activating
monocytes/macrophages, modulating cardiac homing in specific T-cell subsets, and exacerbating vascular calcification.
The functional heterogeneity across IL-32 isoforms—exemplified by the potent pro-inflammatory and latent virus-
reservoir activating effects of IL-32y versus the potentially anti-inflammatory and protective roles of IL-32o—further
amplifies the complexity of IL-32 within the linking HIV and cardiovascular disease pathological network.

However, research on the specific functions of individual IL-32 isoforms in HIV-associated CVD remains limited, and
numerous questions require exploration. Current research in this field remains largely reliant on cross-sectional associa-
tion analyses, with numerous critical questions still unresolved. Prospective cohort studies are urgently needed to
establish whether IL-32 and its specific isoforms can serve as independent predictors of cardiovascular disease risk in
PLWH and to determine their diagnostic thresholds as clinical biomarkers. From a therapeutic perspective, further
preclinical and translational clinical studies are warranted to evaluate whether targeting IL-32 with monoclonal anti-
bodies, siRNA, or small-molecule inhibitors can attenuate HIV-associated cardiovascular inflammation. Moreover,
immunomodulatory strategies should extend beyond single-target approaches. Given the complexity of inflammatory
networks, single-target interventions may be insufficient to fully control disease progression. For example, research in
autoimmune diseases has demonstrated that certain natural compounds can modulate the Th17/Treg balance and reduce
levels of inflammatory cytokines such as IL-6,%> suggesting that multi-targeted modulation of inflammatory networks
may offer promising adjunctive therapeutic avenues for HIV-related CVD.

Based on the current preliminary understanding of the role of IL-32 in HIV-associated cardiovascular disease (CVD),
we propose that future research should advance in the following directions.

At the mechanistic level, knowledge regarding the precise signaling networks of different IL-32 isoforms in specific
cell types—such as endothelial cells, smooth muscle cells, and tissue-resident macrophages—remains limited. Future
basic research should employ novel technologies including single-cell sequencing and spatial transcriptomics to system-
atically map the intracellular signaling profiles specific to each IL-32 isoform. Particular attention should be paid to
differences between IL-32y and IL-32f in activating NF-kB and MAPK pathways, and to how these differences influence
downstream inflammatory cytokine cascades. Furthermore, the crosstalk between IL-32 and classical inflammatory
pathways, such as the NLRP3 inflammasome and type I interferon signaling, may constitute a complex regulatory
network. Deciphering this network could reveal novel targets for intervention.

In translational research, there is a need to establish preclinical animal models that recapitulate HIV-associated
atherosclerosis to evaluate the efficacy of IL-32—targeted interventions. However, a major challenge is the absence of the
IL-32 gene in conventional HIV-susceptible animal models, such as mice and non-human primates. Efforts should
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therefore be directed toward developing IL-32—specific inhibitors—including monoclonal antibodies and small-molecule
compounds—and designing rational early-phase clinical trial protocols. Notably, given the functional heterogeneity
among IL-32 isoforms, future studies may require the development of isoform-selective inhibitors. For instance,
selectively inhibiting the pro-inflammatory IL-32y isoform while preserving the potentially protective functions of IL-
32a could represent a more refined therapeutic strategy.

At the clinical research level, the scarcity of prospective cohort studies remains a key bottleneck in the field. Future
investigations should focus on designing large-scale, multicenter longitudinal studies to systematically collect dynamic
IL-32 expression profiles, cardiovascular imaging parameters, and clinical outcomes in PLWH. These studies should not
only examine total IL-32 levels but also perform in-depth analyses of the correlation between shifts in isoform
proportions and disease progression. Integrating such multidimensional data through approaches like machine learning
may enable the construction of more accurate HIV-specific cardiovascular risk prediction models.

In summary, the role of IL-32 in HIV-associated CVD offers important insights into disease pathogenesis and the
development of novel interventions. Continued efforts in these research directions will help to delineate a more
comprehensive pathogenic network and may provide new biomarkers and therapeutic targets for the early diagnosis,
risk stratification, and precision management of cardiovascular disease in PLWH, ultimately improving their long-term
quality of life and cardiovascular health outcomes.
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