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Background: Long non-coding RNA (IncRNA) TLR8-AS1 has been implicated in immune regulation, but its role in HIV-1 infection
remains unexplored.

Methods: TLR8-AS1 expression was assessed in PBMCs and primary monocyte-derived macrophages (MDMs) from HIV-1/AIDS
patients and healthy controls. Its subcellular localization was determined via bioinformatics, FISH, and nucleocytoplasmic fractiona-
tion. In THP-1-derived macrophages, the functional impact of TLR8-AS1 was evaluated using TLR8-AS1 overexpression and NFAT1-
knockdown models; viral replication, inflammatory cytokines, and arachidonic acid (AA) metabolism were analyzed by qPCR,
ELISA, and Western blot.

Results: TLR8-AS1 expression levels were positively correlated with CD4" T cell counts (1=0.439, P < 0.05), suggesting a potential
association with immune status. In THP-1-derived macrophages, TLR8-AS1 overexpression significantly inhibited HIV-1 p24
production, viral gene (Pol, Vif, Nef, LTR, and Gag) expression, and secretion of IL-1p, TNF-a, and AA. Mechanistically, cytoplasmic
TLR8-AS1 downregulated NFAT1 and PTGS2 (COX-2) expression, selectively suppressing the prostaglandin pathway while leaving
the lipoxygenase branch (ALOXS, ALOX15) unaffected. NFAT1 knockdown reproduced the antiviral and anti-inflammatory effects of
TLR8-AS1, confirming NFAT1 as a key downstream mediator. In contrast, TLR8-AS1 did not alter TLR8 or its downstream signaling
molecules (MyD88 and IRF7), suggesting a TLR8-independent mechanism.

Conclusion: TLR8-AS1 restricts HIV-1-induced inflammation and viral replication through the NFAT1-AA axis. These findings
identify TLR8-ASI as a potential therapeutic target for mitigating chronic inflammation and viral persistence in HIV-1 infection.
Keywords: HIV-1, LncRNA, TLR8-AS1, NFAT1, arachidonic acid, inflammation

Introduction

Acquired immunodeficiency syndrome (AIDS), caused by infection with the human immunodeficiency virus (HIV),
remains a major global public health challenge, with an estimated 40.8 million people living with HIV and 630,000 HI'V-
related deaths worldwide in 2024." Despite significant advances in treatment through combination antiretroviral therapy
(cART), persistent low-level viremia and chronic inflammation have yet to be addressed.” In HIV-1-infected individuals,
macrophages serve as key long-lived viral reservoirs owing to their inherent longevity.®> Furthermore, sustained low-level
transcription of viral RNAs in these cells contributes to ongoing immune activation.* Therefore, elucidating the

mechanisms underlying viral persistence and immune activation in macrophages is crucial for advancing HIV cure

research.
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Long non-coding RNAs (IncRNAs) are transcripts longer than 200 nucleotides that generally do not encode proteins,
but play key roles in regulating gene expression at the epigenetic, transcriptional, and post-transcriptional levels.>
Several LncRNAs, such as LncNRON, regulate HIV-1 replication through an NFAT-dependent mechanism, while others,
like LncNEAT 1, serve as diagnostic markers for HIV-1 infection.”* Among these regulatory IncRNAs, Toll-like receptor
8 antisense RNA 1 (TLR8-AS1) has attracted our attention. As its nomenclature indicates, this IncRNA is transcribed
from the antisense strand opposite to the TLRS protein-coding gene.”'° In our previous study, TLR8-AS1 was found to
be up-regulated by 8.91-fold in highly exposed persistently seronegative (HEPS) individuals compared with healthy
controls.'' This finding suggests that TLR8-AS1 may play an essential role in this particular population with natural HIV-
1 resistance. Given the central role of macrophages in HIV-1 persistence and immune dysregulation, TLR8-AS1
represents a particularly compelling candidate for further investigation. However, its role in HIV-1 infection and the
underlying molecular mechanisms remain unknown.

LncRNAs are also increasingly recognized as important regulators of immunometabolic homeostasis. In macro-
phages, HIV-1 infection severely disrupts this immunometabolic balance.'” Crucially, this dysregulation is characterized
by a significant shift in lipid metabolism.'*'* A key component of this process is dysregulated arachidonic acid (AA)
metabolism, with AA, a key precursor of proinflammatory lipid mediators, playing a central role.'”> AA is primarily
metabolized through three key enzyme systems: cyclooxygenase (COX), lipoxygenase (LOX), and cytochrome P450
(CYP450). In the context of HIV-1 infection, the viral envelope glycoprotein gp120 has been shown to upregulate AA-
metabolizing enzymes, including COX-2 and 5-LOX, thereby contributing to neuroinflammation.'®"'® Notably, elevated
levels of inflammatory mediators such as IL-1p and TNF-a can, in turn, enhance HIV-1 replication in macrophages.
Beyond its role in inflammation, AA can also directly activate the HIV-1 long terminal repeat (LTR) through both the
LOX and COX pathways, further promoting viral gene expression.'” Therefore, dysregulated AA metabolism contributes
to both neuroinflammation and enhanced HIV-1 replication in macrophages. However, whether host regulatory IncRNAs
participate in this process remains largely unclear.

Nuclear factor of activated T cells 1 (NFAT1) is a key member of the NFAT transcription factor family, expressed in both
immune and non-immune cells. It plays a central role in innate and adaptive immune responses by regulating the transcription
of immune-related genes.”® Beyond its classical immunoregulatory functions, NFAT1 has also been implicated in the control
of inflammation-associated gene expression and may thereby influence metabolic pathways linked to immune activation.”'
Notably, although IncRNA-mediated regulation of NFAT family members has been described in some contexts, the relation-
ship between TLR8-AS1 and NFAT1 in HIV-1 infection has not been defined.

Therefore, this study focuses on the long non-coding RNA TLR8-ASI to elucidate its potential role in regulating AA
associated metabolic and inflammatory pathways during HIV-1 infection. Considering the dual involvement of macro-
phages in viral persistence and immune activation, we hypothesize that TLR8-AS1 suppresses HIV-1 replication and
inflammation by modulating the NFAT1-AA axis. Elucidating this mechanism may provide new insight into the interplay
between host immune metabolism and viral persistence, and identify TLR8-AS1 as a potential target for combined
antiviral and anti-inflammatory therapy in HIV-1 infection.

Materials and Methods
Ethical Statement

The study protocol was reviewed and approved by Ethics Committee of Guangxi Medical University (approval number:
2019-SB-080) in accordance with the ethical standard of the Declaration of Helsinki. Written informed consent was
obtained from all participating patients. Peripheral blood mononuclear cells (PBMCs) used in this study were collected
specifically for the dual purposes of HIV-1g,, virion production and the subsequent detection of target IncRNA expression.

Study Subjects

We recruited a total of 45 HIV-1/AIDS individuals who met the predefined inclusion and exclusion criteria.”* The
inclusion criteria were as follows: (1) age > 18 years; (2) confirmed HIV-positive status; (3) received ART treatment. The
exclusion criteria included: (1) missing baseline CD4" T cell counts; (2) major chronic diseases such as cardiac, renal,
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pulmonary, endocrine, metabolic, or autoimmune diseases; (3) concurrent infection with hepatitis B/C virus, syphilis, or
tuberculosis; and (4) pregnancy or lactation. Additionally, we recruited 20 HIV-seronegative healthy controls to establish
the baseline expression of TLR8-AS1. By comparing TLR8-AS1 levels between this control group and the ART-treated
cohort, we aimed to evaluate its expression dynamics in the context of HIV infection and ART. These control subjects
were confirmed HIV-negative and met the inclusion criterion (1) and the general exclusion criteria described above.

Cell Culture and Differentiation

The THP-1 cell line (ATCC number: TIB-202) was employed as an in vitro model to investigate the effect of TLR8-AS1
on HIV-1 infection. Cells were maintained at 37°C in a humidified atmosphere with 5% CO, in RPMI-1640 medium
(Gibco, USA), supplemented with 10% heat-inactivated fetal bovine serum (FBS; Gibco, USA) and 1% penicillin—
streptomycin solution (Solarbio, China). For differentiation, THP-1 cells were seeded into 6-well plates (NEST, China) at
a density of 1x10° cells per well in DMEM (Gibco, USA) containing 10% FBS (Gibco, USA) and 1% penicillin-
streptomycin solution (Solarbio, China), and subsequently stimulated with 50 ng/mL phorbol 12-myristate 13-acetate
(PMA; Sigma-Aldrich, USA) for 48 hours to generate THP-1-derived macrophages, followed by a 24-hour rest period in

fresh medium without PMA before infection.?

Isolation of Human PBMCs by Ficoll-Paque Density Gradient Centrifugation

As referenced in Ethical Statement, the collection and utilization of PBMCs in the present study complied with the
approved ethical protocol. PBMCs were isolated using the following procedure: Venous blood was centrifuged at 800xg
for 10 minutes to remove cellular debris and plasma components. The residual fraction was diluted with an equal volume
of room-temperature PBS (Solarbio, China). Subsequently, the diluted sample was subjected to Ficoll-Paque density
gradient centrifugation (Cytiva, Sweden) at room temperature (20-25°C) at 400xg for 45 minutes with the acceleration
set to 3 and deceleration set to 1. PBMCs were collected from the interface between the Ficoll-Paque and plasma layers
into 50mL centrifuge tubes (NEST, China), washed with PBS containing 10% EDTA (500xg, 5 minutes, 4°C), and
resuspended in RPMI-1640 medium supplemented with 10% FBS. The number and viability of PBMCs were evaluated
using trypan blue staining (Beyotime, China) and a hemocytometer.

HIV-1 Production and Infection

HIV-1g, virions were originally from the NIH AIDS Reagent Program and reproduced in our laboratory. The detailed
procedures were described in the methods section of our previously published study** and are as follows: PBMCs were
stimulated with 5 pg/mL phytohemagglutinin (PHA, Sigma-Aldrich, USA) in RPMI-1640 complete medium supple-
mented with 100 U/mL IL-2 (Sigma-Aldrich, USA) for 3 days at 37°C under a 5% CO,. Subsequently, 2 pg/mL
Polybrene (Beyotime, China) was added to the culture to facilitate subsequent viral infection.”* THP-1-derived macro-
phages were infected with HIV-1p,, virions at an MOI of 1 for 6 hours. Subsequently, the cells were washed with PBS to
remove unbound viruses. And then supplemented with fresh DMEM medium and cultivated until harvest at subsequent
experiment time.

Lentiviral Construction and Transduction

The lentiviral vector carrying human TLR8-AS1 (LV-TLR8-ASI1, 5-GTGTCACGCCCACTTTGCCAG-3') and the
negative control lentivirus (LV-NC, 5'-CGTCGCCGTCCAGCTCGACCAG-3'), as well as lentiviral particles containing
specific ShRNAs against NFAT1 (sh-NFAT1, 5'-GAACTTCTACGTCATCAAT-3') and its corresponding negative control
(sh-NC, 5'-TTCTCCGAACGTGTCACGT-3"), were purchased from GeneChem (China). Target cells in the logarithmic
growth phase were seeded into 24-well plates at an optimal density of 3x10° cells/well. The cells were then transduced
with lentiviral particles at an MOI of 30 in the presence of HitransG A (at a final concentration of 1x) by adding 20 uL of
the 25% stock solution to the culture medium. After 24 hours of incubation, the virus-containing medium was replaced
with fresh complete RPMI-1640 medium. To establish stably transduced THP-1 cell lines, puromycin (Sigma-Aldrich,
USA) was added to the culture medium at a final concentration of 2 pg/mL at 48 hours post-transduction.
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Determination of HIV-1 p24 and Inflammatory Cytokines

The concentrations of HIV-1 p24 levels and inflammatory cytokines (IL-1B and TNF-a) in the cell culture supernatants
were quantified using commercial ELISA kits (HIV-1 p24 kit from BD PMG, China; IL-1p and TNF-a kits from
NOVUS, USA) according to the manufacturers’ protocols. Briefly, culture supernatants were harvested at 48 hours,
centrifuged to remove debris, and generated the standard curve for each target protein was generated using the serially
diluted standards provided in the kits. Samples were appropriately diluted and added to the antibody-precoated wells.
Incubation was performed for 1 hour at room temperature for the HIV-1 p24 assay, and for 2 hours at room temperature
for the cytokine assays. After sequential incubation, plate washing, binding with enzyme conjugate, and substrate
reaction were further processed. The enzymatic reaction was stopped by adding a stop solution, which changed the
color from blue to yellow. The absorbance was measured at 450 nm with a reference wavelength of 630 nm for the HI'V-1
p24 assay, and at 450 nm with a wavelength correction at 540 nm for cytokine assays, using a microplate reader (BioTek,
USA). Concentrations were calculated from the respective standard curves. All experiments were performed in at least
three independent biological replicates (n>3).

Fluorescence in Situ Hybridization (FISH)

The Fluorescence in situ hybridization was performed to determine the subcellular localization. Specific probes targeting
TLR8-AS1 were synthesized using PCR products generated with the following primers: TLR8-AS1-F (5'-caggga
gagcacgtgtgtt-3"), TLR8-AS1-R (5'-gatgtgttctacattcctttattgg-3"), TLRS-AS1-F-T7 (5'-AAAATAATACGACTCACTATAG
GGcagggagagcacgtgtgtt-3"), TLR8-AS1-R-T7 (5'-AAAATAATACGACTCACTATAGGGgatgtgttctacattcctttattgg-3").
Briefly, THP-1 cells were seeded on glass slides and differentiated into macrophages, followed by fixation with 4%
paraformaldehyde (Solarbio, China), permeabilization, and pre-hybridization. Fluorescence-labeled probes (Red) were
then hybridized according to the manufacturer’s instructions (RiboBio, China). After washing gently three times, nuclei
were counterstained with DAPI (Blue). Fluorescence signals were observed and recorded under a fluorescence micro-
scope (EVOS FL Auto2, USA).

Isolation of Nuclear and Cytoplasmic RNA from THP-|-Derived Macrophages

The subcellular distribution of the TLR8-AS1 was assessed by separating nuclear and cytoplasmic fractions from the
THP-1 macrophages, using the Cytoplasmic & Nuclear RNA Purification Kit (Aidlab, China). Briefly, harvested cells
were lysed with ice-cold Buffer RLN (supplemented with 1 mM DTT and RNase inhibitor) and incubated on ice.
Following centrifugation at 13,000 g for 3 min, the supernatant (cytoplasmic fraction) was transferred to a new tube, and
the pellet (nuclear fraction) was retained for further processing. RNA from each fraction was purified through RA
columns according to the kit protocol. For the cytoplasmic fraction, the supernatant was mixed with Buffer RLT Plus and
ethanol before column purification. For the nuclear fraction, the pellet was dissolved in Buffer RLT Plus, and the lysate
was passed through a column; the flow-through was then mixed with ethanol for a second round of column purification.
After washing steps, RNA was eluted in RNase-free water. Fractionation efficiency was validated by RT-qPCR using
GAPDH (cytoplasmic) and MALAT1 (nuclear) as compartment-specific markers (Table S1).

RNA Extraction and RT-qPCR

Total cellular RNA was extracted using TRIzol reagent (Sigma-Aldrich, USA). Cells were lysed with TRIzol, and
chloroform (Tedia, USA) was added for phase separation. The upper aqueous phase was collected after high-speed
centrifugation and RNA was precipitated with isopropanol (Tedia, USA). The purified RNA was then further purified
with 75% ethanol (Tedia, USA). RNA concentration and purity were determined using a NanoDrop 2000C spectro-
photometer (Thermo Fisher Scientific, USA). Reverse transcription was performed using 1 pg of RNA and PrimeScript
RT Master Mix (Takara, Japan) to synthesize cDNA. Quantitative real-time PCR (qPCR) was performed on cDNA
samples using SYBR Premix Ex TaqTM (Takara, Japan) according to the manufacturer’s protocol. Primer sequences are
listed in Table S1. Relative mRNA expression levels were normalized to the housekeeping gene GAPDH using the

2724 method. All experiments were performed in at least three independent biological replicates (n>3).
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Western Blot

Protein expression was analyzed by Western blot. Cellular protein were extracted using RIPA lysis buffer with a 1:100
dilution of protease inhibitor (Solarbio, China). The total protein concentration of the lysates was quantified using
a bicinchoninic acid (BCA) assay kit (Beyotime, China). Equal amounts of protein were separated by SDS-polyacryla-
mide gel electrophoresis (SDS-PAGE) and subsequently transferred onto polyvinylidene fluoride (PVDF) membranes.
After blocking, the membranes incubated overnight at 4°C with primary antibodies: anti-NFAT1 (Cat#5861), anti-COX-2
(Cat#12282), anti-ALOXS (Cat#3289), anti-NF-xB (Cat#8242), anti-TLR8 (Cat#11886), anti-MyD88 (Cat#4283) and
anti-B-actin (Cat#3700) were obtained from Cell Signaling Technology, Inc. (USA). Additionally, anti-ALOX15
(Cat#ab244205) and anti-IRF7 (Cat#ab109255) were obtained from Abcam (UK). Following incubation with fluores-
cently labeled secondary antibodies, protein bands were visualized and quantified using the LI-COR Odyssey CLx
imaging system.

Statistical Analysis

Data collection and organization were performed using Microsoft Excel 2019. Statistical analysis was conducted using
IBM SPSS Statistics 25 and GraphPad Prism 8.0.2, while figures were generated using GraphPad Prism 8.0.2.
Descriptive statistical analysis was used to examine the general characteristics of the study population, with the
characteristics of HIV-1/AIDS cases described as median and interquartile range (IQR). The relationship between
TLRS8-AS1 and CD4" T cell counts was investigated using Spearman’s rank correlation. All experiments were performed
in at least three independent biological replicates (n>3). P-values were determined by an independent samples #-test.
A significance level of P < 0.05 was considered statistically significant.

Results
Association Between TLR8-AS| Expression and Immune Status in HIV-1/AIDS Patients

Our preliminary transcriptomic analysis revealed that TLR8-AS1 was significantly upregulated in HEPS compared to
matched healthy controls (Table S2). Specifically, subjects included strictly screened HEPS individuals and age, sex, and
ethnicity matched healthy controls. And TLR8-ASI1 expression in PBMCs from HEPS individuals was elevated by 8.91-
fold relative to controls (Table S2). Subsequently, we assessed the expression levels of TLR8-AS1 across different
population groups. The demographic characteristics of the participants are summarized in Table 1. Compared with the
healthy controls, TLR8-AS1 expression in PBMCs was significantly up-regulated in HIV-1/AIDS patients receiving ART
(P <0.05) (Figure 1A). Subsequently, the ART group was further stratified by CD4" T cell counts: < 200 cells/puL (severe
200-500 cells/ulL (mild to moderate and > 500 cells/ulL (non-

immunodeficiency), immunodeficiency),

Table 1 Comparison of Demographic Characteristics and Immune Indicators Between the HIV-1/AIDS Antiviral Treatment Group and
the Healthy Control Group

Variable

HC Group (n=20)

ART Group (n=45)

Total

CD4"T<200

200<CD4"T<500

CD4*T>500

Relative expression of TLR8-ASI
(MeantSD)

Demographic characteristics

8.82x106+9.23x10°®

1.70%1075£1.29%10°

(403.00, 1142.00)

8.32x10 +7.37x10°®

(555.25, 1230.75)

1.71%1075£1.13x10°°

(484.00, 1050.00)

2.52x107°£1.62x10°

Age (years, Mean+SD) 25.75+1.62 53.13x14.24 50.30+12.21 54.64x15.11 52.20+14.74
Male (n, %) 11 (55.00%) 35 (77.78%) 8 (80.00%) 17 (68.00%) 10 (100.00%)
Female (n, %) 9 (45.00%) 10 (22.22%) 2 (20.00%) 8 (32.00%) 0 (0.00%)
BMI (kg/m?) 21.43+2.48 21.69+3.31 23.63+3.57 21.67+2.96 19.77+3.04
Immune indicators
CD4 cell count (cells/uL, IQR) - 363.00 98.00 363.00 562.00
(218.00, 493.00) (54.50, 131.00) (303.00, 413.00) (555.00, 606.75)
CD8 cell count (cells/pL, IQR) - 693.00 868.50 792.00 375.50

(199.50, 945.50)
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Figure | The expression levels of TLR8-ASI in different populations. (A) In PBMCs, the expression levels of TLR8-ASI were significantly elevated in the HIV-1/AIDS
antiretroviral therapy (ART) group compared to the healthy control (HC) group. (B) Compared to the group with severe immunodeficiency (less than 200 cells/uL), both the
moderate immunodeficiency group (200-500 cells/uL) and the non-immunodeficient group (more than 500 cells/uL) exhibited significantly elevated expression levels of
TLR8-ASI. (C) TLR8-ASI expression is enriched in monocyte-derived macrophages (MDM:s). The relative expression levels of TLR8-AS| were analyzed in primary human
T cells, B cells, monocytes, and MDMs (differentiated from monocytes of healthy donors). Data are presented as mean = SD (n 2 3 independent biological cell cultures)
*P < 0.05; ¥P < 0.01; *¥¥P < 0.001.

immunocompromised).>> A significant positive correlation was observed between CD4" T cell counts and TLR8-ASI
expression (r = 0.439, P < 0.05), with higher CD4" counts corresponding to higher expression levels (Figure 1B).
Notably, both the 200-500 cells/uL and >500 cells/uL. subgroups showed significantly higher TLR8-AS1 expression
compared to the <200 cells/puL subgroup (Figure 1B, P < 0.05). These results indicate a significant positive correlation
between TLR8-AS1 expression and CD4 " T cell counts, highlighting its potential as a marker of immune status in HIV-1/
AIDS patients. T cells, B cells, and monocytes were isolated from the peripheral blood of healthy donors, and monocytes
were induced to differentiate into monocyte-derived macrophages (MDMs). TLR8-AS1 expression was predominantly
observed in MDMs compared to other cell types (Figure 1C, P < 0.05). Given the predominant expression of TLR8-AS1
in MDMs and the crucial role of macrophages in HIV infection, we utilized a macrophage-based model for subsequent
in vitro functional validation.

The Overexpression of TLR8-ASI Inhibits HIV-1 Replication and Attenuates

Inflammatory Responses

To examine the association between elevated TLR8-AS1 expression and immune status, we generated THP-1 cells stably
overexpressing TLR8-AS1 (Figure 2A), and subsequently differentiated them into macrophages in vitro. Compared with the
control macrophages transfected with an empty vector, TLR8-AS1-overexpressing cells exhibited a significant reduction in
HIV-1 p24 protein production (Figure 2B, P < 0.05). qPCR analysis further revealed that TLR8-AS1 overexpression
significantly reduced the mRNA levels of multiple key HIV-1 genes, including Pol, Vif, Nef, long terminal repeat (LTR),
and Gag, relative to controls (Figure 2B, P < 0.05). In addition, the protein levels of inflammatory factors were measured by
enzyme-linked immunosorbent assay (ELISA). ELISA results revealed that, following HIV-1 infection, the levels of IL-18
and TNF-a were significantly decreased in the TLR8-AS1-overexpression group (Figure 2C, P < 0.05). These findings
suggest that TLR8-AS1 may suppress HIV-1 replication and alleviate virus-induced inflammatory responses.

Cytoplasmic Localization of TLR8-ASI| in THP-1 Macrophages

We employed two computational tools, IncLocator®® (http://www.csbio.sjtu.edu.cn/bioinf/IncLocator/) and iLoc-LncRNA
(2.0)*” (http://lin-group.cn/server/iLoc-LncRNA(2.0)/home.php), to predict the subcellular localization of TLR8-ASI. Both
methods consistently indicated that TLR8-AS1 is predominantly localized in the cytoplasm (Figure 3A). To experimentally
validate this prediction, we conducted RNA fluorescence in situ hybridization (FISH), which clearly demonstrated cytoplasmic
distribution of TLR8-AS1 in differentiated THP-1 macrophages (Figure 3B). Subsequently, cytoplasmic and nuclear RNA
fractions were isolated from THP-1 macrophages to further verify the localization pattern. As expected, GAPDH mRNA was
highly enriched in the cytoplasmic fraction, whereas the well-characterized nuclear-retained IncRNA MALAT1 was predomi-
nantly detected in the nuclear fraction (Figure 3C). Consistently, RT-qPCR analysis confirmed that TLR8-AS1 was primarily
localized in the cytoplasm of THP-1 macrophage cells (Figure 3C).

6 https: Journal of Inflammation Research 2026:19


http://www.csbio.sjtu.edu.cn/bioinf/lncLocator/
http://lin-group.cn/server/iLoc-LncRNA(2.0)/home.php

Wang et al

B p24 Pol Vif

dedek

1.0
100
0.5
50
0= 0.0-

(fold change of control)
Relative mRNA Expression

(fold change of control)

7 5
Eﬁiﬂ ]*
*

Relative mRNA Expression

The expression of HIV-1 p24
(pg/mL)

0.0-
HIV-1 + + HIV-1 + + HIV-1 + +
OE-TLRS8-AS1 - + OE-TLRS8-AS1 - + OE-TLRS8-AS1 - +
- Nef = LTR = Gag
S S a S =
23 o 22 159 N 22 15- el
o = 159 L = — v = —
= B == ==
& 5 & ]
S S = o
<5 4 4
< © 104 < S 104 D
D
Z o Z 2 Z 2
E S E = E =
g _: 0.5 Eé 0.5 E; 0.5
=] = & = &
3 = L L
~ 0.0- ~ 0.0- ~ 0.0-
HIV-1 + + HIV-1 + + HIV-1 + +
OE-TLRS8-AS1 - + OE-TLRS8-AS1 - + OE-TLRS8-AS1 - +
IL-1 TNF-a = Arachidonic acid
C D=
= ki ? w* g % e ek
A I B 25000 2 35+
= Z s
o S g E
—_~ 7 =3 .
= 3 10004 o3 8 é 3
S E S E 1500 2 )
2@ 2 — & 25-
=% Q2 c =
= = 1000 -
27 500 = o
5] g 2 20+
@ @ 500 =
£ 2 F
0- 0 = 15-
HIV-1 + + HIV-1 + + HIV-1 + +
OE-TLR8-AS1 - + OE-TLR8-AS1 - + OE-TLRS8-AS1 - +

Figure 2 The impact of TLR8-ASI on HIV-1 replication and cellular inflammatory factors. (A)THP-1 cells were transfected with a TLR8-AS| overexpression plasmid or an empty
vector control prior to HIV-1 infection. And TLR8-AS| overexpression was successfully constructed in THP-|-derived macrophages. (B) Overexpression of TLR8-ASI in THP-I
cells resulted in the inhibition of HIV-1 p24 protein expression, as measured by ELISA. Additionally, qPCR analysis further revealed that TLR8-AS| overexpression led to the
repression in the mRNA levels of multiple key HIV-1 genes, including Pol, Vif, Nef, LTR, and Gag (Student’s t-test). (C) Downregulation of inflammatory factors (IL-1f and TNF-0) at
the protein level in cells overexpressing TLR8-ASI in HIV-I infection. (D) After the overexpression of TLR8-ASI, the level of arachidonic acid was significantly reduced in HIV-1
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Figure 3 Cytoplasmic Localization of TLR8-ASI in THP-1 Macrophages. (A) Bioinformatics predicts (using IncLocator and iLoc-LncRNA) that TLR8-AS| is located in the
cytoplasm and cytosol. (B) The subcellular localization of TLR8-AS| was determined by RNA FISH in THP-I cells. And TLR8-ASI| was primarily located in the cytoplasm.
Red: TLR8-ASI; Blue: DAPI. (C) The relative abundance of the IncRNA TLR8-AS|I, the cytoplasmic mRNA marker GAPDH, and the nuclear IncRNA marker MALAT | in the
cytoplasmic and nuclear fractions of THP-1 cells was determined by RT-qPCR. The results confirm the efficacy of the cellular fractionation and demonstrate the predominant
cytoplasmic localization of TLR8-ASI. Data are presented as mean * SD (n 2 3 independent biological cell cultures).

TLR8-ASI Attenuates AA Pathway Activity Through PTGS2 (COX-2) Downregulation

Previous studies have identified that the AA pathway has emerged as a central hub for the production of inflammation
mediators.”**° To explore the role of TLRS-ASI in this pathway, we constructed THP-1-derived macrophages over-
expressing TLR8-AS1 and examined their effects on AA levels and the expression of key metabolic genes during HIV-1
infection.

Compared with the controls, TLR8-AS1 overexpression significantly reduced AA release as measured by ELISA
(Figure 2D). And the mRNA expression levels of PTGS2 (COX-2), PTGDS, PTGES, and LTC4S were also significantly
reduced by TLRS8-AS1 overexpression (Figure 4A, P < 0.05). At the protein level, TLRS-AS1 overexpression
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Figure 4 TLR8-ASI exerts its biological function by down-regulating the arachidonic acid metabolic pathway. (A) The mRNA expression levels of key AA metabolic genes
(PTGS2, PTGDS, PTGES, ALOX5, ALOX15, and LTCA4S) were measured by RT-qPCR in TLR8-AS| overexpressing cells under HIV-I infection. (B) Protein levels of COX-2,
ALOX5, and ALOX15 were analyzed by Western blotting. And bar graph depicting the quantification of proteins expression levels, and the relative expression levels were
normalized to B-Actin protein. TLR8-AS| overexpression selectively suppressed the expression of PTGS2/COX-2 and other key enzymes in the prostaglandin branch, but
not the lipoxygenase branch, of the AA metabolic pathway. Data are presented as mean * SD (n = 3 independent biological cell cultures).*P < 0.05; **P < 0.01; ns, P > 0.05.

significantly downregulated COX-2 (Figure 4B, P < 0.05), whereas ALOXS and ALOX15 remained unaffected at both
the mRNA and protein levels (P > 0.05, Figure 4A and B). Therefore, we speculate that TLR8-AS1 selectively modulates
the AA metabolic pathway through the downregulation of PTGS2 during HIV-1 infection.

TLR8-AS| Suppresses NFAT | Expression to Modulate AA Metabolism and Inflammatory

Responses

Next, to explore the mechanism by which TLR8-AS1 regulates the AA pathway in HIV-1-infected macrophages, we first
evaluated two candidate transcription factors: NFAT1 and NF-«xB. The results showed that in HIV-1-infected macrophages,
TLR8-AS1 overexpression specifically downregulated NFAT1 at both the protein and mRNA levels (Figure 5A and B,
P <0.05), while showing no significant effect on protein for NF-«kB (Figure 6A and B, P> 0.05). To further confirm the role of
NFAT1, we constructed NFAT 1-silenced THP-1-derived macrophages (Figure 5C, P < 0.05). Compared with the controls,
NFAT1 knockdown during HIV-1 infection resulted in a significant reduction in the mRNA levels of PTGS2, PTGDS,
PTGES, and LTC4S (Figure 5D, P < 0.05), while no significant changes were observed in ALOXS and ALOX15 (Figure 5D,
P > 0.05). Furthermore, the levels of AA were also significantly decreased in the NFAT1 knockdown group (Figure 5E, P <
0.05), as well as the mRNA levels of inflammatory factors (IL-18 and TNF-a) and HIV-1 genes (Pol, and Vif), together with
the protein expression of HIV-1 p24 (Figure SF-H, P < 0.05). These findings identify NFAT1 as a critical downstream
mediator through which TLR8-AS1 regulates AA metabolism, inflammatory responses, and HIV-1 replication.

TLR8-ASI Functions Independently of TLR8-Mediated Antiviral Signaling

Given that TLR8-ASI is a natural antisense long non-coding RNA of the TLRS8 gene, we next examined TLRS8 together
with the downstream signaling molecules MyD88 and IRF7, which are central mediators of TLR8-driven antiviral and
inflammatory responses. However, no significant differences were observed in the protein levels of these markers
following TLR8-AS1 overexpression during HIV-1 infection (Figure 6A and B, P > 0.05). These findings indicate
that, in HIV-1-infected macrophages, TLR8-AS1 may exert its regulatory effects independently of TLRS and its
downstream antiviral signaling pathway.
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Figure 5 TLR8-AS| modulates AA metabolism and inflammatory responses by suppressing NFAT| in HIV-1-infected macrophages. (A and B) The effect of TLR8-ASI
overexpression on NFAT | expression in HIV-1-infected THP-|-derived macrophages was assessed by (A) RT-qPCR and (B) Western blot analysis. Overexpression of TLR8-
AS| significantly downregulated the expression of NFAT | both in mRNA level (A) and protein level (B). And the NFAT | protein relative expression level was normalized to
B-Actin protein. (C) NFAT| knockdown was achieved in THP-I-derived macrophages, as confirmed by RT-qPCR. (D) The mRNA expression levels of key gene LTCA4S,
PTGDS, PTGES, and PTGS2 (COX-2) in the arachidonic acid metabolic pathway were measured by RT-qPCR and exhibited a significant decrease, whereas the change in
ALOXS5 and ALOXI5 was not statistically significant. (E) AA release was quantified in the supernatant of NFAT | -knockdown cells after HIV-1 infection. (F) The mRNA levels
of inflammatory factors (IL- 1B, TNF-0) were detected by RT-qPCR. (G and H) The protein level of HIV-1 p24 was determined by Elisa (G), and the mRNA levels of HIV-1 Pol
and Vif were detected by RT-qPCR (H). TLR8-ASI| suppresses NFAT| expression, which in turn regulates the prostaglandin branch of AA metabolism, inflammatory
responses, and HIV-| replication. Data are presented as mean = SD (n = 3 independent biological cell cultures). *P < 0.05; **P < 0.01; **P < 0.001; ns, P > 0.05.

Discussion

Growing evidence suggests that IncRNAs hold promise as diagnostic biomarkers and therapeutic targets in various
infectious diseases, including HIV-1.%3" In this study, we found that TLR8-AS1 expression in HIV-1/AIDS patients was
positively correlated with CD4 T-cell counts. Functionally, elevated TLR8-ASI expression suppressed inflammatory
cytokine production and HIV-1 replication in macrophages. Mechanistically, TLR8-AS1 appears to function primarily
through NFAT1 and the AA pathway rather than the classical TLR8 signaling axis. Collectively, these findings not only
suggest that TLR8-AS1 may serve as a novel immunoregulatory factor in HIV-1 infection but also point to its potential as
a therapeutic target for modulating inflammation and restricting viral persistence.

In this study, we observed that elevated TLR8-AS1 expression exerted a dual effect in HIV-1-infected macrophages
by markedly suppressing the release of inflammatory cytokines (IL-1B and TNF-a) and simultaneously inhibiting the
expression of the multiple key HIV-1 genes. Macrophages, as long-lived immune cells that remain persistently active
throughout the course of HIV/AIDS, play a crucial role in sustaining immune activation and viral persistence.’’
Importantly, excessive secretion of proinflammatory cytokines from these cells can accelerate disease progression. For
instance, elevated IL-1P levels have been associated with accelerated lung function decline and enhanced atherosclerotic
inflammation in HIV-infected individuals, even in those receiving effective ART treatment.**>> Likewise, high TNF-a
levels during early HIV infection correlate with increased viral loads and have been implicated in neurotoxicity.>*>> In
addition to cytokine-driven inflammation, viral proteins also contribute to immune dysregulation. The pol gene encodes
three essential enzymes, namely reverse transcriptase, integrase, and protease, which are critically involved in the HIV-1

replication cycle.>® Vif, a key accessory protein of HIV-1, antagonizes host antiviral defenses by promoting the
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ubiquitination and proteasomal degradation of APOBEC enzymes, thereby facilitating viral replication and persistence.’’
The Nef protein mediates the downregulation of CD4 and MHC-I molecules on the surface of infected host cells, thereby
promoting viral release and enabling immune evasion.*® The Gag protein functions as a structural component of HIV-1
and is involved in the assembly and budding of viral particles.>® LTR serves as a regulatory hub within the HIV-1
genome, containing promoter and enhancer elements that govern the transcription of viral genes.** These findings
suggested that TLR8-AS1 may contribute to antiviral activity by multiple-targeting inhibition of the expression of
core genes and structural proteins of HIV-1.

Our study further revealed that TLR8-AS1 selectively suppressed AA levels and the downstream COX pathway,
including PTGS2/COX-2, PTGDS, and PTGES, while leaving the ALOX pathway (ALOXS5 and ALOX15) unaffected.
AA is the precursor of eicosanoids, a diverse class of bioactive lipid mediators that play pivotal roles in regulating
inflammatory responses.*® It is primarily metabolized by two major enzymatic pathways, COX and ALOX.*' The COX
branch predominantly generates pro-inflammatory prostaglandins and thromboxanes, whereas the ALOX branch pro-
duces both pro-inflammatory leukotrienes and anti-inflammatory lipoxins.**** Collectively, these findings support
a model in which TLR8-AS1 contributes to anti-inflammatory activity primarily through the selective downregulation
of the COX-2-dependent branch of AA metabolism, thereby modulating lipid-derived inflammatory signaling.

In this study, we also found that TLR8-AS1 is predominantly localized in the cytoplasm, and that its overexpression
selectively suppressed NFAT1 expression in HIV-1-infected macrophages, accompanied by reduced AA levels, decreased
pro-inflammatory cytokine production, and downregulation of key genes in the AA pathway. Cytoplasmic IncRNAs are
known to exert regulatory effects through several post-transcriptional mechanisms, including functioning as competing
endogenous RNAs (ceRNAs), modulating target mRNA stability, and influencing translation.***> Given that TLR8-AS]1
reduced both NFAT1 mRNA and protein levels in our study, it is plausible that TLR8-AS1 may downregulate NFAT1 by
affecting its mRNA stability or through a ceRNA-like mechanism. In addition, NFAT1 translocates to the nucleus upon
activation and plays a pivotal role in immune regulation and inflammatory responses, particularly under conditions of chronic

Journal of Inflammation Research 2026:19 hetps: 11



Wang et al

viral infection.***” Therefore, another possibility is that cytoplasmic TLR8-AS1 may interfere with NFAT1 nuclear transloca-
tion, thereby limiting its transcriptional activity. NFAT1 has been implicated in the development of immune reconstitution
inflammatory syndrome in HIV-1/AIDS patients.*® Moreover, NFAT1 promotes COX-2 promoter-driven transcriptional
activity through its binding site.*>>® Collectively, our findings identify a previously unrecognized TLR8-AS1/NFAT1/AA
axis that links IncRNA-mediated regulation to HIV-1-associated inflammation and viral replication.

As an antisense IncRNA, TLRS-AS1 would conventionally be expected to regulate its cognate sense gene TLRS or its
related signaling pathways. This expectation is further reinforced by previous studies showing that TLR8-AS1 can
activate the TLR8/STAT1 signaling axis to induce preeclampsia,’ as well as promote ovarian cancer metastasis and
chemotherapy resistance by enhancing the stability of TLR§ mRNA.>" Unexpectedly, our findings suggest a different
mode of action. In the context of HIV-1 infection, TLR8-AS1 exerted anti-inflammatory and antiviral effects through
a TLR8-independent mechanism rather than through canonical regulation of its adjacent sense gene. Increasing evidence
indicates, that some antisense IncRNAs can regulate distal targets and modulate cellular functions independently of their
cognate sense transcripts. For example, the immune regulation of USP30-AS1 is independent of its proximal protein-
coding gene USP30.%% Similarly, Artificial LEF1-AS1 overexpression inhibited HL60 proliferation, upregulated p21/p27,
and reduced ERK1/2 activation, independently of LEF1.%®> Together, these observations support the possibility that
TLR8-AS1 may also operate through a distinct non-canonical regulatory pathway independent of TLRS to suppress HIV-
1-induced inflammation. Further elucidation of this mechanism will be important for defining the specific role of TLR8-
ASI1 in HIV-1 infection.

Several limitations of the present study should be acknowledged. First, while the lack of an in vivo model is
a limitation, the use of THP-1-derived macrophages and the consistent correlations observed in primary patient PBMCs
provide strong translational relevance for our findings. Future studies using humanized mice or SIV-infected macaque
models may be required to fully validate these metabolic and viral regulatory mechanisms in an in vivo system. Second,
although our results strongly support the TLR8-AS1/NFAT1 axis, the direct physical interaction between TLR8-AS1 and
NFAT1 remains to be explicitly characterized via RNA-pull down or RNA immunoprecipitation (RIP) assays in future
investigations. Third, because of the well-recognized technical challenges associated with achieving high transfection
efficiency and stable genetic manipulation, such as TLR8-AS1 overexpression or NFAT1 knockdown, in primary
monocyte-derived macrophages (MDMs), we did not perform these functional experiments in the primary-cell system.
Nevertheless, we confirmed TLR8-AS1 expression in primary MDMs to provide a proper physiological context.
Collectively, the results provide a robust mechanistic foundation for future in vivo studies.

Conclusion

In summary, our findings demonstrate that TLR8-AS1 modulates immune responses in HIV-1-infected macrophages by
downregulating NFAT1, which subsequently suppresses the AA signaling pathway, inhibits pro-inflammatory cytokine
production, and restricts viral replication. Targeting the TLR8-AS1/NFAT1/AA axis may represent a potential therapeutic
strategy to alleviate chronic immune activation and limit viral persistence in HIV-1 infection.
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