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Abstract

Background: Cytokines are key players in the immune system's reaction to
HIV and play a crucial role in HIV pathogenesis. Dysregulation of cytokines can
contribute to the disease's pathogenesis and associated complications, making a
comprehensive understanding of their roles crucial for developing efficacious
therapeutic interventions against HIVV/AIDS. Therefore, the aim of this systematic
review is to examine the role of cytokines in HIV associated neurological
manifestations and related complications.

Methods: Databases such as PubMed, Scopus, Web of Science, and Embase
were explored for original English literature until September 10, 2022. Eligible
articles for data extraction were screened and selected in two steps using some
inclusion/ exclusion criteria. This study conforms to the PRISMA checklist and
Newcastle-Ottawa Scale (NOS).

Results: This review included a total of 15 studies. It was identified that
cytokines were associated with sleep problems and numerous neurological
manifestations. The most common neurological conditions include dementia,
seizure, meningitis, cerebral toxoplasmosis, microcephalus, encephalitis, and
gliosis. Commonly used cytokines detection methods included PCR, ELISA,
Luminex XMAP multiplex platform, and PUREGene DNA Isolation System.
Cytokine samples were mostly taken from blood and tissue.

Conclusion: There is an interconnecting pathway of cytokines, neurological
function (mainly dementia), and sleep habits in people living with HIV. Despite this,
the mechanism of cytokines influencing sleep problems and neuropathological
disorders remains unclear. Further research is warranted to determine the potential
mechanisms and impact of cytokines associations in HIV progression.

Keywords: HIV, AIDS, Cytokines, Infection, HIV infection,

Neuropathological disorder
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Pe3rome

Uctopuss Bompoca: LIMTOKMHBI WIparOT KIOYEBYIO pPOJIb B PEAKIUU
uMMyHHOUM cucteMbl Ha BUY u B maroreneze BUY-undexmuu. Hapymenue
peryisiiid UUTOKUHOB MOXET CIOCOOCTBOBAaTh IATOT€HE3y 3a00JeBaHUS U
CBA3aHHBIM C HUM OCJIIOKHEHMSAM, YTO JENacT pEeIIalIMM BCECTOPOHHEE
NOHUMAHUE WX POJU i  pa3paloTKu d(PPEKTUBHBIX TEpaneBTUYECKHUX
BMematensctB npotus BUY/CIIN[a. B 53Toit cBsi3u, LeENbI0 HACTOSILIETO
CUCTEMATHYECKOTO  0030pa  SBISIETCS  HW3yYeHHE  POJU  IIUTOKUHOB B
HEBPOJIOTMYECKUX MPOSABICHUSX, CBsA3aHHBIX ¢ BUY-unbekmueil, 1 CBA3aHHBIX C
HHUMU OCJIO0KHECHHSIMH.

MeTtoasr: ba3el ganaeix PubMed, Scopus, Web of Science u Embase Obutn
WCMOJIB30BaHbl JJII M3YYCHHUS OpPUTHMHAIBHOW AaHIJIOSI3BIYHOW JIMTEPATYPHI,
omyOnukoBaHHOM A0 10 centsiops 2022 roxa. [logxonsiue cTatbu AJid OLEHKHU
JTAHHBIX OBLIN MTPOBEPEHBI U OTOOPAHBI B JIBa ATAla C UCTIOJIb30BAHUEM HEKOTOPBIX
KPUTEPUEB BKJIOUCHUS/UCKIIOUCHUS, B COOTBETCTBUM C KOHTPOJBHBIM CIIUCKOM
PRISMA wu mikanoit Hetokacin-Otrraa (NOS).

Pesynbrater: B 0630p Oblmu BKITIOUEHBI 15 uccnenoBanuii. beuto BhISBICHO,
YTO LMTOKHHBI ACCOLMUPOBAHBI C HAPYIICHHEM CHA W MHOTOYMCICHHBIMHU
HEBPOJIOTUYECKUMU IIPOSIBIICHUSAMU. Hawubonee pacupoCTpaHEHHbIE
HEBPOJIOTUYECKAE COCTOSIHUSL BKJIIOYAKOT JE€MEHLMIO, CYJOpPOrHM, MEHUHIHT,
1epedpaibHbI TOKCOIMIa3M03, MUKpoliedanuto, sHueGamuT u riamo3. OObIYHO
UCIIOJIb3yeMble METOJIbl OOHapykeHus: IUTOKMHOB BkiovaroT [II[P, HOA,
MyJbTHIUIEKCHYIO MnaTdopMmy Luminex XMAP u cucremy Bbiaenenus JIHK
PUREGene. CoaepsxaHue IUTOKMHOB TJIaBHBIM 00pa30M OIEHUBAJIOCH B 00pa3Iiax
KpOBU U TKaHEM.

3akIOUEHUE:  CYLIECTBYET  B3aMMOCBSI3aHHAsg  acCOLMALMS  MEXIY
[IUTOKWHAMH, HEBPOJIOTHYECKON (DyHKIMEH (B OCHOBHOM JIEMEHIIMH) M PEKUMOM
cHa y mroaeH, xkupymmx ¢ BUY. HecmoTps Ha 3TO, MEXaHU3M BJIMSHUAS HIUTOKUHOB

Ha COH M HEHPOIATOJIOTMYEeCKUE PACCTPOICTBA OCTaeTCs HesicHbIM. HeoOxommumMbl
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HaHBHCﬁMHe HCCIICAOBaHMA Ik ONPCACIICHUA IMOTCHUHHUAJIbHBIX MCEXAHU3MOB U

BIIMSTHUST aCCOITMAIIMM ITMTOKMHOB Ha mporpeccupoBanre BUY-undexum.
Kuarwouesbie cinoa: BUY, CITU/I, uuroxkunsl, nadexus, BUY-undexus,

HEHPOIaTOIOrHYeCKOe pacCTPOMCTBO
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1. Introduction

An estimated 38 million individuals worldwide are living with HIV, making it a
major public health burden (24,46). The implementation of Highly Active Antiretroviral
Therapy (HAART) has drastically improved survival rates (26,41), however, people living
with HIV (PLHIV) face ongoing challenges including immune system dysfunction,
heightened vulnerability to opportunistic infections and malignancies, and complications
involving both physical and mental health (25,39).

Understanding the complex interactions between HIV and the immune system is
crucial for optimizing treatment strategies (42). Cytokines, which are signaling molecules
released by immune cells, play a central role in modulating immune responses and are key
players in the pathogenesis of HIV infection (30). These cytokines mediate various immune
responses that are central to the host’s defense against HIV, including the activation and
regulation of T cells. A disturbance in this regulation often leads to immune system
dysfunction, driving HIV progression (18).

HIV infection gradually decreases the quantity and ability of CD4+ T cells, which
are essential for effectively responding to viral infections (27). The dysregulation of cytokine
production, including a reduction in Thl cytokines (e.g., IFN-y and IL-2) and a rise in Th2
cytokines (e.g., IL-4 and IL-10), significantly contributes to the disease progression. Cytokine
signaling aberrations contribute to chronic inflammation, tissue injury, and HIV-associated
comorbidities (19). Proinflammatory cytokines such as IL-6 and TNF further exacerbate
immune dysfunction, contributing to chronic inflammation, tissue damage, and comorbid
conditions like cardiovascular and neurocognitive disorders (51). Moreover, even in the
presence of ongoing antiretroviral therapy (ART), cytokine signaling abnormalities may
sustain viral replication in lymphoid tissues, thereby preserving HIV reservoirs (43).

Given the crucial role of cytokines in modulating the immune response in PLHIV,
recent research has focused on their potential to serve as therapeutic targets (41). Cytokines
such as IL-10 and TGF-, which have anti-inflammatory properties, can mitigate HIV-related

inflammation and viral replication (18). However, excessive production of these cytokines can
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also inhibit the immune system’s ability to fight off the virus, thus allowing it to persist in the

body despite treatment (18).

In addition to their role in immune regulation, cytokines are also implicated in HIV-
associated neurological complications, including mental health disorders and neurocognitive
decline (40). HIV infection has been shown to affect cognitive function and mental health,
leading to complications such as dementia, sleep disturbances, and other neurological deficits
(48). These issues arise in part from the interaction between proinflammatory cytokines and
the central nervous system (CNS), as well as their contribution to chronic inflammation, which
exacerbates neurocognitive impairments (40). Despite recent attention to the role of cytokines
on HIV, there is still a lack of a comprehensive study that thoroughly focuses on the interplay
of cytokine systems and HIV-related neurological comorbidities in English or Russian. This
systematic review, therefore, addresses this gap by exploring the linkage between cytokine
dysregulation and HIV-related neurological conditions.

This review aims to systematically assess the roles of various cytokines in the
pathogenesis of HIV infection, including their impact on immune function and mental health.
By reviewing the available literature, this study aims to identify potential therapeutic targets
for the management of HIV-related complications, with a focus on neurocognitive and mental
health disorders.

1. Methods

A thorough examination of the current literature regarding the roles of various
cytokines in HIV infection was conducted. To ensure reliable and authentic results The
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist
was followed. Additionally, the Newcastle-Ottawa Scale (NOS) was used to assess risk of bias
(Table 1).

2.1.  Datasources

Four online databases were explored including PubMed, Scopus, Web of Science,
and Embase up until September 10, 2022 using keywords and their combinations. The search
strategy employed is as follows:

A. “Cytokines” OR “cytokine” OR “Cytokine” [Title/Abstract]

B. “HIV” OR "Human immunodeficiency virus” [Title/Abstract]
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C. [A]AND[B]

2.2.  Study selection

Study screening and selection was completed through a two-step process. The
initial step consisted of screening of articles based on title and abstract, which was complete
by four research members. In the second step, five investigators reviewed and evaluated the
full texts of the articles. Inclusion criteria were original articles in English that investigated
cytokines in PLHIV. Studies involving non-human data (e.g., animals and/ or in vitro
investigations), unpublished, lacking accessible full texts, case series and reports, conference
papers, and editorial letters were excluded.

1.3.  Data extraction

Data extraction was conducted for studies that fulfilled the inclusion criteria. Five
researchers extracted the essential data from the full texts. Other researchers checked
duplications and other irrelevant data in the selected articles. Data extraction consisted of
neurological manifestations associated with cytokines, detection methods and samples origin
of cytokines, name of cytokine and cell source of cytokines production, and serum level of
cytokines.

2.4.  Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to evaluate the selected studies’ risk
of bias. This assessment tool consists of three aspects with the maximum possible scores of 4,
2, and 3 for selection, comparability, and exposure/ outcome, respectively. The maximum
obtainable score for each study is 9.

Result

Study characteristics

The online database search retrieved 4441 articles. Following the screening of the
obtained studies, 798 duplicates were eliminated. Subsequently, the titles and abstracts of the
remained 3643 articles were examined and 2853 records were excluded. In the full-text
evaluation of the 790 studies, 775 articles did not meet the inclusion criteria. Ultimately, 15
articles were included (Figure 1).

Quality assessment
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The details of the quality assessment of the selected studies are shown in Table 1.

All the included studies had scores ranging from 6 to 9 in the NOS scale, demonstrating
moderate to high quality of evidence.

The included studies were carried out in five countries, including the USA (n=12),
Germany (n=1), Switzerland (n=1), and Italy (n=1). The year of publication for the included
studies ranged from 1989 to 2018. The types of studies included were case-control (n=5),
cross-sectional (n=5), cohort (n=4), and interventional (n=1).

This systematic review included studies regarding cytokine involvement in HIV-
associated neurological complications. The findings demonstrate the major role of cytokines
in neuroinflammation and HIV neuropathogenesis across varied populations and
methodologies and serves cytokines as both diagnostic markers and therapeutic targets in
addressing HIV-associated neurological complications.

Key Neurological Manifestations and Cytokine Associations

In the review of studies, it was found that cytokines are related to conditions such
as sleep problems, dementia, seizures, meningitis, cerebral toxoplasmosis, microcephaly,
encephalitis and gliosis, of which sleep problems are the most common. For example, Foster
et al. demonstrated associations between higher levels of pro-inflammatory cytokines (e.g.,
IFN-vy, IL-12, and TNF-a) and altered sleep patterns, such as increased sleep duration and
efficiency, yet poorer neurocognitive test performance. Byun et al. and Lee et al. discussed
SNPs in cytokine-related genes e.g., IL1B, IL2, IL17A, IL1R2, and TNFa linked to sleep
disturbances.

Neuroinflammatory cytokines, such as TNF-a, INOS, MIP-1a, and MIP-1f3, were
found to predominate in brain regions of individuals with HIV-associated dementia, as
reported by Nuovo et al. Elevated IL-6 and IL-16 levels, noted in Gongvatana et al., correlated
with brain structural abnormalities. Other findings emphasized that cytokines (e.g., IL-8 and
MCP-1) remain elevated in monocyte cultures, even after cognitive improvement through
CART.

Recurrence of IL-1p, IL-6, and TNF-a in blood, cerebrospinal fluid (CSF), and
brain tissues linked these markers to disease severity. From other results obtained from the

review of studies, basal ganglia movement control showed better performance in the presence
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of neuroprotective cytokines (CNTF and IL-4) and in the presence of inflammatory cytokines

Matrix metalloproteinase-2 (MMP-2) while ALCAM got worse. Slow psychomotor speed was
also observed in the presence of MMP-2. Nolan et al. explored dopamine’s role in cytokine
modulation, presenting pathways for chronic neuroinflammation management. Elevated
CXCL10 signified HIV’s effects on neuronal functionality through inflammation exacerbation
demonstrated by Williams et al.

Detection Methods and Sample Sources

The most commonly used detection methods were PCR, ELISA, Luminex XMAP
multiplex platforms, and the PUREGene DNA Isolation System. Cytokines were primarily
detected in blood, cerebrospinal fluid (CSF), and brain tissues. In addition, specific cytokines
like CXCL10 were highly expressed in astrocytes in HIV dementia. Full details of the included

studies are provided in Table 2.

Discussion

Since HIV-1 is a neurotropic virus, it can enter the CNS early in the infection
process, resulting in neurologic disease as the only clinical manifestation of infection. The
major findings of this study were that expression of cytokines including IFN-y, IL-1, IL-2, IL-
4, IL-6, IL-10, IL-12, TNF-a, and MMP-2 was correlated with HIV-related neurological
issues, particularly dementia and sleep duration problems. Viral activation, inflammation, and
tissue damage were found to be modulated by cytokine production in HIV pathophysiology.

1. First of all, the most imperative factor, Interleukin (IL), plays a vital role in the
sleep pattern of PLHIV. Like other articles, this review confirmed that higher levels of the pro-
inflammatory cytokines (IFN-y, IL-12, and TNF-a) were linked to changes in sleep duration
with a trend of higher total sleep time at night, daytime sleep, daytime napping, and sleep
efficacy. For instance, Foster and colleagues reported a substantial direct and indirect
connection between the production of intracellular cytokine and sleep duration and efficiency
in HIV infected children (11). Sleep disturbance was mostly related with short sleep duration
and sleep onset insomnia; in agreement with studies, such as Gutierrez et al., where 73% of
patients reported suffering from poor sleep quality and more than half experienced insomnia

diagnosis criteria (17).
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2. This study also shows that cytokines were responsible for poorer performance of

HIV-infected individuals on neurodevelopment and neurocognitive tests. HIV-infected cases
had worse working memory-mental (fatigue test scores) and had more self-reported problems
with socio-emotional, behavioral, and executive function; which was mentioned in other
studies like, Cohen’s comparison between HIV-Infected children versus healthy controls
matched with socioeconomic status (7).

3. In addition, these cytokines played a crucial role in a number of brain infections,
such as SAH and Meningitis, HIV encephalitis, cryptococcal meningitis (CM), cerebral
toxoplasmosis (CT), aseptic meningitis (AS), progressive diffuse leukoencephalopathy, and
microcephalus (Gallo et al., 1989). In a study by Wolf et al., the importance of IL-12 activity
and its interaction with other cytokines, such as IL-4 and IL-10, has illuminated to use for
AIDS vaccine adjuvants to make direct immune response (22). Moreover, other findings also
recommend that IL-10 participates in different immunomodulatory roles in CNS diseases (37).

4. Additionally, the presence of cytokines may induce the sequence of events
resulting in brain injury. For example, glial activation with elevated expression of IL1-o and
B-APP may be important in the neuropathogenesis of HIV-related dementia. A study by
Mustafa et al. describes pathogenetic hypotheses for dementia in HIV patients (28)._ Another

study in the US, also proclaimed that higher levels of some cytokines lead to indirect
mechanisms of brain dysfunction, such as HIV dementia (15).

Various inflammatory cytokines can cause or worsen HIV-related dementia.
Massive viral replication in infected cells and cytokine secretion are the main causes of this
phenomenon (34). Also, it is mentioned that HIV-1 in collaboration with the cytokines IFN-g
and TNF-a can synergistically promote CXCL10 in human astrocytes aggravating AIDS
dementia (49). On the other hand, dopamine treatment in healthy and cART-treated donors
promotes the production of inflammatory cytokines such as CXCL10 (32) which may worsen
the situation. TNF is also associated with a series of events leading to brain injury in meningitis
(40), and higher volumes of the putamen, amygdala, pallidum, GM, and WM (16). Glial
activation with elevated expression of IL1-o and B-APP may contribute to AIDS dementia

(45). The presence of neuroprotective cytokines IL-4 and CNTF helped basal ganglia
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movement, whereas slow contraction speed was observed in the presence of inflammatory

cytokines ALCAM and MMP-2 (33). Higher levels of the pro-inflammatory cytokines (IFN-
v, IL-12, and TNF-a)) were associated with changes in sleep duration which itself was linked
to poorer performance on neurodevelopment and neurocognitive tests in HIV-infected
individuals (11). Twelve SNPs from IFNG, IL1B, IL2, IL6, IL17A, NFKB1, and NFKB2
genes are related to long daytime napping (5). Also, a positive feedback loop of NFKB2
production with IL-1 B, IL-6, and TNF-a may cause extended cytokine production by
peripheral blood monocytes, human fetal astrocytes, and THP-1 and U373 cells (29). SNPs in
IL1R2, TNF, and IL2 are related to poor sleep maintenance and shifted WASO. Different TNF
SNPs have unprincipled influences on WASO (21). OPN is released by infiltrating
macrophages and resident astrocytes and rises with HAND intensity. A high level of INFG is
directly related to changes in sleep duration and poor performance in neurocognitive tests (11),
lower marks in digit-symbol decoding tests (33), higher volumes of the putamen, pallidum,
amygdala, Gray Matter, and White Matter (3).

In addition to the contribution of cytokines to the neurological presentations of
PLHIV, cytokine alteration patterns have also been observed in neurological complications
associated with other RNA viruses. Several studies have suggested that cytokine storm is
involved in the neurologic presentations of COVID-19, as higher levels of IL-2, IL-6, IL-8,
IL-10, and IFN-y induced protein-10 (IP-10) have been identified in the CSF or serums of
patients with virus-related encephalopathy (4,10). In addition, Espindola and colleagues
revealed that IL-2, IL-4, IL-6, IL-10, IL-12, chemokine (C-X-C motif) ligand 8 (CXCLS8), and
CXCL10 were elevated in COVID-19 patients with myelitis, encephalitis,
meningoencephalitis, and acute disseminated encephalomyelitis (ADEM) (9). Increased IL-6
levels have also been linked to disturbances in memory, cognition, and spatial learning in
individuals with chronic hepatitis C virus (HCV) (1). ldentifying the cytokine cascade
involved in the pathophysiology of neurological manifestations of viral infections may provide
new therapeutic targets not only for HIV but also for other viral infections and improve

patients’ outcomes.
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The results of the present review should be taken into account, with some

limitations that must be considered. There was a modest number of included studies with
relatively few participants and a lack of reporting of neurological changes in some studies.

Conclusion

In summary, previous studies demonstrated that polymorphisms in IL1R2, IL-2,
and TNFa genes were associated with changes in WASO% and sleep duration and elevated
plasma levels of IL-13 along with polymorphism in IL1B, IL6, IL13, NFKB1, and TNFa genes
was detected in SOI. Thus, we suggest that there is an interconnecting pathway of cytokines,
neurological function (mainly dementia), and sleep habits in PLHIV. Despite this, the
mechanism of cytokines influencing sleep problems and neuropathological disorders remains
unclear, and further research is needed into these potential mechanisms. Further research is
also needed in this area to determine whether or how these associations can affect HIV
progression. The prevention of pro-inflammatory cytokine production could be achieved
through better adherence to antiretroviral therapy. Yet, anti-inflammatory medications may be
therapeutically effective for decreasing sleep onset latency or higher sleep duration among
HIV-positive adults due to their association with cytokine polymorphisms and sleeping
problems.
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Table 1. Risk of bias assessment for the included studies.
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Table 2. Summary of findings
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Type of Mean Neurological Detection Sample of Evaluated Cytokines Serum level of
Reference Country Syp Population Age + rologic methods of cytokines - Y . Main findings
tudy manifestation - - and their cell sources Cytokines
SD Cytokines detection
USA Case-Control N/A 4 of 7 cases had RT in situ PCR cerebrum, TNF-a, iNOS, MIP-Ia, N/A Cytokine transcription was not found in the
7 HIV+ symptoms: from CNS biopsy | cerebellum, MIP-113 mRNA. patients who did not have CNS-related
and 2 had long-standing of deceased and brain presentations. TNF-a, iNOS, MIP-1a, MIP-
5 HIV- controls dementia participants stem Mostly microglial 1B predominantly found in regions with a
cells/macrophages or high density of virus-infected cells and less
1 had severe motor astrocytes, and predominant in the cerebellum and midbrain
(34) and developmental occasionally neurons of individuals with AIDS- associated
skills retardation also expressed iNOS, dementia where viral-infected cells were less
MIP-la and MIP-1p. frequent.
1 had a 2-year history The primary contributors to AIDS dementia
of seizure were extensive viral infection affecting
microglia, neurons, and astrocytes, along with
cytokine secretion by proximate uninfected
cells.
USA Cohort 38 HIV+ HIV+ HIV-infected cases Flow cytometry Blood; IL-10, IL-12, TNF-q, Lower TNF-a Elevated levels of pro-inflammatory
and cases: had worse working for both plasma plasma and and IFN-y production and cytokines (IFN-y, IL-12, and TNF-a)) were
35 HIV- controls 13 memory, higher and intracellular intracellular CD69 linked to variations in sleep duration, which
(#£2.5) mental cytokine levels. cytokines. Lymphocytes activation in turn correlated with reduced performance
fatigue scores, more marker on neurodevelopmental and neurocognitive
HIV- self-reported issues expression in assessments in HIV-infected patients.
controls | with socio-emotional, stimulated
(11) 13 behavioral, and CD4+ and
(#3.2) executive CD8+ T cells.
function, higher total Higher levels of
sleep time at night, unstimulated
daytime sleep, and IFN-y and
sleep efficacy. TNF-a in both
CD4+ and
CD8+ T cells.
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USA Cohort 61 HIV+ cases HAND: N/A Multiplex assay Blood Fractalkine (CX3CL1), | Atbaselineand | During the one-year CART treatment, the
including: 34.0 (Luminex) IFN-y, IL-2, IL-4, IL-6, | even after one cognitive status of 18 individuals transitioned
years IL-8, IL-10, IP-10, year of cART, from HAND to NC; however, the levels of
28 with HAND NC: MCP-1, and TNF-a. cultured cells IL-8 and MCP-1 produced by their
and 35.3 from HAND monocytes remained elevated compared to
33 with NC years Cultured mononuclear individuals those with NC. The levels of IL-8 and MCP-1
cells exhibited in CD14+ cultured cells did not show a
significantly correlation with the levels found in plasma or
0) increased levels | CSF. This research highlights a connection
of IL-8 and between monocyte-related neuropathogenesis
MCP-1 in HIV patients.
compared to
NC patients.
USA Case-Control | 5 HIV+ with Ranged N/A Double-label Occipital OPN N/A Levels of OPN in microglial cells from
ANI, between immunochemistry | lobe brain Mainly expressed by individuals with HIV+ ANI and MND/HAD
9 HIV+ with 31to 57 cells resident were higher than those in HIV-negative
MND/HAD macrophages/microglia, controls and similar to the expression
5 HIV- with ALS also by astrocytes, and observed in ALS. Within neurons, the HIV+
9 HIV- normal unexpectedly by ANI group exhibited the highest levels of
controls neurons OPN expression indicating that although
HIV-infected macrophages are the primary
source of OPN, resident CNS cells also
(44) produce this inflammatory cytokine at notable
levels. In addition, astrocytes from
individuals with HIV+ MND/HAD showed
significantly elevated OPN levels compared
to those observed in ALS samples. The
persistent elevation of OPN levels, which
correlates with the severity of impairment and
is higher than in uninfected individuals,
suggests that OPN remains consistently
present in the brain parenchyma of patients
with HAND.
Germany Cohort 33 HIV+ males 43.6 + Neuropsychological Solid-phase Blood and IFN-y, IL-1a, IL-2, IL- | N/A Most cytokines demonstrated a positive
10.8 Performance protein array CSF 4, IL-5, IL-7, IL-12, correlation with the duration of HIV
CCL16, CXCL2, TGF- infection, regardless of the type of received
B, TIMP-1, ART or whether having AIDS or non-AIDS
(33) ALCAM/CD166, conditions.

CCL28, CNTF, and
MMP-2

In the Digit-Symbol Test, HIV patients were
able to decode fewer symbols in 90 seconds
when primarily inflammatory cytokines were
present. Regarding basal ganglia movement
control, contraction time analysis, a quicker
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contraction was observed with the
neuroprotective and anti-inflammatory
cytokines CNTF and IL-4, while a slower
contraction was associated with MMP-2 and
ALCAM. Additionally, MMP-2 correlated
with diminished performance in the Grooved-
Pegboard Test (psychomotor speed). Rey-
Osterrieth figure test (constructive apraxia),
IL-12 was linked to decreased performance,
indicating constructive apraxia in the CSF.

USA Cross- 579 North N/A N/A PCR-based SNP Blood IL-2, IL-4, IL-4R, IL-6, | N/A HIV-1-positive individuals showed
sectional Americans with Genotyping IL-10, IL-12B, MCP-1, significant differences compared to ethnically
high risk of HIV- CCLS5, SDF-1a, IFN-y, matched HIV-1-negative controls regarding
1 including: IL-1a, IL-1B, IL-1R1, several SNPs located at the L4, IL4R, IL6,
319 HIV+ IL-1RA, and TGF-B1 IL10, CCLS5, and CXCL12 (SDF1) loci.
@7) 258 HIV- genes. The homozygous IL4 -590T/T genotype was
linked to greater CD4+ counts in adolescents
Peripheral blood infected with HIV-1 who were not
mononuclear cells undergoing ART and were free of AIDS.
These findings suggest that genetic variations
in IL4 and IL10 may be involved in the
progression of HIV infection.
USA Cross- 257 HIV+ adults Daytime napping Luminex xMAP Blood IFN-y, IFN-y R1, IL1B, | Higher IL-1B Prolonged daytime napping was linked to 12
sectional 448 + multiplex IL1R, and IL-2 were single nucleotide polymorphisms (SNPs)
8.6 platform IL1IR2, IL2, IL4, IL6, observed in across seven genes: 1) IFN-y rs2069728; 2)
PUREGene DNA L8, IL10, NFKB1, participants IL1B with rs1143642, rs1143627, and
(5) Isolation System NFKB2, and TNFa with longer rs16944; 3) IL2 rs2069763; 4) IL6 with
daytime rs4719714, rs1554606, and rs2069845; 5)
napping IL17A with rs3819024 and rs8193036; 6)
NFKB1 rs4648110; and 7) NFKB2
rs1056890.
USA Cross- 289 adults with 44.9 Poor sleep Luminex xMAP Blood IL-1B, IL-2, IL-6, IL- TNF-a plasma The most significant associations between
sectional HIV/AIDS +8.4 maintenance multiplex 10, IL-13, and TNF-a levels were inflammatory markers and WASO were
including 193 platform lower in observed with CRP and TNFa. A higher
men, 73 women, PUREGene DNA participants on WASO% was linked to the SNPs IL1R2
and 23 Isolation System ART, with 1511674595 and TNFa rs1041981, whereas a
transgenders CD4+ T-cell lower WASO% was associated with IL2
counts > 200 rs2069776. Both IL1R2 rs11674595 and
cells/mm?, and TNFa rs1041981 were found to be associated
(21) with with shorter sleep duration.
undetectable
viral loads.
Similar

reductions were
observed for
IL-1p and the
IL-6/IL-10 ratio
among
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participants

with
undetectable
viral loads.
USA Cross- 307 adults with 449 Sleep Luminex xMAP Blood IL-1B, IL-2, IL-6, IL- Plasma levels After adjustment, four SNPs were
sectional HIV/ +8.3 onset insomnia multiplex 10, IL-13, and TNF-a of IL-13 were significantly associated with SOI: IL1B
AIDS including: platform significantly rs1143642, IL6 rs4719714, NFKB1
212 men, 72 PUREGene DNA associated with 154648110, TNFa rs2857602.
women, and 23 Isolation System SOl after
transgenders adjustment.
Other cytokine
(14) levels of IL-1,
IL-2, IL-6, and
TNF-a, did not
differ
substantially
between sleep
groups.

USA Cohort 74 medically 45+ N/A multiplex bead Blood IFN-y, IL-1B, IL-6, IL- Higher levels of IFN-y, MCP-1, and TNF-a
stable HIV+ 9.66 array 8, IL-10, IL-16, 1L-18, were associated with increased volumes of
adults immunoassay IP-10, MCP-1, MIP-18, the amygdala, putamen, WM, and GM, and

(Luminex) SDF-1a, TNF-a, and pallidum. Elevated levels of IL-1p, IL-6, IL-

TRAIL. 16, IL-18, IP-10, MIP-1B, and SDF-1a, were
(16) correlated with reduced volumes in the

hippocampus, pallidum, thalamus, putamen,
WM, and GM, and amygdala as well as an
increase in ventricular volume.
IL-6 and IL-16 exhibited a strong linkage
with brain volume metrics after controlling
for other variables.

USA Interventional | Human astrocytes | N/A N/A ELISA, Western Brain CXCL10 The Astrocytes may be synergistically induced to
(primary and Blot, RT-PCR from A172 astrocytes combination of | produce CXCL10 at the RNA and protein
A172 cell line) Protein from both HIV-1 and the levels by HIV-1, IFN-y, and TNF-a, which

primary human cytokine mix can worsen the pathophysiology of HIV-
(48) astrocytes and A172 resulted in a associated dementia.
astrocytes notable increase | Possible causes of this induction include
in CXCL10 signaling pathways such as JAK/STAT,
RNA in the MAPK, and PI3-K.
treated cells.

USA Case-Control | 12 cART-treated 47 + Neuroinflammation AlphaLISA for Peripheral IL1B, IL6, IL18, CCL2, | N/A In both healthy and under CART doners,
donors and 35 8.68 cytokine blood CXCLS8, CXCL9, and dopamine treatment of human macrophages
healthy (CART) production from mononuclear | CXCL10 enhances the production of cytokines

32) donors Supernatant and cells including IL-1B, IL-6, IL-18, CCL2, CXCLS,
349+ lysates CXCL9, and CXCL10. This suggests that
13.8 Dopamine modulates cytokines, promoting

(healthy)

inflammation in both chronic HIV infected
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individuals under viral suppression by CART
and in healthy ones.
USA Case-control | 7 HIV + Controls | SAH, meningitis, IHC Brain IL1a, S1008 N/A Elevated levels of IL-1a and S1008 plays a
11 HIV- controls | ranged dementia crucial role in neuropathogenesis of AIDS-
(45) b - - Lo
etween related dementia by glial activation.
22-66
Switzerland Cross 38 HIV-1 N/A 5 had AIDS dementia | Elisa, bioassay, CSF and IL1B, IL2, IL6, TNFa N/A IL6 was frequently correlated with IL1J and
sectional seropositive complex, and immunoassay | Serum sIL2R in CSF, and with the synthesis of
patients 9CM,6CT intrathecal IgG. IL1f and IL6 were often
(13) 1 AS, 1 progressive found respectively in the CSF of 58% and
diffuse 42% of HIV-1 patients, including those who
leukoencephalopathy, were asymptomatic. TNFa and IL2 were not
1 microcephalus detectable in the CSF.
Italy Case-control | 59 participants N/A meningitis, microglia | IHC and PCR Brain TNFa, IL1a, IL4 and N/A Cytokines were predominantly identified
including infiltrate, gliosis IL6 within WM even at an early stage, indicating
36 asymptomatic hypoxic changes that their
HIV-1 Positive presence may already initiate a series of
8 AIDS patients events resulting in brain injury
@) with HIV-
encephalitis,
10 AIDS patients
without
neuropathological
changes,
5 normal controls

Abbreviations: ALS: Amyotrophic Lateral Sclerosis, ANI: Asymptomatic Neurocognitive Impairment, ALCAM: Activated Leukocyte Cell Adhesion Molecule, APP: Amyloid Precursor Protein, ART: Antiretroviral Therapy,

CART: Combination Antiretroviral Therapy, CM: Cryptococcal Meningitis, CNS: Central Nervous System, CNTF: Ciliary Neurotrophic Factor, CSF: Cerebrospinal Fluid, CT: Cerebral Toxoplasmosis, CXCL10: C-X-C Motif
Chemokine Ligand 10, ELISA: Enzyme-Linked Immunosorbent Assay, GM: Gray Matter, HAND: HIV-Associated Neurocognitive Disorders, IFN-y: Interferon Gamma, IL: Interleukin, iNOS: Inducible Nitric Oxide Synthase,

IP-10: Interferon Gamma-Induced Protein 10, MIP: Macrophage Inflammatory Protein, MMP: Matrix Metalloproteinase, NC: Neurocognitively Normal, NFKB: Nuclear Factor Kappa B, OPN: Osteopontin, PCR: Polymerase
Chain Reaction, PLHIV: People Living with HIV, SNP: Single Nucleotide Polymorphism, SOI: Sleep Onset Insomnia, TNF-a: Tumor Necrosis Factor Alpha, WASO: Wake After Sleep Onset, WM: White Matter.
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