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Abstract.

Background: Neurodegenerative diseases (NDs) impose significant financial and healthcare burden on populations all over
the world. The prevalence and incidence of NDs have been observed to increase dramatically with age. Hence, the number
of reported cases is projected to increase in the future, as life spans continues to rise. Despite this, there is limited effective
treatment against most NDs. Interferons (IFNs), a family of cytokines, have been suggested as a promising therapeutic target
for NDs, particularly IFN-a, which governs various pathological pathways in different NDs.

Objective: This systematic review aimed to critically appraise the currently available literature on the pathological role of
IFN-a in neurodegeneration/NDs.

Methods: Three databases, Scopus, PubMed, and Ovid Medline, were utilized for the literature search.

Results: A total of 77 journal articles were selected for critical evaluation, based on the inclusion and exclusion criteria.
The studies selected and elucidated in this current systematic review have showed that IFN-a may play a deleterious role
in neurodegenerative diseases through its strong association with the inflammatory processes resulting in mainly neurocog-
nitive impairments. IFN-o may be displaying its neurotoxic function via various mechanisms such as abnormal calcium
mineralization, activation of STAT 1-dependent mechanisms, and increased quinolinic acid production.

Conclusion: The exact role IFN-a in these neurodegenerative diseases have yet to be determine due to a lack in more recent
evidence, thereby creating a variability in the role of IFN-a. Future investigations should thus be conducted, so that the role
played by IFN-« in neurodegenerative diseases could be delineated.
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INTRODUCTION

Neurodegenerative diseases (NDs) represent a
diverse set of neurological disorders characterized by
progressive degeneration of the structure and function
of the nervous system. NDs may manifest differently
(weakness, tremors, neurocognitive impairment, etc.)
in people depending on the type and extend of the neu-
ronal degeneration [1, 2]. Examples of NDs include
Alzheimer’s disease (AD), multiple sclerosis, Hunt-
ington’s disease (HD), Parkinson’s disease (PD), and
amyotrophic lateral sclerosis (ALS). In the United
States alone, a 2017 report suggested that 6.08 mil-
lion people suffered from AD while 1.04 million
people suffered from PD in 2017 [3, 4]. A study
by Tsolaki et al. found that it took caregivers up to
16 months to seek for medical advice as many of
them misinterpreted dementia as a normal process
of aging [5], thus suggesting the number of demen-
tia cases may be underreported. As NDs are likely
to result in long-term disability, they impose signifi-
cant medical, financial, and public health burdens not
only on patients and their caregivers, but also on a
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country’s economy [6]. Thus, with the growing num-
ber of neurodegenerative cases worldwide, there may
be an urgent need for a valuable treatment avenue
for neurodegenerative disease, especially since the
progression of these neurological diseases may dras-
tically reduce ones’ quality of life as well as their
caregivers.

Current treatment strategies against most NDs
predominantly lies through the aid of managing or
slowing the progression/severity of the neurodegen-
erative symptoms (e.g., levodopa-carbidopa, MAO-B
inhibitors, etc., for PD, and donepezil for AD) [7-9].
The pathological mechanisms behind these diseases
have yet to be fully elucidated, but genetic and envi-
ronmental factors have been explored previously [10,
11]. In addition, neuroinflammation and its media-
tors have also been suggested as a common pathology
among most NDs [12], thus may serve as a promising
area for intervention studies against NDs.

Interferons (IFNs), a family of cytokines produced
by cells after infected by a virus, have the ability
to inhibit viral growth and have shown to exhibit
potent anti-viral properties [1, 13]. There are three
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Fig. 1. Type I IFNs, such as IFN-a, may bind to cell surface receptor containing two subunits: IFNAR1 and IFNAR?2. This complex triggers
the phosphorylation of the JAK-STAT proteins. The IFN regulatory factor 9 (IRF9), will form complexes with STAT dimers, and will
translocate into the nucleus. Upon binding to interferon-sensitive response element (ISRE), IFN-induced genes would be expressed to induce

IFN-mediated biological effects.
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types of human IFNs, namely interferon- o (IFN-a),
interferon-beta (IFN-{3), and interferon-gamma (IFN-
v), produced by the white blood cells, fibroblasts, and
lymphocytes, respectively. Both IFN-a and IFN-f3 are
type I interferons, while IFN-v is a type II interferon
[2,3, 14, 15]. Previous studies have demonstrated that
IFNs in general may exert its signals by binding to
its interferon alpha/beta receptor which activates the
Janus family tyrosine kinases (JAK) - signal trans-
ducer and activator of transcription (STAT) signaling
pathway, leading to the phosphorylation of STAT1
and STAT?2. These phosphorylated transcription fac-
tors may further move into the nucleus and induce the
expression of IFN-stimulated genes, thereby mediat-
ing IFN-« (Fig. 1) [16].

The JAK-STAT signaling pathway is implicated in
neuroinflammation and is one of the IFN-regulated
pathways which acts as a critical checkpoint in
neurodegenerative diseases. Dysregulation of the
JAK-STAT pathway has been shown to be implicated
in most NDs including AD, by modulating synaptic
plasticity of neurons and the overall neuronal survival
[17].

Broadly, Type 1 IFN signaling have shown to
demonstrate different outcomes, both protective and
deleterious roles in different diseases [18], depend-
ing on the type of IFN. In the central nervous system
(CNS), IFN-f3 has been used as first line treatment
for multiple sclerosis and was found to be effective
in decreasing the relapse rate in patients [19, 20].
Meanwhile, effects like depression and neurocogni-
tive impairment have been observed in individuals
receiving IFN-a in the context of neurodegen-
erative diseases such as AD and HIV-associated
neurocognitive disorder (HAND) [21-23]. Similarly,
deficiencies of interferon /3 receptor (IFNAR) have
been reported to cause reduced ALS disease progres-
sion in a SOD1(G93A) ALS model and decreased
dopaminergic cell death in the MPTP model of PD
[24, 25]. Taken together, this suggests that the IFN-
1 may serve as a good therapeutic target for various
NDs.

IFN-B was approved by FDA on 1993 as a treat-
ment for MS due to its ability to decrease the rate
of exacerbation of MS by 35% [26]. Considering
that IFN-a and IFN- are both type I interferons,
target the same receptor (IFNAR) and are actively
involved in regulation of immune response, it may
be inferred that IFN-a may also govern various
pathological pathways in various neurodegenerative
diseases. Thus, this systematic review aimed to criti-
cally review the literature concerning the diverse role

of IFN-a in the numerous pathological pathways of
these neurodegenerative diseases.

METHODS

Literature search

An extensive literature search was done to iden-
tify all currently existing articles related to IFN-a
and neurodegenerative diseases using three electronic
databases: PubMed, Ovid Medline, and Scopus.
The search terms employed in this systematic
review are “Interferon-alpha”, “Neurodegenera-
tive diseases”, “Alzheimer’s disease”, “Dementia”,
“Parkinson disease”, “Huntington”, “Amyotrophic
Lateral Sclerosis”, and “Multiple Sclerosis”. A title,
abstract, and keyword search was performed using
these search terms. The terms from these databases
were linked via the Boolean operator “AND”. Articles
were initially vetted through their titles and abstracts
before focusing on full-text screening of relevant arti-
cles.

Literature selection

The literature selection was carried out inde-
pendently by two researchers using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [27]. Duplicates were
initially removed, and the results were then catego-
rized into original and non-original research papers.
The chosen studies were limited to original research
papers as they provided better information for eval-
uation and analysis in this systematic review. The
inclusion criteria employed were 1) articles reporting
the association between IFN-a and neurodegener-
ative diseases, 2) peer-reviewed original research
articles, and 3) articles available with full text.
Exclusion criteria were 1) non-English papers, 2)
duplicated articles, and 3) non-original research arti-
cles such as letters, conference papers, systematic
reviews, meta-analysis, book chapters, symposiums,
editorials, case reports. Both the researchers screened
through titles and abstracts of the studies individually
to identify the relevant studies.

Quality appraisal

Two tools were used to appraise the eminence of
the selected relevant articles. The Quality Assess-
ment Tool for Quantitative Studies by the Effective
Public Health Practice Project (EPHPP) (Project,
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1998) (Supplementary Table 1) was employed for
clinical studies while the Systematic Review Cen-
tre for Laboratory Animal Experimentation Risk of
Bias (SYRCLE RoB tool) (Supplementary Table 2)
was used for preclinical animal studies. However,
for cell-based studies, the quality analysis was not
able to be carried out as there are no appraisal tools
available. The whole methodological process was
independently performed by two researchers, who
reached consensus before the selection of the final
number of articles for critical evaluation.

RESULTS

A total of 1,547 articles were retrieved from
the initial search where 785 duplicate articles were
excluded leaving 762 articles to be screened fol-
lowing the PRISMA guidelines (Fig. 2). Based on

the inclusion and exclusion criteria, out of the 762
articles screened, 390 articles were omitted leaving
372 research articles that were vetted for relevancy
towards the aim of this systematic review which was
to examine the role of IFN-a in neurodegenerative
diseases. Out of the 372 articles assessed for rel-
evancy to aim, 295 studies were found irrelevant,
leaving 77 research articles which was included in
this review and critical appraised (Fig. 2). These
studies consisted of 61 clinical studies and 16 pre-
clinical studies, of which 12 articles were of animal
studies and the other 4 preclinical studies were of
mainly in vitro cells. The overall 77 articles were
further segregated into 7 categories; 8 articles were
on AD, 3 articles were on PD, 1 article was on
HD, 3 articles were on ALS, 49 articles of multi-
ple sclerosis, 11 articles were on HAND, and lastly
2 articles were on neurodegeneration in general.
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Fig. 2. PRISMA flowchart showing article selection for systematic review.



Table 1

Sample characteristics and important findings of selected clinical and preclinical studies.

Type of study Sample characteristics Key findings on the role of IFN-a References
Alzheimer’s Disease (AD)
Preclinical Intervention group: MyD88—/— mice on C57B1/6 background o The IFN-a response to soluble amyloid in AD was mediated via the [28]
Control group: Wildtype C57B1/6 mice toll-like receptors.
Gender: Female
Age =Unknown
Intervention group: APP/PS1 mice on a dual C57B1/6 & C3H/Hej e Two-fold increase in IFNa in pre-frontal cortex in APP/PS1 brains [29]
mice compared with control brains
Control group: Age-matched littermate wild type control mice e Type-1 interferons has a role in the pro-inflammatory response and
Gender: Unknown neuronal cell death in AD
Age =9-12 months o Blocking the type-1 IFN-a receptor 1 could limit the disease progression
Clinical Intervention group: N=50, M=7, F=43 e There was no significant difference in the levels of serum IFN-a between [30]
Age=78.5+ 6.4 years the AD and control group.
Control group: N=37, M=7,F=30
Age=77.0+7.3 years
AD group: N=45 e Plasma levels of IFN-a significantly increased in patients with MCI [31]
Gender: Unknown versus control group and patients with AD.
Age=79.7+0.9 years
MCI group: N=34
Gender: Unknown
Age=76.6+ 1.4 years
Control group: N =28
Gender: Unknown
Age=80.4+2.0 years
AD group: N=22, M=10,F=12 e The plasma concentration of IFN-« in AD patients were within normal [32]
Age=73+£10 years range.
Control group: N=17, M=5,F=12
Age=064+ 13 years
AD group: N=12,M=6,F=6 e A subset of reactive microglia in AD cortex stained positive for IFN-a. [33]
Age=67-88 years e Microglial aggregates in senile plaque were stained intensively.
Control group: N=5, M=4,F=1
Age=061-82 years
AD group: N=39, M=12,F=27 o Most AD brains showed decreased mRNA levels of IFN-a while a small [34]
Age=57-99 years group of AD patients had increased levels in the hippocampus.
AD group: N=38 e In AD brains, white matter microglia were intensely labelled for IFN-a. [35]
Gender: Unknown
Age=67-81 years
Control group: N=6
Gender: Unknown
Age =65-82 years
(Continued)
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Table 1
(Continued)
Type of study Sample characteristics Key findings on the role of IFN-a References
Parkinson’s Disease (PD)
Clinical PD group: N=8 M=2,F=6 e The induction of MxA mRNA by IFN-a in PD patients is higher [36]
Age =66.8 years compared with that of the normal controls.
Control group: N=4, M=1,F=3
Age=70.2 years
PD group: N=20,M=11,F=9 e The production of IFN-a2 is not different from values in the control [37]
Age=63.3+5.0 years group.
Control group: N=19, M=12, F=8
Age=61.1£3.2 years
Intervention group: N=23,647, M=13,074, F=10,573 o Treatment with pegylated IFN a-2a or IFN a-2b, with ribavirin (Peg [38]
Age=50.8+11.2 years IFN/RBV) results in a significantly lower cumulative incidence of
Control group: N =23,647, M =13,007, F=10,640 parkinsonism in patients with chronic hepatitis C.
Age=50.8+11.3 years o IFN-« treatment (PEG IFN/RBV) reduces PD risk in patients with
chronic hepatitis C.
Huntington’s Disease (HD)
Pre-clinical Intervention group: Littermate transgenic HD minipigs o Significant decline in CSF IFN-a at early pre-symptomatic time intervals [39]
Control group: Wild-type minipigs of HD.
Gender: Unknown o IFN-a as a potential biomarker in HD mutation carriers.
Age =36 months
Amyotrophic Lateral Sclerosis (ALS)
Clinical Intervention group: N=5 o Significantly reduced mean serum calcium level, osmolality, and a [40]
Control group: N =5 reduction in mean urinary magnesium excretion in IFN-a group.
Gender: Unknown o IFN-a induces water and electrolyte imbalance in ALS individuals.
Age =Unknown Dose used: Continuous intravenous infusion of IFN-a, 100 x 10° 1U/day
during days 1-2 & 200 x 10° TU/day during days 3-5.
Intervention group: N=12 e Treatment with intravenous IFN-a infusion resulted in a reversible [41]
Gender: Unknown deterioration in logical verbal memory task, digit-span-backwards task,
Age=49.4%11.8 years writing time as well as calculation ability.
Gender: Unknown o IFN-a induces a reversible cognitive decline in ALS.
Age=52.3+8.1 years Dose used: Continuous intravenous infusion of IFN-a, 100 x 10° TU/day
Control group: N=3 during days 1-2 & 200 x 10° IU/day during days 3-5.
Intervention group: N=10, M=5,F=5 e Treatment with intrathecal administration of IFN-a did not affect the rate [42]

Age =Unknown

of ALS deterioration but resulted in reversible EEG slowing and mental
status changes.

o IFN-a does not confer therapeutic benefits in ALS.

Dose used: Intrathecal injection of partial purified native human IFN-a, 1
million units/week for 7-24 weeks.
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Neurodegeneration

Pre-Clinical Human primary macrophages derived from CD14+ blood o IFN-a suppressed the pro-inflammatory and tissue-destructive activities [43]
monocytes of IL-1.
o IFN-a may play a homeostatic role in neurodegeneration.
Intervention group: GIFN-39 and GIFN-12 transgenic mice e Transgenic expression of IFN-a in mice CNS resulted in a progressive [44]
Control group: Wild-type littermates inflammatory encephalopathy, marked neurodegeneration, calcium
Gender: Unknown mineralization and gliosis.
Age =Unknown e A number of mice were ataxic, had a terminal decline in functionality
and were susceptible to seizures.
e CNS IFN-a induces neurodegeneration by abnormal calcium
mineralization and morphologic endoplasmic reticulum changes.
HIV-associated Neurocognitive Disorder
Pre-clinical Primary human astrocytes (no. 1800) and human microglia (no. e IFN-« increased microglia SAMHD1 mRNA and protein expression, and [45]
1900) types reduced miR-181a levels.
o Interplay between IFN-a and SAMHD1 contributes to the pathogenesis
of HAND.
Primary human monocytes o [FN-«a stimulates an increase in macrophage production of quinolinic [46]
acid.
Dose used: Stimulation with IFN-« (10 IU/mL, 50 IU/mL)
Human monocytes and HEK 293T (ATCC, Manassas, VA, USA) o I[FN-a treatment increased STAT1 phosphorylation, glutaminase mRNA [47]
cells as well as protein levels.
o Stimulation of GLS1 promoter activity by IFN- a correlated to STAT1
phosphorylation.
o IFN-a treatment may propagate neuronal excitotoxicity during HIV
infection.
Intervention group: B6.CB17-Prkdc/Szj (SCID) mice e B18R with a common combined antiretroviral therapy (cART) improve [48]
Control group: Wildtype B6.CB17-Prkdc/Szj (SCID) mice histopathological markers better than cART alone.
Gender: Male o B18R reverses Objective Recognition Test behavioral abnormalities in
Age=5 weeks HAND mice.
e I[FN-a-binding protein (B18R) reverses neurotoxicity in HAND mouse
model.
Intervention group: C57BL/6J mice o Intensity of IFN-a staining was increased in mice with HIV. [49]
Control group: Wildtype C57BL/6J mice o IFN-a levels in the brain correlated directly with working memory errors.
Gender: Male
Age=4 weeks
Intervention group: B6.CB17 mice e HIVE mice with IFN-a neutralizing antibodies resulted in improved [50]
Control group: Wildtype B6.CB17 mice behavioral performance, with significant reductions in microgliosis and
Gender: Male loss of dendritic arborization.
Age =4 weeks e CNS IFN-a induces neurodegeneration.
(Continued)
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Table 1
(Continued)
Type of study Sample characteristics Key findings on the role of IFN-o References
Clinical Intervention (HIV) group: N=15,M=12,F=3 e CSF IFN-« levels was significantly higher in HIV-infected participants [51]
Age=49 years compared to participants without HIV.
Control group: N=2, M=0,F=2 o Negative correlation between CSF IFN-a with executive function and
Age=54.5 years processing speed.
Intervention (HIV) group: N=46, M>F o Alterations in CSF metabolites correlated with plasma markers of [52]
Age=50% <45 years systemic inflammation like IFN-a.
Control group: N =54
Age=44% <50 years
Intervention (HIV) group: N=22, M =19, F=3, Age =39 years e The level of HIV-1 RNA correlates with the level of IFN-« in CSE. [53]
(median)
Intervention (HIV) group: N=35, M=35,F=0 e Association between high IFN-a-driven peripheral monocyte transcripts [54]
Control group: N=8 M=8,F=0 and lower levels of N-acetylaspartatein in frontal white matter.
Age=50.2£7.5 years
Intervention (HIV with dementia) group: N=21 e HIV-infected individuals with dementia have significantly higher levels [55]
Intervention (HIV without dementia) group: N =23 of CSF IFN-a compared to HIV-infected individuals without dementia &
Control group: N=48 HIV-negative controls.
Multiple Sclerosis (MS)
Preclinical Intervention group: C57BL/6 mice o Peg-IFN «-2a attenuates the severity of experimental [56]
Control group: Wildtype C57BL/6 mice e autoimmune encephalomyelitis (EAE) and delays its onset.
Gender: Female o JFN-a reduces inflammation.
Age =8 weeks
N=16
Intervention group: SJL/J mice e Oral administration of human or murine IFN-« reduces relapses in EAE [57]
Control group: Wildtype SJL/J mice & reduces adoptive transfer in EAE.
Gender: Female
Age=7-10 weeks
Intervention group: Marmoset monkeys (C. jacchus) o IFN-a, IFN-vy, TNF-a, IL-1, IL-2, IL-4 and IL-12 were expressed by [58]
Control group: Wildtype Marmoset monkeys (C. jacchus), M =3, mononuclear cells in brain infiltrate in EAE monkey.
F=3
Age=3-5
Intervention group: SJL/J mice o IFN- reduced myelin-specific CD4 T cell responses and demyelinating [59]
Control group: Wildtype SJL/J mice process but not IFN-a.
Gender: Female
Age =5-6 weeks
Intervention group: C57BL/6 mice e Low dose IFN-a protected mice from developing EAE. [60]

Control group: Wildtype C57BL/6 mice
Gender: Female
Age =6-8 weeks

[4S

S2SDASI] 2ANDIIUISIPOININ UT D-UOL2[12JU] JO 2]0Y Y /1D 12 MK "W'S']



Clinical

MS group: N=41,M=8,F=33
NMO group: N=36, M=11,F=25

o IFN-a was less detectable in serum from MS patients (2/41), than in the
NMO group (9/36).

[61]

IFN group: N=60, M=25,F=35 e [FN-a did not have any significant effects on the rate of progression of [62]
Age=19-50 years MS compared to controls.
TF group: N=61, M=25, F=36
Age =20-49 years
Placebo group: N=61, M=20, F=41
Age =18-48 years
MS group: N=12,M=7,F=5 o After stimulation of TLR-9, IFN-a production by pDCs was significantly [63]
Control group: N=9, M=2,F=7 lower in MS compared to controls.
Age =Unknown
MS group: N=51,M=18,F=33 e No genetic linkage between multiple sclerosis and the IFN-a & -3 locus. [64]
Age=28-71 years
Unaffected family members: N=75, M =41, F=34
Age=27-87 years
Control group: N=141,M=63,F=78
MS group: N=20,M=9,F=11 e Recombinant IFN-a therapy associated with reduction of IFN-y & [65]
Age =Unknown TNF-a production by peripheral blood lymphocytes.

o IgG level was systemically increased.

e Serum 32 microglobulin level increased as well.
MS group: N=6 e Expression of IFN-a was detected in most patients with MS. [66]
Age =38-74 years e However, it was also detectable in patients with other illnesses.
OND patient group: N=3
Age=11-74 years
Misc patient group: N=9
Age=16-87 years
MS group: N=10 e In MS patients who ingested 10000 or 30000 units IFN-a RRMS, there [67]
Control group: N=18 was a significant decrease in Con A-mediated proliferation and
Age =Unknown SICAM-I, a marker for disease activity in MS.
RRMS patient group: N=33, M=5,F=28 o Effect on lesions were not significantly seen. [68]
Mean age =41.5 £ 8.4 years e A possible treatment effect may be suggested in the 10,000 IU group.
MS Group: N=24 o Oral IFN-« represses TNF-ao mRNA in MS. [69]
Age=18-55 years
RRMS patients: N=41, M=10, F=31 o In response to IFN-a stimulation, there was an extensive upregulation in [70]
Mean age =43.5 years levels of phosphorylated STAT proteins in MS patients.
Control group: N=37, M=9, F=28 o It was found across all cell subsets but especially within the NK cell
Mean age =42.9 years population.
MS group: N=23,M=10,F=13 e Elevated IFN-a levels were found in the CSF of stable phase MS patients [71]
Age=21-48 years when compared to those in active phase.

o MS patients and controls showed no significant serum level differences.

e MS patients in remission has a significant correlation in CSF IFN-«a

levels.
(Continued)
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Table 1
(Continued)

Type of study Sample characteristics Key findings on the role of IFN-o References
MS group: N=10,M=4,F=6 e Non-purified auto-IFN-a and auto-IFN-y did not stimulate NK activity [72]
Age=18-42 years of peripheral blood lymphocytes in healthy donors.

Healthy donor group: N=6, M=2,F=4
Age =18-48 years
MS group: N=15,M=6,F=9 o The priming effects of IFN preparations were not related to IFN-a [73]
Mean age =42.2 years production by peripheral blood lymphocytes.
IFN-$-untreated MS group: N=236, M=89, F=147 o [FN-a/MxA system was activated in MS patients. [74]
Mean age =42.3 9.8 years
Healthy adult group: N=25, M=7,F=18
Mean age =39.8 years
MS group: N=48, M=14,F=34 o IFN-a—secreting pDCs were found to be 2-fold lower inpatients with MS [75]
Age =18-68 years than in HSs.
Control group: N=28 M=10,F=18 e There was a reduction in the production of IFN-a by pDCs in the cells
Age=18-68 years taken from MS patients, regardless of the phase of the disease and of the
donor’s gender.
MS Group: N=71 o IFN-a- and IFN-B-specific response programs vary between MS patients. [76]
Mean age =34 years ® No conclusion could be made from this study.
Untreated MS group: N =160
Mean age =36 years
Healthy control group: N =54
Mean age =35 years
MS group: N=16, M=5,F=11 e There was no significant difference in production of IFN-a after [77]
Age =25-60 years stimulated by TLR ligand.
Control group: N=28, M=9,F=19 e However, there was a lower steady-state release of IFN-a in MS patients.
Age=26-60 years
MS group: N=8, M=3,F=5 o IFN-«a levels increased after remission of a relapse. [78]
Age=26-56 years
Control group: N=8
Age =24-48 years
MS group: N=12, M=5,F=7 e High-dose systemic recombinant IFN-a. [79]
Age=18-46 years e Reduced exacerbation rate and MRI signs of disease activity.
Control group: N=8 M=4,F=4 e Decreased peripheral blood lymphocyte IFN-y production.
Age=18-50 years e Increased the percent of CD8+ high CD 1 Ib+low lymphocytes (T
suppressor-effector subset) in CSF.
Treatment MS group: N=12, M=5,F=7 e Both therapeutic and adverse effects of recombinant IFN-o were [80]

Age=18-46 years
Placebo MS group: N=8, M=4,F=4
Age=29-57 years

temporary.

Treatment MS group: N=12, M=5,F=7
Age =18-46 years

Placebo MS group: N=8, M=4,F=4
Age=29-57 years

e Recombinant IFN-a therapy was associated with fatigue, fever,
depression, raised liver enzyme, lymphophenia, and autoantibodies.

[81]
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MS group: N=55, M=20, F=35

Mean age =47 years

Control group: N=150, M=45,F=105
Mean age =41 years

o Serum IFN-a activity was lower in therapy-naive MS compared to
healthy and SLE patients.

[4, 82]

MS group: N=18, M=2,F=16 e Mitogen stimulated peripheral blood mononuclear cells from MS [83]
Control group: N=10 patients are resistant to inhibitory effect of IFN-a and IL-10.
Age=21-57 years
MS group: N=42, M=13,F=29 o Intermittent presence of serum IFN- o/3 in MS patients were not [84]
Control group: N=10 associated with disease activity or viral infection.
Age =23-37 years
MS group: N=15
Control group: N=15 o I[FN-a production from peripheral blood mononuclear cells was [85]
Mean age =36.2 &+ 10.5 years significantly lower from MS patients after induced by CpG DNA.
MS group: N=100 o I[FN-«a increased activity of NK cells against K562 myeloid target cell. [86]
Mean age =33.5 years e However, there was a decline in NK activity when IFN-a were given for

a longer duration.
Healthy peripheral blood mononuclear cells donors o The study investigated the potency between IFN-a, IFN- and IFN-y. [87]
Age =25-35 years e However, the results vary between participants.
RRMS patients: N=12 o IFN-a or EBV increased expression of HLA-E. [88]
Mean age =45 years
Control group: N=18
Mean age =43 years
MS group: N=24 o IFN-a therapy caused a reduction in production of IFN. [89]
Age=25-45 years
MS group: N=6 e Disease activity score worsened after IFN-a-2b therapy. [90]
Age=33-51 years
MS group: N=303, M=67, F=236 e Participants with MS protective HLA alleles had a higher level of [91]
Age=22-81 years IFNAR?2 but with a lower response to IFN.
MS group: N=43 e MS patients had fewer IFN-a producing cells than OND or normal [92]
OND group: N=13 controls.
RRMS patients: N=32, M=12, F=20 o IFN-a production from pDCs was significantly lower from MS patients [93]
Mean age =42 £+ 9 years after induced by TLR7.
Control group: N=33, M=14,F=19
Mean age =38 4= 12 years
MS group: N=97 o IFN-«a injection decreased the number of MRI active lesson without [94]
Age=21-48 years affecting the disease progression and activity clinically.
MS group: N=21 e The levels of sCD35 decreased while TCC and C3bc increased in MS [95]
Age =Unknown patients treated with IFN-a2a.
MS group: N=16 e Recombinant IFN-« increased suppressor function in MS patients. [96]
Mean age =43 + 8 years
Control group: N=16
Mean age =28 + 8 years

(Continued)
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Table 1
(Continued)

Type of study Sample characteristics Key findings on the role of IFN-o References
MS group: N=327 e Truncated interferon- o 17 allele was not associated with development of [97]
Control group: N =698 MS.

Mean age =50 years
MS group: N=17 e Mechanism of action of IFN-« and IFN-3 showed to be similar to each [98]
Age =Unknown other as there was no significant differences in the modulation of gene.
MS group: N=49 o IFN-a reduced the rate of relapse by 80%. [99]
Age=18-70 years
MS group: N=76, M=23, F=53 e The production of IFN-a is lower in MS patients. [100]
Age=18-59 years e However, production of IFN-a was not found to be correlated with the
Control group: N=34, M=12,F=22 activity of NK cells.
Age=17-66 years
MS group: N=11 o IFN-a was predominately expressed on Ia-positive macrophages and not [101]
Age=32-73 years on astrocytes at the site of MS lesions.
OND group: N=3
Age=12-74 years
Control group: N=3
Age =25-75 years
MS group: N=11 o IFN-a was mainly detected on macrophages in active chronic MS lesions [102]
Age=11-73 years but not in control groups or silent chronic plaques.
RRMS patient group: N=97 o IFN-a induced a significant decrease in lymphocyte concentration and a [103]
Age =Unknown significant increase in IgG.

e However, there was no significant changes in immune parameters and

disease scoring.

MS group: N=21,M=11,F=10 e Stable MS patients had a lower production of IFN-a and amount of NK [104]

Age=20-57 years

cells compared to control but higher as compared to active MS patients.

AD, Alzheimer’s disease; ALS, amyotrophic lateral sclerosis; CNS, central nervous system; CSF, cerebrospinal fluid; EAE, experimental autoimmune encephalitis; EBV, Epstein-Barr virus; F,
female; HD, Huntington’s disease; HIVE, HIV encephalitis; Ig, immunoglobulin; IL, interleukin; IFN-a, interferon-alpha; IFN-B, interferon beta; IFN-v, interferon gamma; IFNAR2, Interferon-
alpha/beta receptor; M, male; MS, multiple sclerosis; N, sample size; NMO, neuromyelitis optica; NK cell, natural killer cell; OND, other neurological disease; pDCs, plasmacytoid dendritic
cells; PD, Parkinson’s disease; RRMS, relapse remitting multiple sclerosis; SLE, systemic lupus erythematosus; TLR, toll-like receptor; TNF-a, tumor necrosis factor alpha.
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Table 1 summarizes the important findings from these
articles.

Overview of selected study characteristics

For the clinical studies, most patients were
recruited within the age group of 30-90 years old
and there was no gender biasness observed. How-
ever, other demographic factors like ethnicity were
not highlighted in these studies. Additionally, most
of the clinical studies were of either controlled clin-
ical trial or case control studies, that investigated
both the role and levels of IFN-a as well as the
therapeutic potential of IFN-« in patients with neu-
rodegenerative diseases. The quality appraisal for the
clinical studies suggested that most of the studies
were rated as strong in quality where the sample
sizes remained within the statistical power and most
of the studies had a low patient withdrawal rate
(Supplementary Table 1). For the preclinical stud-
ies, the rodent model were predominantly used with
aslight variation in the age (adult and aged) and strain
(C57Bl/6, APP/PS1, C3H/Hej, B6.CB17) employed.
Contrastingly to the clinical studies, there seems to
be a gender biasness in the preclinical studies as male
rodents were largely employed. The preclinical stud-
ies also investigated the pathological role of IFN-a
and its therapeutic potential in relation to the vari-

Alzheimer’s disease

ous neurodegenerative diseases which could not have
been investigated in the clinical setting. Based on
the study quality assessment, most of the preclini-
cal studies appeared to be unbiased as the sample
sizes fall within the statistical power and selective
reporting of results was not detected (Supplementary
Table 2).

DISCUSSION

Based on Table 1, it is evident that IFN-o has a
potential deleterious role in most NDs which aggra-
vates the inflammatory processes. However, IFN-a,
may also pose a protective effect post-treatment in
several other NDs, similar to IFN- which displays
this dual opposing effects. The potential affiliations
of IFN-a to NDs are summarized in Fig. 3.

Alzheimer’s disease

AD is a neurodegenerative disease characterized
predominantly by gradual cognitive impairments and
behavioral changes that may significantly disrupt
everyday functioning [2]. Based on Table 1, there
were two preclinical and six clinical studies inves-
tigating the role of IFN-a in the context of AD.

Several postmortem studies have reported an
upregulation of IFN-« in the brain tissues of AD

Huntington’sdisease

* Up-regulated IFN-atin pre-frontal cortex Potential connections of IFN-a to * CSF IFN-a level at early pre-symptomatic
* Down-regulated IFN-a in hippocampus different neurological disorders time intervals of HD is significantly
and temporal cortex reduced

* Serum IFN-a concentration in AD may
not be significantly different, and is
usually within normal range

Parkinson’s disease

* Level of IFN-a2 subtype in peripheral
blood is not significantly different in PD

* Level of IFN-a induced human myxovirus
resistance protein 1 (MxA) is high in PD

* Co-treatment of PEGylated IFN-a2 with
ribarivin reduces risk of developing PD

Neurodegeneration

Multiple sclerosis

HIV-associated neurocognitive disorder

* CSF and serum IFN-a levels are significantly
higher in HIV-infected individuals with
dementia

* CSF IFN-a positively correlates to HIV-1
RNA and negatively correlates to
neurocognitive level

* IFN-a stimulates macrophages to produce

L
\ neurotoxic quinolinic acid and excess

glutamate, which leads to neuronal death

* IFN-a increases expression of sterile alpha
motif and HD domain 1 (SAMHD1)
resulting in neurodegeneration

Amyotrophiclateral sclerosis

* IFN-a reduces cellular response towards + Impaired IFN-a production in MS * IFN-a treatment reverses cognitive
-1 * IFN-a therapy provides temporary decline

* IFN-a may result in neurodegeneration
and inflammatory processes, which may
account for the neuropsychiatric effects

therapeutic effects, such as a reduction
in the rate of relapse, number of new
brain lesions, and production of IFN-y

Fig. 3. Potential connections of IFN-a to different neurological disorders.
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patients [29, 35]. Similarly, Akiyama et al. reported
positive staining for IFN-a in the reactive microglia
of a subset of AD samples, with greater intensity in
staining of microglial aggregates in senile plaques
[33]. Considering the neuropsychiatric effects asso-
ciated with IFN-q, its presence in the AD brain tissue
may help explain the cognitive decline commonly
observed in individuals with AD. In a separate study,
it was found that though there was an increase in the
hippocampal mRNA expression of IFN-a in a small
group of AD patients, most AD patients exhibited a
decrease in IFN-a mRNA in the hippocampus and
temporal cortex instead [34]. These differences may
represent the different clinical stages of AD in the
patient sample of this study as well as when compared
with the previous study sample. It may also be pos-
sible that different brain regions respond differently
throughout the course of AD, as the inflammatory
process may be evolving across these regions with
time.

Viral infections have also been implicated in the
pathogenesis of AD [105, 106] through the impair-
ment of an individual’s innate anti-microbial gene
expression profile or genetic make-up. For instance,
APOE g4 allele AD carriers and those with rs6598008
polymorphism of IRF7 have been associated with
decreased hippocampal IFN-a mRNA expression
and an increase risk towards AD [34]. Thus, hav-
ing an efficient immune system may be pivotal in
attenuating AD neurodegeneration, but the role of
IFN-« in this relationship requires further investiga-
tion. Although there were considerable differences
in the level of IFN-a expression in the brain tissue
of individuals with AD compared to that observed
in the brain tissue of healthy individuals, the serum
concentration of IFN-a may not be significantly dif-
ferent between them [30]. In fact, Singh et al. reported
that the serum concentration of [IFN-« in AD patients
were usually within normal range, and thus were not
appropriate biomarkers for AD diagnosis [32]. Stud-
ies comparing AD with mild cognitive impairment
(MCI) showed that the serum concentration of IFN-
o was significantly higher in patients with MCI when
compared to that observed in patients with AD [31],
suggesting that the IFN-a may have greater systemic
inflammation association compared to AD. Taken
together, these evidences suggested that even though
IFN-o may not serve as a good diagnosis biomarker
for AD, these findings corroborate that amyloidosis
does prompt type-I IFN-mediated neuroinflamma-
tion which in turn further coerces neurodegeneration
and contributes to AD progression. However, there

seems to still be contrasting results also reported in
terms of the exact role of IFN-« in relieving neu-
roinflammation. Thus, it still remains inconclusive
to warrant the effects of IFN-a and more research
will definitely be crucial to further comprehend the
exact role of IFN-a. Comprehensive understanding
of the neuroinflammatory as well as the immunoreg-
ulatory processes in AD will aid in the development
of anti-neuroinflammatory approaches, which may
serve as a novel potential therapeutic target for the
management/treatment of AD.

Parkinson’s disease

PD is an age-related neurodegenerative condi-
tion that affects predominately dopamine-producing
(“dopaminergic”) neurons in the substantia nigra
[107]. PD may eventually lead to the clinical man-
ifestations of bradykinesia, resting tremor, muscle
rigidity, and abnormal posture and pace [108]. Table 1
suggests that there has not been any preclinical stud-
ies performed on PD disease in relation to IFN-a.

One study found that the level of IFN-o2 in the
peripheral blood of PD patients was comparable to
that of the control group [37]. IFN- a2 was classified
as one the subtypes of IFN-a [2, 15]. While there
was no significant difference in the level of IFN-o:2
in peripheral blood of individuals with PD versus that
of the healthy controls, the level of other subtypes of
IFN-a were not investigated. However, given that the
pathology in PD mainly stemmed from CNS (i.e., loss
of dopaminergic neurons in the substantia niagra),
there possibly may be raised levels of IFN-a in the
brain tissue of individuals with PD as noted in other
neurodegenerative diseases. However, this was not
investigated in the current studies and future studies
should be performed to further elucidate the role of
CNS IFN-a in PD.

MxA protein, an interferon-induced protein, is able
to inhibit influenza A viral infection [109]. Studies
have reported expression of IFN-a in some microglial
cells in the white matter. Additionally, MxA protein
may be associated with the Lewy bodies in neurons
of PD patients [35]. Interestingly, Kawaguchi et al.
reported that the relative level of MxA mRNA in
the peripheral blood mononuclear cells (PBMCs) of
patients with PD was lower when compared to that
of controls [36]. However, when PBMCs were incu-
bated with IFN-q, the relative level of MxA mRNA in
patients with PD increased equally to that of the con-
trols, suggesting a higher induction of MxA mRNA
by IFN-a in patients with PD. This in turn indicate
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that IFN-a increases MxA mRNA among the PD
patients.

Therapeutically, there may be a role for IFN-a in
the prevention of PD in patients with chronic hepati-
tis C as well. Treatment of chronic hepatitis C with
pegylated IFN a-2a or pegylated IFN a-2b, plus rib-
avirin (Peg IFN/RBV) was found to reduce the risk of
developing PD [38]. Similarly, results from a cohort
study of 188,152 patients with hepatitis C infection
showed that patients treated with Peg IFN/RBV had
lower incidence density and risk of developing PD
when compared to the untreated group [110]. How-
ever, this therapeutic benefit of IFN-a was only within
the context of individuals with chronic hepatitis C. On
the contrary, a case report from 2002 had highlighted
the development of severe PD in a 79-year-old male
receiving IFN-a for chronic myeloid leukemia [111].
This case showed that the parkinsonism resolved after
termination of IFN-« treatment, which suggested that
IFN-a may contribute to the pathogenesis of neurode-
generative disease, particularly PD. Considering the
potential PD-aggravating side effects of extracellular
IFN-o administration, further investigations should
be performed to assess the safety of IFN-« treat-
ment/intervention in reducing the risk of PD, even
in patients with chronic hepatitis C.

Huntington’s disease

HD is a progressive neurodegenerative disor-
der with genetic origins and can be characterized
by the gradual development of involuntary muscle
movements. These include uncontrollable, irregular
movements that may be rapid and jerky (chorea),
as well as the development of athetosis, which is
seen as a slow, writhing involuntary movement. HD
may be transmitted as an autosomal dominant trait
caused by mutations of a gene known as huntingtin
(HTT), which was shown to be located on the short
arm of chromosome 4 [107]. HD may occur due to
the expansion of polyglutamine (polyQ) which were
present within the HTT protein that leads to a defec-
tive huntingtin protein being produced. This defective
protein may further misfold and accrues within neu-
rons forming aggregates, thus ultimately affecting
normal cellular function [112]. Based on Table 1,
only one preclinical study had investigated the role
of IFN-a in HD disease. This article reported that the
littermate transgenic HD model displayed a signifi-
cant decline in CSF IFN-a at early pre-symptomatic
time intervals of HD compared to wild-type minip-
igs [3, 6, 39]. Cellular changes in HD may precede

the observable clinical symptoms by decades [113].
Thus, this suggest that there may be a role for CSF
IFN-a as a potential early biomarker for HD mutation
carriers. However, whether symptomatic HD patients
may display an increase in IFN-a in the CSF should
also be investigated in future studies, so that IFN-a
may serve as a therapeutic target of HD intervention.

Amyotrophic lateral sclerosis

ALS, or Lou Gehrig’s disease, is a progressive
degeneration of neurons in the motor pathways from
the cortex to the anterior horn of the spinal cord. To
date there is no available treatment that is effective
for ALS due to a poor understanding of its underlying
pathological mechanisms.

Though the exact cause of ALS is unknown,
patients with herpes simplex virus infection seem to
be at higher risk of developing ALS [114]. As inter-
ferons may be released by host cells in response to
viral infections, there may be a therapeutic role for
IFN-o in ALS. However, in a clinical study involving
10 ALS patients, intrathecal administration of native
IFN-a at weekly doses of 1 million units for 7 to
24 weeks did not affect the rate of ALS deteriora-
tion [42]. This shows that intrathecal IFN-a at the
dosage used was not effective. In a placebo-controlled
study involving ALS patients, cognitive alteration
was observed after 5 days of high-dose IFN-o admin-
istration [41]. The treatment group received 100
million [U/day during the first two days and 200
million IU during the next three days. However, the
cognitive decline reversed 3 days after cessation of
IFN-«a infusion. Mora et al. reported a similar pat-
tern of reversible cognitive decline in ALS patients
receiving 1 million U IFN-a for 7 to 24 weeks. Neu-
rocognitive impairment may suggest an underlying
neurodegeneration induced by IFN-o infusion. How-
ever, CSF somatostatin (marker of brain damage) was
not raised [42]. In a separate study, patients receiving
IFN-a 100 million IU/day during the first two days
and 200 million IU on days 3 to 5 demonstrated a sig-
nificant decrease in serum calcium, serum osmolality
and daily urinary excretion of magnesium when com-
pared to the placebo group [40]. The urinary excretion
of potassium and calcium were also decreased; these
were however not statistically significant. Though the
electrolyte disturbances resolved 2 to 4 days after
cessation of IFN-a infusion, these parameters should
ideally be monitored when administering high-dose
IFN-a to patients with ALS. Nevertheless, given that
this evidence of IFN-a in ALS was performed more
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than three decades ago, recent understanding on the
complexity of the inflammatory pathways and newer
studies manipulating the dosage, administration route
and drug combination may provide better insight into
IFN-a therapeutic role in the context of ALS.

Multiple sclerosis

Experimental autoimmune encephalomyelitis
(EAE) is a commonly used mouse model for MS
[115]. Three out of 4 pre-clinical EAE studies
showed that IFN-o was protective against EAE [56,
57, 59, 60]. IFN-a may decrease the rate of relapse,
immune cell infiltration, demyelination of the spinal
cord, and IFN-v production in EAE mouse.

In clinical studies, most of the MS studies have
shown a therapeutic effect of IFN-a therapy. IFN-a
therapy was associated with a reduction in numbers of
patients with clinical exacerbation, numbers of new
MRI brain lesions and baseline IFN-y production
[79]. Secretions of IL-2 and TGF-B were also lower
in MS patients treated with IFN-a [57]. Activity of
NK cells increased dramatically after IFN-a therapy
[86]. Furthermore, Squillacote et al. showed a dose-
response effect in IFN-a therapy. IFN-a was shown
to be effective in decreasing the rate of relapse and
stabilizing patients with MS. Those who were treated
with a longer duration and a higher dosage also had a
greater reduction in Extended Disability Status Scale
(EDSS). In addition, Guillen et al. found that IFN-
o was able to enhance the effect of cyclosporin in
treating MS [83]. Hence, IFN-a was shown to be
beneficial in MS.

All together there have been three types of adminis-
tration methods that have been used in clinical studies
which were oral, subcutaneous injection, and intra-
muscular injection. More studies with subcutaneous
administrated IFN-a failed to show a beneficial effect
in MS patients compared to the other two administra-
tion methods [62, 90, 94]. However, there were some
potential factors that might lead to negative results
in these studies such as small sample size and detec-
tion methodology biases. Thus, it may not be possible
to conclude the therapeutic effect of subcutaneous
IFN-« at this point.

Multiple adverse effects were detected from most
of the clinical studies. IFN-a therapy was found to be
associated with fatigue, fever, depression, raised liver
enzyme, lymphopenia, and autoantibodies formation
[81]. There was a significant number of participants
who withdrew from the studies due to the intolerable
adverse effects of IFN-«a therapy. Brod et al. showed

that oral IFN-a was associated with lesser adverse
effects and had similar therapeutic effects to par-
enteral IFN-o.. However, there was a decrease in the
number of enhancements in MS patients treated with
10000 IU IFN-a, but not with 30000 IU IFN-o.. Brod
et al. suspected that pharmacologic tolerance may
have been induced in patients treated with higher dose
of IFN-a. They also suggested that the mechanism of
action of ingested IFN-a might differ from parenteral
IFN-a. The therapeutic effects of ingested IFN-a may
be associated with lymphoid tissues from Peyer’s
patches. However, more studies may be needed in
order to prove oral IFN-a to be beneficial for MS
patients [69].

All studies have shown that the therapeutic effect of
IFN-a was temporary. Improvement in EDSS score
and immunological values reverted 6 months after
the cessation of the therapy [65, 80, 81]. Moreover,
MS patients were found to be more resistant towards
IFN-a after treatment. The responsiveness of NK
cells towards recombinant IFN-a2 decreased signif-
icantly overtime [86]. Kamin-Lewis et al. showed a
decrease in IFN-a production in MS patients after
treated with IFN therapy. Some studies suggested that
patients should be on chronic high dose IFN-a ther-
apy to have a longer-lasting effect, but more studies
were needed to investigate the long-term efficacy of
IFN-a therapy. In conclusion, multiple evidence has
supported the presence of impaired IFN-a produc-
tion in MS. There was also an increase in response of
immune cells observed when stimulated by IFN-a.
Studies have also found an association between lev-
els of IFN-a and disease activity of MS. However,
more studies may be needed to further discover the
underlying mechanism of this association.

HIV-associated neurocognitive disorder

HAND is defined as a range of neurocognitive
dysfunction associated with HIV infections. HAND
has continued to be a major health concern amongst
HIV-infected individuals even with the availability
of combination anti-retroviral therapy (ART) [116].
Rho et al. reported that compared to HIV-infected
individuals without dementia and HIV-negative con-
trols, HIV-infected individuals with dementia had a
significantly higher level of CSF IFN-a [55]. This
was in line with later findings suggesting a correlation
between HIV-1 RNA and the level of CSFIFN-a [53].
Preclinical studies on C57BL/6J SCID mice injected
with HIV-infected macrophages resulted in work-
ing memory errors, which was correlated directly to
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the increased level of CSF IFN-a [49]. Similarly,
a study examining the CSF IFN-a in ambulatory
HIV-infected individuals found that the level of CSF
IFN-a negatively correlated with measures of neu-
rocognitive function [51]. One potential mechanism
that have been suggested was that elevated IFN-
a levels in the CSF of HIV-infected individuals
may stimulate an increase in quinolinic acid pro-
duction by activated macrophages [46]. Quinolinic
acid have shown to induce neuronal death in human
brain culture [117]. In support, studies involving
animal models and cell culture systems have also
observed that quinolinic acid was indeed a neurotoxin
[118-120].

In more recent studies, IFN-a has been linked to
an increase in SAMHD1 mRNA and protein expres-
sion, and to areduction in miR-181alevels, especially
in microglia [6, 7, 45]. SAMHDI is a host restric-
tion factor for HIV-1. Mutations in SAMHDI1 have
been known to result in Aicardi—-Goutieres syndrome
(AGS), a rare neurodegenerative disease also char-
acterized by elevated CSF IFN-a [121]. Given the
similarities between AGS and HAND, the interplay
between CSF IFN-a and SAMHD1 may contribute to
the neurodegeneration seen in HAND. Interestingly,
IFN-a was not only found to be elevated in the CSF
but have also found to be increased in the serum of
HIV-infected individuals [52, 122], suggesting IFN-a
as an easily accessible biomarker for HAND in HIV
patients.

IFN-a has also been shown to activate the bind-
ing of STAT1 to the glutaminase 1 promoter in
HIV-1-infected macrophages, which resulted in the
upregulation of glutaminase and a subsequent rise
in glutamate production [47]. Glutamate may play
a pivotal role in everyday physiology but when in
excess, extracellular glutamate has been implicated
in neuronal death [123]. Other possible mechanisms
as to how IFN-a may contribute to the pathogene-
sis of HAND included altered brain waste disposal
and chronic peripheral immune activation [52, 54].
Interestingly, a preclinical study on HIV encephalitis
mice showed that treatment with IFN-a neutralizing
antibodies resulted in an improved cognitive per-
formance, with improved pathological markers [50].
Quite similarly, Koneru et al. demonstrated that IFN-
a-induced neurotoxicity observed in HAND mouse
model was reversible with B18R, an IFN-a-binding
protein [48]. Moreover, this study showed that treat-
ment with combined ART plus B18R improved
histopathological markers better than treatment with
combined ART alone. These results suggest a poten-

tial role for IFN-a-binding/inhibiting therapeutics in
the treatment and management of HAND.

Neurodegeneration

Neurodegeneration in general (non-disease spe-
cific) have also been associated with IFN-«. Though
IFN-a in the CNS may confer protection against neu-
tropenia viral infections, its production may result
in neurodegeneration and inflammatory processes
[44]. This may account for the neuropsychiatric
effects associated with IFN-«; the most prominent
of which are depression and neurocognitive impair-
ment [21-23]. On the contrary, [FN-a has been shown
to reduce the cellular response towards interleukin-1
[43], a potent inflammatory cytokine that has been
implicated in the pathogenesis of various diseases
[124]. Thus, there may still be some contradictions to
the role of IFN-a in neurodegeneration, which may
require more understanding prior to the investiga-
tion of its therapeutic potential for neurodegenerative
diseases.

Conclusion

The studies selected and elucidated in this cur-
rent systematic review have showed that IFN-a
may play a deleterious role in neurodegenerative
diseases through its potential association with the
inflammatory processes resulting in mainly neu-
rocognitive impairments. [FN-a may display its
neurotoxic function via various mechanisms such
as abnormal calcium mineralization, activation of
STAT 1-dependent mechanisms, and increased quino-
linic acid production. However, the exact role IFN-«
in neurodegenerative diseases remains controversial
due to the contrasting findings across different stud-
ies. Moreover, its role in diseases like PD and ALS
have yet to be determine due to a lack of more recent
evidence, thereby contributing to the variability in
the role of IFN-a in these diseases. Future investi-
gations should be conducted, with greater emphasis
on 1) determining the levels of IFN-a in serum,
CSF, and brain tissue across all neurodegenerative
diseases, and 2) understanding the role of IFN-«
inhibitors as potential therapeutic options. With this,
the role played by IFN-a in neurodegenerative dis-
eases could be delineated. This review suggested that
more insightful and updated evidence of IFN-a may
provide a new therapeutic avenue for neurodegener-
ative diseases.
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