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Abstract: Background: Distal sensory polyneuropathy (DSP) and distal neuropathic pain (DNP) remain
significant challenges for older people with HIV (PWH), necessitating enhanced clinical attention. HIV and
certain antiretroviral therapies (ART) can compromise mitochondrial function and impact mitochondrial DNA
(mtDNA) replication, which is linked to DSP in ART-treated PWH. Methods: This study investigated mtDNA,
mt fission and fusion protein, and mt electron transport chain protein changes in the dorsal root ganglion
(DRG) and sural nerve (SuN) from 11 autopsied PWH. In antemortem standardized assessments, six had no or
one sign of DSP, while five exhibited two or more DSP signs. Digital droplet polymerase chain reaction
(ddPCR) measured mtDNA quantity and the common deletion (CD) in isolated DNA. Results: We found lower
mtDNA copy numbers in DSP+ donors. SuN exhibited a higher proportion of mtDNA CD than DRGs in both
groups. Mitochondrial electron transport chain (ETC) proteins were altered in DRG of DSP+ compared to DSP-
donors, particularly complex I. Conclusion: These findings suggest reduced mtDNA quantity and increased
CD abundance may contribute to DSP in PWH, indicating diminished mitochondrial activity in sensory
neurons. Accumulated ETC proteins in the DRG imply impaired mitochondrial transport to the sensory
neuron's distal portion. Identifying molecules to safeguard mitochondrial integrity could aid in treating or
preventing HIV-associated peripheral neuropathy.
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1. Introduction

The life expectancy of PWH has significantly increased in the post-ART era. While
advancements in ART have undeniably revolutionized the landscape for PWH, contributing
significantly to prolonged lifespans and improved overall health [1,2], they have also given rise to a
new set of challenges in the form of chronic comorbidities of HIV infection, such as chronic
inflammation, dyslipidemia, and insulin resistance, potentially leading to cardiovascular
complications and neuronal injuries including peripheral neuropathies [3,4]. HIV-associated distal
sensory polyneuropathy (HIV DSP) is a common complication of HIV infection, with prevalence rates
ranging from 10% to 45% in PWH [5-7]. DSP symptoms include pain, decreased sensation, allodynia,
paresthesia, and pain in a symmetric stocking-glove distribution. [8,9] HIV-1 proteins such as gp120
are implicated in HIV-DSP (e.g., impaired large-diameter fibers) [10] [Figure 1]. In addition, it has
been shown that some ART have neurotoxic effects, such as efavirenz (EFV), nonnucleoside reverse
transcriptase inhibitors (NNRTI) (“D-drugs,” principally Stavudine (d4T), Didanosine (ddl), and
Zalcitabine (ddC)) which cause neuronal mitochondrial toxicity [11,12]. Moreover, certain ART has
recently been linked to DSP in HIV by impairing thin fiber [9]. For instance, Zidovudine (AZT) causes
myopathy; ddC, ddl, and lamivudine (3TC) cause neuropathy; d4T and fialuridine (FIAU) cause
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neuropathy or myopathy and lactic acidosis [13]. The complex interplay between the virus, treatment
modalities, and individual factors underscores the importance of a comprehensive approach to
healthcare for PWH, addressing not only viral suppression but also monitoring and controlling the
long-term conditions that can arise alongside prolonged ART use.
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Figure 1. HIV-associated sensory neuropathy (HIV DSP). Despite the use of ART and reduction of
peripheral viral load, DSP afflicts as many as 45% of people with HIV (PWH). Symptoms include

numbness, pain, weakness, and unusual sensations in hands and feet.

HIV has been implicated in impairing mitochondrial function [14]. As previously described, HIV
may directly impact mitochondrial respiration and ETC activity, disrupting the delicate balance
required for optimal cellular function [15]. Moreover, the destructive effects on mtDNA replication
add another layer of complexity to the interaction between HIV and cellular physiology [16]. The
mitochondrial y-polymerase, responsible for mtDNA replication, has been identified as a target for
the detrimental impact of both HIV and certain ARTs. Consequently, the integrity of the
mitochondrial genome is compromised, potentially leading to mitochondrial dysfunction [17].
Neurons depend on ATP for axonal transport and maintaining ionic gradients, which is crucial for
generating action potentials and facilitating synaptic activity [18]. The consequences of impaired
mtDNA replication extend beyond the immediate context of HIV infection, as they may contribute
to the development of various metabolic and neurodegenerative disorders associated with
mitochondrial dysfunction [19].

mtDNA damage has emerged as a focal point of investigation in understanding the mechanisms
underlying neuropathy in PWH undergoing ART [20]. The specific metric utilized to gauge mtDNA
damage in this context is the CD a molecular marker indicative of genetic alterations within the
mitochondrial genome [21]. The mtDNA CD is a 4977-base pair deletion that has been found in
increasing abundance in older age in human tissue obtained from multiple sites, including the CNS,
heart, liver, kidney, and skeletal muscles [22-24]. In a noteworthy prior study, researchers observed
a pronounced increase in the frequency of this CD in HIV-positive individuals undergoing ART [25].

The connection drawn between elevated mtDNA damage, as reflected by the CD, and the
manifestation of neuropathy sheds light on the potential role of mitochondrial dysfunction in the
neuropathic processes associated with HIV and its treatment.
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While the mechanisms underlying these phenomena are still under investigation, the
recognition of HIV-mediated mitochondrial impairment has important implications for both the
understanding of HIV pathogenesis and the development of therapeutic strategies. Further
elucidating the molecular pathways involved in HIV-induced mitochondrial dysfunction may unveil
novel targets for intervention, not only in the context of HIV treatment but also in addressing broader
mitochondrial-related diseases.

Considering that axonal mitochondria are assembled in the neuronal cell body and transported
down the length of axons, we hypothesize that there are distinct molecular alterations in the mtDNA
content and integrity within DRG and the SuN specimens from PWH, particularly in those displaying
signs and symptoms of DSP. We expected to observe a reduced quantity of mtDNA per cell among
PWH with DSP symptoms compared to those without such symptoms. Additionally, we predicted
to see an increased abundance of the CD in mtDNA in the SuN compared to DRGs confirming the
cumulative effect of mtDNA CD along nerve fibers.

We also anticipated changes in expression levels of ETC complex proteins, mitofusin 1 (MFNT1),
and dynamin-related protein-1 (DRP1) as revealed by SDS-PAGE and immunoblotting. Expression
levels of DRP1, a crucial enzyme that facilitates mitochondrial fission, are altered in conditions
marked by chronic neuroinflammation. These alterations impact neuronal apoptosis, synaptic
activity, and axonal integrity [26,27]. A previous study linked the administration of DRP1 inhibitors
to decreased DSP in rats [28] [Figure 2]. Considering that axonal mitochondria play a crucial role in
neuronal function; we further predict that alterations in mtDNA and mitochondrial protein
expression will correlate with the progression of DSP.
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Figure 2. Mitochondria fission/fusion schematic: Mitochondria biogenesis is for rescue. Mitochondrial
fission/fusion is essential for the clearance of damaged mitochondria as well as supplying energy to
new synapses. they are controlled through dynamic fission/fusion processes mediated by GTPases
mitofusin (Mfn) 1/2 and dynamin-related protein (DRP) 1 activity. Fission is associated with
mitophagy and the generation of new mitochondria, while fusion may allow damaged mitochondria
to join healthy counterparts.

2. Results

Post-mortem DRG and SuN specimens of 11 PWH were studied in this research. The mean age
of the sample at the time of death was 44 years, and 27.2 % were female (Table 1). Their last median
CDA4 cell count was 12 (7-50.5) cells/mm3 and their nadir CD4 cell count was 9.5 (2-23) cells/mm3.
Eight (72.7 %) were on ART at the time of death. Five (45.5%) PWH met the definition of DSP. No
significant difference was observed between DSP+ and DSP- in terms of demographic and clinical
characteristics, including age, gender, most recent and nadir CD4 cell counts, frequency and duration
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of ART and regimen, including non-nucleoside analog reverse transcriptase inhibitors (NNRTIs), and
highly active ARTs (HAART).

Table 1. Clinical characteristics of postmortem samples. DRG and the SuN from six PWH with no
signs of neuropathy and 5 with two or more signs of neuropathy were used in this study. The
participants were predominantly male. On average, PWH with DSP were six years older, and their
nadir CD4 levels were reduced by 65 % compared to PWH with no signs of neuropathy.

Sensory . .
. Gender ART D-Drugs* Highly Active .
Peripheral (M/F) Age (Current/Past) (Current/Past) ART (Yes/No) Nadir CD4
Neuropathy
No 42 42010.05 4/2 1/4 5/1 14 (2-23)
Yes 4/1  48012.34 4/1 2/3 3/2 8 (7-11)

* Dideoxynucleoside analog reverse transcriptase inhibitors (nRTIs) including stavudine or Didanosine. ART:

Anti-retroviral therapy.

2.2. mtDNA Copy Number and Relative Common Deletion in DSP

Our investigation into the mtDNA dynamics within the DRG and the SuN of donors with and
without DSP revealed a distinct pattern. mtDNA copy number per cell quantified by numbers of
ND2/RPP30 using ddPCR. Notably, individuals with DSP exhibited a significant reduction in
mtDNA copy number per cell, particularly pronounced in both the DRG and the SuN regions. [Figure
3a] mtDNA Common deletion (CD) relative abundance (RA) quantified by real-time PCR using
primers that span the sequences adjacent to the CD normalized to the total number of mtDNA per
cell in each specimen (n=11). mtDNA CD was lower in the DRG than in the SuN of both groups of
PWH with DSP and without this condition. Although mtDNA CD RA was higher in the DRG
specimens of PWH with DSP than those without DSP, it was lower in their SuN specimens. [Figure
3b]. Nevertheless, when considering the impact of a singular data point from one individual in the
DSP- group diagnosed with HIV just six months before death, whose SuN specimen showed a
markedly higher level of mtDNA CD RA (approximately 100 times more), we observed that mtDNA
CD RA was remarkably higher in the DSP+ group compared to the DSP- group (data not shown).
This observation highlights a specific alteration in mtDNA content associated with DSP and suggests
a potential link between mitochondrial dysfunction and the pathogenesis of sensory neuropathy.
Additionally, these alterations in CD mutation RA in mtDNA between distal SuN and dorsal root
ganglia suggest the possibility of a cumulative effect of mtDNA CD on the pathogenesis of sensory
neuropathy in long nerves.
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Figure 3. mtDNA copy number and CD RA per DGR and SuN cells. (a) mtDNA copy number
increased in the SuN of PWH with and without DSP. (b) CD RA is higher in the SuN than in the DRG.
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2.3. Mitochondrial Dynamics and ETC Protein Expression Levels are Altered in DSP.

Our investigation extended to exploring ETC proteins, providing insights into the mitochondrial
function within the peripheral nervous system in the context of DSP. The immunoblot of DRG and
SuN lysates from DSP- and DSP+ decedents revealed bands corresponding to MEN1, MFN2, DRP1,
and ACTB (Figure 4a). Densitometry analyses revealed no significant difference in levels of MFN1
(Figure 4b) or MFN2 (Figure 4c) between any of the groups. Densitometry analyses of the band
corresponding to DRP1 revealed a ~40% increase in DRP1 levels in the DRG of DSP+ decedents
compared to DSP- decedents (Figure 4d; **p < 0.01). Noteworthy, another immunoblot of DRG and
SuN lysates from DSP- and DSP+ decedents revealed bands corresponding to ATP synthase,
Complex III, Complex II, Complex IV, Complex I, p-DRP-1, and ACTB (Figure 4e). Densitometry
analyses of the band corresponding to ATP synthase revealed a significant increase in its levels in the
SuN of DSP- decedents compared to the ATP synthase levels in their DRG (Figure 4f; *p < 0.05).
Densitometry analyses of the band corresponding to Complex III revealed a significant increase in
the SuN of DSP- decedents compared to their DRG and SuN of DSP+ decedents (Figure 4g; **p <0.03).
Densitometry analyses of the band corresponding to Complex II revealed a significant elevation in
its levels in DGR of DSP+ decedents compared to DSP- decedents (Figure 4h; *p < 0.05). Densitometry
analyses of the band corresponding to Complex IV revealed a significant increase in the SuN of DSP-
decedents compared to their DRG (Figure 4i; *p < 0.05). we observed a significant decrease in the
densitometry of Complex I within the SuN of DSP+ and DSP- decedents compared to their DRG,
respectively (Figure 4j; *p <0.03). In addition, p-DRP-1 densitometry exhibited a remarkable increase
in the DRG of DSP- decedents compared to their SuN and the DRG of DSP+ decedents (Figure 4k; *p
<0.01).

doi:10.20944/preprints202402.0060.v1
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Figure 4. Expression levels of ETC complex proteins, MFN 1/2, and DRP1. (a) Immunoblot for
mitochondrial dynamics enzymes (MFN1, MFN2, and DRP1) and ACTB in DRG and SuN lysates of
PWH DSP- and DSP+. (b-d) MFN1, MFN2, and DRP1 densitometry normalized to ACTB
densitometry. (e) Immunoblot for ETC proteins (ATP syn, comp III, comp II, comp IV, comp I), p-
DRP1, and ACTB in DRG and SuN lysates of PWH DSP- and DSP+. (f-k) ETC proteins and p-DRP1
densitometry normalized to ACTB densitometry.
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3. Discussion

This investigation utilized a combination of molecular and histopathological methods to analyze
mtDNA dynamics and ETC protein expression in post-mortem DRG and SuN specimens from
individuals with and without DSP. These methods allowed for a comprehensive exploration of
mitochondrial dynamics and function in the context of sensory neuropathy in PWH. We found a
significant reduction in mtDNA copy number per cell in both DRG and the SuN of individuals with
DSP. This observation suggests a link between HIV infection, ART, mitochondrial dysfunction, and
the pathogenesis of sensory neuropathy. The reduction in mtDNA copy number suggests that
mitochondrial dysfunction may result from or cause neurodegenerative processes in the context of
DSP. The alteration in mtDNA dynamics, particularly in the SuN, emphasizes the cumulative effect
of mtDNA changes along the course of long nerves, potentially contributing to the specific
manifestations of peripheral neuropathy. In addition, a primate model of SIV-associated peripheral
neuropathy has affirmed the primary role of mitochondrial dysfunction in this process [16].

Previous studies link HIV infection to DSP resulting from the virus itself or to a toxic neuropathy
associated with certain dideoxynucleoside analog reverse transcriptase inhibitors, specifically d4T,
ddl, and ddC [11], or, most likely, both together. Ten participants had prior exposure to the D-drugs.
mtDNA CD RA increased in the SuN compared to DRGs in both DSP+ and DSP- groups, suggesting
a potential cumulative effect of mtDNA CD on the pathogenesis of DSP, which predominantly affects
the distal parts of the nerve fibers compared to DRG. This finding supports the notion that
mitochondrial genome damage, as reflected by the CD, may play a role in the development and
progression of DSP in long nerves. The specificity of this alteration in distal nerves highlights the
importance of investigating regional differences in mitochondrial dynamics within the peripheral
nervous system.

Our study extended to an analysis of ETC proteins, which demonstrated a significant elevation
in the levels of these proteins within the DRG of DSP+ donors, particularly in complex I and DRP-1.
NRTIs cause a notable decrease in the activity of complex IV and a targeted blockage of complex I
[30]. In this study, 91.9% (10/11) of the donors had a history of NRTIs, specifically d-drugs. No
differences were observed in the expression of ETC complex-IV between DSP+ and DSP- samples.
However, there was an upregulation of complex IV in the SuN compared to DRG in DSP- donors.
Lehmann et al. reported a decrease in the expression of subunits of complex IV in SuN samples from
DSP+ PWH compared to both DSP- individuals and controls [16]. This regional disparity in ETC
protein expression suggests a compensatory mechanism in response to mitochondrial dysfunction.
The upregulation of ETC proteins may indicate an attempt to overcome impaired mitochondrial
function by enhancing the production of key components involved in energy production. However,
the lack of a similar upregulation in the SuN suggests potential limitations in the transport of
mitochondria to the distal portions of sensory neurons, possibly contributing to the observed
neuropathic symptoms. [29]

Several studies have highlighted the involvement of DRP-1 in neuroinflammation and DSP
through multiple pathways [29,31,32]. Research has demonstrated that the spinal intrathecal
administration of ODN antisense to Drp1 reduces the expression level of Drp-1 in primary afferent
fibers, reducing ddC-induced mechanical hyperalgesia in male Sprague Dawley rats. Furthermore,
this study revealed that the intradermal injection of Mitochondrial Division Inhibitor 1 (mdivi-1), a
selective inhibitor of Drpl-dependent mitochondrial fission, significantly alleviated mechanical
hyperalgesia induced by ROS and ddC [32]. The current study found that DRP-1 expression within
the DRG was markedly higher in donors with DSP+ than DSP- donors. ATP synthase is the complex
assembled in the mitochondria and transported to the cell surface by DRP-1 [33]. We found that ATP
synthase exhibited a remarkable upregulation in the SuN compared to the DRG in donors without
DSP.

A prior study showed macrophage activation and infiltration in the DRG of PWH with DSP. [34]
Macrophage activation contributes to mitochondrial dysfunction by altering the electron transport
chain (ETC) activity and the TCA cycle. [35] Activated macrophages also induce an upregulation of
glucose and glutamine utilization and a shift toward anabolic pathways. These interactions between
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mA and mitochondrial function are bidirectional. Thus, itaconate, produced in the mitochondrial
matrix from the TCA cycle metabolite cis-aconitate, regulates multiple aspects of macrophage
functions.

The strength of this work lies in its comprehensive investigation of mitochondrial dynamics and
ETC protein expression in the context of distal sensory polyneuropathy (DSP) in people living with
HIV. Prior research in this area has often focused on individual aspects of mitochondrial function or
neuropathy, but this study integrates multiple facets to provide a better understanding of the
relationship between mitochondrial dysfunction and DSP. Additionally, the inclusion of post-
mortem DGR and SuN specimens from a well-characterized population of people living with HIV
enhances the clinical relevance and applicability of the findings.

Our study has limitations. The relatively small sample size due to limited access to autopsied
DRG and the SuN specimens may affect the generalizability of our findings. Future research with
larger cohorts is warranted to validate and expand upon our results. Additionally, it is not completely
known to which extent the virus itself or ART contributes to the pathogenesis of DSP separately.
Therefore, investigating the functional consequences of the observed molecular alterations and the
direct impact of specific ART on mitochondrial function could provide a more comprehensive
understanding of the underlying mechanisms. Future studies could also explore the potential use of
mitochondrial protective agents or interventions to enhance mitochondrial transport as therapeutic
strategies for DSP. Longitudinal studies tracking mitochondrial dynamics in PWH over time and in
response to different antiretroviral regimens could further elucidate the progressive nature of
mitochondrial dysfunction in the context of HIV. Finally, as the risk of mitochondrial toxicity from
newer ART regimens decreases, the more significant mitochondrial impacts in PWH moving forward
may be direct viral toxicity in combination with metabolic disease.

Future studies could also explore the potential use of mitochondrial protective agents or
interventions to enhance mitochondrial transport as therapeutic strategies for DSP. Targeting
pathways that facilitate the transport of mitochondria to distal nerve endings may represent a
therapeutic approach to address the specific neuropathic symptoms observed in DSP. Longitudinal
studies tracking mitochondrial dynamics in PWH over time and in response to different antiretroviral
regimens could further elucidate the progressive nature of mitochondrial dysfunction in the context
of HIV. The regional differences in ETC protein expression identified here point to new avenues for
research into the specific mechanisms by which mitochondrial dysfunction contributes to sensory
neuropathy and may lead to identifying novel drug targets for intervention. Additionally, research
into the potential interplay between mitochondrial health, immune function, and neuroinflammation
in the context of DSP could provide valuable insights into the multiple causes of this condition and
inform the development of comprehensive treatment strategies.

4. Materials and Methods

Autopsied specimens of DRG and SuN were obtained from a characterized cohort of PWH.
Within this cohort, 6 individuals exhibited no signs or symptoms of DSP, while 5 displayed two or
more distinct signs indicative of DSP. Notably, all participants in the study were either currently
undergoing cART or had a history of previous exposure to antiretroviral medications. Following the
acquisition of DRG and the SuN specimens, total DNA was isolated from these tissues. The
investigation focused on quantifying the amount of mtDNA per cell and determining the proportion
of mtDNA carrying the CD. This quantitative analysis was conducted using ddPCR, an exact method
well-suited for measuring rare events in genetic material. The specimens underwent additional
analyses to gain further insights into the molecular landscape. Specifically, they were subjected to
homogenization and subsequently resolved using SDS-PAGE. The resolved proteins were then
probed using immunoblotting techniques to assess the expression of mitochondrial ETC complex
proteins and the levels of MFN1 and DRP1.
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4.1. Study Population

PWH were evaluated at the University of California, San Diego, in the HIV Neurobehavioral
Research Center and the California NeuroAIDS Tissue Network. An IRB approved this research, and
each participant gave informed consent. Data were collected according to a protocol of
comprehensive neuromedical, neurobehavioral, and laboratory assessments that were standardized
across sites.

4.2. Phenotype Definitions

Clinicians trained in HIV neurological disorders performed a standardized, targeted
neurological examination to evaluate DSP signs, including diminished ability to recognize vibration
and reduced sharp-dull discrimination in the feet and toes or reduced ankle reflexes. The presence of
at least 1 sign bilaterally was considered to be evidence of DSP. Neuropathy symptoms were also
assessed in the legs, feet, and toes, including bilateral neuropathic pain and dysesthesias (burning,
aching, or shooting), paresthesia, and loss of sensation. Using a standardized form and a structured
interview, clinicians classified neuropathic pain into the following 5 severity levels: none, slight
(occasional, fleeting), mild (frequent), moderate (frequent, disabling), and severe (constant, daily,
disabling, requiring analgesic medication or other treatment). A trained clinician conducted a
comprehensive evaluation, assessing limb strength, and sensory and motor symptoms. Based on this
evaluation, the cohort was categorized into two groups: individuals without neuropathy (DSP-) and
those with neuropathy (DSP+).

4.3. Quantification of mtDNA and the Proportion of Mitochondria Carrying the CD

For each specimen, cell type, and treatment, we quantified total mtDNA and the RA of
mitochondria carrying the CD in relationship to a cellular control by ddPCR (BioRadQX100TM). A
total of 50 pg and 50 ng of DNA was used to quantify mtDNA and the CD respectively. mtDNA copy
number was quantified by targeting the NADH dehydrogenase 2 (ND2) gene in relation to the
Ribonuclease P protein subunit 30 (RPP30) gene, which appears in 2 copies per cell.

The following ZENTM Double-Quenched Probes (P1) were used:

RPP30 - P1 ATCCTCCCGCTTTGGCCTCC;

MT-ND2-P1 CCACATCATCGAAACCGCAAACA;

CD - TAAACACAAACTACCACCACCTCCCTCACCAT.

4.4. Immunoblot Analysis

DRG and the SuN from human donors were homogenized and fractionated using a buffer to
separate the membrane and cytosolic fractions. Tissues (0.1 g) were homogenized in 0.7 mL of
fractionation buffer containing phosphatase and protease inhibitor cocktails. After determination of
the protein content of all samples by BCA Protein assay (Thermo Fisher Scientific, Rockford, IL),
homogenates were loaded (20 mg total protein/lane), separated on 4-12 % Bis-Tris gels, and
electrophoresed in 5 % HEPES running buffer, and blotted onto Immobilon-P 0.45 mm membrane
using NuPage transfer buffer. The membranes were blocked and then incubated overnight at 4 °C
with primary antibodies.

4.5. Statistical Analysis

For statistical analysis, the number of mitochondria per compartment was averaged for each
specimen. For statistical analysis, the Kruskal-Wallis test with Dunn’s post-test was used to compare
group data. P<0.05 was considered statistically significant.

5. Conclusions

In conclusion, our investigation into mtDNA dynamics in peripheral nerve tissues from PWH
tissue donors with DSP found a reduction in mtDNA copy number in both DRG and the SuN of
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individuals with DSP, suggesting a potential bidirectional relationship between mitochondrial
dysfunction and sensory neuropathy, indicating that impaired mitochondrial function may
contribute to, or result from, neurodegenerative processes in the context of DSP. The increased
mtDNA RA carrying the CD mutation in the SuN compared to DRGs, particularly in individuals
with DSP, highlights the cumulative effect of mtDNA alterations along the course of long nerves.
This finding underscores the potential role of mitochondrial genome damage in the development and
progression of DSP, with a specific impact on distal nerves. The regional disparity in the expression
of mitochondrial ETC complex proteins further emphasizes the complexity of mitochondrial
involvement in the pathophysiology of DSP, suggesting a compensatory mechanism within the DRG
in response to mitochondrial dysfunction.

The clinical implications of our study suggest that preserving mitochondrial integrity may
represent a potential therapeutic target for managing DSP. Strategies aimed at protecting
mitochondrial function and preventing mtDNA damage could be explored to mitigate the
development and progression of neuropathic symptoms. Furthermore, understanding regional
differences in ETC protein expression provides insights into challenges associated with
mitochondrial transport within neurons, highlighting potential therapeutic approaches to address
specific neuropathic symptoms in DSP.

Exploring the functional consequences of molecular alterations and investigating the direct
impact of specific antiretroviral drugs on mitochondrial function could provide a more
comprehensive understanding of the underlying mechanisms. Ultimately, our study contributes to
the growing body of knowledge aiming to unravel the intricate relationship between HIV,
mitochondrial dynamics, and the development of sensory neuropathy, paving the way for potential
targeted therapeutic interventions in the future.
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