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Abstract: The diagnosis of neurocognitive disorders associated with HIV infection, alcohol,
and tobacco using CSF or neuroimaging are invasive or expensive methods, respectively. Therefore,
extracellular vesicles (EVs) can serve as reliable noninvasive markers due to their bidirectional
transport of cargo from the brain to the systemic circulation. Hence, our objective was to investigate
the expression of astrocytic (GFAP) and neuronal (L1CAM) specific proteins in EVs circulated in the
plasma of HIV subjects, with and without a history of alcohol consumption and tobacco smoking.
The protein expression of GFAP (p < 0.01) was significantly enhanced in plasma EVs obtained from
HIV-positive subjects and alcohol users compared to healthy subjects, suggesting enhanced activation
of astrocytes in those subjects. The LICAM expression was found to be significantly elevated in
cigarette smokers (p < 0.05). However, its expression was not found to be significant in HIV subjects
and alcohol users. Both GFAP and L1CAM levels were not further elevated in HIV-positive alcohol or
tobacco users compared to HIV-positive nonsubstance users. Taken together, our data demonstrate
that the astrocytic and neuronal-specific markers (GFAP and L1CAM) can be packaged in EVs and
circulate in plasma, which is further elevated in the presence of HIV infection, alcohol, and/or tobacco.
Thus, the astroglial marker GFAP and neuronal marker LICAM may represent potential biomarkers
targeting neurological dysfunction upon HIV infection and/or alcohol/tobacco consumption.

Keywords: HIV; plasma extracellular vesicles (EVs)/exosomes; alcohol; tobacco; GFAP; L1ICAM;
neurocognition

1. Introduction

Chronic HIV infection can lead to CNS complications, in addition to affecting the peripheral
immune system [1,2]. With the introduction of antiretroviral therapy (ART), peripheral complications
have dramatically reduced [3]. However, the CNS complications tend to progress more rapidly due to
inadequate levels of ART in the brain, the presence of a latent virus, and persistent viral replication [4,5].
This is supported by evidence that viral RNA was detectable in the CSF of HIV-infected subjects
who had complete suppression of plasma viral load with ART [6,7]. Persistent viral replication
in the CNS can lead to neuroinflammation, neurodegeneration, and subsequently, neurocognitive
disorders [8,9]. HIV-associated neurocognitive disorders (HAND) affect almost 30%—60% of infected
individuals, and they comprise clinical symptomatology ranging from asymptomatic to minor cognitive
motor disorders [10,11], which are mainly prevalent in subjects who are not virally suppressed with
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ART [10,12]. These complications are further exacerbated in the presence of substance abuse [13,14].
Substance abuse, particularly alcohol consumption and tobacco smoking, is known to exacerbate
HIV replication and its associated complications [15-20]. Given that these early pathological changes
are asymptomatic, rather than relying on clinical manifestations, biomarkers are necessary for early
identification and for follow up of future cases.

Identifying biomarkers to diagnose neurocognitive dysfunctions using MRI and PET scan-based
methods is expensive, and withdrawal of CSF for this purpose is an invasive and tedious
method. Therefore, there is a need for noninvasive biomarkers to address the same pathologies.
Plasma extracellular vesicles (EVs) can serve as reliable markers due to their ability to package and
transport various biological molecules across the CNS. Several reports suggest a bidirectional transport
of EVs from the brain to the systemic circulation via the blood-brain barrier (BBB) [21,22]. Further,
plasma EVs can deliver their content to the CNS and can cause neuroinflammation [23]. Moreover,
plasma EV content is altered under HIV, alcohol, and tobacco use [24-26]. EVs from neuronal and
astrocytic cells can be circulated in plasma [27-29] and thus have the potential to serve as biomarkers
to predict ongoing disease progression in the CNS. Hence, in this pilot study, our objective was to
investigate the expression of astrocytic and neuronal-specific proteins in EVs circulated in the plasma
of HIV subjects, with and without a history of alcohol consumption and tobacco smoking. We propose
the hypothesis that the expression of neuronal and astrocytic markers associated with neurocognitive
impairment/neuroinflammation is elevated in EVs of patients with HIV, and their expression is altered
in the presence of alcohol and tobacco use.

2. Materials and Methods

2.1. Study Population

A total of 23 previously recruited subjects from Cameroon, Africa, available from earlier studies [16],
were used in the present study. In this study, subjects were assigned into 6 different groups: (a) four
healthy subjects who were HIV-negative and reported to be nonsmokers/alcohol users (healthy); (b) four
HIV-positive subjects without a history of alcohol consumption or tobacco smoking (HIV); (c) four
HIV-negative alcohol drinkers (drinkers); (d) four HIV-negative tobacco smokers (smokers); (e) three
HIV-positive alcohol drinkers (HIV+drinkers); (f) four HIV-positive tobacco smokers (HIV+smokers).
All procedures performed in the present study involving human participants were in accordance with
the Code of Ethics of the World Medical Association (Declaration of Helsinki). Informed consent
was obtained from all individual participants included in the study. Subjects were recruited upon
approval of the Institutional Review Board (IRB) from the University of Missouri-Kansas City (UMKC
IRB# 10-84e, Dated 09/02/11) and the University of Tennessee Health Scienter (IRB# 16-04348XP, Dated
09/01/16), as well as from the IRB/Institutional Ethics Committee (IEC) from Provincial Regional
Hospital, Ministry of Public Health, Bamenda, Cameroon (FWA #A00017110: Dated, 4/28/11) [16].
The age range of study subjects is 25-60 years. The inclusion criteria of the subjects were as follows:
(1) HIV-positive subjects: CD4 of 200-500 cells/uL; (2) smokers: history of less than 20 pack years
(a pack year: smoking at least one pack per day for one year); (3) alcohol drinkers: 7-14 drinks/week
for male and 4-7 drinks/week for female. The exclusion criteria were: (1) infectious diseases, such as
active TB, malaria, and hepatitis A/B/C; (2) individuals receiving ART or other drugs of abuse.

2.2. Plasma EV Isolation and Characterization

We followed ISEV 2018 guidelines for the isolation, characterization, and validation of EVs [30].
Plasma was filtered using a 0.22-pm filter (Millipore) to remove particles greater than 0.2 pm in size.
100 uL of filtered plasma was processed through the Total Exosome Isolation Kit (Invitrogen), as per
the manufacturer’s recommendation. We have optimized the precipitation-based method to isolate
EVs from small volumes of clinical samples and validated the size of and shape of isolated EVs by
JEOL 2000EXII transmission electron microscope (TEM) [31] (The Neuroscience Institute, University
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of Tennessee Health Science Center), as described previously [24,25]. Tunable resistive pulse sensing
(TRPS) using a qNano gold instrument (Izon Science, Medford, MA) has been utilized to measure
the size distribution and concentration of EVs [32]. To measure the zeta potential, the isolated EVs
were subjected to dynamic light scattering using a Zetasizer Nano-ZS (Malvern Instruments Inc,
Malvern, UK) [33]. We further validated the samples for expression of EV marker proteins CD63, CD81,
and CD9 with Western blotting, by loading equal amounts of protein. Data on size distribution and
concentration of EVs were attained using Izon Control Suite (v3.3 software, Medford, MA 02155, USA)
according to the manufacturer’s instructions.

2.3. Western Blotting

The protein concentrations of EV samples were quantified using the Pierce BCA Protein Assay
Kit (Thermo Scientific). Then, 25 pg of protein from each sample was loaded onto 10% sodium
dodecyl sulfate-polyacrylamide acrylamide gel and the rest of the procedure was performed as
described previously [19]. We evaluated the expression of protein markers associated with neuronal
(L1 Cell Adhesion Molecule) and astrocytic (Glial fibrillary acidic protein) cells. The following
primary antibodies, including GFAP (Polyclonal Rabbit Anti-Glial Fibrillary Acidic Protein, Dako
Omnis, Catalog No. 2023-11), and LICAM (Rabbit Polyclonal, Catalog No. 20659-1-AP, Proteintech
Inc, Rosemont, IL, USA) were used. The dilution for all primary antibodies was 1:500. The goat
anti-mouse and goat anti-rabbit secondary antibodies (LI-COR Biosciences) were utilized at a 1:10,000
dilution. The membranes were scanned on the LI-COR Biosciences Odyssey Sa Infrared Imaging
System. Densitometry analyses of the proteins were performed using LI-COR Image Studio Software
(v.5.2, Nebraska, USA)

2.4. Statistical Analysis

Statistical analyses were performed using GraphPad Prism software v. 5 (GraphPad Software
Inc., San Diego, CA, USA). The relative protein expression levels were presented as mean + SEM.
The nonparametric t-test was used to compare the protein levels between the two groups.
One-way ANOVA was used to compare three or more groups. p < 0.05 is considered significant and
represented as “*”.

3. Results and Discussion

The isolated EV's from plasma samples of healthy and HIV-positive subjects were characterized for
their size, zeta potential, and EV number (Figure 1A-E). The results did not show a significant difference
in EV size and their relative size distributions, zeta potential, or EV concentrations between healthy
and HIV-positive subjects (Figure 1A-E). We also measured the protein concentrations in EVs isolated
from plasma samples of HIV, Drinkers, HIV + Drinkers, Smokers, and HIV + Smokers and compared
them with the protein concentrations in EVs from healthy subjects (Figure 1F). Although there appears
to be a slight increase in protein concentration from HIV subjects, in general, protein concentrations
in the EVs did not vary significantly among study groups (Figure 1G). In addition, we verified the
presence of the EV marker proteins CD63, CD81, and CD9 with Western blotting from each group
(Figure 1H) by loading equal amounts of protein. The TEM of EVs isolated from healthy subjects
(Figure 1I) showed a typical double-membraned structure of < 100 nm, suggesting the validity of the
isolation method.

We investigated these plasma EVs to study the effects of HIV and substance use on CNS damage
and associated neurological complications, as drawing blood is less expensive than neuroimaging
and is minimally invasive compared to lumbar punctures required for CSF acquisition. For this,
we evaluated the expression of GFAP and L1CAM proteins, which are reported to be EV markers
of astrocytic and neuronal cells, respectively [34,35]. The protein expression of GFAP (p < 0.01) was
significantly enhanced in plasma EVs obtained from HIV-positive subjects compared to healthy subjects
(Figure 2; Supplementary Figure S1), suggesting enhanced activation of astrocytes due to HIV infection.
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Figure 1. Characterization of plasma EVs. (A-E) Comparison of average concentration, size, and size
distribution of isolated EVs from healthy HIV-positive subjects obtained using qNano. (F) Comparison
of the average zeta potential of EVs isolated from healthy with HIV-positive subjects. (G) Comparison
of total EV protein levels in different study groups. (H) Detection of exosomal marker proteins, CD63,
CD81, and CD?9 in different subjects from each study group by Western blotting. C—control, H—HIV,
Dr—drinkers, HD—HIV+drinkers, S—smokers, HS—HIV+smokers. (I) Identification and validation
of human plasma-derived EVs by transmission electron microscopy (TEM). All bars indicate mean
+ SEM values. p < 0.05 is considered significant. Unpaired t-test was used to compare two groups.
ANOVA was used to test the differences between multiple groups.
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Figure 2. Expression of neuronal and astrocyte marker proteins in plasma EVs of Healthy and
HIV-positive subjects. EVs were isolated from plasma of healthy (n = 4) and HIV-positive subjects
(n = 4). Equal amounts of protein were loaded to analyze the expression of GFAP and L1CAM
proteins in healthy as well as HIV-positive samples. GFAP expressions were found to be significantly
high in HIV-positive subjects compared to healthy subjects, suggesting CNS damage in HIV-subjects.
** indicates p < 0.01, considered significant.
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During neuroinflammation, when astrocytes are activated, they are characterized by an increase
in size, number, and thickness of processes, as well as an increased level of GFAP expression [36].
GFAP expression is developmentally and pathophysiologically regulated. Elevated levels of GFAP
are an important feature of the astrocytic reaction, which is frequently observed in brain damage or
neurodegeneration [36-38] and in HIV-associated dementia [39]. Though we could not correlate the EV
GFAP levels with neuropsychological impairment in our cohort due to lack of information, the subjects
used in this study were likely to have a high probability of neuronal dysfunction. This speculation is
based on the fact that the HIV-positive subjects were chronically infected and not on ART. Our results
are supported by a study from Fan et al., where they reported that HIV-Tat treated astrocytes showed
an upregulation of GFAP. This increased GFAP expression was associated with astrocyte-mediated
Tat neurotoxicity [40]. Interestingly, GFAP levels in the CSF of HIV subjects with dementia were not
significantly different from HIV subjects without dementia [41]. However, EVs derived from the CSF
of HIV subjects with cognitive impairment had higher levels of GFAP compared to HIV subjects who
did not have cognitive impairment [42]. This suggests a greater importance of EVs as a biomarker
to predict HIV-associated neurological complications than CSE. Further, given the important role of
EVs in cell-cell communication [43,44], packaging of GFAP protein in EVs and their circulation via
plasma serve multiple purposes [28]. Plasma EVs not only serve as feasible and reliable biomarkers to
predict HIV-associated neurological complications, but are also involved in physiological changes in
peripheral organs upon delivering EV proteins to peripheral cells.

L1CAM plays an important role during neural development and in the regeneration of the adult
nervous system [45]. Our results showed no significant increase in the level of LICAM upon HIV
infection compared to healthy subjects (Figure 2). Our finding is consistent with the finding from
Gubha et al., who also reported no difference in CSF EV L1CAM levels among patients with and without
HAND [46], even though it was considered a specific marker for identifying neuron-derived EVs in
the plasma of HIV, HAND, and Alzheimer’s disease subjects [27,29].

Alcohol use is prevalent among subjects with HIV infection. Moreover, chronic use of
alcohol can lead to neuronal damage, inducing neurotoxicity through various mechanisms [47,48].
Therefore, we next studied the expression of GFAP and L1CAM in HIV-negative alcohol drinkers.
Increased expression of GFAP in HIV-negative drinkers compared to healthy subjects suggests astrocytic
activation in those subjects (Figure 3).
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Figure 3. Expression of GFAP and L1CAM in plasma EVs of healthy subjects and substance users.
EVs were isolated from plasma of Healthy (n = 3), alcohol Drinkers (1 = 3) and cigarette smokers (1 = 3).
Equal amounts of protein were loaded to analyze the expression of GFAP and L1CAM proteins in these
subjects. There was a significant difference in the expression of these proteins between healthy subjects
and substance users. * indicates p < 0.05 is considered significant.

Astrocytic activation in these drinkers probably suggests subsequent neuronal damage because
astrocytes play a supportive role in neuronal functions, including neurotransmitter uptake [49] and the
synthesis and secretion of neurotrophic factors [50]. GFAP has been found elevated in the plasma of
patients with traumatic brain injury and was identified as a potential biomarker [51-53]. In addition,
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chronic exposure of alcohol induced GFAP immunoreactivity in astrocytes in the cerebral cortex [54],
hippocampus [55], and in the cingulate cortex of adult rat brains [56].

In addition to alcohol, smoking is also known to be associated with neurotoxicity [57,58].
We observed elevated levels of LICAM in HIV-negative smokers compared to healthy subjects, probably
suggesting injured, apoptotic neuronal cells (Figure 3, Supplementary Figure S2). Our findings are
supported by a study that showed increased levels of LICAM in EVs derived from the plasma of
smokers [59].

Next, we investigated whether alcohol consumption and smoking further exacerbate brain damage
and affect the expression of these markers in HIV subjects. Therefore, we compared the astrocytic and
neuronal markers between HIV-positive nondrinkers/smokers and HIV-positive drinkers/smokers
(Figure 4, Supplementary Figure S3). However, no significant difference was found in astrocytic and
neuronal markers between the HIV-positive subjects who also consume alcohol or smoke tobacco
compared to HIV-positive subjects without substance use.
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Figure 4. Expression of neuronal and astrocyte proteins in plasma EVs of HIV-positive subjects with
and without substance use. EVs were isolated from plasma of HIV (1 = 4), HIV-positive drinkers (n = 3),
and HIV-smokers (1 = 4). Equal amounts of EV protein were loaded to analyze the expression of GFAP
and L1ICAM proteins. There were no significant differences in the expression of the proteins between
HIV and HIV-positive substance users. p < 0.05 is considered significant.

This observation could be due to several reasons, including saturated levels of these neuronal
markers in plasma EVs from alcohol drinkers and/or smokers and their inability to further increase
in the presence of both HIV and/or substance use. Some limitations in this study are a small sample
size and exclusion of subjects who are on ART drugs. In the USA, almost all HIV-infected individuals
are on ART as soon as they are diagnosed. In our future project, in addition to recruiting larger
cohorts who are on ART, we plan to further isolate subpopulations of glial and neuronal EVs from
plasma EVs using specific antibodies. We will then explore their role in cell-cell communication and
neuronal dysfunction.

4. Conclusions

We investigated the selected plasma EVs components as potential biomarkers for HIV and/or
substance use associated with CNS damage and associated neurological complications. This technique
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has an advantage, as drawing blood is less expensive than neuroimaging and is minimally invasive
compared to lumbar punctures required for CSF acquisition. The present study has established that the
astrocytic and neuronal-specific markers (GFAP and L1CAM), which have the potential to play a role
in neurological dysfunctions, can be packaged in EVs and circulated in plasma. The increased levels of
GFAP in plasma EVs from HIV subjects can serve as a potential biomarker and reliable indicator of
neurological dysfunction in those subjects. Further, elevated levels of GFAP in drinkers and LICAM in
smokers without HIV infection suggest a role of alcohol and smoking in inducing CNS complications.
A future study would include validation of these potential EV biomarkers using a large cohort in
different HIV populations who are also on ART drugs.

Supplementary Materials: The following are available online at http://www.mdpi.com/2075-4418/10/6/349/s1,
Figure S1: Original Western blots of expression of neuronal and astrocyte marker proteins in plasma EV of Healthy
and HIV-positive subjects, Figure S2: Original Western blots of expression of GFAP and LICAM in plasma EVs of
healthy and substance users, Figure S3: Original Western blots of expression of neuronal and astrocyte proteins in
plasma EVs of HIV-positive subjects with and without substance use.

Author Contributions: The conception and design of the study: S.K. (Santosh Kumar), S.K. (Sunitha Kodidela);
Acquisition of data: S.K. (Sunitha Kodidela)), N.S., K.G. PK., Analysis and interpretation of
data: S.K. (Sunitha Kodidela), S.K. (Santosh Kumar); Drafting the article or revising it critically for important
intellectual content: S.K. (Sunitha Kodidela), S.K. (Santosh Kumar), A.K., K.G.; Final approval of the version to be
submitted: All authors have read and agreed to the published version of the manuscript.

Funding: We thank the National Institute on Drug Abuse (DA047178) for supporting our work.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ellis, R; Calero, P; Stockin, M.D. HIV Infection and the Central Nervous System: A Primer. Neuropsychol. Rev.
2009, 19, 144-151. [CrossRef] [PubMed]

2. Hong, S.; Banks, W.A. Role of the immune system in HIV-associated neuroinflammation and neurocognitive
implications. Brain Behav. Immun. 2014, 45, 1-12. [CrossRef] [PubMed]

3. HIV Treatment Overview. Available online: https://www.hiv.gov/hiv-basics/staying-in-hiv-care/hiv-
treatment/hiv-treatment-overview (accessed on 8 April 2020).

4. Ene, L,; Duiculescu, D.; Ruta, S.M. How much do antiretroviral drugs penetrate the central nervous system?
J. Med. Life 2011, 4, 432-439.

5. Koyuncu, O.0.; Hogue, LB.; Enquist, L.W. Virus infections in the nervous system. Cell Host Microbe 2013, 13,
379-393. [CrossRef] [PubMed]

6.  Ferretti, F; Gisslén, M.; Cinque, P; Price, R.W. Cerebrospinal Fluid HIV Escape from Antiretroviral Therapy.
Curr. HIV/AIDS Rep. 2015, 12, 280-288. [CrossRef] [PubMed]

7. Valero, LP; Ellis, R.; Heaton, R.; Deutsch, R.; Franklin, D.; Clifford, D.B.; Collier, A.; Gelman, B.; Marra, C.;
McCutchan, J.A.; et al. Cerebrospinal fluid viral escape in aviremic HIV-infected patients receiving
antiretroviral therapy. AIDS 2019, 33, 475-481. [CrossRef]

8.  Spudich, S.S.; Ances, B.M. Central Nervous System Complications of HIV Infection. Top. Antivir. Med. 2016,
19, 48-57.

9.  Spudich, S.; Gonzalez-Scarano, F. HIV-1-Related Central Nervous System Disease: Current Issues in
Pathogenesis, Diagnosis, and Treatment. Cold Spring Harb. Perspect. Med. 2012, 2, a007120. [CrossRef]

10. Nabha, L.; Duong, L.; Timpone, J.G. HIV-associated neurocognitive disorders: Perspective on management
strategies. Drugs 2013, 73, 893-905. [CrossRef]

11. Clifford, D.B.; Ances, B.M. HIV-associated neurocognitive disorder. Lancet Infect. Dis. 2013, 13, 976-986.
[CrossRef]

12. Heaton, R.K.; Franklin, D.R.; Ellis, R.J.; McCutchan, J.A.; Letendre, S.L.; Leblanc, S.; Corkran, S.H.;
Duarte, N.A ; Clifford, D.B.; Woods, S.P; et al. HIV-associated neurocognitive disorders before and during
the era of combination antiretroviral therapy: Differences in rates, nature, and predictors. J. Neurovirol. 2010,
17,3-16. [CrossRef] [PubMed]

13. Hidalgo, M.; Atluri, V.; Nair, M. Drugs of Abuse in HIV infection and neurotoxicity. Front. Microbiol. 2015,
6,217. [CrossRef] [PubMed]


http://www.mdpi.com/2075-4418/10/6/349/s1
http://dx.doi.org/10.1007/s11065-009-9094-1
http://www.ncbi.nlm.nih.gov/pubmed/19415500
http://dx.doi.org/10.1016/j.bbi.2014.10.008
http://www.ncbi.nlm.nih.gov/pubmed/25449672
https://www.hiv.gov/hiv-basics/staying-in-hiv-care/hiv-treatment/hiv-treatment-overview
https://www.hiv.gov/hiv-basics/staying-in-hiv-care/hiv-treatment/hiv-treatment-overview
http://dx.doi.org/10.1016/j.chom.2013.03.010
http://www.ncbi.nlm.nih.gov/pubmed/23601101
http://dx.doi.org/10.1007/s11904-015-0267-7
http://www.ncbi.nlm.nih.gov/pubmed/25860317
http://dx.doi.org/10.1097/QAD.0000000000002074
http://dx.doi.org/10.1101/cshperspect.a007120
http://dx.doi.org/10.1007/s40265-013-0059-6
http://dx.doi.org/10.1016/S1473-3099(13)70269-X
http://dx.doi.org/10.1007/s13365-010-0006-1
http://www.ncbi.nlm.nih.gov/pubmed/21174240
http://dx.doi.org/10.3389/fmicb.2015.00217
http://www.ncbi.nlm.nih.gov/pubmed/25852673

Diagnostics 2020, 10, 349 8 of 10

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kennedy, C.A.; Zerbo, E. HIV-Related Neurocognitive Disorders and Drugs of Abuse: Mired in Confound,
Surrounded by Risk. Curr. Addict. Rep. 2014, 1, 229-236. [CrossRef]

Kumar, S.; Jin, M.; Ande, A ; Sinha, N.; Silverstein, P.S.; Kumar, A. Alcohol consumption effect on antiretroviral
therapy and HIV-1 pathogenesis: Role of cytochrome P450 isozymes. Expert Opin. Drug Metab. Toxicol. 2012,
8,1363-1375. [CrossRef] [PubMed]

Ande, A.; McArthur, C.; Ayuk, L.; Awasom, C.; Achu, PN.; Njinda, A.; Sinha, N.; Rao, P.S.S.; Agudelo, M.;
Nookala, A.R.; et al. Effect of Mild-to-Moderate Smoking on Viral Load, Cytokines, Oxidative Stress,
and Cytochrome P450 Enzymes in HIV-Infected Individuals. PLoS ONE 2015, 10, e0122402. [CrossRef]
Rao, P; Ande, A.; Sinha, N.; Kumar, A.; Kumar, S. Effects of Cigarette Smoke Condensate on Oxidative
Stress, Apoptotic Cell Death, and HIV Replication in Human Monocytic Cells. PLoS ONE 2016, 11, e0155791.
[CrossRef]

Ande, A.; McArthur, C.; Kumar, A.; Kumar, S. Tobacco smoking effect on HIV-1 pathogenesis: Role of
cytochrome P450 isozymes. Expert Opin. Drug Metab. Toxicol. 2013, 9, 1453-1464. [CrossRef]

Ranjit, S.; Sinha, N.; Kodidela, S.; Kumar, S. Benzo(a)pyrene in Cigarette Smoke Enhances HIV-1 Replication
through NF-kB Activation via CYP-Mediated Oxidative Stress Pathway. Sci. Rep. 2018, 8, 10394. [CrossRef]
Kodidela, S.; Kumar, S. Choosing the right pharmacotherapeutic strategy for HIV maintenance in patients
with alcohol addiction. Expert Opin. Pharmacother. 2019, 20, 631-633. [CrossRef]

Shi, M.; Sheng, L.; Stewart, T.; Zabetian, C.P.; Zhang, ]. New windows into the brain: Central nervous
system-derived extracellular vesicles in blood. Prog. Neurobiol. 2019, 175, 96-106. [CrossRef]

Bavisotto, C.C.; Scalia, F.; Gammazza, A.M.; Carlisi, D.; Bucchieri, E.; De Macario, E.C.; Macario, A.J.L.;
Cappello, E; Campanella, C. Extracellular Vesicle-Mediated Cell-Cell Communication in the Nervous System:
Focus on Neurological Diseases. Int. J. Mol. Sci. 2019, 20, 434. [CrossRef]

Li, ].J.; Wang, B.; Kodali, M.C.; Chen, C.; Kim, E; Patters, B.].; Lan, L.; Kumar, S.; Wang, X.; Yue, J.; et al.
In vivo evidence for the contribution of peripheral circulating inflammatory exosomes to neuroinflammation.
J. Neuroinflammat. 2018, 15, 8. [CrossRef] [PubMed]

Kodidela, S.; Ranjit, S.; Sinha, N.; McArthur, C.; Kumar, A.; Kumar, S. Cytokine profiling of exosomes derived
from the plasma of HIV-infected alcohol drinkers and cigarette smokers. PLoS ONE 2018, 13, e0201144.
[CrossRef] [PubMed]

Kodidela, S.; Wang, Y.; Patters, B.J.; Gong, Y.; Sinha, N.; Ranjit, S.; Gerth, K.; Haque, S.; Cory, T,;
McArthur, C.; et al. Proteomic Profiling of Exosomes Derived from Plasma of HIV-Infected Alcohol
Drinkers and Cigarette Smokers. J. Neuroimmune Pharmacol. 2019, 1-19. [CrossRef] [PubMed]

Rahman, M. A ; Kodidela, S.; Sinha, N.; Haque, S.; Shukla, PK.; Rao, R.; Kumar, S. Plasma exosomes exacerbate
alcohol- and acetaminophen-induced toxicity via CYP2E1 pathway. Sci. Rep. 2019, 9, 6571. [CrossRef]
[PubMed]

Sun, B.; Dalvi, P; Abadjian, L.; Tang, N.; Pulliam, L. Blood neuron-derived exosomes as biomarkers of
cognitive impairment in HIV. AIDS 2017, 31, 9-17. [CrossRef] [PubMed]

Jean, L.; Ali, A.A.; Johnny, A.; Bob, S.C.; Michael, H.; Clark, C.C. A Pilot Proof-Of-Principle Analysis
Demonstrating Dielectrophoresis (DEP) as a Glioblastoma Biomarker Platform. Sci. Rep. 2019, 9, 10279.
[CrossRef]

Pulliam, L.; Sun, B.; Mustapic, M.; Chawla, S.; Kapogiannis, D. Plasma neuronal exosomes serve as biomarkers
of cognitive impairment in HIV infection and Alzheimer’s disease. . Neurovirol. 2019, 25, 702-709. [CrossRef]
Théry, C.; Witwer, KW.; Aikawa, E.; Alcaraz, M.].; Anderson, ].D.; Andriantsitohaina, R.; Antoniou, A.;
Arab, T.; Archer, F,; Atkin-Smith, G.K.; et al. Minimal information for studies of extracellular vesicles 2018
(MISEV2018): A position statement of the International Society for Extracellular Vesicles and update of the
MISEV2014 guidelines. J. Extracell. Vesicles 2018, 7, 1535750. [CrossRef]

Théry, C.; Amigorena, S.; Raposo, G.; Clayton, A. Isolation and Characterization of Exosomes from Cell
Culture Supernatants and Biological Fluids. Curr. Protoc. Cell Boil. 2006, 30, 1-29. [CrossRef]

Zadjali, F; Kumar, P.;; Yao, Y.; Johnson, D.; Astrinidis, A.; Vogel, P.; Gross, K.; Bissler, J. Tuberous Sclerosis
Complex Axis Controls Renal Extracellular Vesicle Production and Protein Content. Int. . Mol. Sci. 2020, 21,
1729. [CrossRef]

Haque, S.; Sinha, N.; Ranjit, S.; Midde, N.M.; Kashanchi, F; Kumar, S. Monocyte-derived exosomes
upon exposure to cigarette smoke condensate alter their characteristics and show protective effect against
cytotoxicity and HIV-1 replication. Sci. Rep. 2017, 7, 16120. [CrossRef]


http://dx.doi.org/10.1007/s40429-014-0028-5
http://dx.doi.org/10.1517/17425255.2012.714366
http://www.ncbi.nlm.nih.gov/pubmed/22871069
http://dx.doi.org/10.1371/journal.pone.0122402
http://dx.doi.org/10.1371/journal.pone.0155791
http://dx.doi.org/10.1517/17425255.2013.816285
http://dx.doi.org/10.1038/s41598-018-28500-z
http://dx.doi.org/10.1080/14656566.2019.1574748
http://dx.doi.org/10.1016/j.pneurobio.2019.01.005
http://dx.doi.org/10.3390/ijms20020434
http://dx.doi.org/10.1186/s12974-017-1038-8
http://www.ncbi.nlm.nih.gov/pubmed/29310666
http://dx.doi.org/10.1371/journal.pone.0201144
http://www.ncbi.nlm.nih.gov/pubmed/30052665
http://dx.doi.org/10.1007/s11481-019-09853-2
http://www.ncbi.nlm.nih.gov/pubmed/31065972
http://dx.doi.org/10.1038/s41598-019-43064-2
http://www.ncbi.nlm.nih.gov/pubmed/31024054
http://dx.doi.org/10.1097/QAD.0000000000001595
http://www.ncbi.nlm.nih.gov/pubmed/28692534
http://dx.doi.org/10.1038/s41598-019-46311-8
http://dx.doi.org/10.1007/s13365-018-0695-4
http://dx.doi.org/10.1080/20013078.2018.1535750
http://dx.doi.org/10.1002/0471143030.cb0322s30
http://dx.doi.org/10.3390/ijms21051729
http://dx.doi.org/10.1038/s41598-017-16301-9

Diagnostics 2020, 10, 349 90f 10

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Willis, C.; Ménoret, A.; Jellison, E.R.; Nicaise, A.M.; Vella, A.T.; Crocker, S.J]. A Refined Bead-Free Method to
Identify Astrocytic Exosomes in Primary Glial Cultures and Blood Plasma. Front. Mol. Neurosci. 2017, 11, 11.
[CrossRef]

Mustapic, M.; Eitan, E.; Werner, K.; Berkowitz, S.T.; Lazaropoulos, M.P.; Tran, J.; Goetzl, E.J.; Kapogiannis, D.
Plasma Extracellular Vesicles Enriched for Neuronal Origin: A Potential Window into Brain Pathologic
Processes. Front. Mol. Neurosci. 2017, 11, 278. [CrossRef] [PubMed]

Wilhelmsson, U.; Bushong, E.A.; Price, D.L.; Smarr, B.; Phung, V.; Terada, M.; Ellisman, M.H.; Pekny, M.
Redefining the concept of reactive astrocytes as cells that remain within their unique domains upon reaction
to injury. Proc. Natl. Acad. Sci. USA 2006, 103, 17513-17518. [CrossRef] [PubMed]

Chiu, E-C.; Goldman, J.E. Regulation of glial fibrillary acidic protein (GFAP) expression in CNS development
and in pathological states. J. Neuroimmunol. 1985, 8, 283-292. [CrossRef]

Oswald, M.].; Palmer, D.N.; Kay, G.W.; Shemilt, S.; Rezaie, P.; Cooper, ].D.; A Shemilt, S.J. Glial activation
spreads from specific cerebral foci and precedes neurodegeneration in presymptomatic ovine neuronal ceroid
lipofuscinosis (CLN6). Neurobiol. Dis. 2005, 20, 49-63. [CrossRef] [PubMed]

Vitkovi¢, L.; Da Cunha, A. Role for Astrocytosis in HIV-1-Associated Dementia. Mol. Asp. Myeloid Stem
Cell Dev. 1995, 202, 105-116. [CrossRef]

Fan, Y.; He, ].J. HIV-1 Tat Induces Unfolded Protein Response and Endoplasmic Reticulum Stress in Astrocytes
and Causes Neurotoxicity through Glial Fibrillary Acidic Protein (GFAP) Activation and Aggregation.
J. Boil. Chem. 2016, 291, 22819-22829. [CrossRef]

Sporer, B.; Missler, U.; Magerkurth, O.; Koedel, U.; Wiesmann, M.; Pfister, H.W. Evaluation of CSF Glial
Fibrillary Acidic Protein (GFAP) as a Putative Marker for HIV-Associated Dementia. Infection 2004, 32, 20-23.
[CrossRef]

Guha, D.; Lorenz, D.R.; Misra, V.; Chettimada, S.; Morgello, S.; Gabuzda, D. Proteomic analysis of
cerebrospinal fluid extracellular vesicles reveals synaptic injury, inflammation, and stress response markers
in HIV patients with cognitive impairment. J. Neuroinflammat. 2019, 16, 1-19. [CrossRef] [PubMed]
Paolicelli, R.C.; Bergamini, G.; Rajendran, L. Cell-to-cell Communication by Extracellular Vesicles: Focus on
Microglia. Neuroscience 2019, 405, 148-157. [CrossRef] [PubMed]

Matsumoto, J.; Stewart, T.; Banks, W.A.; Zhang, J. The Transport Mechanism of Extracellular Vesicles at the
Blood-Brain Barrier. Curr. Pharm. Des. 2017, 23, 6206—-6214. [CrossRef] [PubMed]

Kiefel, H.; Bondong, S.; Hazin, J.; Ridinger, J.; Schirmer, U.; Riedle, S.; Altevogt, P. LICAM. Cell Adhes. Migr.
2012, 6, 374-384. [CrossRef] [PubMed]

Guha, D.; Mukerji, S.S.; Chettimada, S.; Misra, V.; Lorenz, D.R.; Morgello, S.; Gabuzda, D. Cerebrospinal
fluid extracellular vesicles and neurofilament light protein as biomarkers of central nervous system injury in
HIV-infected patients on antiretroviral therapy. AIDS 2019, 33, 615-625. [CrossRef] [PubMed]

Guerri, C.; Pascual, M. Mechanisms involved in the neurotoxic, cognitive, and neurobehavioral effects of
alcohol consumption during adolescence. Alcohol 2010, 44, 15-26. [CrossRef]

Harper, C.G. The neurotoxicity of alcohol. Hum. Exp. Toxicol. 2007, 26, 251-257. [CrossRef] [PubMed]
Danbolt, C. Glutamate uptake. Prog. Neurobiol. 2001, 65, 1-105. [CrossRef]

Benarroch, E.E. Astrocyte-neuron interactions: Implications for epilepsy. Neurology 2009, 73, 1323-1327.
[CrossRef]

Eng, LE; Yu, A.C; Lee, Y.L. Chapter 30: Astrocytic response to injury. Prog. Brain Res. 1992, 94, 353-365.
[CrossRef]

Burda, J.; Bernstein, A.M.; Sofroniew, M. Astrocyte roles in traumatic brain injury. Exp. Neurol. 2015, 275,
305-315. [CrossRef] [PubMed]

Diaz-Arrastia, R.; Wang, K.K.; Papa, L.; Sorani, M.D.; Yue, ].K.; Puccio, A.M.; McMahon, PJ.; Inoue, T.;
Yuh, E.L.; Lingsma, H.F; et al. Acute Biomarkers of Traumatic Brain Injury: Relationship between Plasma
Levels of Ubiquitin C-Terminal Hydrolase-L1 and Glial Fibrillary Acidic Protein. J. Neurotrauma 2014, 31,
19-25. [CrossRef]

Udomuksorn, W.; Mukem, S.; Kumarnsit, E.; Vongvatcharanon, S.; Vongvatcharanon, U. Effects of alcohol
administration during adulthood on parvalbumin and glial fibrillary acidic protein immunoreactivity in the
rat cerebral cortex. Acta Histochem. 2011, 113, 283-289. [CrossRef] [PubMed]


http://dx.doi.org/10.3389/fnins.2017.00335
http://dx.doi.org/10.3389/fnins.2017.00278
http://www.ncbi.nlm.nih.gov/pubmed/28588440
http://dx.doi.org/10.1073/pnas.0602841103
http://www.ncbi.nlm.nih.gov/pubmed/17090684
http://dx.doi.org/10.1016/S0165-5728(85)80067-9
http://dx.doi.org/10.1016/j.nbd.2005.01.025
http://www.ncbi.nlm.nih.gov/pubmed/16137566
http://dx.doi.org/10.1007/978-3-642-79657-9_8
http://dx.doi.org/10.1074/jbc.M116.731828
http://dx.doi.org/10.1007/s15010-004-3048-6
http://dx.doi.org/10.1186/s12974-019-1617-y
http://www.ncbi.nlm.nih.gov/pubmed/31805958
http://dx.doi.org/10.1016/j.neuroscience.2018.04.003
http://www.ncbi.nlm.nih.gov/pubmed/29660443
http://dx.doi.org/10.2174/1381612823666170913164738
http://www.ncbi.nlm.nih.gov/pubmed/28914201
http://dx.doi.org/10.4161/cam.20832
http://www.ncbi.nlm.nih.gov/pubmed/22796939
http://dx.doi.org/10.1097/QAD.0000000000002121
http://www.ncbi.nlm.nih.gov/pubmed/30557159
http://dx.doi.org/10.1016/j.alcohol.2009.10.003
http://dx.doi.org/10.1177/0960327107070499
http://www.ncbi.nlm.nih.gov/pubmed/17439928
http://dx.doi.org/10.1016/S0301-0082(00)00067-8
http://dx.doi.org/10.1212/WNL.0b013e3181bd432d
http://dx.doi.org/10.1016/s0079-6123(08)61764-1
http://dx.doi.org/10.1016/j.expneurol.2015.03.020
http://www.ncbi.nlm.nih.gov/pubmed/25828533
http://dx.doi.org/10.1089/neu.2013.3040
http://dx.doi.org/10.1016/j.acthis.2009.11.001
http://www.ncbi.nlm.nih.gov/pubmed/20056265

Diagnostics 2020, 10, 349 10 of 10

55.

56.

57.

58.

59.

Franke, H.; Kittner, H.; Berger, P.; Wirkner, K.; Schramek, J. The reaction of astrocytes and neurons in the
hippocampus of adult rats during chronic ethanol treatment and correlations to behavioral impairments.
Alcohol 1997, 14, 445-454. [CrossRef]

Vongvatcharanon, U.; Mukem, S.; Udomuksorn, W.; Kumarsit, E.; Vongvatcharanon, S. Alcohol administration
during adulthood induces alterations of parvalbumin and glial fibrillary acidic protein immunoreactivity in
rat hippocampus and cingulate cortex. Acta Histochem. 2010, 112, 392-401. [CrossRef] [PubMed]

Levin, E.D.; Abreu-Villaga, Y. Chapter 39—Developmental Neurotoxicity of Nicotine and Tobacco. In Handbook
of Developmental Neurotoxicology; Slikker, W., Paule, M.G., Wang, C., Eds.; Academic Press: Cambridge, MA,
USA, 2018; pp. 439452, ISBN 978-0-12-809405-1.

Lobo-Torres, L.H.; Tamborelli-Garcia, R.C.; Camarini, R.; Marcourakis, T. Chapter 24—Tobacco Smoke and
Nicotine: Neurotoxicity in Brain Development. In Addictive Substances and Neurological Disease; Watson, RR.,
Zibadji, S., Eds.; Academic Press: Cambridge, MA, USA, 2017; pp. 273-280, ISBN 978-0-12-805373-7.

Baek, R.; Varming, K.; Jorgensen, M. Does smoking, age or gender affect the protein phenotype of extracellular
vesicles in plasma? Transfus. Apher. Sci. 2016, 55, 44-52. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/S0741-8329(96)00209-1
http://dx.doi.org/10.1016/j.acthis.2009.04.001
http://www.ncbi.nlm.nih.gov/pubmed/19446311
http://dx.doi.org/10.1016/j.transci.2016.07.012
http://www.ncbi.nlm.nih.gov/pubmed/27470710
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Plasma EV Isolation and Characterization 
	Western Blotting 
	Statistical Analysis 

	Results and Discussion 
	Conclusions 
	References

