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Abstract 

There are about 38 million people currently living with HIV/AIDS worldwide. Successful treatment 

with combinational antiretroviral therapies (cART) can eliminate active replicating viruses and 

prolong lives to nearly normal lifespans. However, the new challenge faced by more than half of 

those HIV-infected and aging patients is chronic CNS neuroinflammation, which leads to HIV-

associated neurocognitive disorders (HAND). While severe and progressive HAND has 

decreased significantly due to cART, chronic HAND often persists, resulting in high rates of 

delirium, dementia and depression that could lead to suicide. Indeed, the risk of suicide mortality 

in HIV-infected persons is significantly higher than in HIV-uninfected counterparts. Nevertheless, 

the mechanism of neuropathogenesis underlying HAND is not well understood. HAND is typically 

characterized by HIV-mediated glial neuroinflammation and neurotoxicity. Interestingly, the 

severity of some HAND does not always correlate with the levels of HIV, but rather with glial 

activation, suggesting other HIV-associated factors, not the whole virus per se, contribute to those 

HAND. HIV-1 viral protein R (Vpr) might be one of those viral factors, because Vpr induces 

neuroinflammation and causes neuronal apoptosis. The objective of this study was to delineate 

the specific role(s) of Vpr in activation of host neuroinflammation and neurotoxicity, as well as its 

contribution to HAND. 

   In this report, we show correlations between HIV expression and activation of proinflammatory 

markers (TLR4, TNFα, and NFκB) and the Sur1-Trpm4 channel in astrocytes of HIV-infected 

postmortem human and transgenic mouse brain tissues. We further show that Vpr alone activate 

the same set of proinflammatory markers in an astrocytic cell line SNB19. Vpr-induced host cell 

proinflammatory responses result in apoptotic cell death. Together, our data suggest that HIV-1 

Vpr-induced proinflammatory response and apoptotic cell death are mediated through the Sur1-

Trpm4 channel in astrocytes. 
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Introduction 

 

There are about 38 million people currently living with HIV/AIDS worldwide. Successful treatment 

with combinational antiretroviral therapies (cART) can eliminate active replicating viruses and 

prolong patients’ lives to nearly normal lifespans. However, the new challenge faced by many 

aging patients is chronic neuroinflammation in the central nerve system (CNS), leading to various 

HIV-associated neurocognitive disorders (HAND). More than 50% of HIV-infected individuals are 

afflicted with HAND. While severe and progressive HAND has decreased significantly due to 

cART, mild-to-moderate neurocognitive impairment often persists, resulting in high rates of 

delirium, dementia and depression that can lead to suicide2. Indeed, the risk of suicide mortality 

in HIV-infected persons is significantly higher than in HIV-uninfected counterparts3,4. Nevertheless, 

the mechanism of neuropathogenesis underlying HAND is not well understood. Glial cells such 

as microglia or astrocytes are thought to be the primary host innate immune effectors in HIV CNS 

infection, which triggers proinflammatory responses and activates neurotoxic astrocytes to kill 

neurons5. Thus, glia play a vital role in chronic neuroinflammation and neurotoxicity that is 

responsible for various manifestations of HAND, which includes not only progressive 

neurocognitive disorders, but also residual neurological impairment6. Chronic HAND is 

characterized by glial activation, cytokine/chemokine dysregulation, and neuronal damage and 

loss. Interestingly, the severity of some HAND types is not directly correlated with the level of HIV 

replication or viral load, but rather with glial activation7, suggesting that other HIV-associated 

factors, not the whole virus per se, contribute to HAND. 

      HIV-1 viral protein R (Vpr) might be one of those HIV-1 proteins contributing to HAND, 

because: 1) in the absence of active HIV-1 viral replication under cART, Vpr can still be detected 

in the circulation as a soluble and free protein8; 2) it is a transducing protein that can be taken up 

by glia and neurons9; 3) it is a neurotoxin that induces neuronal apoptosis10; 4) it binds to HIV-1 

LTR promoter triggering viral transcription in latently-infected cells11; and 5) its effects are linked 

to various types of HAND12,13. In spite of these evidence indicating a prominent role of Vpr in 

HAND, how exactly Vpr contributes to HAND remains elusive.  The objective of this study was to 

study the specific role(s) of Vpr in host innate proinflammatory responses, neurotoxicity and its 

contribution to HAND. 
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Materials and Methods 

Cell culture and tissues. SNB19 (ATCC-CRL-2219), provided by Dr. HL Tang 14,15, is a human 

glioblastoma cell line, which was maintained in RPMI 1640 medium supplemented with 10% fetal 

bovine serum (FBS, Invitrogen) and 100 units/mL penicillin plus 100 µg/mL streptomycin. 

Postmortem human brain tissues from HIV-infected and non-infected individuals were from the 

University of Maryland Baltimore Brain and Tissue Bank.  HIV-transgenic (Tg26) FVB/N mouse 

contains a partial pNL4-3 HIV-1 genome of 7.4 kb that encompasses most of the gag and pol 

genes including the vpr gene that been described previously (Kopp, 1992). The hippocampal and 

cortex regions of the brain sections were used for the immunohistochemistry (IHC) straining.  

 

Adenoviral constructs and cell transduction. The Adenoviral (Adv) Vpr construct was 

generated in this laboratory 16,17 by using the AdEasy Adenoviral Vector system (Cat#: 240009; 

Stratagene, La Jolla, CA). The viral titer of the Adv control was 2 x 109 plaque forming unite 

(pfu)/mL, and the Adv-Vpr was 1 x 109 pfu/mL, which were determined by an ELISA Adeno-X 

Rapid Titer Kit (Cat#: 631028, Takara). It detects the Adenoviral Hexon surface antigen. For Adv 

transduction, SNB19 cells in the concentration of 1 x 104/well in 96 well plates were seeded and 

incubated at 37 C°/5% CO2 overnight to allow the cells to attach to the wells. The second day, 

SNB19 cells were transduced with Adv with the MOI as indicated. The Adv transduced cells were 

incubated at 37°C with gentle agitation. The cells were collected at indicated times for analyses. 

 

Immunostaining of mouse brain tissues. Paraffin-embedded Tg26 mouse brain sections (7 μm) 

were deparaffinized and rehydrated by passing through xylene and alcohols (100%, 95%, 70%). 

After antigen unmasking step, samples were incubated in blocking solution (90% TBST and 10% 

FBS) for 1 h, in primary antibody solutions for overnight, in secondary antibody solutions for 45 

mins, in avidin-biotin complex (ABC) for 30 mins and finally, in 3,3’-diaminobenzidyne (DAB) 

solution until the expected color change is seen. After the staining step, slides were examined by 

using a light microscope at 40x. Two, three, or four slides were used for cell count in each group. 

Images were taken from both the cortex and the hippocampus areas. Five images were taken 

from each cortex, whereas whole cells of hippocampus were analyzed. The cells stained with the 

DAB substrate were taken as positive cells. Statistical Bonferroni's Multiple Comparison Post Test 

was used for one-way ANOVA using Prism software (GraphPad, San Diego, CA). Statistical 

significance was accepted at the 95% confidence level (p < 0.05). 
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Real-time RT-PCR. Total RNA was extracted from SNB19 cell line or snap-frozen mouse brain 

tissue by using TRIzol reagent (Life technologies) according to the manufacturer’s protocol. For 

snap-frozen mouse brain tissue, tissues were homogenized by Precellys Evolution Tissue 

Homogenizer (Bertin Technologies) then total RNA was extracted by using TRIzol reagent. RNA 

pellet was resuspended in RNase-free distilled water and stored at -80°C. 500 ng of RNA was 

used for Realtime RT-PCR analysis using iTaq universal SYBR Green One-Step Kit (BioRad) 

according to the manufacturer’s instructions. The primer sequences targeting interested genes 

were listed in attached table. Gene amplification in BioRad CFX96 real-time PCR system involved 

reverse transcription reaction at 50°C for 10 min, activation and DNA denaturation at 95°C for 1 

min followed by 40 amplification cycles of 95°C for 15 s and 60°C for 30 s. mRNA expression 

(fold induction) was quantified by calculating the 2-CT value, with glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) mRNA as an endogenous control. 

Gene  Species Forward primer Reverse primer 

Gag HIV-1 CATGTTTTCAGCATTATCAGAAGGA TGCTTGATGTCCCCCCACT 

Vpr HIV-1 GATACTTGGGCAGGAGTGGA TGGCTCCATTTCTTGCTCTC 

Tlr4 Mouse AGCTTCTCCAATTTTTCAGAACTTC TGAGAGGTGGTGTAAGCCATGC 

Nfkb Mouse GAAATTCCTGATCCAGACAAAAAC ATCACTTCAATGGCCTCTGTGTAG 

Tnfa Mouse ATGAGCACAGAAAGCATGA AGTAGACAGAAGAGCGTGGT 

Sur1 Mouse GCCAGCTCTTTGAGCATTGG AGGCCCTGAGACGGTTCTG 

Trpm4 Mouse TGTTGCTCAACCTGCTCATC GCTGTGCCTTCCAGTAGAGG 

Gapdh Mouse GTTGTCTCCTGCGACTTCA GGTGGTCCAGGGTTTCTTA 

NFKB Human  CACTGCTCAGGTCCACTGTC   CTGTCACTATCCCGGAGTTCA   

TNFA Human  CGAGTGACAAGCCTGTAGC GGTGTGGGTGAGGAGCACAT 

TLR4 Human  TGGAAGTTGAACGAATGGAATG ACCAGAACTGCTACAACAGATACT 

SUR1 Human  ACTGGATGGTGAGGAACCTG TGGATCTGGATCTTCCCTTG 

GAPDH Human  TGCACCACCAACTGCTTAG  AGTAGAGGCAGGGATGATGTTC 

 

Measurement of HIV-1 Vpr-induced Cellular Necrosis and Apoptosis. Cellular necrosis and 

apoptosis were measured by a RealTime-Glo™ Annexin V Apoptosis and Necrosis Assay kit 

(Promega) according to instruction of manufacturer. Briefly, 1 x 104 cells/well were seeded into a 

96-well plate and cultured at 37°C/5% CO2 overnight. After viral transduction with adenovirus, 

add 2x detection reagent (which included Annexin V NanoBiT® substrate, CaCl2, Necrosis 

Detection Reagent, Annexin V-SmBiT and Annexin V-LgBiT) into each tested well of 96-well plate. 

Incubate at 37°C/5% incubator and record luminescence (RLU) and fluorescence (RFU, 
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485nmEx/520–30nmEm) measurements at the desired time points with a SYNERGY-H1 microplate 

reader.  

 

Results  

HIV-1 infection elicits proinflammatory responses (TLR4, TNFα and NFκB) and upregulates 

Sur1 and Trpm4 in astrocytes of Tg26 mouse brain tissues. The goal of this experiment was 

to evaluate the impact of HIV-1 infection on neuroinflammation in the brain of HIV-infected mice. 

A transgenic (Tg) mouse line (Tg26)18 was used because of its clinical relevance to cART and 

continuous stress posed by HIV and viral proteins19. Brains of Tg26 and control WT mice (both 

males and females, 30±6 mg, 16 weeks old) were fixed with formalin and paraffin embedded 

(FFPE) for immunohistochemistry staining (IHC) using VECTASTAIN ABC Kits (Vector 

Laboratories, Burlingame, CA). As shown in Fig. 1, three proinflammatory regulators TLR4, NFkB 

and TNFα were significantly elevated (*, p<0.05; ***, p<0.001) in HIV-infected hippocampus in 

comparison with the WT controls. The levels of TLR4, NF-kB and TNFα elevated in parallel with 

the upregulation of glial fibrillary acidic protein (GFAP), a marker for astrocytes. Interestingly, both 

Sur1 and Trpm4 proteins were also highly elevated (***. p<0.001), which together form Sur1-

Trpm4 channels that regulate proinflammatory responses20,21.  

      To verify the observed findings, RT-qPCR was used for mRNA transcriptional analyses of the 

same mouse brain tissues. The HIV-1 infection status of Tg26 mice was confirmed by the 

presence of gag and the vpr gene transcripts in comparison with the WT controls (Fig. 2, insert). 

Additional testing showed a positive correlation between gene transcription of HIV-1 gag/vpr and 

TLR4, TNFα and NFκB, as well as with Abcc8/Sur1 (Fig. 2). 

 

Correlation of HIV and Vpr with upregulation of Sur1-Trpm4 and host innate 

proinflammatory signaling in astrocytes of postmortem brain tissues of HIV-infected 

patients. We next used the same IHC method to examine whether the same set of inflammatory 

markers are also elevated in astrocytes of HIV-infected human brains. Postmortem brain tissues 

from HIV-infected and non-infected control subjects in the regions of hippocampus and 

cerebellum were immunolabeled with the respective antibodies. Consistent with the results from 

Tg26 mice, Sur1 was significantly elevated (**, p<0.01) in HIV-infected astrocytes (Fig. 3Ab-c) in 

comparison with controls (Fig. 3A-a), as revealed by the analysis of number of cells double 

labeled for Sur1 and S100B, a Ca2+-binding peptide mainly found in astroglial cells. Furthermore, 
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the Sur1 protein co-localized with Trpm4 (Fig. 3-A-d), suggesting upregulation of the Sur1-Trpm4 

channel. In agreement with HIV-positive status of these brain tissues, HIV-1 Vpr protein was also 

highly expressed in some cells (Fig. 3B), which correlated with the presence of TLR4, NF-kB 

(p65) (Fig. 3C) and TNF (Fig. 3D) in astrocytes. Together, these results showed positive 

correlations of HIV infection and Vpr with upregulated expression of TLR4, TNFα, NF-kB and 

Sur1-Trpm4 in astrocytes of both human and mice brain tissues. 

 

Expression of HIV-1 vpr activates the same set of proinflammatory markers and Sur1 in 

SNB19 cells. To evaluate the contribution of HIV-1 Vpr protein to the observed upregulation of 

proinflammatory responsive markers and Sur1-Trpm4 in astroglial cells, we used an adenoviral 

(Adv) system to deliver Vpr into a human glioblastoma SNB19 cell line with increasing multiplicity 

of infection (MOI). Mock or Adv-Vpr transduced cells were collected 24 hours (h) post infection 

(p.i.). RNA was isolated and subjected to RT-qPCR for mRNA transcriptional analysis. As shown 

in Fig. 4, Vpr increased transcription of TLR4, TNFα, NF-kB and Abcc8/Sur1 genes in a 

concentration-dependent manner that were statistically significant with the exception of NF-kB 

due to high experimental variations. 

 

Counteraction of Vpr-induced apoptosis by a Sur1 inhibitor glibenclamide in SNB19 cells. 

We next tested whether Vpr is neurotoxic to a human SNB19 cells. Cells were transduced by Adv-

Vpr with increasing MOIs, and cell viability was determined 5 days p.i. (Fig. 5). While the increase 

of MOI of Adv control did not cause significant cell death (data not shown), a clear concentration-

dependent cell killing was shown as indicated by the trypan blue assay (Fig. 5A), which was 

accompanied by a concentration-dependent decrease of cell viability by the MTT assay (Fig. 5B). 

To further elucidate mechanism of Vpr-induced cell death in SNB19 cells, we further tested the 

effect of Vpr on apoptosis in SNB19 cells., which was measured by a RealTime Annex V assay 

(Promega). As shown in Fig. 5D, positive control Digitonin indicated proper induction of apoptosis. 

Mock infection or Adv control showed no or little cell death. In contrast, Adv-Vpr-transduced cells 

showed dose-dependent increase of apoptosis that was significantly higher than the controls.  

Thus, these results showed that Vpr induces neurotoxicity via apoptosis.  

      Since Vpr increases the expression of Sur1 (Fig. 4), we then tested whether a Sur1-specific 

inhibitor, an FDA-approved drug glibenclamide could suppress the Vpr effect. Vpr-induced 

apoptosis was measured the same way as shown in Fig. 5D after adding increasing concentration 

of glibenclamide from 10, 30 to 90 µM. A concentration-dependent inhibition of Vpr-induced 

apoptosis by glibenclamide was observed at 2, 4 and 6 h p.i. (Fig. 5E). RT-PCR analysis indicated 
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that the vpr gene was properly expressed (Fig. 5F). Together, these data suggest that Vpr induces 

neurotoxicity via apoptosis, which can be alleviated by the Sur1 inhibitor glibenclamide.  

 

Discussion 

 

Results of this study show the correlation between HIV-1 expression and activation of 

proinflammatory markers, TLR4, TNFα, and NFκB in astrocytes of HIV-transgenic Tg26 mouse 

(Fig. 1-2) and HIV-infected postmortem human brain tissues (Fig. 3), suggesting HIV-1 infection 

triggers proinflammatory responses of the CNS. In addition, the activation effect of HIV-infection 

is at least in part due to the presence of HIV-1 Vpr protein because expression of Vpr alone 

activates the same set of proinflammatory markers as shown in human and mouse brain tissues 

(Fig. 4). Furthermore, the production of Adv-Vpr induces apoptosis in SNB19 cells (Fig. 5-6), 

suggesting Vpr induces neurotoxicity via apoptosis. Most interestingly, however, HIV-1 infection 

or Vpr production is also correlated with the upregulation of the Sur1 and Trpm4 channel (Fig. 1-

4), and a Sur1 inhibitor glibenclamide inhibits Vpr-induced apoptosis in a concentration-

dependent manner in the SNB19 cells (Fig. 6). Together, our data suggest that HIV-1 Vpr-induced 

proinflammatory response and apoptotic cell death are mediated, at least in part, through the 

Sur1-Trpm4 channel in astrocytes of the CNS. 

HAND are a range of neurological disorders of various severity caused by HIV. HIV infects CNS 

as early as 8 hours after initial infection22. It targets primarily human brain in the subcortical areas, 

and cortex to a less extent, including hippocampus and cerebellum, where it infects glial cells 

including microglia and astrocytes. Astrocyte is the most abundant type of glial cell. HIV infection 

of glial cells triggers host proinflammatory immune responses by stimulating reactive astrocytes 

that release cytokines/chemokines and neurotoxic factors that lead to neurodegeneration, 

compromised neuronal function and neurocognitive impairments23. While cART is effective in 

eliminating active replicating viruses, it has little or no effect on HIV-1 proviruses that reside in 

quiescent astrocytes, which therefore become latent reservoirs in patients who otherwise have 

no detectable or residual HIV-1 under cART24. In the absence of active viral replication, chronic 

HIV infection caused by low levels of viral activities or secretion of neurotoxins of both host and 

viral origins continue to cause persistent neuroinflammation with neurotoxicity leading to chronic 

HAND5. Consequently, the severity of some HAND does not always directly correlated with the 

level of HIV replication or viral load, but rather with lasting glial activation7, suggesting other HIV-

associated factors but not the whole virus per se contribute to those HAND. Results of this study 
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provides strong support that HIV-1 Vpr is one of those HIV-associated proteins contributing to 

HAND. 

Vpr could exert its effects on the CNS both as an intracellular and an extracellular protein. As 

an intracellular protein, it involves in in establishing and sustaining CNS infection, as its function 

is required for HIV-1 replication in non-dividing monocyte-derived macrophages (MDM), a key 

lineage of cells involved in HIV-1 neuroinvasion25. Vpr can also be found as an extracellular and 

free circulating protein in blood, cerebrospinal fluid (CSF) and CNS-associated cells8,13,26-31, where 

Vpr reactivates HIV replication from latency11,26,27,30 (for detailed reviews, see8). Vpr triggers 

proinflammatory reactions8,13,29, and promotes astroglial secretion of proinflammatory cytokines 

IL-632. Vpr is a also neurotoxin that induces apoptosis in astrocytes29, neurons10, and in CNS33. 

Consequently, Vpr causes neurodegeneration10, synaptic loss and neurocognitive impairment34 

that link to various HAND12,13. In consistent with the literature, our results support a specific role 

of Vpr-induced neuroinflammation and neurotoxicity in HAND.  

One of the most interesting findings of this study is that we discovered a connection between 

Vpr and the Sur1-Trpm4 channel. Sur1 (sulfonylurea receptor 1) and Trpm4 (transient receptor 

potential melastatin 4) are two subunits of the Sur1-Trpm4 cation channel. The regulatory subunit 

Sur1, encoded by the Abcc8 gene, is a member of the ATP-binding cassette protein superfamily; 

and the pore-forming subunit Trpm4 is encoded by the Trpm4 gene. Association of Sur1 and 

Trpm4 forms heterodimers and a functional Sur1-Trpm4 channel that antagonizes calcium influx 

mediated by receptor operated calcium entry (ROCE) cation channels35. This ion channel is not 

expressed constitutively but is transcriptionally upregulated in microglia and astrocytes36 in 

responsive to various neuroinflammatory brain conditions including traumatic brain injury (TBI)37, 

subarachnoid hemorrhage (SAH)38-40, and neuroinflammatory conditions such as multiple 

sclerosis (MS)/experimental autoimmune encephalomyelitis (EAE)21,41. Thus, the Sur1-Trpm4 

channel is a key neuro-regulator involved in various neurological disorders including brain injuries 

and neurodegeneration5,20. Furthermore, the link between Vpr and the Sur1-Trpm4 channel is 

functionally relevant because Vpr activates NFAT through Ca2+ influx in neuronal SH-SY5Y 

cells11,13. Therefore, it is possible that Sur1-Trpm4 channel-induced neuropathological effects are 

responsible for the Vpr effects or are part of the collective induction of Vpr-induced HAND. If this 

is true, this finding might be clinically significant because the Sur1-Trpm4 channel has shown to 

be a key drug target of various neuroinflammatory conditions21,37-41, and pharmacologic inhibition 

of this channel by the repurposed and FDA-approved drug glibenclamide significantly improved 

clinical outcomes of those neurologic disorders21,42-45. Indeed, the Sur1 inhibitor glibenclamide 

suppresses Vpr-induced apoptosis in a concentration-dependent manner (Fig. 6). Altogether, we 
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may have uncovered a novel HAND-underlying mechanism involving Vpr-induced activation of 

the Sur1-Trpm4 channel. Once substantiated, it would allow us to test the possibility of treating 

HAND-afflicted individuals by using the FDA-approved Sur1 inhibitory drug glibenclamide, which 

has already been shown to be an effective drug for treatment of various neurological disorders21,42-

45. 
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Fig. 1. Correlation of HIV-1 infection with host 
innate immune proinflammatory responses in the 
hippocampus of the Tg26 mice. Each panel shows 
immunohistochemical straining of hippocampal 
sections with respective protein expressing cells in 
the wildtype control (CTR, left), Tg26 mice (HIV, 
middle). Graph: data (X+SD) were obtained from 3 
mice/group. All images are 40x in magnification. 
Two-tailed and paired t-test was used for statistical 
comparison analysis: *, p<0.05; **, p<0.01; ***, 
p<0.001. 

 

Fig. 2. mRNA transcriptional analysis by RT-qPCR 
shows correlation of HIV and Vpr with host innate 
proinflammatory responses in the brain tissues of 
Tg26 mice. Total mRNA was extracted from mouse 
brain tissues using Trizol (Ambion). HIV-1 infection 
was confirmed by detecting the gag gene and the 
vpr gene transcription in the Tg26 mice (TG) but 
not in normal wildtype (WT) mice (insert). 
Transcripts of TLR4, TNFα, NF-kB, and 
Abcc8/Sur1 were measured with gene-specific 
primers. Results are shown in X+SD and analyzed 
by two-tailed and heteroscedatic t-test: *, p<0.05; 
**, p<0.01; ***, p<0.001. 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted March 20, 2020. ; https://doi.org/10.1101/2020.03.19.999268doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.19.999268


12 
 

  

 
 

Fig. 3. Correlation of HIV and Vpr with host 
innate immune proinflammatory responses in 
astrocytes of HIV-infected postmortem human 
brain tissues. (A) Elevation of Sur1, where 
Trpm4 localizes in HIV-infected astrocytes. (a) 
Control (CTR). (b) HIV-infected; (c) An enlarged 
view of (b).  S100B (red) shows where 
astrocytes are1. Sur1 (green), and (d) co-
localization of Sur1 with Trpm4. GM, gray 
matter; WM, white matter. (B) Vpr is highly 
expressed compared with CTR in astrocytes (a) 
and Vpr (b-c). S100B (green), Vpr (red). (C) 
Elevation of TLR4 (a) and nuclear NF-kB (p65) 
(b) in astrocytes. DAPI (blue). (D) Elevated TNF 
in astrocytes. Graphs underneath each panel 
shows % region of interest (ROI). Two-tailed 
and unpaired t-test: **, p<0.01. 

 

Fig. 4. HIV-1 Vpr activates concentration-
dependent gene transcription of TLR4, TNFα, 
NF-kB, and Abcc8 (Sur1) in human glioma 
SNB19 cells. Adv-Vpr, adenoviral Vpr. Mock or 
Adv-Vpr transduced cells with MOI of 10, 100 
and 300, were collected 24 h post-infection 
(p.i.). RT-qPCR was used to measure gene 
transcription. The insert shows HIV-1 vpr gene 
transcription; whereas no mRNA transcript was 
detected in mock-treated cells. One-way 
ANOVA followed by Tukey test was used for 
statistical comparison analysis. **, p<0.01; ***, 
p<0.001. 
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Fig. 5. HIV-1 Vpr induces cell death and apoptosis and 
counteraction by the Sur1 inhibitor glibenclamide in human glial 
SNB19 cells. HIV-1 Vpr induces cell death and apoptosis in a 
concentration-dependent manner as measured 5 days p.i.. by 
Trypan blue straining (A) or by the cell viability MTT assay (B). Vpr 
protein production was confirmed by Western blot analysis (C). 
Note that it was difficult to detect Vpr protein at low MOI. (D) Titer-
dependent induction of Vpr induces apoptosis. Vpr-induced 
apoptosis was measured by a RealTime Annex V assay 
(Promega) 6 h p.i. Mock, nothing added; Adv, adenovirus control; 
Digtonin, an apoptosis-inducing agent as a positive control. Data 
are presented as X+SD. One-way ANOVA followed by Tukey 
multi-group comparison was used. Treatment: p<0.001; vs. mock: 
***, p<0.001; vs. Adv: ###, p<0.001; vs. Vpr-500, †††, p<0.001. 
(E) Concentration-dependent inhibition of Vpr-induced apoptosis 
by Glibenclamide (10, 30, 90 µM) at 2, 4 and 6 h p.i. Data are 
presented as X+SD. Two-way ANOVA followed by Tukey multi-
group comparison was used. Treatment: p<0.001; Time: p<0.001; 
Treatment x Time: p<0.001; vs. Vpr: *, p<0.05, ***, p<0.001; vs. 
30 µM glibenclamide: #, p<0.05; vs. 10 µM glibenclamide: †††, 
p<0.001. (E) Vpr gene transcription measured by RT-PCR at 6 h 
p.i. Lanes: 1, DNA ladder; 2, Adv control; 3, Adv-Vpr; 4, Adv-Vpr 
+ Glibenclamide; 5, Adv-Vpr positive control. SNB19 cells were 
infected with Adv-Vpr in a 96-well microtiter plate with MOI as 
indicated.  

A

B

C

D

E

F

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted March 20, 2020. ; https://doi.org/10.1101/2020.03.19.999268doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.19.999268


14 
 

References 

1. Yardan, T., Erenler, A.K., Baydin, A., Aydin, K. & Cokluk, C. Usefulness of S100B protein in 
neurological disorders. J Pak Med Assoc 61, 276-281 (2011). 

2. Patel, S., et al. United States National Trends in Mortality, Length of Stay (LOS) and Associated 
Costs of Cognitive Impairment in HIV Population from 2005 to 2014. AIDS Behav (2018). 

3. So-Armah, K., et al. Depression and all-cause mortality risk in HIV-infected and HIV-uninfected 
US veterans: a cohort study. HIV Med 20, 317-329 (2019). 

4. Rodriguez, V.J., et al. Correlates of Suicidal Ideation During Pregnancy and Postpartum Among 
Women Living with HIV in Rural South Africa. AIDS Behav 22, 3188-3197 (2018). 

5. Clarke, L.E., et al. Normal aging induces A1-like astrocyte reactivity. Proc Natl Acad Sci U S A 115, 
E1896-E1905 (2018). 

6. Clifford, D.B. & Ances, B.M. HIV-associated neurocognitive disorder. Lancet Infect Dis 13, 976-
986 (2013). 

7. Tavazzi, E., Morrison, D., Sullivan, P., Morgello, S. & Fischer, T. Brain inflammation is a common 
feature of HIV-infected patients without HIV encephalitis or productive brain infection. Curr HIV 
Res 12, 97-110 (2014). 

8. Ferrucci, A., Nonnemacher, M.R. & Wigdahl, B. Human immunodeficiency virus viral protein R as 
an extracellular protein in neuropathogenesis. Adv Virus Res 81, 165-199 (2011). 

9. Sherman, M.P., et al. HIV-1 Vpr displays natural protein-transducing properties: implications for 
viral pathogenesis. Virology 302, 95-105 (2002). 

10. Jones, G.J., et al. HIV-1 Vpr causes neuronal apoptosis and in vivo neurodegeneration. J Neurosci 
27, 3703-3711 (2007). 

11. Hohne, K., et al. Virion encapsidated HIV-1 Vpr induces NFAT to prime non-activated T cells for 
productive infection. Open Biol 6(2016). 

12. Power, C., Hui, E., Vivithanaporn, P., Acharjee, S. & Polyak, M. Delineating HIV-associated 
neurocognitive disorders using transgenic models: the neuropathogenic actions of Vpr. J 
Neuroimmune Pharmacol 7, 319-331 (2012). 

13. Rom, I., et al. HIV-1 Vpr deregulates calcium secretion in neural cells. Brain Res 1275, 81-86 
(2009). 

14. Tang, H., et al. Zika Virus Infects Human Cortical Neural Progenitors and Attenuates Their 
Growth. Cell Stem Cell (2016). 

15. Li, G., et al. The Roles of prM-E Proteins in Historical and Epidemic Zika Virus-mediated Infection 
and Neurocytotoxicity. Viruses 11(2019). 

16. Zhao, R.Y., Liang, D., Li, G., Larrimore, C.W. & Mirkin, B.L. Anti-cancer effect of HIV-1 viral protein 
R on doxorubicin resistant neuroblastoma. PLoS One 5, e11466 (2010). 

17. Li, G., Park, H.U., Liang, D. & Zhao, R.Y. Cell cycle G2/M arrest through an S phase-dependent 
mechanism by HIV-1 viral protein R. Retrovirology 7, 59 (2010). 

18. Dickie, P., et al. HIV-associated nephropathy in transgenic mice expressing HIV-1 genes. Virology 
185, 109-119 (1991). 

19. Putatunda, R., et al. Adult neurogenic deficits in HIV-1 Tg26 transgenic mice. J 
Neuroinflammation 15, 287 (2018). 

20. Kurland, D.B., et al. The Sur1-Trpm4 channel regulates NOS2 transcription in TLR4-activated 
microglia. J Neuroinflammation 13, 130 (2016). 

21. Gerzanich, V., et al. Salutary effects of glibenclamide during the chronic phase of murine 
experimental autoimmune encephalomyelitis. J Neuroinflammation 14, 177 (2017). 

22. Atluri, V.S., et al. Effect of human immunodeficiency virus on blood-brain barrier integrity and 
function: an update. Front Cell Neurosci 9, 212 (2015). 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted March 20, 2020. ; https://doi.org/10.1101/2020.03.19.999268doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.19.999268


15 
 

23. Hong, S. & Banks, W.A. Role of the immune system in HIV-associated neuroinflammation and 
neurocognitive implications. Brain Behav Immun 45, 1-12 (2015). 

24. Churchill, M. & Nath, A. Where does HIV hide? A focus on the central nervous system. Curr Opin 
HIV AIDS 8, 165-169 (2013). 

25. Connor, R.I., Chen, B.K., Choe, S. & Landau, N.R. Vpr is required for efficient replication of 
human immunodeficiency virus type-1 in mononuclear phagocytes. Virology 206, 935-944 
(1995). 

26. Hoshino, S., et al. HIV-1 Vpr induces TLR4/MyD88-mediated IL-6 production and reactivates viral 
production from latency. J Leukoc Biol 87, 1133-1143 (2010). 

27. Levy, D.N., Refaeli, Y., MacGregor, R.R. & Weiner, D.B. Serum Vpr regulates productive infection 
and latency of human immunodeficiency virus type 1. Proc Nat Acad Sci USA 91, 10873-10877 
(1994). 

28. Hoshino, S., et al. Vpr in plasma of HIV type 1-positive patients is correlated with the HIV type 1 
RNA titers. AIDS Res Hum Retroviruses 23, 391-397 (2007). 

29. Ferrucci, A., Nonnemacher, M.R. & Wigdahl, B. Extracellular HIV-1 viral protein R affects 
astrocytic glyceraldehyde 3-phosphate dehydrogenase activity and neuronal survival. J 
Neurovirol 19, 239-253 (2013). 

30. Agarwal, N., et al. HIV-1 Vpr induces adipose dysfunction in vivo through reciprocal effects on 
PPAR/GR co-regulation. Sci Transl Med 5, 213ra164 (2013). 

31. Levy, D.N., Refaeli, Y. & Weiner, D.B. Extracellular Vpr protein increases cellular permissiveness 
to human immunodeficiency virus replication and reactivates virus from latency. Journal of 
Virology 69, 1243-1252 (1995). 

32. Gangwani, M.R. & Kumar, A. Multiple Protein Kinases via Activation of Transcription Factors NF-
kappaB, AP-1 and C/EBP-delta Regulate the IL-6/IL-8 Production by HIV-1 Vpr in Astrocytes. PLoS 
One 10, e0135633 (2015). 

33. Cheng, X., et al. HIV-1 Vpr potently induces programmed cell death in the CNS in vivo. DNA Cell 
Biol 26, 116-131 (2007). 

34. Torres, L. & Noel, R.J., Jr. Astrocytic expression of HIV-1 viral protein R in the hippocampus 
causes chromatolysis, synaptic loss and memory impairment. J Neuroinflammation 11, 53 
(2014). 

35. Woo, S.K., Kwon, M.S., Ivanov, A., Gerzanich, V. & Simard, J.M. The sulfonylurea receptor 1 
(Sur1)-transient receptor potential melastatin 4 (Trpm4) channel. J Biol Chem 288, 3655-3667 
(2013). 

36. Simard, J.M., Woo, S.K. & Gerzanich, V. Transient receptor potential melastatin 4 and cell death. 
Pflugers Arch 464, 573-582 (2012). 

37. Zweckberger, K., et al. Glibenclamide reduces secondary brain damage after experimental 
traumatic brain injury. Neuroscience 272, 199-206 (2014). 

38. Walcott, B.P., Kahle, K.T. & Simard, J.M. Novel treatment targets for cerebral edema. 
Neurotherapeutics 9, 65-72 (2012). 

39. Simard, J.M., Woo, S.K., Schwartzbauer, G.T. & Gerzanich, V. Sulfonylurea receptor 1 in central 
nervous system injury: a focused review. J Cereb Blood Flow Metab 32, 1699-1717 (2012). 

40. Martinez-Valverde, T., et al. Sulfonylurea Receptor 1 in Humans with Post-Traumatic Brain 
Contusions. J Neurotrauma 32, 1478-1487 (2015). 

41. Tosun, C., et al. Inhibition of the Sur1-Trpm4 channel reduces neuroinflammation and cognitive 
impairment in subarachnoid hemorrhage. Stroke 44, 3522-3528 (2013). 

42. Makar, T.K., et al. Silencing of Abcc8 or inhibition of newly upregulated Sur1-Trpm4 reduce 
inflammation and disease progression in experimental autoimmune encephalomyelitis. J 
Neuroinflammation 12, 210 (2015). 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted March 20, 2020. ; https://doi.org/10.1101/2020.03.19.999268doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.19.999268


16 
 

43. Caffes, N., Kurland, D.B., Gerzanich, V. & Simard, J.M. Glibenclamide for the treatment of 
ischemic and hemorrhagic stroke. Int J Mol Sci 16, 4973-4984 (2015). 

44. Khanna, A., Walcott, B.P., Kahle, K.T. & Simard, J.M. Effect of glibenclamide on the prevention of 
secondary brain injury following ischemic stroke in humans. Neurosurg Focus 36, E11 (2014). 

45. Sheth, K.N., et al. Human Data Supporting Glyburide in Ischemic Stroke. Acta Neurochir Suppl 
121, 13-18 (2016). 

 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted March 20, 2020. ; https://doi.org/10.1101/2020.03.19.999268doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.19.999268

