Tenofovir Alafenamide Fumarate Alters Markers of Mitochondrial
Biogenesis in the Brains of Transgenic Mice
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ABSTRACT RESULTS DISCUSSION

1. Inmunoblot-Mitochondrial Transcription Factor A (TFAM)-Hippocampus

Goals of Study/Hypothesis: HIV associated neurocognitive disorder (HAND) affects 30-50% of people with HIV despite the TFAM:
effectiveness of antiretroviral therapy (ART). Neuronal mitochondrial dysfunction is a prospective etiology of HAND, with Immunoblot TFAM/Total Protein Immunoblot TFAM/Total Protein Western Blot/Immunoblot densitometry analysis of homogenized mouse hippocampus samples revealed slightly decreased
previous studies finding that HIV proteins gp120 and Tat and ART drug tenofovir disoproxil fumarate (TDF) alter levels of 1.5 1 o e e TFAM levels in TAF treated mice and even more decreased TFAM levels in gp120/TAF mice compared to control (Figures
transcription factor A mitochondrial (TFAM), peroxisome proliferator-activated receptor y coactivator 1-a (PGC-1a) and glial 953 g T T 1a and 1b). This suggests reduced mitochondrial function in the brains of TAF treated mice as well as in gp120/TAF mice.
fibrillary acidic protein (GFAP) in mouse brains (1). This study quantified the previously unknown effects of gp120 and Tat £ a - T On average, female mice appeared to have higher TFAM levels than males in all treatment groups. There were no
combined with new generation ART drug tenofovir alafenamide fumarate (TAF) on TFAM, PGC-1a and GFAP levels in mouse T,og 1.0 1 g 101 significant p-values between groups at this sample size of six mice per group.
brains, further investigating the separate and combined effects of HIV and ART in the neuropathogenesis of HAND. E 5
@ % 0.5 Immunohistochemistry analysis of mouse hippocampus sections revealed that on average, TFAM levels were reduced in
Materials & Methods: Transgenic mice co-expressing gp120 and Tat in the brain were exposed to TAF by oral gavage daily L = TAF treated mice, gp120 mice and gp120/TAF mice, again suggesting altered mitochondrial biogenesis and function in the
for 30 days .Treatment groups were organized into control, TAF, gp120 and gp120/TAF. Brain specimens were analyzed by § g brains of these mice (Figures 2a and 2b). On average, female mice appeared to have higher TFAM levels in all treatment
immunoblot and immunohistochemistry (IHC) to quantify changes in TFAM and PGC-1a as markers of mitochondrial = 50 0.0 o groups. While the IHC data appears to roughly follow the pattern of the Immunoblot data, further tuning of the IHC
biogenesis and GFAP as a marker for astrogliosis. ﬁo\\‘v q\@ \@ ‘3\@ \K\\Q <K ,LQ\Q @“ quantification algorithm may be needed as well as IHC staining and quantification of more brain samples to increase sample
c)o*\\ q s<\ R 0<\ size. There were no significant p-values between groups at this sample size of four mice per group for IHC staining.

Results: Both immunoblot and IHC showed decreased TFAM levels in hippocampi of mice treated with TAF and gp120/TAF O? QQ
compared to control, more notably in males. PGC-1a levels were unchanged between all groups on both immunoblot and Treatment Group Treatment Group PGC-1a:
IHC. IHC staining showed increased GFAP among TAF and gp120/TAF mice, which was more pronounced in male Western Blot/Immunoblot of homogenized mouse hippocampus samples showed that there were no significant differences
gp120/TAF mice. Fiqure 1a: Decreased TFAM lavels in TAF Fiqure 1b: Greater decrease in TEAM in male TAF between groups for PGC-1a levels. PGC-1a is a co-transcriptional regulation factor that is the key positive regulator of |

. o | | | | | | | ap120/TAF mice.6 mice per group. ! and gp120/TAF mice. 3 mice per group. mltochon_drlal biogenesis. leep t_hat PGC-1a was un_changed across groups and TFAM was changed between groups, this
Conclusions: These findings observed with TAF treated mice are consistent with previous studies showing that TDF and could indicate that the mechanistic change may be either downstream of PGC-1aq, related to the TFAM gene or that non-

gp120 decrease TFAM. Unchanged PGC-1a levels between treatment groups suggests that the mechanism responsible for
altered TFAM levels may be downstream of PGC-1aq, or related to the TFAM gene, among other possible causes. GFAP

detectable changes in PGC-1a can lead to more significant changes in TFAM levels, among other possible causes. If this

2. Immunohistochemistry-Mitochondrial Transcription Factor A (TFAM)—HiEpocampus same trend between PGC-1a and TFAM is reproduced in future studies, this may be an avenue for further experimental

levels increased in TAF, gp120 and gp120/TAF mice, indicating increased astrogliosis and neuroinflammation in these TFAM IHC TFAM IHC analysis. There were no significant differences between groups at this sample size of six mice per group.
groups simulating HIV infection and HIV with ART treatment. The more pronounced differences in male mice indicate that sex a Sex Differences
may play a role in neuronal mitochondrial response to gp120 and/or TAF. g GFAP:
E: Changes in GFAP can indicate altered astrocyte function, namely with increased GFAP being suggestive of astrogliosis and
3 ‘é 400 neuroinflammation. Immunohistochemistry analysis of mouse hippocampus sections, quantified by Intensity Strong
< o Positive/Area of hippocampus show that GFAP levels were increased in all gp120+ mice, as expected as this is a hallmark
3_5 §’ of HIV infection and on average, TAF treated mice had slightly increased GFAP compared to control (Figures 4a and 4b).
O BJ ECT IVES 55 200 Among gp120+ mice, GFAP increased very minimally in gp120/TAF compared to gp120 alone. Of note, GFAP appears to be
= increased in male/gp120+//TAF mice compared to female/gp120+/TAF mice which could indicate a sex difference in
_ . _ . . . 8 response to gp120/TAF. There were no significant differences between treatment groups at this sample size of 10 mice per
Quantify the separate and combined effects of HIV proteins gp120 and Tat and new generation ART drug tenofovir alafenamide . group.
fumarate (TAF) on TFAM, PGC-1a and GFAP levels in mouse brains s N & & &
Investigate the effects of HIV proteins and ART (TAF) on neuronal mitochondria and evaluate their role in the neuropathogenesis &@\ & éz’g' Q(\é‘ o§° Cg,@ é\? Summary:
cI;frcl)_lv'?\dl\leDinsi ht into optimization of ART regimens and therapeutic targets for HAND and other neurodegenerative diseases d c‘}& cg& Both Western Blot/Immunoblot and IHC showed decreased TFAM levels in hippocampi of mice treated with TAF and
J P J P J J Treatment Group Treatment Group gp120/TAF compared to control, more notably in males. PGC-1a levels were unchanged between all groups on both
immunoblot and IHC. IHC staining showed increased GFAP among TAF and gp120/TAF mice, which was more pronounced

_ _ _ _ _ in male gp120/TAF mice. These findings indicate that TAF and gp120 together may affect mitochondrial and astrocyte

T l ' CT Figure 2a: Decreased TFAM levels in TAF, gp120 and Figure 2b: Larger decrease in TFAM levels in male functi ithin th f ap120 and TAF treated mi Furth tudi ded t licate th it d furth

I N RO D I O N gp120/TAF mice. 4 mice per group. TAF, gp120 and gp12/TAF mice. 2 mice per group. unction wi 'n_ _e Neurons (_) gp _an _ reated mice. rurther s u IES are needed 1o replicate these resuits and further
study mechanistic changes in the brains of mice exposed to HIV proteins and/or ART.

HIV-associated neurocognitive disorder (HAND) is a general term used to describe a full spectrum of neurological problems that 3. Imnmunoblot — PGC-1a — Hippocampus
affects 30-50% of people living with HIV (PWH). Although advances in antiretroviral therapy (ART) have decreased the severity of | blot PGC-1a/Total Protei :
HAND, symptoms remain prevalent in PWH. While the mechanisms underlying HAND are likely multifactorial, mitochondrial sl ot Sl ol Immunoblot PGC-1a/Total Protein
dysfunction is a prospective central etiology of the disease. Our previous studies suggest that the activity of transcription factors _ 15 e Sex Differences
regulating mitochondrial biogenesis is reduced in neurons and increased in reactive astroglia. Mouse models allow us to study the © 353
mechanisms through which HIV proteins and ART drugs may lead to neurodegeneration and neurocognitive dysfunction, providing g g T M T CO N C L U S I O N
important insight into potential therapeutic targets for those living with HAND. This research will use a novel rodent transgenic (tg) T 1.0 g 1.0 -
. . . . . . . . . o
Lnogse_rrr:\odel ;orl HIV-induced ntehurc|>_t|<|)\>;|0|tyttc_> evalu?tzeothedeiefts r?f I:IV prgtfrl]ns anthRT on tm_ltoc.honlcljnil glc_)gelr;essd in the E E, This preliminary data shows that TAF and gp120 decrease TFAM levels which is consistent with previous studies showing
riun.h Zr_ncl)fe c:;_)-exprﬁsses te proteins, gp ag at, V(;' N aret. ° I\r)leuro %X'C. PO gl:nt;s. 'mp |Ica ed na et;.e hemical @ g 0.5 - that TDF and gp120 decrease TFAM levels in the brains of mice (1). Unchanged PGC-1a levels between treatment groups
ritochondrial JUNGLON, INTammatory gene expression, and neurodegeneration. Violse brains witt be analyzed using blochemical, & = Qo suggests that the mechanism responsible for altered TFAM levels may be downstream of PGC-1a or related to the TFAM
molecular and neuropathological techniques to identify changes in transcription factors that regulate mitochondrial biogenesis = = : : : e e e
. . . . Iy S & O gene, among other possible causes. GFAP levels were increased in TAF, gp120 and gp120/TAF mice, indicating increased
(PGC-1a and TFAM), metabolic proteins (glucose transporters and insulin receptors), astrogliosis and neurodegeneration in order ® s roqliosi 3 > fion in th Th d diff i TEAM and GFEAP level
to identify possible therapeutic targets in HAND patients treated with ART. Findings from this study may also be applicable in the = 0.0 o _® @ @ - astrogliosis and neurolnfiammation in these groups. The more pronounced diiterences in an \IeVeIS among
treatment of other neurodegenerative diseases like Alzheimer’s Disease (AD) and Parkinson’s Disease (PD). & A <<\ S <(\ male mice indicate that sex may play a r_ole in ne_uronal mltochondrlal_ response to gp120 anc!/or TAF. This data suggests
S 000 ng q’ that both HIV and ART as well as potential sex differences may contribute to neuroinflammation and altered neuronal
£ mitochondrial function, which warrants further study in order to identify therapeutic targets that could reduce
Treatment Group Treatment Group neuroinflammation and improve mitochondrial function within the mouse model that could later be applied to the prevention
STU DY D E S | G N of HAND in PWH treated with ART.
. o . _ . L _ Figure 3a: No changes in PGC-1a between groups. 6 Figure 3b: No sex differences observed in PGC-1a
Mouse Studies and Brain Tissue Collection: The iTat tg mouse model for HAND was used, and cerebroventricular injections with mice per group. levels between groups. 3 mice per group
lentivirus (LV)-control or LV-gp120 were performed. Using a total of 80 iTat-tg mice; 40 male and 40 female. Mice were aged 6
months before LV injections and Dox treatment began. Two weeks after cessation of Dox treatment, to induce Tat expression, and
four weeks after LV injections, mice were euthanized, brains were harvested, and bisected. For each mouse, one hemibrain was y . ST L. 2 :. 28 . BT
fixed with 4% paraformaldehyde for IHC and TEM analyses. For brain protein lysates, hemibrains from 10 mice in each group were 4. Inmunohlstochemistry — Glial Fibrillary Acidic Protein (GFAP) — Hippocampus RE F E RE N C ES
immediately snap frozen. GFAP IHC GFAP IHC
o © Sex Differences
£ 60- © 80~ . . . . . . . . .
Immunohistochemistry: Free-floating 40 um thick vibratome sections of mouse brains were washed with phosphate buffered saline % < Fields, Et al. 2019. Tenofovir disoproxil fumarate induces peripheral neuropathy and alters inflammation and mitochondrial
with tween 20 (PBST) 3 times, pre-treated for 20minutes in PBS 3% H202/1%TritonX, and blocked with 2.5% horse serum (Vector " § . l biogenesis in the brains of mice. https://www.ncbi.nim.nih.gov/pmc/articles/PMC6868155/
Laboratories) for 1 hour at room temperature. Sections were incubated at 4C overnight with the primary antibodies and then 2 40- 2
incubated in secondary antibody, Immpress HRP Anti-rabbit IgG (Vector, cat. no. MP-7401) or Impress HRP Anti-mouse IgG ‘; ‘; o l
(Vector, cat. No. MP-7402) for 30 minutes, followed by NovaRED Peroxidase (HRP) Substrate made with NovaRED Peroxidase § §
(HRP) Substrate Kit as per manufacturer’s instructions (Vector, cat. no. SK-4800). Control experiments consisted of incubation with »n 20- » A HE
secondary antibody only. Tissues were mounted on slides and coverslipped with cytoseal. Immunostained sections were imaged %‘ %‘
with a digital Olympus microscope and immunoreactivity assessment was performed utilizing the Image- Pro Plus program. § 3
Background levels were obtained in tissue sections immunostained in the absence of primary antibody. Therefore: corrected optical 5 B = S,
density=optical density — background. &@\ & QOQ Q@? ,éo\\\i@\i \‘2@& ,é\\Q &qu.@“\{( &
N
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