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Abstract

Neuroinflammation is a common pathological correlate of HIV-associated neurocognitive
disorders (HAND) in individuals on antiretroviral therapy (ART). Triggering receptor-expressed
on myeloid cells 2 (TREM2) regulates neuroinflammation, clears extracellular Amyloid (A)-B,
surveys for damaged neurons, and orchestrates microglial differentiation. TREM2 has not been
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studied in HIV+ brain tissues. In this retrospective study we investigated TREM2 expression levels
and localization to microglia, AP protein levels, and tumor necrosis factor (TNF)-a transcript
levels in the frontal cortices of 52 HIVV+ decedents. All donors had been on ART; 14 were
cognitively normal (CN), 17 had asymptomatic neurocognitive impairment (ANI), and 21 had
minor neurocognitive disorder (MND). Total TREMZ2 protein levels were increased in the soluble
and decreased in the membrane-enriched fractions of MND brain tissues compared to CN;
however, brains from MND Hispanics showed the most robust alterations in TREM2 as well as
significantly increased TNF-a mRNA and AR levels when compared to CN Hispanics. Significant
alterations in the expression of total TREM2 protein and transcripts for TNF-a were not observed
in non-Hispanics, despite higher levels of Ap in the non-Hispanic CN group compared to the non-
Hispanic ANI and MND groups. These findings show that decreased and increased TREM2 in
membrane-bound fractions and in soluble-enriched fractions, respectively, is associated with
increased A and neuroinflammation in this cohort of HIV+ brains, particularly those identifying
as Hispanics. These findings suggest a role for TREM2 in the brain of HIV+ individuals may
deserve more investigation as a biomarker for HAND and as a possible therapeutic target.

Abstract

7

Microglia  AB TREM2

B) HIV+ Brain
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HIV-associated neurocognitive disorders (HAND) remain a significant problem despite effective
antiretroviral therapy; however, the mechanisms underlying the neuropathogeneisis of HAND are
not well understood. In this manuscript we describe alterations in the levels of TREM2 and A in
brains of cases diagnosed with minor neurocognitive disorders (MND) compared to brains from
cognitively normal (CN) HIV+ cases. (A) In HIV+ cases that were diagnosed as CN, we identified
high levels of TREM2 in membrane-enriched fractions, increased TREMZ2 colocalization with the
microglia marker IBA1, and lower levels of Ap when compared to (B) MND cases, in which, the
levels of TREM2 were increased in soluble-enriched fractions and decreased in membrane-
enriched fractions, levels of Ap were increased, and TREM2 signal associated with IBA1 positive
cells was reduced compared to CN cases. These data may indicate that TREMZ2 can be a useful
biomarker for HAND progression in some individuals and that altered levels of TREM2 may play
a role in the neuropathogenesis of HAND.
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Introduction

HIV-associated neurocognitive disorders (HAND) and other HIV-induced neurological
disorders persist despite the ability to control HIV replication in the periphery with
combined antiretroviral therapy (ART) (Heaton et a/. 2010, Heaton et a/. 2011). Since the
advent of ART, the most severe forms of HAND have decreased, however, the occurrence of
asymptomatic neurocognitive impairment (ANI), and minor neurocognitive disorder (MND)
has increased(Saylor et al. 2016). Neuroinflammation and accumulation of amyloid-pg (Ap)
persist as neuropathological correlates of HAND in brain tissues of HIV+ individuals that
were on ART (Levine et al. 2016, Ortega & Ances 2014, Andras & Toborek 2013, Gisslen et
al. 2009, Tavazzi et al. 2014). Furthermore, HIV infection in the ART era is associated with
premature aging, as indicated by epigenetic markers, T-cell senescent phenotypes, and other
age-related comorbidities (Pathai ef al. 2014, Guaraldi et a/. 2011, Gross et al. 2016, Fulop
et al. 2017). Novel therapeutic targets are needed to reduce inflammation and slow the
neurodegenerative process in HIV-infected persons on ART.

Multiple neurotoxic mechanisms may underlie the neurodegenerative process in individuals
with HAND, including alterations in autophagic flux(Fields et a/. 2013, Fields et al. 2015a),
mitochondrial dysfunction(Fields et a/. 2015b), vascular damage(Fulop et al. 2017, Mishra
& Singh 2014), and oxidative stress(Andras & Toborek 2013). Neuroinflammation and
accumulation of extracellular debris is associated with multiple neurodegenerative diseases,
including Alzheimer’s disease (AD), Parkinson’s disease (PD), and HAND. Recent
discoveries have linked dysfunctional triggering receptor expressed on myeloid cells
(TREM) 2 to neuroinflammation and accumulation of Ap (Ulrich ef al. 2014) in mouse
models (Wang et al. 2015, Ren et al. 2018, Jiang et al. 2018). TREM2 was originally
identified as a receptor expressed on monocyte-derived dendritic cells (DCs) that modulate
DC maturation and responses to pathogenic stimuli(Bouchon et a/. 2001). More recent
studies have shown that TREMZ2 is expressed by numerous myeloid lineage cells including
monocyte-derived macrophages and the resident brain macrophages, microglia(Jay et al.
2017, Zhao et al. 2018, Tang & Le 2016). Microglia survey the environment for cues on the
disease state, interacting with extracellular milieu, other glial cells, and neurons(Tang & Le
2016). Although recently recognized as an overly simplified classification, microglia may
assume one of two phenotypes: M1 or M2(Zhang et a/. 2018). M1 microglia are associated
with inflammatory cytokines, such as TNF-a, and increased neurodegeneration. In contrast,
the M2 phenotype microglia express anti-inflammatory cytokines IL-10 and IL-4 and
receptors, such as TREM2, that efficiently phagocytose extracellular debris and dying
cells(Orihuela et a/. 2016, Tang & Le 2016, Zhao et al. 2018). Although, the M1/M2
distinction is recognized as overly simplified, macrophages and microglia expressing
TREMZ2 have a more anti-inflammatory phenotype(Wang et al. 2015, Painter ef a/. 2015).
High levels of soluble TREMZ2 in the cerebrospinal fluid (CSF) are associated with worse
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inflammation(Zhong et al. 2017), worse neurocognitive outcomes(Henjum et a/. 2016), and
age(Byrne et al. 2018). Loss of function TREM2 mutants are linked to neurodegenerative
disorders, including AD, PD, and Fronto-temporal dementias(Jonsson et al. 2013) (Painter et
al. 2015). Therefore, much research is now focused on the role of TREM2 in
neurogenerative diseases.

HIV infection of the brain is associated with increased expression of inflammatory
cytokines, such as tumor necrosis factor (TNF)-a(Ortega & Ances 2014), and increased
levels of AB(Esiri et al. 1998, Giometto ef al. 1997, Green et al. 2005), including
intraneuronal AR (Achim et a/. 2009). Brain macrophages, resident microglia or
perivascular macrophages, play a major role in regulating the inflammatory milieu in the
brains of HIV+ individuals. Damaged neurons with reduced spine density are also a
common neuropathologic feature of HAND decedents in the ART era. Alterations in the
ability of TREMZ2 to recognize and clear AP and injured neurons may contribute to the
neurodegenerative process underlying HAND (Rivest 2015, Atagi et al. 2015, Zhao et al.
2018); however, the role of TREM2 in HAND has yet to be explored.

In this study, we hypothesized that alterations in TREMZ2 levels and cellular localization in
the brain may be altered in HIV+ individuals that were diagnosed with HAND. To test this,
we analyzed brain tissues from a well-characterized cohort of HIV+ individuals who were
on ART for expression TREM2 as well as a target of TREM2-mediated phagocytosis, Ap.
We also analyzed cellular localization of TREMZ2 in the frontal cortices of these patients. To
determine the neuroinflammatory status in these tissues, we assessed mRNA levels for
TREM2 and TNF-a. Interestingly, alterations in TREM2 levels were most robust when
stratified by ethnicity: Hispanic versus non-Hispanic. The results from these studies may
lead to therapeutic strategies in some of the HIV+ population.

Study population

For the present study, we evaluated brain tissues from a total of 52 HIV+ donors (Tables 1
and 2), from the National NeuroAIDS Tissue Consortium (NNTC) (Institutional Review
Board [IRB] #080323). All studies adhered to the ethical guidelines of the National
Institutes of Health and the University of California, San Diego. These cases had
neuromedical and neuropsychological examinations within a median of 12 months before
death. The associated pathology was most frequently due to systemic cytomegalovirus
(CMV), Kaposi sarcoma, and liver disease. Subjects were excluded if they had a history of
CNS opportunistic infections or non-HIV-related developmental, neurologic, psychiatric, or
metabolic conditions that might affect CNS functioning (e.g., loss of consciousness
exceeding 30 minutes, psychosis, etc). HAND diagnoses were determined from a
comprehensive neuropsychological test battery administered according to standardized
protocols(Woods et al. 2004).

J Neurochem. Author manuscript; available in PMC 2019 December 01.
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Neuromedical and Neuropsychological evaluation

Participants underwent a comprehensive neuromedical evaluation that included assessment
of medical history, structured medical and neurological examinations, and the collection of
blood, cerebrospinal fluid (CSF), and urine samples, as previously described (Woods et al.
2004, Heaton et al. 2010). Clinical data (plasma viral load [VL], postmortem interval, CD4
count, global, learning and motor deficit scores [GDS, LDS, and MDS]) were collected for
the HAND donor cohorts. In order to investigate TREM2 neuropathology in cases most
relevant to current HIV+ patients on ART regimens, participants who received a HAD
diagnosis were excluded.

Neuropsychological evaluation was performed, and HAND diagnoses were determined via a
comprehensive neuropsychological test battery, which was constructed to maximize
sensitivity to neurocognitive deficits associated with HIV infection [see (Woods et al. 2004)
for a list of tests]. Raw tests scores were transformed into demographically adjusted T-
scores, including adjustments for age, education, gender and race. These demographically
adjusted T-scores were converted to clinical ratings to determine presence and degree of
neurocognitive impairment on seven neurocognitive domains, as previously described
(Woods et al., 2004). As part of the neuropsychological battery, participants also completed
self-report questionnaires of everyday functioning (i.e., Lawton and Brody Activities of
Daily Living questionnaire;(Lawton & Brody 1969), and/or Patient’s Assessment of Own
Functioning; PAOFI; (Chelune & Baer 1986, Chelune 1986). Participant’s performance on
the neuropsychological test battery and their responses to the everyday functioning
questionnaires were utilized to assign HAND diagnoses following established criteria
(Antinori et al. 2007), i.e., HIV-associated asymptomatic neurocognitive impairment (ANI),
and HIV-associated mild neurocognitive disorder (MND).

Demographic characteristics

Immunoblot

Demographic information (age, years of education, gender, ethnicity/race) was obtained via
self-report. Self-reported ethnicity was ascertained following NIH guidelines, which define
“Hispanic/Latino” as a person of Mexican, Puerto Rican, Cuban, South or Central
American, or other Spanish-speaking culture of origin regardless of race (Office of
Management and Budget, 1997).

Frontal cortex tissues from human brains were homogenized and fractionated and then
processed for immunablotting. In brief, as previously described (Fields et al. 2013), tissues
from human brain samples (0.1 g) were homogenized in 0.7 mL of fractionation buffer (1.0
mM HEPES, 5.0 mM Benzaidine, 2.0 mM b-mercaptoethanol, 3.0 MM EDTA, 0.5 mM
magnesium sulfate, 0.05% sodium azide, pH 8.8) containing phosphatase (Millipore cat#
524624) and protease inhibitor (Millipore cat# 539131) cocktails. Supernatants were
centrifuged to generate soluble- and membrane-enriched fractions as follows. Samples were
precleared by centrifugation at 5000 x g for 5 minutes at 4°C. Supernatants were retained
and placed into appropriate ultracentrifuge tubes and were centrifuged at 436,000 x g for 1
hour at 4°C in a TL-100 rotor (Beckman Coulter, Brea, CA). This supernatant was collected,
as representing the soluble enriched fraction, and the pellets were resuspended in 0.2 mL of
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buffer and homogenized for the membrane-enriched fraction. After determination of the
protein content, soluble- and membrane-enriched fractions were resolved by SDS-PAGE and
transferred onto PVDF membrane using the iBlot transfer system (Invitrogen). The
membranes were incubated for one hour in blocking solution containing 5% bovine serum
albumin and phosphate buffered saline + .05% tween-20 (PBST). Membranes were then
then incubated overnight at 4°C with TREM2 antibody (1:400; R&D Systems; Cat#
AF1828; RRID:AB_2208689). Following visualization, blots were stripped (Millipore
ReBlot Plus, cat# MILL-2504) and probed with a mouse monoclonal antibody against p-
actin (ACTB; 1:2000; Sigma-Aldrich; Cat# A5316; RRID:AB_476743) as a loading control.
The membranes were incubated for 1 hour at room temperature in PBS containing secondary
antibodies conjugated to horse radish peroxidase for visualization (1:5000 Bio-Rad anti-
rabbit [cat# 170-6515] and anti-mouse [cat# 170-6516]) specific for the corresponding
primary antibody. Bands were visualized by adding enhanced chemiluminescent substrate
(Thermo SCIENTIFIC; SuperSignal ® West Femto; cat# 34095) to the membranes. Images
were obtained, and semi-quantitative analysis was performed with the VersaDoc gel imaging
system and Quantity One software (Bio-Rad).

Immunohistochemistry and double immunolabeling

Materials

Double immunolabeling studies were performed to determine the cellular localization of
TREMZ2. For this purpose, vibratome sections of human brains were washed with PBS, pre-
treated in 3% H,0,, and blocked with 10% serum (Vector Laboratories, cat# s-1000), 3%
bovine serum albumin (Sigma) in PBST. Sections were next incubated at 4 C overnight with
the primary antibodies against TREM2 (red) and antibodies against GFAP (green) (1:200;
Dako Cat# Z20334; RRID:AB_10013382), IBA1 (green) (1:1000; WAKO cat# 019-19741,
RRID:AB_839504), or MAP2 (green) (1:200; Sigma-Aldrich cat# M4403;
RRID:AB_477193). Sections were then incubated with secondary antibodies tagged with
tetramethylrhodamine (1:200; ThermoFisher cat# A-21447) to detect TREM2 and with
antibodies tagged with fluorescein isothiocyanate (1:500; ThermoFisher FI2000) to detect
GFAP, IBA1, or MAP2. Sections were mounted on superfrost slides (ThermoFisher) and
cover-slipped with media containing DAPI (ThermoFisher cat# D3571;
RRID:AB_2307445). Sections were imaged with a Zeiss 63X (N.A. 1.4) objective on an
Axiovert 35 microscope (Zeiss) with an attached MRC1024 laser scanning confocal
microscope system. All image analysis experiments were performed by Mary Swinton and
conducted blind-coded, code was broken after analysis was performed. Not all specimens
were amenable to double immunolabeling, however, 6 specimens from the HIVV CN group
and 6 specimens from the HAND group were analyzed.

The following antibodies were used in immunoblot, immunohistochemistry or both: TREM2
(1:400; R&D Systems; Cat# AF1828; RRID:AB_2208689), ACTB (1:2000; Sigma-Aldrich;
Cat# A5316; RRID:AB_476743), MAP2 (1:200; Sigma-Aldrich Cat#M4403;
RRID:AB_477193), GFAP (1:200; Dako Cat# Z0334; RRID:AB_10013382), and IBA1
(1:1000; WAKO Cat#019-19741; RRID:AB_839504). Information on validation of
antibodies is available on company websites.

J Neurochem. Author manuscript; available in PMC 2019 December 01.
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Real-time PCR

Total RNA was isolated from 50 mg of postmortem brain tissues from Broddmann Area 46
using the Qiagen RNeasy Lipid Tissue Kit per manufacturer instructions (Qiagen; cat#
74804). Total RNA was quantified and then reverse transcribed to cDNA using the High
Capacity cDNA (Applied Biosystems; cat# 4368814) kit per manufacturer instructions. To
quantify relative expression of mMRNA targets, Tagman (ThermoFisher; cat# 4331182)
probes specific for TREM2 (Hs00219132_m1), TNF (Hs00174128 m1), and ACTB
(4310881E) were incubated with the cDNA and PCR amplified using the Quantstudio 3
Real-time PCR machine. Fold changes were calculated against controls using the
comparative Ct method, as previously described (Schmittgen & Livak 2008). All cases with
available RNA were analyzed by Real-time PCR (rt2PCR) using technical triplicates; data
points were removed if the mean was three standard deviations outside the group mean.

AP quantification

Levels of two different species of Ap peptide (Ap40, and AB42) were quantified using a
MesoScale electro chemiluminescent assay (MesoScale Discovery, Rockville, MD; cat#
K15200G, V-Plex). The assay is designed to also detect AB38, however, the signal was
undetectable in all samples. Brain homogenates were fractionated by ultra-high-speed
centrifugation at 436,000 x g for 1 hour at 4 Celsius. Soluble-enriched fractions were diluted
in diluent provided (Biedler et al. 1978) by the manufacturer and then protein content was
quantified using BCA assay. Ap38, Ap40, and AB42 levels in the soluble fractions were
quantified using the “Human (6E10) Ap 3-Plex” sandwich ELISA immune assay kit
according to the manufacturer’s instructions. Light emission following electrochemical
stimulation was quantified using the Sector Imager 2400 reader (MSD). All cases were
analyzed for Ap using technical triplicates; data points were removed if the mean was three
standard deviations outside the group mean.

Statistical analysis

All the analyses of images were conducted on coded samples blinded to the examiner. After
the results were obtained, the code was broken, and data were analyzed with the StatView
program (SAS Institute, Inc., Cary, NC). The studies analyzed postmortem samples that
were stratified according to the last available antemortem cognitive diagnoses; hence, no
randomization process was performed as the groups were predetermined. Due to small
sample size, data were analyzed as non-parametric. No sample size calculations were
performed prior to analyses and the study was not pre-registered. Outliers were defined as
1.5 times the interquartile range above Q3 or below Q1. Comparisons among groups were
performed with Kruskal-Wallis test followed by Dunn’s multiple comparisons test, two-way
ANOVA, or unpaired Student’s t test where appropriate. All results were expressed as mean
+ SEM. The differences were significant if p values were <0.05 and the actual p value was
reported if near, but over the 0.05 cutoff. All sample sizes (n= number of individual HIV+
tissues examined) are included in figure legends.

J Neurochem. Author manuscript; available in PMC 2019 December 01.
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Results

Clinical and neuropathological characteristics of cognitively normal compared to HAND
decedents that were on ART

All 52 NNTC autopsy cases were analyzed to assess relevant differences between
postmortem brain samples from HIV+ decedents. We first categorized cohorts by HAND
status and then compared sex, age, viral load (VL), and nadir CD4+ cell count (Table 1). The
HAND cohort was predominantly male (88%) and the average age of HAND decedents was
significantly higher than the cognitively normal (CN) group (Table 1). Plasma VL was
similar among the different cognitive groups (Table 1). The CN group had the highest CD4
counts (Table 1), while the “MND” group had the lowest CD4 count (Table 1). Post-mortem
interval (PMI) averaged 6.5, 20.3, and 9.6 hours for the CN, ANI, and MND groups,
respectively (Table 1). However, despite the higher PMI for the ANI samples, there were no
significant differences between the groups based on cognitive or ethnic stratifications
(Tables 1 and 2).

Next, we compared clinical characteristics of our cohort when categorized by ethnicity,
Hispanic versus non-Hispanic (Table 2). The non-Hispanic cohort consisted of decedents of
multiple self-identified ethnicities: four Black, two Native Alaskan, one Hawaiian, and 13
white. There was no difference in the age of the groups. Plasma VL was significantly higher
in the non-Hispanic group compared to the Hispanic cohort, however, there was no
significant difference plasma VL quantity between the cognitive groups in the Hispanic or
non-Hispanic samples. VL was detectable in all cases. No other differences were revealed by
analyses of the available clinical data for the Hispanic and non-Hispanic groups. PMI
averaged 11.5 and 16.3 hours for the Hispanic and non-Hispanic cohorts, respectively,
however, these differences did not reach significance (Table 2).

Total TREM2 levels are increased in soluble-enriched fractions and decreased in
membrane-enriched fractions of brain lysates from HIV+ decedents diagnosed with
neurocognitive impairment

TREM2 protein is detected in three isoforms: the mature (~50kDa), the immature (~28
kDa), and the carboxy terminal fragment (CTF; ~13 kDa). To determine the expression
levels of TREM2 in brains of HIVV+ decedents (Table 1), we analyzed soluble and
membrane-enriched fractions of frontal cortex lysates by immunoblot using a commercially
available antibody generated toward TREM2 (R&D Systems, Cat#AF1828). (Hispanic cases
are in the left two lanes and non-Hispanic in the right two lanes of each cognitive group)
Immunoblot analyses revealed three TREM2 isoforms corresponding to the mature, the
immature, and the CTF (Fig. 1A). In the soluble fractions, the immature isoform TREM2
presented as a doublet in some samples and showed the strongest intensity of the three
TREM?2 isoforms (Fig. 1A). The intensity of immature band appeared increased in samples
from HIV+ decedents diagnosed with HAND, compared to CN (Fig. 1A). The band
corresponding to the mature fragment was clearly present in the soluble enriched fractions
but was not strongly detected in all cases (Fig. 1A). The band corresponding to CTF,
however, was detected in all cases (Fig. 1A). To quantify the intensity of the signal of total
TREM2, we performed densitometry analyses of all three bands and normalized to ACTB.

J Neurochem. Author manuscript; available in PMC 2019 December 01.
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Densitometry analyses of the signal for TREMZ2, and normalization to ACTB levels revealed
that total TREM2 levels in soluble fractions of brain lysates were significantly (p<0.05)
increased in MND cases compared to the CN cases (Fig. 1B). However, when analyzed by
ethnicity, Hispanic decedents with MND diagnoses had the highest levels of total TREM2
levels in the soluble fractions; in which TREM2 levels were significantly increased (p<0.05)
compared to CN decedents (Fig. 1C). In soluble fractions from non-Hispanic donors,
TREM2 levels were unchanged in CN compared to ANI or MND brains (Fig. 1D). When
analyzing in the soluble-enriched fractions the ratio of intensity of the immature:mature
bands for TREM2, no difference was detected between CN, ANI, or MND groups in all
HAND cases, nor when stratified by ethnicity (Fig. 1E-G). Regarding CTF to TREM2
(immature+mature isoforms) ratio, no significant differences were detected when analyzing
the entire cohort together (Fig. 1H) or when stratified as Hispanic or non-Hispanic (Fig. 11
and J).

In membrane-enriched fractions, the band corresponding to the mature TREM2 isoform was
of the strongest intensity (Fig. 2A). The immature fragment was detected strongly in CN and
ANI samples, but less intense in the MND samples; the CTF isoform was not prominent in
these images (Fig. 2A). The intensity of total TREM2 bands in membrane-enriched fractions
was less visible among HIV+ cases diagnosed with HAND, particularly MND cases (Fig.
2A). Similar to the soluble-enriched fractions, TREM2 alterations were more robust in the
Hispanics (left two lanes of each cognitive group) compared to the non-Hispanics in this
cohort (Fig. 2A). Densitometry analysis of total TREM2 band intensity revealed significant
decreases in HIV+ MND cases compared to CN (Fig. 2B). Interestingly, in Hispanic donors
total TREMZ2 signal detected in brains from MND donors was significantly reduced
compared to TREM2 levels in HIV+ Hispanic donors that were diagnosed as CN (Fig. 2C).
In brain lysates from non-Hispanic donors, total TREM2 levels were significantly elevated
in the ANI cases compared to CN cases, but TREM2 levels in MND cases were not altered
compared to CN cases (Fig. 2D). The ratio of the intensity of the immature:mature TREM2
signal trends toward increasing in ANI compared to CN (p=0.09) when all cases were
analyzed together (Fig. 2E). In Hispanic cases, the ratio of the intensity of the
immature:mature TREMZ2 signal trends toward increasing in ANI compared to CN (p=0.07)
(Fig. 2F). In the non-Hispanic cases, however, the ratio of the intensity of the
immature:mature TREMZ2 signal is significantly (p<0.01) increased in MND compared to
CN (Fig. 2G). In all HAND cases, the intensity of the CTF is not changed between the
cognitive groups (Fig. 2H-J).

TREM2 and TNF-a mRNA levels are altered in brains of HAND decedents on ART

Microglial phenotypes, M1 versus M2, are characterized by increased expression of
inflammatory cytokines (ie. TNF-a) and immunomodulatory molecules (ie. TREM2),
respectively. To determine the relative gene expression levels of TREM2 and TNF-a, we
quantified mRNA by rt?PCR. Analysis of the relative expression of mMRNA for TREM2 by
two-way ANOVA revealed a significant difference in the expression of mMRNA for TREM2
(p<0.05) between the Hispanic and non-Hispanic groups (Fig. 3A). TNF-a mRNA levels
were significantly increased in brains from Hispanics diagnosed with MND, compared to
CN controls (Fig. 3B. *p<0.05). Analysis of the levels of MRNA for TNF-a by ethnicity,
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revealed a significant difference in the levels of mMRNA for TNF-a between the Hispanic and
non-Hispanic samples (**p<0.01).

Microglial expression of TREM2 is variable among HAND donors

TREM2 was initially identified in myeloid-lineage cells, such as macrophages and
microglia. However, recent studies in mouse and human brains have shown that TREM2 is
also present in other brain cells, including neurons(Satoh et a/. 2013). To determine the
cellular localization of TREM2 in the human brain during HIV infection, we performed
double immunolabeling of TREM2 with IBA1, MAP2, and GFAP for microglia, neurons,
and astrocytes, respectively. Double labeling for IBAL, a microglial marker, revealed
TREM?2 is present throughout the cell body and on the surface of activated microglia of CN
decedents; however, there is a noticeable reduction in TREM2 signal colocalizing with IBA1
signal in brains from HAND decedents (Fig. 4A). In neurons, MAP2 (green) signal
emanated from throughout the neuronal body and apical dendrites, while TREM2 (red)
showed a more punctate distribution mainly in the cell body in a perinuclear pattern, with
some signal present in the dendrites (Fig. 4B). Interestingly, TREMZ2 signal colocalized with
GFAP also in a perinuclear pattern, suggesting TREMZ2 is located on the surface and
intracellular organelles of astrocytes. In astrocytes, GFAP (green) signal was present
throughout the star-shaped cells, both in the cell body and in the processes and extensions
(Fig. 4C). Quantification of colocalization of TREM2 with IBA1, MAP2, and GFAP
revealed that most TREMZ2 in the brain colocalizes with the microglial marker, however,
TREM?2 signal is also colocalized with some neuronal and astroglial markers. (Fig. 4D).
Importantly, TREM2 colocalizing with microglial marker, IBA1, was significantly
(**p<0.01) reduced in brains of HAND decedents (Fig. 4D).

Amyloid B 42 and 40 levels are increased in brains of Hispanic HAND donors and
decreased in non-Hispanic HAND donors

Increased levels of AR 1-42 and AP peptides 1-42 and 1-40 are associated with AD, aging,
and inflammation (Sengupta et a/. 2016). Moreover, decreased membrane-bound TREM2 is
associated with reduced uptake of A (Zhao et al. 2018). To determine levels of AR 1-42
and1-40 in the brains of our cohort, we analyzed brain lysates using the A triplex
Mesoscale Discovery kit. Analysis of brain lysates from all HIV+ samples for A 1-42
revealed no significant differences among the HAND diagnosis groups; however, there is a
trend for lower AP 1-42 levels in the MND group, as levels in this group are lower than CN
or ANI groups (Fig. 5A). AB 1-40 mean levels appeared increased in ANI brains compared
to CN, but these differences did not reach significance either (Fig. 5B). Importantly, when
these data are further stratified by ethnicity, as Hispanic and non-Hispanic, distinct patterns
emerge for both Ap 1-42 and 1-40. In brain lysates from Hispanic donors, Ap 1-42 levels
are increased 2-fold in ANI and 3-fold in MND compared to CN samples (Fig. 5C).
However, the opposite pattern is observed in non-Hispanic donors, the highest levels of Ap
1-42 are observed in brains from CN cases, with a 50% reduction in ANI, and 90%
reduction in MND brains (Fig. 5C). Similarly, in brain lysates from Hispanic donors, Ap 1-
40 levels are increased 2-fold in both ANI and MND cases when compared to controls (Fig.
5D). In the non-Hispanic samples, A 1-40 levels are increased in ANI compared to CN
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cases, but the lowest levels of AB were detected in the MND group (Fig. 5D). The signal for
AP 1-38 was not detectable in any specimens.
Discussion

In this study, we report for the first time that TREM2 expression is altered in brain
specimens from the frontal cortex of HAND decedents that were on ART when compared to
HIV+ controls with no diagnoses of neurocognitive impairment. Specifically, increased
levels of total TREM2 (mature + immature + CTF isoforms) in soluble-enriched fractions
and decreased levels of total TREM2 in membrane-enriched fractions were observed in
brains with HAND diagnoses. Interestingly, despite higher CD4+ cell counts and lower HIV
viral load, the most robust changes in levels of total TREM2 was observed in brains from
decedents that self-identified as Hispanics. Increased expression of the pro-inflammatory
gene TNF-a was also increased in the brains from Hispanic decedents that were diagnosed
with MND compared to CN controls. The levels of AR 1-42 and 1-40 were increased in
Hispanics with HAND diagnoses compared to CN Hispanics; however, a different pattern of
levels of AR 1-42 and 1-40 were observed in non-Hispanics, despite higher levels of Ap 1-
42 and 1-40 in CN non-Hispanics compared to CN Hispanics. These results show that
alterations in the expression of TREM2 may be associated with increased inflammatory
gene expression, AP deposition, and HAND progression in the ART era, although, these
alterations in TREM2 and associated pathways may be more prominent in certain
populations than others. Our findings are consistent with recent studies that show TREM?2 is
essential for AB clearance by microglia (Zhong et al. 2017, Yeh et a/. 2016), modulates
inflammatory gene expression (Ren et al. 2018), and protects neurons from inflammation
(Raha et al. 2017).

HIV, Neuroinflammation, and TREM2

HIV-infection of the brain persists in the era of ART, and chronic neuroinflammation may
contribute to the minor cognitive impairment that afflicts almost 50% of HIV+ individuals
on ART (Heaton et al. 2015, Levine et al. 2016). Recently, TREM2 has emerged as an
important immunomodulatory molecule that is crucial for clearance of extracellular protein
aggregates such as Ap (Wang et al. 2015, Rivest 2015, Yeh et al. 2016), as well as
maintaining control of immune responses (Ren et al. 2018, Jiang et al. 2018). Accordingly,
dysfunctional TREM2 is associated with multiple neurodegenerative diseases, such as AD
and PD (Painter et al. 2015, Benitez ef a/. 2013), TREM2 functions as a membrane bound
protein belonging to the immunoglobulin superfamily. When expressed by myeloid cells,
TREM?2 has anti-inflammatory and phagocytic functions (Zhong et al. 2017, Yeh et al.
2016), which may partly explain why mutated TREM2 predisposes individuals to AD, PD,
FTD, and other neurodegenerative diseases. Indeed, a recent study reported soluble TREM2,
derived from cleavage (Zhong et al. 2017) or from a specific mRNA for a soluble TREM2
isoform (Ma et al. 2016), is associated with increased neuroinflammation and age (Zhong et
al. 2017, Byrne et al. 2018). These recent findings are consistent with our data showing
reduced levels of total TREM2 protein detected in membrane-enriched fractions of MND
brain lysates correspond with increased levels of total TREMZ2 protein detected in soluble-
enriched fractions. Our findings also support a link between altered TREM2 protein
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expression, inflammation, and HAND. A recent study reported increased levels of TREM2
mRNA and total TREM2 protein in soluble enriched fractions of lysates from AD brains
compared to age-matched controls (Ma et al. 2016), which is consistent with our findings,
however, we did not observe an increase in the ratio of immature to mature TREM2
isoforms as was found in the AD brains. The question remains, however, as to how much of
the changes in TREM2 mRNA and protein are due to increased microglial cell numbers
entering the brains of some HIV+ individuals or if individual cells are increasing TREM2
expression. A larger study that includes more specimens amenable to double-
immunolabeling would be useful to answer these questions.

Soluble TREM2 may exacerbate neuroinflammation (Zhong et al. 2017, Henjum et al.
2016), and based on a recent report by Ren et al., a lack of membrane-bound TREM2 could
explain the increases in levels of MRNA for TNF-a detected in the HAND brains (Ren et al.
2018). Conversely, it is possible that inflammatory gene expression reduces levels of mMRNA
for TREM2, which could also explain reduced membrane-bound TREMZ2 in association with
elevated levels TNF-{ mRNA. Either of these scenarios would be consistent with our
observations of reduced TREM2 colocalization with the microglial marker IBAL.
Interpreting these data, however, are less straight forward as the reduced colocalization
could reflect an overall increase in IBAL expression or an infiltration of IBA1+ cells without
a concomitant increase in TREM2 expression, an overall decrease in TREM2 expression, or
an increase in TREM2 processing by cleavage or internalization. Larger neuropathological
studies of need to be combined with genetic approaches as well as in vitro model systems to
delineate the role of TREM2 expression and processing on microglia in neurodegenerative
diseases.

Loss of function mutations or alterations in the cleavage of membrane-bound TREM2 could
also contribute inflammation in the HIV+ brain; however, such mutations in TREM2 are
extremely rare and the prevalence in Hispanic and other populations still needs to be
investigated. Moreover, research is needed to determine the role of different proteases, such
as ADAM10 (Colonna & Wang 2016), in modulating TREMZ2 cleavage in the brains of
HAND cases. Identifying alternative, non-genetic, mechanisms of TREM2 expression
and/or dysfunction may lead to novel therapies for HIV-induced neurotoxicity and other
neurodegenerative diseases.

It is noteworthy that factors such as postmortem interval (PMI) can affect protein and mRNA
degradation in brain specimens. Despite detecting no significant difference in PMI among
the groups, the mean PMI for the ANI group was approximately twice that of the CN or
MND groups. However, we found by statistical analysis that mean quantities of protein and
RNA in these brain tissues were not significantly affected by the PMI of the specimens.

AB and TREM2 in HAND

AP plaques are protein aggregates associated with pathology of AD brains, but also, they
have been associated with normal aging and HIV infection of the brain (An et al. 1997,
Achim et al. 2009). Furthermore, Ap may be deposited intraneuronal during HIV infection
(Achim et al. 2009), or associated with vascular, axonal, and blood brain barrier damage
(Andras & Toborek 2013). Interestingly, our findings that AR levels are increased in HAND
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brains from Hispanics may be partially explained by previous studies that have shown that
HIV alters pathways that clear protein aggregates such as Ap from the brain (Zhou et a/.
2011, Fields et al. 2015a, Fields et al. 2013). Moreover, reduced TREM?2 is associated with
increased autophagy in a mouse model for AD (Ulland et al. 2017). Hence, the effects of
reduced TREM2 on the autophagy pathway and AB accumulation in brains of HIV+
individuals warrant future investigation. Recently, multiple studies using cellular and
transgenic animal models support a role for TREM2 to detect Ap, facilitating clearance of
damaged cells and protein aggregates, and moderating the immune response (Rivest 2015,
Wang et al. 2015, Yeh et al. 2016). These findings are consistent with our observations of
decreased cell-bound TREM2 and increased levels of Ap in brains of Hispanic MND cases
compared to Hispanic CN cases. However, this pattern was not evident in the specimens
from non-Hispanics in which levels of AR were found to be reduced in MND compared to
CN, but without corresponding significant changes in levels of total TREM2. We speculate
that increases in total TREM2 detected in membrane-enriched fractions of non-Hispanic
MND brains indicate more functional TREM2 in this group. On the other hand, the
differences in the Ap and TREM2 levels between Hispanics and non-Hispanics could be
explained by differential TREM2 pathway regulation downstream of genetic or
environmental factors, which requires more studies using larger cohorts and in vitro models.
These data suggest that the role for TREM2 deficiency in Ap accumulation in the brain
during HIV infection is unclear and warrants further investigation.

Interestingly, while we did observe increased levels of AB in brains of Hispanics with MND
compared to CN Hispanics, we observed no significant alterations in the levels of Ap
between CN and HAND (ANI or MND) when the cohort was analyzed in aggregate
(Hispanics and non-Hispanics). Moreover, analysis by two-way ANOVA revealed that
ethnicity significantly contributes to the variation in levels of both forms of Ap, suggesting
that AB production during HIV infection may vary by a group or even on an individual
basis. The differences in levels of Ap between Hispanics and non-Hispanics reported here
may stem from differences in the initial responses to HIV infection. Studies have long
suggested that A shows antimicrobial properties that may be elicited upon viral infection
(Gosztyla et al. 2018), and this could explain why HIV induces Ap production. Future
studies using brain samples from age-matched, healthy, HIV- controls would be helpful in
determining differential responses to HIV in regard to Ap expression in the brain. This
differential relationship between HIV and A expression among Hispanics and non-
Hispanics may also indicate that AP may be a more promising therapeutic target in some,
but not all HIV+ patients. Future studies using patient-derived induced pluripotent stem cells
differentiated into brain cell types may help in determining the mechanisms underlying
differential Ap production during HIV infection.

Importantly, TREM2 dysfunction may be caused by mutations in the 7REMZ2 gene that
increase shedding from the cell surface or reduce TREM2 protein trafficking to the cell
surface (Wunderlich et al. 2013, Kleinberger et al. 2014). Mutations in proteases that cause
premature cleavage of TREM2 from the cell surface may also contribute to lack of A
clearance (Colonna & Wang 2016). In the case of deleterious TREM2 mutations, TREM2
levels or localization may yield no contribution to disease pathogenesis, as the mutation
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reduces TREM2 activity. Future studies using larger cohorts may be useful to determine if
mutants of TREM2 may be associated with HAND.

TREM2 expression in neurons and astroglia

While TREM2 was originally identified in myeloid-lineage cells, several groups have
reported expression by other cell types in human and mouse brains, including neurons and
oligodendrocytes (Kiialainen et al. 2005, Sessa et al. 2004). Despite these findings, a
definitive role for TREMZ2 in these cells has not been identified. Consistent with our studies,
neurons in postmortem brain specimens from AD patients strongly react with antibodies for
TREM2 (Satoh et al. 2013). Other studies found that TREM2 was expressed by microglia,
oligodendrocytes, and neurons, but not astroglia in the mouse brain (Sessa et al. 2004,
Kiialainen et al. 2005). While a role for TREM2 in neurons has yet to be identified, lipidic
ligands for TREM2 are present on the surface of neurons (Wang et al. 2015); hence, soluble
TREM2 may bind to these lipidic ligands on the surface of neurons. In vitro studies of
TREM2 expression in different brain cell models combined with neuropathological analyses
of TREM2 mRNA expression and localization to identify TREM2 expressing cells in the
brain may shed light on neuronal TREM2 staining.

While astroglia have been shown to express ligands for TREM2 (Daws et a/. 2003), to our
knowledge, we are the first to report TREM2 immunoreactivity in cells expressing markers
specific to astroglia. One explanation could be that TREMZ2 is localized to astroglia per
binding to ligand and subsequent endocytosis. Further in vitro and neuropathological studies
are needed to determine the role of astroglia in TREM2 expression and processing in the
brain.

Ethnic-based disparities in HAND

Ethnic disparities in prevalence and severity of neurocognitive disorders have long been the
subject of intense study and debate (Howell ef a/. 2017, Schoenberg et al. 1985, Prineas et
al. 1995, Marquine et al. 2018, Mehta & Yeo 2017, Downer et al. 2016a, Chen et al. 2012).
While many studies report differences in prevalence of dementia or other neurocognitive
disorders between ethnicities, other large-scale studies observed no such differences.
Regarding HAND, however, the data are clear that minorities, including Hispanics, are more
likely to be diagnosed when compared to non-Hispanic whites (Marquine et al. 2018, Mehta
& Yeo 2017, Hulgan et al. 2015). Despite the mounting evidence for ethnic-based
differences in outcomes of neurodegenerative disorders, little is known about the molecular
mechanisms underlying these differences.

Hispanics are disproportionately infected with HIV (Johnson ef a/. 2013) and may be more
likely to suffer from HAND (Durvasula et a/. 2001, Heaton et al. 2015, Marquine 2017,
Rivera Mindt et al. 2008, Saez et al. 2014, Wojna et al. 2006). Specifically, Hispanics, who
represent the largest ethnic/racial population in the USA (US Census Bureau), are three-
times more likely to be infected with HIV compared to non-Hispanic whites (Centers for
Disease Control and Prevention, 2015). In general, it takes longer for Hispanics to be
diagnosed as HIV+, and hence, Hispanics receive delayed care engagement(Gardner et al.
2011, Chen et al. 2012). Hispanics often present with advanced HIV disease characteristics,
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including lower CD4 cell counts, more opportunistic infections, and higher rates of AIDS
(Swindells et al. 2002). Moreover, minority populations, including Hispanics, in the USA
are more likely to suffer from dementia compared to non-Hispanic Whites (Mehta & Yeo
2017). Our current data suggest that altered levels of TREM2, inflammation, and AB in the
brain may be associated with neurocognitive impairment in HIV+ Hispanics.

Recent studies suggest that metabolic conditions related to diet may contribute to
neuroinflammation and NCI (Mayeda ef a/. 2015, Downer et al. 2016b, Downer et al.
2016a). Other studies suggest that higher stress resulting from socioeconomic status may
also contribute to conditions that lead to NCI and dementia symptoms (Russ et a/. 2013,
Yaffe et al. 2013). In this context, our results provide more evidence that Hispanics may be
uniquely vulnerable to the progression of neurodegenerative diseases, such as HAND.
Therefore, targeting TREMZ2 activity or related pathways may be a promising therapeutic
strategy in HIV+ Hispanics, or other HIV+ individuals in which neuroinflammation and A
deposition is prominent.

Conclusions

Overall, our data show that TREMZ2 levels are altered concomitantly with Ap and TNF-a
levels in postmortem brains of HIV+ individuals suffering from HAND. Specifically,
reduced TREM2 on the surface of microglia indicates a proinflammatory, M1, phenotype
predominates in HAND brains in the ART era. Importantly and in agreement with previous
studies, we show that TREM2 is localized to neurons, and we suggest that this phenomenon
needs to be explored further. Remarkably, the expression patterns of TREMZ2 in Hispanics
with HAND is distinct compared to TREM2 expression in non-Hispanics, suggesting that
alterations in TREM2 function may contribute to neurodegeneration in Hispanics. Given that
Hispanics are a heterogeneous population, it is likely that multiple factors, including genetic,
cultural, socioeconomic, access to healthcare, or others, converge at the point of
neuroinflammation and TREM2 function. To develop personalized therapeutics for patients
suffering from HAND and other neurodegenerative diseases, future research should focus on
how these factors can affect accumulation of protein aggregates, phagocytic function, and
neuroinflammation in the brain.
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Ap amyloid-p

ANI asymptomatic neurocognitive impairment

MND minor neurocognitive disorder

AIDS acquired immunodeficiency

AD Alzheimer’s disease

PD Parkinson’s disease

NNTC National NeuroAIDS Tissue Consortium

NIH National Institutes of Health

CSF Cerebrospinal fluid

VL viral load

GDS global deficit score

LDS learning deficit score

MDS motor deficit score

ACTB B-actin

PBST phosphate-buffered saline-tween20

HRP horseradish peroxidase

MAP2 microtubule-associated protein 2

GFAP glial fibrillary acidic protein

IBA1 ionized calcium-binding adaptor molecule 1

cDNA complementary DNA

MSD MesoScale Discovery

TNF tumor necrosis factor

MRNA messenger RNA

PCR polymerase chain reaction

ANOVA analysis of variance

SEM standard error of the mean
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Figure 1. TREM2 is increased in soluble-enriched fractions of brain homogenates from HAND
decedents that were on ART.

(A) Soluble-enriched fractions of frontal cortex brain lysates from HIV+ decedents were
resolved by SDS-PAGE, and then analyzed by immunoblot for TREMZ2 protein levels. (B
and C) Immature TREM2 band densitometry analyses in all HIV+ cases, stratified by NCI
(CN, ANI, and MND). (D and E) Immature TREM2 band densitometry analyses in
Hispanic HIV+ cases, stratified by NCI. (F and G) Immature TREM2 band densitometry
analyses in all non-Hispanic HIV+ cases, stratified by NCI. Statistical significance was
determined by one-way ANOVA when comparing more than two groups, or student’s T-test
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when comparing two groups. For each cognitive group, the left two lanes are from Hispanic
and the right two lanes are from non-Hispanic cases (n=52, where n=the number of human
specimens analyzed).
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Figure 2. TREM2 is decreased in membrane-enriched fractions of brain homogenates from
HAND decedents that were on ART.

(A) Membrane-enriched fractions of frontal cortex brain lysates from HIV+ decedents were
resolved by SDS-PAGE, and then analyzed by immunoblot for TREMZ2 protein levels. (B
and C) Immature TREM2 band densitometry analyses in all HI\V/+ cases, stratified by NCI.
(D and E) Immature TREM2 band densitometry analyses in Hispanic HIV+ cases, stratified
by NCI. (F and G) Immature TREM2 band densitometry analyses in all non-Hispanic HIV+
cases, stratified by NCI. Statistical significance was determined by one-way ANOVA when
comparing more than two groups, or student’s T-test when comparing two groups. For each
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cognitive group, the left two lanes are from Hispanic and the right two lanes are from non-
Hispanic decedents (n=52, where n=the number of human specimens analyzed).
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Figure 3. TREM2 and TNF-a mRNA levels are altered in brains of HAND decedents on ART
Total RNA was extracted from frontal cortex tissues, reverse transcribed to cDNA, and

analyzed for (A) TREM2, (B) TNF-a, which was normalized to ACTB levels by rt2PCR.
Fold-change compared to RNA extracted from an age-matched HIV- sample was calculated
using the comparative CT method. Analyzed by two-way ANOVA; *p<0.05. (n=42, where

n= the number of human specimens analyzed).
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Figure 4. Microglial expression of TREM2 is variable among HAND donors.
Vibratome sections of frontal cortex were double immunolabeled for TREM2 (red) and cell-

specific markers (green) for microglia (IBA1), neurons (MAP2), and astroglia (GFAP). (A)
To identify TREM2 expression on microglia, vibratome sections of frontal cortex tissues
were immunolabeled for TREM2 (red) and IBA1 (green), and then visualized using confocal
microscopy. (B) To identify TREM2 expression on neurons, vibratome sections of frontal
cortex tissues were immunolabeled for TREM2 (red) and MAP2 (green), and then visualized
using confocal microscopy. (C) To identify TREM2 expression on astroglia, vibratome
sections of frontal cortex tissues were immunolabeled for TREM2 (red) and GFAP (green),
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and then visualized using confocal microscopy. Bar = 10um. Analyzed by two-way
ANOVA; **p<0.01. (n=12, six CN and six HAND, where n= the number of human
specimens analyzed).
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Figure 5. A 42 and 40 levels are increased in brains of Hispanic HAND donors and decreased in
non-Hispanic HAND donors.

Soluble-enriched fractions of brain lysates from HIV+ decedents were analyzed for AB 40
and 42 levels by sandwich ELISA (MSD). (A and B) Using soluble-enriched fractions from
frontal cortices of the entire HIV+ cohort, levels of AR 42 and 40 were quantified, stratified
by HAND diagnoses, and graphed as pg/ug of protein. (C and D) Using soluble-enriched
fractions from frontal cortices of stratified by ethnicity (Hispanic and non-Hispanic), levels
of AP 40 and 42 were quantified, also stratified by HAND diagnoses, and graphed as pg/ug
of protein. Statistical significance was determined by one-way ANOVA or two-way ANOVA
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where appropriate (*p<0.05, **p<0.01) (n=42, where n= the number of human specimens
analyzed).
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Clinical and demographic characteristics by HAND diagnoses.
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HAND (n=38) CN vs HAND CN vs ANI vs MND
Effect Size:
Effect
Variables CN (n=14) ?glell\ese Size - c\)/\geg?\llll, ((C::NN
ANI (n=17) MND (n=21) HAND: Cohen’s p-value (ANOVA) vs MND
t-test) d (CN vs ANI vs
HAND) MND)
Demographics
HiSpanic(fAt);‘”iCityv n 57.1 56.3 66.7 N/A N/A NIA N/A
Sex (f/m) 0/14 7/10 2/19 N/A N/A N/A N/A
. 0.25 (0.17,
Years of Education 12.0+2.09 12.36 +2.42 1153 +3.02 0.79 0.03 0.75
0.00, 0.23)
0.44 (0.32,
Years of Age 37.3£55 44£90 459+83 | 0.005%* 131 0.009** o 43’(0‘10)
HIV Disease Characteristics
Duration on ART 0.05 (0.04,
regimen (months) | 68834805 | 75748368 | 6875703 0.95 0.25 0.82 0,004, 0.05)
Plasma VL (log) 43+161 38+155 42+162 0.76 0.2 0.81 03 (g'%g)'
0.31 (0.01,
CD4 count 147.7+£239.01 | 1428+198.21 | 3013581 0.33 0.32 0.12 0.26.0.27)
PMI (hours) 6.5+3.75 203+21.1 9.6+8.1 0.09 0.68 0.08 00 (g'gg)'
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Table 2.

Clinical and demographic characteristics by self-identified ethnicity.
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p-value (Hispanic vs non-

Effect Size - Cohen’s d (Hispanic

Variables Hispanic (n=32) | Non-Hispanic (n=20) Hispanic; t-test) vs non-Hispanic)
Demographics
Sex (f/m) 9/23 3/17 N/A N/A
Years of Education 11.8+2.69 13.88 + 3.64 0.1 0.65
Years of Age 43.3+£8.79 455+8.14 0.5 0.26
HIV Disease Characteristics

HAND (%) 75 70 N/A N/A
Duration on ART 91.4 +68.39 48.4 £41.73 0.26 0.76
Plasma VL (log) 3.77£1.55 5.19+0.94 0.02 111
CD4 count 89.9 + 159.4 41.1+73.2 0.26 0.39
PMI (hours) 11.5+144 16.3+16.04 0.5 0.31
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