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Abstract

Background: Chronic immune activation and CD4" T cell depletion are significant pathogenic
features of HIV infection. Expression of Fas ligand (FasL), a key mediator of activation-induced
cell death in T cells, is elevated in people living with HIV-1 infection (PLWH). However,

the epigenetic mechanisms underlying the enhanced induction of FasL expression in CD4* T
lymphocytes in PLWH are not completely elucidated. Hence, the current work examined the effect
of HIV infection on FasL promoter-associated histone modifications and transcriptional regulation
in CD4* T lymphocytes in PLWH.

Method: Flow cytometric analysis was performed to examine the Fas-FasL expression on

total CD4* T cells and naive/memory CD4" T cell subsets. Epigenetic FasL promoter

histone modifications were investigated by chromatin immunoprecipitation-quantitative real-time
polymerase chain reaction analysis using freshly isolated total CD4* T lymphocytes from HIV-1
infected and noninfected individuals.

Results: All naive/memory CD4* T cell subsets from PLWH showed markedly greater frequency
of FasL expression. Notably, examination of functional outcome of FasL/Fas co-expression
demonstrated the preferential susceptibility of Tcm and Tem subsets to activation-induced
apoptosis. Importantly, these CD4* T cells collectively demonstrated a distinct FasL promoter
histone profile involving a coordinated cross-talk between histone H3 modifications leading
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to enhanced FasL gene expression. Specifically, levels of transcriptionally permissive histone
H3K4-trimethylation (H3K4Me3) and histone H3K9-acetylation (H3K9Ac) were increased, with a
concomitant decrease in the repressive H3K9-trimethylation (H3K9Me3).

Conclusion: The present work demonstrates that epigenetic mechanisms involving promoter-
histone modifications regulate transcriptional competence and FasL expression in CD4* T cells
from PLWH and render them susceptible to activation-induced cell death.

Keywords

epigenetic promoter modification; gene regulation; histone H3; CD4* T cells; FasL; HIV

INTRODUCTION

The development of overt immune dysfunction is a significant feature of HIV pathogenesis
that is intimately linked with CD4" T-cell dynamics and reflects the complex interplay of
direct viral cytopathogenicity and indirect effects due to chronic immune activation.! Both
antigen-specific and polyclonal activation driven by both viral and host products contribute
to persistent, across-the-board activation, particularly in the chronic phase of the infection.?
Chronic activation sensitizes T cells to death ligands and activation-induced cell death
(AICD), the resulting loss or failure to reconstitute CD4™ T cells is linked with impairment
of cellular immune function and susceptibility to opportunistic functions. In this regard,
aberrant apoptosis of both bystander and infected T cells during chronic HIV infection is a
major contributing factor to on-going depletion of CD4* T cells.*~7

Fas ligand (FasL) cross-links Fas causing a signaling cascade that can lead to apoptotic
cell death or AICD of CD4* T cells during HIV disease progression.8-10 Compared with
uninfected individuals, elevated levels of both soluble and membrane-bound Fas and FasL
are observed in people living with HIV-1 infection (PLWH) and correlate with disease
progression.11-15 Both in vitro and in vivo studies have shown that the HIV/SIV-infected
T cells undergo apoptosis using the Fas/FasL pathway.16-19 Significantly, HIV infection-
mediated chronic immune activation and several viral proteins including gp120, Nef, and
Tat, which contribute to accelerated apoptosis of CD4* T cells, are shown to exert their
pro-apoptotic effects by up-regulating activation-induced FasL expression.>8:20.21 However,
the molecular mechanisms mediated by HIV infection that underlie the development of
susceptibility and sensitization of CD4* T cells to enhanced activation-induced FasL
expression and AICD remain largely undetermined.

In uninfected controls, FasL mRNA expression is marginal in resting primary CD4* T

cells and its induction is regulated at the level of transcriptional initiation in response to
activation.22-25 The transcriptionally permissive or repressive state of the chromatin plays

a major role in dictating the access of transcription factors to promoters of target genes

and in turn activation of transcription.26 Chromatin remodeling occurs because of epigenetic
modifications of histones, affecting the binding of specific transcription factors and gene
transcription upon activation.2”28 Particularly, promoter histone methylation and acetylation
have emerged as highly significant post-translational modifications (PTMs) in regulating
the transition between transcriptionally repressive and permissive chromatin states.2930 In
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this regard, we and others have identified the critical epigenetic mechanisms involving
FasL promoter histone methylation and acetylation that regulate the binding of relevant
transcription factors and FasL gene transcription in CD4" T cells under physiologic and
pathologic conditions.31-33 Several studies have demonstrated that cellular environmental
inputs influence histone PTMs with resultant modulation of chromatin structure and gene
expression.34:35 In view of this, histone PTMs are likely to serve as a clinically relevant
interface through which the HIV infection associated cellular environment affects cellular
phenotypes. Hence, the present study investigated FasL promoter-associated histone PTMs
in CD4* T cells from PLWH as potential epigenetic mechanism involved in abnormal FasL
gene expression and susceptibility of CD4* T cells to cell death.

Overall, the data show that in comparison to control CD4* T cells without HIV infection,
resting PLWH CD4* T cells have a distinct FasL promoter histone PTM profile that is
marked by a decrease in the transcriptionally repressive histone PTM, that is, histone

H3 lysine9 trimethylation (H3K9Me3). Furthermore, T cell receptor (TCR) stimulation of
PLWH CD4" T cells results in significantly greater transcriptionally permissive promoter
histone PTMs, including histone lysine4-trimethylation (H3K4Me3) and histone lysine9-
acetylation (H3K9Ac), and FasL gene expression.

MATERIALS AND METHODS

Study Population

This was a cross-sectional study of PLWH managed at the University of Louisville. All
procedures were in accordance with the ethical standards of the Helsinki Declaration (1964,
2008 amendment) of the World Medical Association, and were approved by the University
of Louisville (UofL) Institutional Review Board (IRB# 08.0188). The HIV group included
patients (n = 17) with an established diagnosis of HIV. All HIV patients were on ART
treatment and had controlled viral load (HIV RNA < 400 copies/mL). The HIV-uninfected
control group (n = 14) were age/gender/smoking status matched healthy subjects with no
known diagnosis of HIV. The controls were also recruited at UofL. Trained personnel
collected clinical data from patient medical records and entered these data into a secure,
web-based data management system hosted by the University of Louisville. Blood samples
were collected under UofL IRB-approved protocol (IRB # 08.0188) for peripheral blood
mononuclear cells (PBMC) and CD4* T lymphocyte isolation.

Human CD4* T Lymphocyte Culture

PLWH and control CD4* T lymphocytes from were isolated, cultured, and treated as
described previously.36 A CD4* T-cell purity of =90% CD4* was determined by flow
cytometry3?

RNA Isolation and Real-Time Polymerase Chain Reaction Analysis

Total RNA was isolated using TRIzol (Invitrogen, Carlsbad, CA), and quantitative real-time
polymerase chain reaction (qQPCR) was performed as described previously.3” The gene
expression was analyzed by relative quantification using 2722t method by normalizing with
18S rRNA. Primers for mRNA analysis were as follows:
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. FasL- FP 5’-TCTACCAGCCAGATGCACAC-3’, RP 5’-
CAGAGGCATGGACCTTGAGT-3’

. 18S rRNA- FP 5'-CTCAACACGGGAAACCTCAC-3",RP 5'-
CGCTCCACCAACTAAGAACG-3’

Flow Cytometric Analysis of PBMC

PBMC from normal controls or PLWH were thawed as described previously38 and
cultured to assess Fas and FasL expression, active caspase 3/7, and live/dead in naive and
memory CD4 T-cell subsets. Live-or-Dye640/662 (Biotium, Fremont, CA) and CellEvent
Caspase-3/7 Green flow cytometry assay kit (ThermoFisher) were used according to
manufacturers’ instructions. Standard flow cytometric staining protocols were used to
assess cell surface phenotypes using antibodies listed in Table 1, Supplemental Digital
Content, http://links.lww.com/QAI/B554. After staining, cells were washed twice and fixed
in 2% methanol-free formaldehyde (Polysciences, Warrington, PA) for 2—24 hours before
acquisition on a LSRII flow cytometer (BD Biosciences, San Jose, CA). A total of 20,000
CD4" lymphocytes were acquired for each sample. UltraComp eBeads (Thermo-Fisher)
incubated with fluorochrome-conjugated mAb were used as compensation controls. Panel-
specific fluorescence minus one controls were used to define negative events in gating
strategies.3% Data were analyzed using FlowJo v10 software.

Chromatin Immunoprecipitation Assay

Histone modifications at the human FasL promoter were detected using a chromatin
immunoprecipitation (ChIP) assay kit (EMDMillipore, MA) as per manufacturer’s protocol.
ChIP antibodies to detect anti-acetyl-histone H3 Lys 9, anti-trimethyl-histone H3 Lys 9 and
Lys 4, NF-xB (p65), NFAT, and RNA Polymerase || EMDMillipore, MA) were used for
immunoprecipitation and control rabbit or mouse 1gG (Cell Signaling Technology, Beverly,
MA\). ChIP-qPCR was performed as described previously.3” The following ChIP primers
were used for analysis

. ChIP- Primer for the region | of FasL promoter:
FP 5’- TTCAGCTGCAAAGTGAGTGG -3’
RP 5'- CCTGTTGCTGACTGCTCAAG -3’

. ChIP- Primer for region Il of FasL promoter:
FP5’- ACCTGTTTGGGTAGCACAGC -3’
RP 5'- TTGCAGCTGAAGCTGAGAAG -3’

Quantikine sFasL ELISA Assay

The Quantikine Human Fas Ligand/TNFSF6 solid-phase ELISA (R&D Systems, MN) was
used for the quantitative determination of human Fas Ligand concentrations in serum of
study subjects as specified by the manufacturer.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 August 24.
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Statistical Analyses

Data are presented as mean = SD for the indicated number of independently performed
experiments. The Student £test was performed to examine differences between groups and
significance was defined at £< 0.05. Correlations between parameters measured were
calculated using the Spearman correlation coefficient. The significance level a was set at
0.05, and differences with P-value of less than 0.05 were considered significant. One-way
analysis of variance (ANOVA) followed by post-hoc Bonferroni multiple comparison test
was used where indicated. Graph Pad Prism version 8.3 software was used to analyze all
data sets.

RESULTS

Previous studies have reported that FasL expression is up-regulated in HIV-infected CD4*
T lymphocytes and significantly contributes to their decline in the periphery.410.12.13 |
the present study, we investigated the molecular epigenetic mechanisms regulating FasL
promoter chromatin remodeling and transcriptional activation in CD4* T lymphocytes
occurring in PLWH.

Demographic and Clinical Characteristics of the Study Population

CD4* T lymphocytes and serum were obtained from 14 uninfected healthy controls and 17
PLWH study population. The demographics of healthy control and PLWH study subjects are
shown in Table 1. The average duration of HIV infection was 12.17+ 10.59 years. There
were no significant differences in age, sex, or racial distribution between control and PLWH.
All PLWH were on ART therapy with controlled viral load (<400 copies/mL) and had a
CD4™" T-cell count that ranged from 210 to 1318 cells/uL (average 639+ 336.24) at the time
of analysis.

HIV Infection Enhances Inducible FasL Expression in CD4* T Cells

Initially, we confirmed the status of FasL in CD4* T lymphocytes from PLWH by examining
the FasL protein and mRNA levels. The serum concentrations of soluble FasL (sFasL) were
significantly higher in PLWH in comparison to healthy controls (Fig. 1A). Freshly isolated
total CD4* T cells were stimulated via the T-cell receptor (TCR) using anti-CD3 and
anti-CD28 antibodies for 24 hours and mRNA expression quantified by gPCR. Similar to
earlier studies, there was significantly higher FasL mRNA expression after TCR stimulation
in PLWH CD4* T cells compared with control cells, (Fig. 1B).

FasL Gene Expression Negatively Correlates With Peripheral CD4* T-Cell Counts

The functional relationship between FasL transcription and CD4* T-cell count in PLWH was
assessed by a nonparametric (Spearman coefficient) regression analysis (Fig. 2). Notably,

a very strong negative correlation was observed between increased FasL expression (serum
sFasL and mRNA) and decreased total CD4* T-cell numbers (Figs. 2A, B).

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 August 24.
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HIV Infection Affects Naive/Memory CD4" T-Cell Distribution and FasL Expression

To understand whether the increase in the FasL expression may be associated with specific
changes in T-cell subtypes, the FasL expression on 4 main subsets of T lymphocytes was
evaluated by FACS analysis. PBMC-CD4" T cells were gated as in Figure 1, Supplemental
Digital Content, http://links.lww.com/QAI/B554. The CD4* T-cell populations from PLWH
had a significant decrease in naive and Tcm (T central memory) population frequencies with
a concomitant increase in Tem (T effector memory) cells compared with controls (Fig. 3A).
The TEMRA (T effector memory cell re-expressing CD45RA) cells from PLWH showed

an increasing trend but did not reach significance. The naive/memory CD4" T-cell subset
distributions remained unaffected after TCR stimulation (Fig. 3A).

Representative surface expression of FasL and Fas in resting and TCR stimulated naive/
memory CD4* T-cell subsets from PLWH and controls is shown in Figure 3B. The
expression of FasL was present on >70% of total CD4™ T cells from PLWH compared
with <2-10% from healthy controls. Furthermore, this striking phenotypic difference in
expression of FasL was observed in all naive/memory CD4* T-cell subsets assessed from
PLWH compared with controls (Fig. 3C). Overall, these data demonstrated that all naive/
memory CD4* T-cell subsets from PLWH express FasL at a significantly greater frequency
regardless of their activation status.

Co-expression of FasL-Fas Leads to Apoptosis in Tcm and Tem CD4* T-Cell Subsets

In PLWH, the frequency of FasL+Fas+ cells was significantly increased upon activation in
total and all naive/memory CD4" T-cell subsets (Fig. 3D and Fig. 2, Supplemental Digital
Content, http:/links.lww.com/QAI/B554). Co-expression of FasL and Fas on CD4" T cells
is often associated with activation-induced apoptosis. Hence, expression of active caspase
3/7 in naive/memory CD4* T-cell subsets was assessed and correlated with FasL+Fas+
expression (Fig. 3D). In PLWH, the frequency of FasL+Fas+ cells significantly and
positively correlated with active caspase 3/7 only in Tcm and Tem subsets, but not in either
naive or TEMRA T cells (Fig. 3D). Notably, in control CD4* T cells, FasL+Fas+ expression
was very low in naive/memory CD4* T cell subsets, and only Tcm subset significantly
correlated with active caspase 3/7. These data indicate that FasL+Fas+ memory (Tcm and
Tem) but not naive cells are likely the major contributors to the increased activation-induced
apoptotic death in CD4* T cells from PLWH.

HIV Infection Affects the Epigenetic Regulation of FasL Promoter in CD4* T Cells

FasL expression is primarily regulated at the transcriptional level.31 Accordingly,
FasL-promoter-associated histone modifications that affect chromatin modeling and
transcriptional competence in a gene-specific manner were examined by ChIP analysis.
Because all CD4* T-cell subsets from PLWH demonstrated significant levels of FasL
expression, promoter-associated epigenetic changes in the total CD4" T-cell population were
examined. Chromatin prepared from total CD4* T lymphocytes from controls and PLWH
was subjected to immunoprecipitation, using specific antibodies as described earlier.3” ChIP
analysis evaluating promoter-histone modifications and transcription factor recruitment was
performed focusing on 2 regions of the FasL promoter (denoted as region | and II—Fig.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 August 24.
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4A) demonstrated to be relevant for the epigenetic regulation of FasL gene expression and
associated with specific DNA bindingproteins.24:25:40

TCR Activation Augments FasL Promoter H3K4-Trimethylation (H3K4Me3) in CD4* T Cells

from PLWH

Because the promoter status of H3K4Me3 PTM is critically linked to increased
transcriptional activity, 143 we initially examined the effect of HIV infection on the extent
of H3K4Me3 at the FasL promoter. ChlP analysis was performed using anti-H3K4Me3-
specific antibody on chromatin obtained from control and PLWH CD4* T cells with

and without TCR stimulation (6 hours). Levels of H3K4Me3 at the FasL promoter were
interrogated by ChlIP-gPCR assay using region-specific primers and the data was represented
as fold-enrichment over baseline levels. In PLWH CD4* T cells, the stimulation-induced
FasL promoter H3K4Me3 levels were increased by 2.9-fold in Region | and 2.4-fold in
Region I1; whereas, the increase in control CD4* T cells was ~1.6 fold in both regions I and
1. This relative increase in transcriptionally permissive H3K4Me3 levels in PLWH CD4* T
cells also positively correlated with greater levels of FasL mRNA expression, compared with
control CD4* T cells (Fig. 4B).

TCR Activation Decreases FasL Promoter H3K9-Trimethylation (H3K9Me3) in CD4* T Cells

from PLWH

Because H3K4Me3 is known to impede transcriptionally repressive H3K9Me3, we next
examined the H3K9-methylation status at the FasL promoter.4244:45 Promoter ChIP analysis
was done using an antihistone H3K9Me3 antibody as described earlier. The data showed that
in contrast to H3K4Me3, activated CD4* T cells from PLWH have significantly decreased
levels of H3K9Me3 (Fig. 4C). Specifically, TCR activation led to a 50% reduction in
H3K9Me3 present at both regions of the FasL promoter compared with nonactivated cells.
Conversely, stimulated control cells exhibited significantly less of a reduction in H3K9Me3
levels at regions I and I1, only 20% and 30% respectively.

In accordance with the high frequency of FasL+ CD4" T cells in PLWH without activation,
basal promoter H3K9Me3 levels in unstimulated CD4* T cells showed those from PLWH
had significantly lower levels of repressive H3K9Me3 than controls (Fig. 4E). These data
indicate that CD4* T cells from PLWH are primed or sensitized to an aberrant increase in
FasL transcription.

TCR Activation Augments FasL Promoter H3K9-Acetylation in CD4* T Cells from PLWH

Histone 3 lysine 9-acetylation (H3K9Ac) is among the key coordinated promoter histone
modifications that culminate in the formation of transcriptionally permissive chromatin
structures. Notably, studies have shown that H3K9-acetylation cooperates positively with
H3K4Me3 and negatively with H3K9Me3 during transcriptional activation.#6-49 Therefore,
we also examined the alterations in FasL promoter H3K9Ac levels in control and PLWH
CD4* T lymphocytes. Similar to FasL promoter increased H3K4Me3 and decrease in
H3K9Me3 levels, there was a significant increase in stimulation-induced H3K9Ac levels
by 2.67-fold in Region I and 2.04-fold in region Il compared with the increase of 1.78-fold
and 1.52-fold in control CD4* T cell regions I and Il, respectively (Fig. 4D).

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 August 24.
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Together, these data indicate that a considerably greater percentage of CD4* T lymphocytes
in PLWH are committed to an activated transcriptional state leading to a significantly greater
FasL expression.

Enhanced Transcriptional Activation Potential of FasL Promoter in CD4* T Cells From

PLWH

Following changes in histone modifications, transcriptional activation potential of FasL
promoter was assessed by examining the recruitment of relevant transcription factors, and
RNA polymerase-11 (RNA Pol-I1).

TCR Activation Increases Recruitment of Transcription Factors NFAT and NF-xB and RNA
Pol-1l to FasL Promoter in CD4* T Cells From PLWH

The recruitment of NF-AT and NF-xB to regions | and 1l of the FasL promoter was assessed
because these regions had accumulated significantly higher levels of transcriptionally
permissive histone- H3-PTM in PLWH CD4* T cells compared with controls. Specifically,
the binding of NFAT to regions | and Il (Fig. 5A) and, NF-xB (p65) (Fig. 5B) to the region I
was evaluated by ChiIP analysis. Both NFAT and NFxB showed increased promoter binding
at their respective sites. Moreover, in accordance with the increase in transcription factor
recruitment, establishment of enhanced transcriptional state of FasL promoter was further
manifested by significantly increased RNA Pol-Il binding at region | (TSS site) (Fig. 5C).

Taken together, these epigenetic promoter histone modifications affecting transcriptional
competence constitute a major mechanism regulating FasL expression and CD4" T-cell
survival in HIV infection.

DISCUSSION

A critical factor in immunodeficiency caused by HIV-infection is the loss of CD4* T
lymphocytes, leading to the impairment of multiple immune functions.17:18 Although

data obtained from several experimental and clinical studies showed that HIV infection
decreases CD4* T lymphocytes, the associated molecular mechanism(s) have not been
completely elucidated. Under physiologic conditions, the cellular homeostasis of CD4* T
lymphocytes is maintained by balancing the pro- and anti-apoptotic cell death mechanisms.
In PLWH, studies have shown that this balance is shifted to be more pro-apoptotic.#:9:10 A
predominant feature of this shift is the upregulation of FasL, a key apoptotic death-inducing
molecule. In this regard, the examination of naive/memory CD4" T-cell subsets from virally
controlled PLWH revealed that their distribution was not only skewed but they all expressed
surface FasL at a markedly greater frequency compared with HIV noninfected controls.

The observed alteration in naive/memory T-cell subset distribution is in accordance with
previous data from PLWH?30:51; however, the presence of pronounced FasL expression

in all the subsets is a significant finding. Hence, to address the molecular mechanisms
underpinning aberrant FasL expression in PLWH, our work identifies epigenetic promoter-
histone modifications that play a significant role in transcriptional regulation of FasL gene.

Epigenetic mechanisms involving histone PTMs affect chromatin structure and regulate the
transcriptional status of promoters leading to either gene activation or repression.26:27.30

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 August 24.
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Examination of native FasL chromatin from unstimulated/resting CD4* T cells from PLWH
showed a significant decrease in the transcriptionally repressive H3K9Me3 modification
(Fig. 4E). These data strongly suggest that this histone modification likely plays a role

in priming the CD4* T cells to increased transcriptional activation of FasL gene. This
notion was further supported by a concomitant increase in the transcriptionally permissive
(activating) H3K4Me3 and H3K9Ac modifications and FasL mRNA expression upon TCR
stimulation in PLWH. The observed coordinated increase in promoter H3K4-methylation
and H3K9-demethylation is further functionally correlated with an increase in H3K9Ac
and constitutes a regulatory feature of initiated and actively transcribed genes.43:44.52-54
Moreover, these modifications are highly significant because they are mutually exclusive,
functionally linked, and highly conserved.#3:4552.55 Qur earlier work has demonstrated
similar promoter histone modifications in CD4* T cells exposed to alcohol leading

to aberrant FasL expression.3! Taken together, these data demonstrate that coordinated
regulation of H3 PTMs significantly contributes to HIV-infection associated development
of susceptibility of CD4* T cells to enhanced FasL expression in ART-treated virally
suppressed PLWH.

Regarding increased FasL expression associated with HIV infection in PLWH, both viral
and host factors play a contributory role. Particularly, HIV viral proteins including Tat, Nef,
and gp120 are known to upregulate FasL expression in CD4* T cells and are present in
ART-treated and virally suppressed individuals.56-58 Furthermore, along with viral proteins,
host factors such as inflammatory cytokines and oxidative stress components associated
with HIV infection also increase FasL expression in CD4* T cells.59-61 Accordingly, FasL
promoter histone modifications observed in our PLWH study cohort could be instituted

by HIV infection-associated viral and host factors. Furthermore, in relevance to activation-
induced apoptosis in PLWH, our data demonstrate that marked increase in FasL expression
also contributes to an increase in the frequency of activation-induced FasL and Fas
double-positive cells in all naive/memory CD4* T-cell subsets. Notably, examination of
functional outcome of FasL and Fas co-expression revealed a correlation with active caspase
3/7 only in Tcm and Tem subsets from PLWH, thus demonstrating their preferential
susceptibility to activation-induced apoptosis. Similarly, CD4* T-cell subset-dependent
preferential susceptibility to Fas-induced apoptosis has also been reported in aged humans,
albeit in naive and Tcm cells.52 The development of this susceptibility of Tcm and Tem
subsets likely plays an important role in the loss of CD4* T cell homeostasis, characteristic
of HIV pathogenesis. Overall, these data support the notion that even under conditions of
controlled viremia, epigenetic histone modifications occurring in CD4* T cells increase
FasL expression and susceptibility to apoptosis, affecting CD4* T-cell recovery in PLWH.
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FasL expression in PLWH and noninfected control individuals: (A) sFASL levels were
examined in the serum samples obtained from study subjects by ELISA. The Student #test
was performed between control (n = 14) and PLWH (n = 17) individuals. £< 0.01. B,
Freshly isolated CD4* T cells from a subset of control and PLWH individuals were either
left untreated (baseline) or activated with anti-CD3/CD28 antibody (1 ug/mL each) for 24
hours (stimulated). Total RNA was isolated from and the mRNA levels were quantified

by real-time gPCR. Data are expressed as fold-induction over baseline within each group.
Results shown are mean + SD (n = 6). Statistical analysis was performed with one-way
ANOVA-Bonferroni correction for multiple comparisons as shown in the line bar with * = P

<0.05, ** = P<0.01 and **** = £<0.0001.
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Correlation analysis of CD4* T cells with FasL expression in PLWH individuals:
Nonparametric regression analysis was performed between CD4* T-cell numbers and

FasL expression at both (A) sFasL protein (n = 17) and (B) mRNA

levels (n =8) in

PLWH individuals. The Spearman correlation coefficient and significance were analyzed as
Spearman r = -0.7377, P=**0.0011 and Spearman r = —0.9048, P= 0.0046, respectively.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 August 24.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ghare et al. Page 15

Naive Tem
80- 80-
R [ e
Feo{ — 3o —
%ol o 5w 2 .
é ' 3 é .
LI =R
ol K
ey Py
! i o P =
T T s
Tem
80 44500050 » TEMRA
poomome,
= s 2.
ool T eeponm 8 .
3 A 3@ =
% . )
3 S —
o = 20 -
1% . G
o =2
ol e i ey
s o $
A T o
ur Stimulated

line Stimulation (aCD3/28)

= [Tem | =] [ nawe = [Tem

|onuon

HMId

L Ln

B Fas APC-Fire ——

i W i s
=gl b L
. :
3
i
e
ks
==
naive CD4+ Tem CD4

3 o Cowd @ P »- o Cota & PLWH
» ofo
)
g P fewl f
o s pams 35 ]

: whr = tulA
* e o L, <
o 9o “—— T
-« g H ] o % o™ % W
FasLoFass (% naive) FasL+Fase (% Tem)
Tem CD4 TEMRA CD4

o
07,0 Come @ P 50, O Cowal @ PN
o

D ) EEE) HEE ]
FasL+Fas+ (%Tem) FasLeFase (% TEMRA)

FIGURE 3.
Naive/memory T cell subset distribution and subset specific FasL expression in CD4* T

cells from controls and PLWH: PBMC cultures from healthy controls (control) or PLWH
were cultured in medium alone (UT) or activated with anti-CD3/CD28 antibody (stimulated)
for 48 hours and analyzed by flow cytometry. A, As gated in Figure 1, Supplemental Digital
Content, http:/links.lww.com/QAI/B554 total CD4* T cells were assessed for naive/memory
T-cell subsets based on CD45RA and CCR7 expression and the percentage distribution of
each subset is shown. B, Representative FACS plots were shown for Fas/FasL expression

in naive/memory CD4* T cell subset in control and PLWH. C, The frequency of FasL
expressing CD4* T cells in total and each cell subsets was shown in controls (n = 4) and
PLWH (n = 5). Results shown are mean £ SD. Statistical analysis was performed with
one-way ANOVA-Bonferroni correction for multiple comparisons as shown in the line bar
with * = £<0.05, ** = < 0.01 and **** = P<0.0001. D, Frequency distribution of
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FasL+Fas+ cells in total CD4* T cells was evaluated (Left panel). Correlation analysis
between FasL+Fas+ and active caspase 3/7+ apoptotic cells in naive/memory CD4" T-cell
subsets was performed in healthy controls and PLWH with and without TCR activation
for 72 hours. Nonparametric regression analysis for Spearman correlation coefficient and
significance were analyzed and denoted on each graph for both controls and PLWH.
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FIGURE 4.

A, FasL promoter schematic and TCR stimulation-dependent histone H3 modifications

at the FasL promoter in CD4* T lymphocytes from control and PLWH individuals: (A)
Locations of key transcription factor binding sites and ChIP-PCR primer pairs for analysis
of epigenetic modifications are denoted as regions | and 1. The coordinate locations shown
are with respect to the transcription start site in REFSEQ NM_000639.1. B-D, Freshly
isolated CD4* T cells from PLWH and noninfected controls (n = 6-12) were examined

by ChIP-qPCR analysis. The cells were either left untreated (baseline) or TCR stimulated
for 6 hours (stimulated). FasL promoter-associated histone modifications were assessed
by analyzing chromatin that was immunoprecipitated with (B) anti-trimethylated histone
H3 lysine 4 (H3K4Me3), (C) anti-trimethylated histone H3 lysine 9 (H3K9Me3), or (D)
anti-acetylated histone H3 lysine 9 (H3K9Ac) antibodies. E, ChIP analysis on chromatin
from unstimulated cells was also performed to examine differences in the H3K4Me3,
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H3K9Me3, and H3K9AC levels between CD4* T cells from PLWH and HIV noninfected
control individuals. Levels of histone modifications were measured using primers specific
for regions I and Il as shown in the schematic. Differences are expressed as fold over
baseline after normalizing for input DNA. Results are represented as mean = SD (n =
6-10). Statistical analysis was performed by one-way ANOVA with Bonferroni correction
for multiple comparisons. * = P< 0.05, ** = P< 0.01 and **** = £<0.0001 compared with
baseline.
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FIGURE 5.

TCR activation-induced recruitment of transcription factors and RNA POL Il at the FasL
promoter in CD4+ T lymphocytes from control and HIV-infected individuals: Freshly
isolated CD4* T cells from control and PLWH individuals (n = 6-8) were untreated
(baseline) or TCR activated with anti-CD3/CD28 antibodies (stimulated) for 12 hours.
ChIP-gPCR quantification from (A) anti-NFAT (B) anti-NFxB (p65), (C) anti-RNA POL

Il immunoprecipitated chromatin was performed. Differences are expressed as fold over
baseline after normalizing for input DNA. Results are represented as mean = SD (n =

6-8). Statistical analysis was performed by one-way ANOVA with Bonferroni correction for
multiple comparisons. * = P< 0.05, ** = £<0.01 and **** = £<0.0001 compared with
baseline.
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Control (n = 14), n (%)/

PLWH (n = 17), n (%)/
M

Sample Variables Mean + SD ean = SD P
Demographics
Age in yr, mean (SD) 46.86 + 6.16 43.82+12.48 0.5110
Ethnicity/Racial distribution
Non-Hispanic- White 3 (21.4%) 7 (41.2%)
Non-Hispanic- AA 4 (28.6%) 6 (35.3%)
Non-Hispanic- other 4 (28.6%) 1(5.9%)
Hispanic- White 1(7.1%) 2 (11.8%)
Hispanic- AA 2 (14.3%) 1(5.9%)
Hispanic- other 0 (0.0%) 0 (0.0%)
Sex
Male 9 14
Female 5 3
HIV infection history
HIV duration in yr NA 12.17 +10.59
No. of participants with HIV viral load (>20 copies/mL; VL: NA 6
-207.5+ 138.86)
No. of participants with HIV viral load (>20 copies/mL) NA 11
Antiretroviral treatment (n) NA 17
CD4* T-cell counts (cells/uL) NA 639 + 336.24
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