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Abstract

Introduction

PDL1 and its interaction with PD1 is implicated in immune dysfunction in TB and HIV. The
expression of PDL1 on multiple subsets of monocytes as well as their associations with
cytokines and microbial products have not been well studied.

Method

HIV (TB-HIV+), TB (TB+HIV-) and TB/HIV co-infected (TB+HIV+) patients as well as appar-
ently healthy controls (TB-HIV-) were recruited. TB and HIV patients were treatment naive
while TB/HIV patients were both ART naive and experienced but not yet started TB therapy.
Monocyte subsets were evaluated for PDL1 expression by flow cytometry; plasma TNFa,
IL6, IP10, IFNy and IL10 were measured by Luminex; and cytokine mRNA from purified
monocytes quantitated by qPCR. The association of PDL1 with cytokines, clinical and
microbial indices, including HIV viral load, TB smear microscopy and TB urinary lipoarabino-
mannan (LAM) were assessed.

Results

Monocyte expression of PDL1 was significantly higher in TB, HIV and TB/HIV co-infected
patients compared with healthy controls (p = 0.0001), with the highest levels in TB/HIV co-
infected patients. The highest expression of PDL1 was on intermediate (CD14+CD16+)
monocytes in all participant groups. PDL1 strongly correlated with HIV viral load in TB/HIV
while weakly correlated in HIV. PDL1 levels moderately correlated with plasma TNFa, IL6,
IP10, IFNy and IL10 level in TB subjects whereas weakly correlated with TNFa and IP10in
HIV patients. However, cytokine mRNA from purified monocytes showed no association
with either plasma cytokines or monocyte PDL1 expression, implying that if cytokines modu-
late PDL1, they are likely not originating from circulating monocytes themselves. These
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results underscore the importance of further characterization of multiple monocyte subsets
and their phenotypic and functional differences in different disease states.

Introduction

Tuberculosis (TB) is among the top ten causes of deaths worldwide. According to World
Health Organization (WHO), globally there were 10 million new diagnoses of TB with 1.2 mil-
lion deaths reported in 2019 [1]. In sub-Saharan Africa, the incidence of TB is aggravated by
high rates of HIV co-infection, another serious disease, in the region. The possibility of devel-
oping TB disease from TB infection is increased from 5-10% of those infected with TB in their
entire lifetime [2] to 20-30% within 2 years for individuals with HIV, underscoring the addi-
tional impact of HIV on TB disease.

There are many immune system abnormalities reported in HIV as well as TB disease. One
of the critical immuno-regulatory pathways effected is the PD1-PDL1 pathway, whereby
induced PD1 on T cells and PDL1 on antigen presenting cells can result in T cell dysfunction
in chronic infections with persistent antigen exposure [3, 4]. This has been shown in TB and
HIV infections, and as well in cancer where extended exposure of cancer neoantigens to cells
in a tumor microenvironment results in T cell exhaustion. Importantly, recovery of T cell
function and improved disease outcomes can be achieved through therapy with antagonists to
PD1 and PDL1, and with other checkpoint inhibitors [5].

In chronic infectious diseases such as TB and HIV, the role of PD1 on T cells, and to a lesser
extent the role of PDL1 on dendritic cells has been well-studied [4, 6, 7]. Fewer studies, how-
ever, have addressed monocytes or their subsets, particularly in the African context. Moreover,
although many animal or in-vitro human studies have addressed factors involved in modulat-
ing PDL1 expression, there is very little relevant ex-vivo data from human subjects. The goals
of the present study, therefore, were to define the expression of PDL1 on multiple monocyte
subsets in TB, HIV and co-infected patients, and determine the association of PDL1 with indi-
ces of microbial load, plasma cytokines and monocyte RNA encoding such cytokines which
may play a role in PDL1 modulation in-vivo.

Methods
Study site and patient population

Newly diagnosed TB (TB+ and HIV-), HIV (TB- and HIV+), TB/HIV co-infected (TB+ and
HIV+) patients and apparently health controls (TB- and HIV-), aged 18 and above were
recruited from selected health facilities in Addis Ababa, Ethiopia. Patients with a history of
previous TB, autoimmune disorders, chronic diseases such as diabetes, or those on corticoste-
roid medication were excluded. The TB and TB/HIV cases were newly diagnosed TB cases
before start of anti-TB treatment. The TB patients’ diagnosis was confirmed bacteriologically
in the majority of cases (83.9%) while the rest determined based on clinical and radiological
diagnosis according to WHO criteria. Similarly, the TB/HIV subjects were either-bacteriologi-
cally confirmed (90.9%) or based on clinical and radiological criteria (9.1%). All HIV patients
were treatment naive while TB/HIV co-infected patients were recruited irrespective of their
ART status. Apparently healthy controls were recruited from clients visiting the same health
facilities for routine medical checkup or voluntary counseling and testing (VCT) services. The
inclusion criteria for apparently healthy controls included all the aforementioned inclusion
criteria of the clinical groups as well as no current clinical signs of TB and tested HIV negative.
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HIV testing was performed at our laboratory as per the National HIV testing algorithm. The
study received ethical approval from the National Research Ethics Review Committee of Ethio-
pia and Ethiopia Public Health Institute review boards prior to participant recruitment. All
study participants gave written consent prior to their enrollment.

Isolation of Peripheral Blood Mononuclear Cells (PBMC)

Approximately, 20 ml of venous blood samples were collected from all participants using hepa-
rinized tubes, before participants were initiated on anti-TB treatment (for newly TB diagnosed
TB and TB/HIV patients) or ARV for those with HIV. In addition, 4ml of blood was collected
in EDTA containing tubes from HIV and TB/HIV co-infected participants for CD4 count and
HIV viral load determination. 10 ml of plasma was separated from freshly collected heparin-
ized blood and stored at -80°C in 2 ml aliquot volumes until assayed further. The remaining
blood was mixed with equal volumes of RPMI (Sigma) and layered over Ficoll-paque plus
(GE) using Leucosep tubes (Greiner). Interface cells were harvested and washed three times
with phosphate buffered saline (PBS). Cells were finally resuspended in 1ml of RPMI and
counted with trypan blue staining to exclude of non-viable cells. On average, the viability cell
count ranged between 95 and 100%. All specimens were treated as infectious material and han-
dled as per the laboratory’s biosafety guidelines based on international standards.

Cell surface staining for flow cytometry

One million freshly isolated PBMCs were used for cell surface marker staining in two separate
4 cc polystyrene tubes (BD, USA), where one of the tubes contained anti-CD14 PerCP (BD,
USA), CD16 APC-H7, PDL1 PE (Biolegend, Germany) and the other tube contained IgG2b
isotype control for PDL1 antibody along with the aforementioned fluorochrome conjugated
anti-CD14 and anti-CD16. The cells were stained for 20 minutes in the dark at room tempera-
ture, washed with FACS buffer (PBS containing ImM EDTA and 0.1% bovine serum albu-
min), and the resuspended pellet fixed with 0.5 ml 4% paraformaldehyde for 20 minutes.
Finally, cells were washed, re-suspended in FACS buffer and data was acquired using a FACS-
Canto II cytometer with FACSDiva software (BD, USA), and analyzed using Flowjo 9.4.6 Soft-
ware (FlowJo, USA). We included an internal quality control consisting of PBMC from a
healthy control which were stained, fixed, frozen in replicate aliquots and thawed periodically
as a reference to guide appropriate gating. Samples resulting in fewer than 1700 acquired
monocytes and those samples with clearly suboptimal staining were excluded from analysis.

Plasma cytokine analysis

Stored plasma specimens (never been thawed) were used to measure plasma cytokine level
using human premixed multi-analyte kit (R&D, Germany) according to the manufacturer’s
instructions (R&D, Germany). Frozen plasma specimens were thawed and centrifuged briefly
to remove sediment and supernatant transferred to new 1.5 ml Eppendorf tubes. Samples were
diluted two-fold with kit buffer and randomly positioned in the reaction plates. Six standard
points were included in each run. Both specimens and standards were tested in duplicate.
Coefficient of variation (CV) between duplicate sample was assessed for all plasma specimens
resulting in a mean CV of 8% (range: 4-10%). Internal luminex assay controls (low and high)
were used as a quality control tool. To avoid lot to lot variation, reagents from the same lot
were used for all specimens. Standards and samples were acquired on MAGPIX Luminex
machine (xMAP Tech, Germany), concentration of cytokines then determined by using xPO-
NANT v4.2 software. The level of cytokines was read as MFI then converted to concentration
based on the standard curve for each marker. A panel of ten inflammatory cytokines: IFNy,
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IFNo, IL-1a, IL-1B, TNFa, IL-6, IL-10, IL-12p70, IL-17 and IP10 were included in the plasma
cytokine analysis. The cytokines included in the study was selected based on their relevance in
TB and HIV disease as well as their involvement with PDL1 expression as well as documented
on previous reviews [8-10].

Cytokine mRNA analysis

Monocyte purification. Ten million freshly isolated PBMCs were washed with MACS
buffer (PBS with Tween 20), resuspended and fractionated using the MACS monocyte isola-
tion kit IT (Miltenyi Biotech, Germany) according to the manufacturer’s instruction. The frac-
tionation process was repeated an additional cycle to ensure high purity. Eluted cells were
washed, and 350pl of RNA protect (Qiagen, Germany) was added to resuspended pellet and
cells were stored at -80°C until use.

RNA isolation and cDNA preparation. Monocytes in RNA protect were thawed slowly
and washed with sterile PBS and centrifuged at 5000g for 5 minutes. The supernatant was
completely aspirated, and cell pellet loosened by gentle flicking. RNA was isolated using the
Qiagen RNeasy micro kit (Qiagen, Germany) as per the manufacturer’s instruction. RNA con-
centration and purity were checked by the Nano Drop 2000 Spectrophotometer (Thermo Sci-
entific, Epsom, UK) and RNA integrity by agarose gel electrophoresis. mRNA was then
converted into cDNA using the Omniscript Reverse Transcriptase kit (Qiagen, Germany) in a
20yl final reaction volume. The master mix for the cDNA preparation was as follows: 10x RT
buffer (1.0ml), 25x ANTP mix (100nm), 10x RT random primer (1.0ml), RNase inhibitor
(100pl), reverse transcriptase 50 U/uL, and nuclease-free water to a total 10pl reagent volume,
and 10pl template RNA to final reaction volume of 20pl. Reactions were incubated in an
ABI9700 Programmable Thermal Cycler (Applied Biosystems, Foster City, California) for 10
minutes at 25°C followed by 60 minutes at 37°C and 5 minutes at 85°C then cooling to 4°C
according to the manufacturer’s instructions.

Gene quantification. Gene expression of TNFo and IL10 in fractionated monocytes were
quantified using gPCR in Rotor-Gene™ 3000 thermal cycler (Corbett Life Science, Crawley,
UK) using the Rotor-gene® SYBR®) Green PCR Kit (Qiagen, Crawley, UK). The primer
sequences of TNFo and IL10 were as follows: TNFo forward primer (FP) 5/ AGCCCATGTT
GTAGCAAACC3’ and reverse primer (RP) 5 GCTGGTTATCTCTCAGCTCCA3',IL10 FP
5’ TGAGAACCAAGACCCAGACA3’ and RP 5’ TCATGGCTTTGTAGATGCCT3’ . Human
Ribosomal Protein (HuPO) was used as reference gene to normalize gene expression. HuPO’s
primer sequences are FP 5’ GCTTCCTGGAGGGTGTCC3’ and RP 5/ GGACTCGTTTGTAC
CCGTTG3’ . The PCR reaction with a final volume of 12.5ul consisted of 6.25pl 1x Rotor-gene
SYBR Green PCR hot start master mix, 1uM each of forward and reverse primers, 2.5u1 cDNA
and 4.25pl of RNase free water. The PCR reaction was set as a onetime 15 min initial Taq
enzyme activation at 95°C followed by 40 cycles of 5 sec denaturation at 95°C, 10 sec primer
annealing at 60°C and 20 sec extension at 72°C. In each run the above reaction mix without
cDNA was used as a negative control. Each sample was run in duplicate, and average of the
duplicate (average Ct) was used for analysis. Data was analyzed using the relative quantifica-
tion method as described by Livak and Schmittgen [11].

Microbial indices and CD4 count

Along with heparinized blood, sputum and urine samples were collected from TB and TB/
HIV patients and stored at -20°C using sterile containers for bacteriological and lipoarabino-
mannan (LAM) analysis, respectively. In addition, EDTA blood was collected for CD4 count
and HIV viral load determination from HIV and TB/HIV participants. Sputum culture and
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acid-fast bacilli (AFB) smear examination were performed at the National TB reference Labo-
ratory, EPHI, according to the laboratory’s standard operating procedure (SOP). Urine speci-
mens, collected at the time of participant recruitment, were thawed, centrifuged and then the
supernatants were used for LAM testing using Determine LAM Ag lateral flow assay as per the
manufacturer’s instruction (Alere, USA). The assay was interpreted as a semi-quantitative
result based on the visual chart provided by the manufacturer. CD4 count was performed on
FACSCalibur (BD) while HIV virus load (VL) was determined using Cobas Amplipre/Taqgman
according to SOPs of National HIV Laboratory, EPHI.

Data analysis

All statistical analyses were performed on GraphPad Prism 6.0 (GraphPad software, La Jolla
California USA). Comparison between groups was made using non-parametric Kruskal-Wallis
followed by Dunn’s multiple comparison test. Data on group comparison was presented as
median with interquartile ranges. Correlation between variables was assessed using the non-
parametric Spearman correlation test. The findings of correlation are presented in correlation
coefficient (r) along with p-values. Whenever correlations presented in qualitative terms such
as weak, moderate and strong correlation, a paper by Mukaka 2012 was used as a source docu-
ment [12]. Fold-change in gene expression was calculated using Microsoft Excel as 2/-delta
delta Ct (22-AACt). Results were considered statistically significant with p-values less than
0.05.

Results
Participants’ characteristics

Demographic characteristics of study participants are presented in Table 1. All TB patients
were bacteriologically confirmed (n = 34) while the participants with TB/HIV co-infection

(n = 12) were either bacteriologically confirmed or diagnosed based on clinical and radiologi-
cal criteria. All the participants with HIV (n = 35) were ART naive. The median body mass
indices (BMI) were 18.3, 20.6 and 19.6 for participants with TB, HIV and TB/HIV, respec-
tively. As expected, the participants with TB/HIV had higher mean VL than the HIV cases
(1,821,679 [20-14,881,766] and 297,877 [20-3,506,397] copies/ml, respectively).

Defining monocyte subsets

Following flow cytometric acquisition, monocytes were gated by first excluding doublets by
light scatter properties. Fluorescent positive cells detected in the FL8 channel were assumed to
be non-specifically stained (since no FL8 specific fluorescent marker was used) and gated out.
Monocyte enriched populations were selected based on forward and perpendicular light

Table 1. Basic demographic and clinical characteristics of study participants.

Group N Age Sex ART status Viral load

Median Male: Female Naive on ART Mean copies/ml (range)
Healthy Controls 39 28 1.5
TB 34 30 2.6
HIV 35 33 0.7 35 297,877 (LDL-3,506,397)
TB/HIV 12 41 0.9 7 5 1,821,679 (LDL- 14,881,766) *

Mean & range of viral load copies/ml 2,976,946 (LDL- 14,881,766) for ART naive, and 510,073 (LDL- 1,995,707) for patients on ART; LDL: lower detectable limit (20

copies/ml).

https://doi.org/10.1371/journal.pone.0258122.t001
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Fig 1. Gating strategy for monocyte, their subsets and marker antibody-isotype difference. Doublets were excluded using FSC-H and FSC-A
followed by exclusion of non-specific staining cells defined by using the FL8 detector as a dump channel (see text). Total monocytes were enriched
based on a FSC and SSC gate and then classified into classical, intermediate and non-classical monocyte subsets based on the expression of CD14 and

CD16. Specific PDLI intensity of expression was determined by subtracting the MFI from control tube containing CD14, CD16 and an IgG2b isotype
control.

https://doi.org/10.1371/journal.pone.0258122.9001

scatter. Light scatter gated monocytes were defined by the expression of CD14 and CD16, and
further delineated into CD14+CD16- (classical), CD14+CD16+ (intermediate), and
CD14-CD16+ (non-classical) subsets as illustrated in Fig 1. Finally, the net median fluores-
cence intensity (nMFI) of PDL1 on gated monocytes (see Fig 1) was computed by subtracting
the median fluorescence intensity (MFI) of a separate tube containing CD14, CD16 and an
appropriate isotype (IgG2b) control antibody. The mean total numbers of acquired events

were 293,687 (standard deviation 166,637) and the average total monocytes count was 19,463
(standard deviation 12,897).

TB, HIV and TB/HIV Co-infected participants had high PDL1 expression
on monocytes subsets

PDL1 expression was evaluated in different clinical groups, and was found to be three-fold
higher in participants with HIV and four-fold higher in participants with TB and TB/HIV
compared to healthy controls (p = 0.0001) (Fig 2). Among the patient groups, the highest
expression was in participants with TB/HIV compared to TB or HIV patients alone, although
this did not reach statistical significance. In the same figure, PDL1 expression was also assessed
on each of three monocytes subsets based on the recent classification [13], and each of the
three subsets had elevated PDL1 in all diseased individuals, with the exception of classical
monocytes in HIV patients. Importantly, PDL1 expression was higher on IM than CM in HC
(p =0.0003), TB (p = 0.0046), HIV (0.0024) and TB/HIV (p = 0.1145). PDL1 expression on IM
was slightly higher (not statistically significant) than NCM in HC, HIV and TB/HIV but not
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https://doi.org/10.1371/journal.pone.0258122.9002

TB. In addition, while the majority of tuberculosis patients were bacteriologically confirmed,
we assessed whether exclusion of non-confirmed cases would impact any of the statistical sig-
nificance was reached in the comparisons we made, and that was not the case (data not

shown).

Different correlations level of PDL1 with microbial and clinical indices of

TB and HIV

Microbial load or their derivatives could have an impact on the expression of PDL1, as they
are implicated in continuous stimulation of cells. Fig 3 presents the correlation of the PDL1
with VL, AFB grade and urinary LAM level. None of the mycobacterial indices significantly

correlated with PDLI level expressed on monocytes surface for both participants with TB and
TB/HIV. When the participants with TB were categorized into two groups based on their
bacillary load (AFB grade above and below 3+), we observed higher median PDL1 levels in the
high bacillary load group though the difference was not statistically significant. Similarly,
when the subjects were classified into LAM positive and negative, the LAM positive group had
higher PDL1 expression but this difference was not statistically significant. On the other hand,
there was a significant positive correlation between PDL1 and viral load among HIV positives
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https://doi.org/10.1371/journal.pone.0258122.9003
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(r=0.4054, p = 0.0291) and TB/HIV co-infected cases (r = 0.7798, p = 0.0069). Cases were cat-
egorized as mild versus severe disease based on their clinical status, and participants with
severe disease had the highest PDL1 expression (p = 0.0345). Furthermore, BMI negatively
correlated with PDLI in all participant groups (r = -0.3616; p = 0.0006). No association
between CD4 count and PDLI was observed.

Cytokines association with PDL1 in TB, HIV and TB/HIV subjects

We next addressed whether PDL1 expression on monocytes correlated with serum cytokine
levels. Although we assayed 10 cytokine panels (IL1a, IL1B, IFNo, IFNYy, TNFo, IL6, IL10,
IP10, IL17, IL12p70), only five of the cytokines (TNFa, IL6, IP10, IFNY, and IL10) had detect-
able levels in the majority of subjects. Therefore, the five aforementioned cytokines were
included in the analysis. All quantifiable samples have been included in the statistical analysis
while zero was substituted for non-quantifiable samples. As described by many previous
reports [14], we confirmed the elevation of these cytokines in patients with HIV, TB, and TB/
HIV co-infection (Fig 4). The participants with TB/HIV had the highest plasma levels of
TNFao, IL6, IP10, IFNY, and IL10 followed by TB and then HIV participants. Subjects from
both TB and HIV cohorts had two-fold higher TNFo. than healthy controls whereas TB/HIV
patients had five-fold higher TNFo in their plasma. We observed much higher concentrations
of IL-6 in the TB and TB/HIV groups, while no differences were seen between HIV and
healthy controls for this cytokine. Similarly, significantly high level of IP10 was measured in
the plasma of both TB and HIV participants. Though there was increased level of IFNy in both
TB and HIV, but it reached statistical significance only in TB patients. The anti-inflammatory
cytokine IL10 concentration was very high in TB/HIV plasma, followed by TB and HIV rela-
tive to healthy controls.
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pgiml

The expression of PDL1 on monocytes surface moderately correlated with plasma cytokine
levels as presented in Fig 5. PDLI expression positively correlated with plasma levels of TNFo
(r = 0.6280, p = 0.0003), IL6 (r = 0.6022, p = 0.0007), IP10 (r = 0.5610, p = 0.0019), IFNy
(r =0.5448, p = 0.0040) and IL10 (r = 0.5299, p = 0.0045) in participants with TB. For partici-
pants with HIV, PDLI correlated with TNFo. (r = 0.5196, p = 0.0055) and IP10 (r = 0.4198,

p = 0.0293) and IFNy (r = 0.3727, p = 0.0472). PDLI expression in TB/HIV subjects positively
correlated with TNFa, IL6, IP10, IFNy and IL10, but only that with IFNy reached statistical
significance (r = 0.6196, p = 0.0462).

Lack of association between cytokine mRNA with PDL1 expression

Given the association between microbes and PDLI1, between cytokines and PDL1, and in-vitro
studies illustrating that microbe induced PDL1 upregulation often involves cytokines, we
addressed whether mRNA for cytokines within purified blood monocytes were associated with
PDL1 on those monocytes. For this we focused on mRNA levels of TNFo and IL10 from
monocytes purified from TB patients (n = 12) and healthy controls (n = 11). Fig 6A demon-
strates high levels of cytokine mRNA in TB patients as compared to healthy controls. Despite
the significant increase in the cytokine mRNA levels, there was no association between serum
cytokine levels and monocyte mRNA level for either TNFa or IL10. Furthermore, there was
no association between monocyte PDL1 level with mRNA for these cytokines despite relatively
strong correlations of PDL1 with plasma cytokines Fig 6B-6E. Analysis of exclusively con-
firmed TB cases (representing the majority) did not impact statistical significance of any of the
PDL1-cytokine or cytokine mRNA associations.
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Discussion

The purpose of the present investigation was to better define the expression of PDL1 on sub-
sets of human monocytes, and explore the association of expression with clinical states of HIV,
TB and TB/HIV co-infection, as well as to assess the correlation of levels with indices of micro-
bial load, serum cytokines and monocyte cytokine mRNA. The key findings are as follows: 1)
PDL1 was elevated in monocytes in TB and HIV patients, but importantly, even higher in TB/
HIV co-infected patients; 2) although disease augmenting effects were seen in multiple mono-
cyte subsets, the intermediate subset had the highest level of PDL1 and the greatest increase
with disease, particularly among TB/HIV co-infected subjects; 3) PDL1 expression was corre-
lated with indices of microbial load in both HIV patients to lesser extent to TB patients, 4)
PDL1 expression was correlated moderately with plasma cytokine levels, particularly in TB
patients, but not with monocyte cytokine mRNA.

Our observation of elevated expression of PDL1 on monocytes from infected individuals
confirms previous studies of TB [15-19], and HIV [7, 20, 21] patients. Importantly, we report
the highest level of PDL1 on monocytes from TB/HIV co-infected patients, which to our
knowledge have not previously been investigated for PDLI. Given the importance of the PD1
and PDL1 pathway in T cell-antigen presenting cell interactions, this finding further under-
scores the potential adverse effects of dual infections on immune dysfunction which contribute
to worse outcomes in these patients.

There is now a general consensus on the presence of three distinct monocytes subpopula-
tions [13] within human peripheral blood. To our knowledge PDL1 expression has not yet
been defined on these subsets, although there have been reports using a previous classification
system which delineated CD16+ and CD16- monocytes, but which did not include intermedi-
ate monocytes [7]. Our result showed differential expression of PDL1 on the three monocyte
subsets both in healthy and patient groups. Although all subsets expressed PDL1, the interme-
diate monocyte subset (CD16+CD14+) exhibited the highest expression, irrespective of disease
condition. While many studies have indicated the different monocyte subsets have a degree of
plasticity in terms of their final functional status, it is notable that apart from elevated
HLA-DR, the intermediate monocyte subsets have highest levels of other gene transcripts rele-
vant to antigen presentation [22]. Given this apparent tendency towards antigen presenting
function, enhanced PDL1 on this subset would be consistent with a potentially greater impact
on interacting T cells. Further research into human monocyte subset phenotype and function
as well as their interaction with other cells is needed.

We confirm here previous findings of associations of HIV viral load with PDLI expression
[7, 21]. Among multiple mechanisms suggested to underlie this association, the possibility of a
direct effect of HIV virion or products upon interaction with monocytes has found support in
in-vitro studies of normal monocyte PDL1 modulation upon stimulation with HIV tat as well
as HIV associated TLR 7,8 agonists [21].

The theoretical possibility that monocyte surface PDLLI is related to TB bacillary load has
been strengthened by observations such as reversal of PDL1 modulation with TB therapy, find-
ings of significantly higher levels of PDL1 on pleural fluid derived monocytes as opposed to
blood monocytes in patients with pleural TB [16], and experiments demonstrating modulation
by intact mycobacteria on monocytes in-vitro [18]. However, a convenient surrogate for TB
mycobacterial load does not yet exist. We utilized TB smear grade and urinary LAM as poten-
tial proxies, and although we did observe positive associations with PDL1 these did not reach
statistical significance. In particular, urinary LAM reflects mycobacillary product dissemina-
tion into blood, and is hence theoretically attractive, but is limited by sensitivity and expression
primarily in TB/HIV co-infected patients. In that the latter cohort was relatively small in our

PLOS ONE | https://doi.org/10.1371/journal.pone.0258122  October 1, 2021 12/15


https://doi.org/10.1371/journal.pone.0258122

PLOS ONE

PDL1 expression on monocytes associate with plasma cytokines in TB and HIV

study, future studies with much larger sample sizes, or undertaken with novel markers of TB
load. may be needed to substantiate this finding.

In addition to microbes or their products, cytokines have been—implicated in the modula-
tion of PDL1 on human monocytes, most studies employing in-vitro approaches. A number of
cytokines including IL1B, TNFa, IL-6, IL10, IL12 have shown the ability to induce PDL1 in-
vitro on human monocytes [7, 17, 23]. We confirmed that many of these cytokines are present
in abundance in diseased individuals, as reported elsewhere [14, 24, 25], and further demon-
strated significant correlations with PDL1 in our TB, HIV and TB/HIV co-infected patients.
Similarly, positive correlations of PDL1 with cytokines such as TNFo and IL-6 have been
reported in other chronic inflammatory diseases including systemic lupus erythematous and
cancer [23, 26].

Given that blood monocytes are capable of producing these cytokines in response to
microbes or their products, and our findings of associations between monocyte PDL1 and
many serum cytokines, a reasonable hypothesis would be that peripheral blood monocytes
produce and respond to microbial products to release cytokines which then induce PDL1 on
these cells. In fact, in-vitro PDL1 induction on monocytes has been shown to be at least partly
dependent upon cytokines such as TNFo. produced in response to microbe stimuli [7].

We therefore assessed the mRNA levels for some of these cytokines (TNFo, IL-10) from
purified monocytes, focusing on TB patients and controls. We observed neither a correlation
of mRNA with serum cytokines, nor an association between monocyte cytokine mRNA and
PDLLI. These results imply that—at least in TB patients—if such cytokines are playing a role in
modulating PDL1 in peripheral blood monocytes, it is likely not due local production by such
monocytes, but rather production from other cellular sources. These could include monocytes
or other cytokine producing cells from peripheral tissues at the site of microbial infection or
perhaps from cells from other lymphoid organs such as spleen, known to harbor substantial
monocyte reserves [27]. More research is needed to better define the source and role of cyto-
kines in modulation of monocyte PDL1.

The main limitation of this study was the lower number of TB/HIV co-infected patients
enrolled. This was related to our aim of including patients prior to therapy; more could have
been otherwise recruited. We reported a number of associations, but several did not reach sta-
tistical significance, likely related to the lower sample size. We opted to raise attention to these
associations because of the paucity of monocyte literature on TB/HIV co-infected patients, but
clearly these observations should be addressed in future studies with larger samples sizes.

Conclusion

In the present study we have confirmed previous studies defining the association of PDL1 on
monocytes in HIV and TB patients as well as its association with serum cytokines. We have
extended these studies and demonstrate for the first time a) elevated levels of PDL1 on mono-
cytes from TB/HIV co-infected patients, b) that among monocyte subsets the highest expres-
sion of PDL1 occurs on intermediate monocytes among HIV or TB/HIV co-infected patients,
and c) while serum cytokines associated with PDL1, neither serum cytokines nor monocyte
PDL1 surface expression associated with blood monocyte cytokine mRNA. These results
underscore the importance of further characterization of multiple monocyte subsets and their
phenotypic and functional differences in different disease states.
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