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Soluble PD-L1: a potentia
l immune marker for
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Abstract
Despite viral control, basal chronic inflammation and its related comorbidities remain unsolved problems among HIV-infected
individuals. Soluble factors derived from myeloid cells have emerged as potent markers associated with HIV-related comorbidities
and mortality. In the present report, we explored the relationship between soluble programmed death-ligand 1 (sPD-L1) and HIV-1
infection, antiretroviral therapy (ART), CD4/CD8 ratio, viral load (VL), and sexually transmitted coinfections.
A prospective observational study on 49 HIV-1 infected adults.
We found sPD-L1 levels were significantly higher in 49 HIV infected subjects than in 30 uninfected adults (1.05ng/ml vs 0.52ng/ml;

P< .001). In this line, sPD-L1 levels were found to be elevated in 16 HIV infected subjects with undetectable VL compared with the
uninfected subjects (0.75ng/ml vs 0.52ng/ml; P = .02). Thirteen ART-treated individuals with virological failure exhibited the highest
sPDL1 levels, which were significantly higher than both 20 ART naïve infected individuals (1.68ng/ml vs 0.87ng/ml; P= .003) and the
16 ART-treated individuals with suppressed viremia (1.68ng/ml vs 0.79ng/ml; P=002). Entire cohort data showed a statistically
significant positive correlation between VL and sPD-L1 levels in plasma (r=0.3; P=036).
Our findings reveal sPDL-1 as a potential biomarker for HIV infection especially interesting in those individuals with virological failure.

Abbreviations: ART = antiretroviral therapy, HIV = human immunodeficiency virus, PD-1 = programmed cell death protein 1,
sPD-L1 = soluble programmed death-ligand 1, STIs = sexually transmitted infections, VL = viral load.
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1. Introduction

The considerable development of antiretroviral therapy (ART) in
recent decades has led to the control of HIV infection in the vast
majority of the individuals. However, a high rate of comorbidities
has been observed among people living with HIV, despite HIV
reaching undetectable levels after ART, with a lack of complete
immune system restoration compared with the population not
infected with HIV.[1,2] Chronic immune dysfunctions, particu-
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larly persistent inflammation, are likely contributors to the
enhanced risk of morbidity and mortality among HIV-infected
people.[3] Of all the immune markers, those of myeloid origin,
such as soluble CD14 or CD163, have shown the greatest clinical
impact due to their robustness in predicting morbidity and
mortality.[4–6] Therefore, these markers are an interesting field of
study in HIV infection.
Nearly 25% of individuals with HIV who began ART with a
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donot achieve>500CD4cells/ml evenafter 7 years of treatment or
longer resulting in an increased risk of morbidities.[2] Although
some HIV related immune dysfunctions, such as basal chronic
inflammation, have been explained bymicrobial translocation, the
causes of suboptimal immune CD4 recovery are not completely
understood. The most feasible explanation involves immune
checkpoints, such as programmed cell death protein 1 (PD-1) and
the observed T cell exhaustion phenotype. Along these lines,
following ART, PD-1 overexpression on CD8 T cells has been
associated with impaired CD4 T cell immune reconstitution.[7]

A possible link between basal chronic inflammation and HIV-
associated T cell exhaustion could be the expression of inhibitory
immune checkpoint ligands. One of the most important immuno-
logical checkpoint ligands is programmed death-ligand 1 (PD-L1).
Anti-PD-L1 therapy has had great success in the field of cancer;
however, its importance in the context of infectious diseases
continues to be studied.[8] This molecule is mainly expressed on
myeloid and antigen-presenting cells, such as dendritic cells,
monocytes, andmacrophages[9–11] leading toa reduction inantigen
presentation and causing the T cell exhaustion.[12]

In this report, we quantified soluble PD-L1 (sPD-L1) in the
plasma of 49 individuals with HIV and studied its relationship
with ART success, viral load (VL), CD4/CD8 ratio, and sexually
transmitted infections (STIs). We found increased sPD-L1 levels
in individuals with HIV compared with those without HIV, and
these increased levels were associated with VL. Moreover, we
observed higher sPD-L1 levels in individuals with virological
ART failure compared with both naïve infected individuals and
those with undetectable VL. Altogether, these data suggest that
sPD-L1 is an interesting immune marker in the HIV context,
particularly for infected individuals with ART failure.
2. Methods

2.1. Study design

The study was conducted in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki and was approved
by Ramón y Cajal Hospital Ethics Committee. All the
participants provided written consent for the study. Individuals
who fulfilled the diagnostic criteria for HIV infection were
included in the study. Plasma samples from 79 individuals were
collected between February and July of 2016 at 3Madrid centers:
Sandoval Health Center and Ramón, Cajal Hospital, and La Paz
Hospital. A total of 49 individuals had HIV-1 (20 drug naïve and
29 undergoing ART), and 30 did not have HIV-1 or any other
STI. Among those treated with ART, 13 had virological failure
(>1000 HIV-1 RNA copies/ml) and 16 had suppressed VL (<1.3
log or<20 HIV-1 RNA copies/ml); STIs reported in 8 of those16
cases, according to clinical reports. There were no statistically
significant differences in age and sex between the groups. Age-
and sex-paired HIV-uninfected subjects and individuals with
other STIs were used as controls. For some of our analyses,
individuals were classified according to certain clinical param-
eters. None of the women included in the study were pregnant.
The clinical data of the participants included in the study are
summarized in Table 1.
2.2. Soluble PD-L1 measurement

The sPD-L1 levels in plasma from HIV infected subjects and
healthy volunteers were quantified using an enzyme-linked
2

immunosorbent assay (PDL1 ELISA Kit, Cloud-Clone Corp.,
USA).
2.3. Viral load determination

HIV-1 viremia was quantified using a COBAS AmpliPrep/
COBAS TaqMan HIV-1 Test v2.0 in all HIV+ plasma samples,
according to the manufacturers instructions.
2.4. 2.4 Statistical analysis

The statistical significance was calculated using aMann–Whitney
U test or one-way ANOVA, depending on the analysis. The
correlations were assessed using Spearman rank–order correla-
tion for non-normally distributed data. Statistical significance
was set at P< .05. The analyses were conducted using Prism 6.0
software (GraphPad).
3. Results

Descriptive statistics for the study population are summarized in
Table 1. The 49 participants with HIV exhibited significantly
higher sPD-L1 levels than the 20 uninfected adults (1.05ng/ml vs
0.46ng/ml; P< .001) (Fig. 1a). Remarkably, comparing 16
infected individuals with undetectable VL with 20 uninfected,
sPD-L1 levels were found to be elevated in the infected
individuals, despite viremia control (0.75ng/ml vs 0.46ng/ml;
P= .01) (Fig. 1b). These data suggest sPD-L1 is elevated by HIV
infection and remains high despite control of the infection.
Next, we tested the possible effect of ART in sPD-L1.We found

no statistically significant differences when comparing all 29
HIV-infected individuals under ART with 20 naïve individuals
with HIV (1.17ng/ml vs 0.88ng/ml, P= .141) (Fig. 1c). Along
these lines, ART exposure appeared to not affect sPD-L1 levels
when comparing 16 individuals with HIV undergoing ART with
undetectable viremia with 20 ART naïve untreated participants
(0.75ng/ml vs 0.87ng/ml; P= .26) (Fig. 1d). We then examined
what occurred in those participants with ART failure. Remark-
ably, we observed that the 13 ART-treated participants with
virological failure exhibited the highest sPDL1 levels, which were
significantly higher than both the naïve (1.68ng/ml vs 0.87ng/ml;
P= .003) (Fig. 1e) and the 16 ART-treated individuals with
suppressed viremia (1.68ng/ml vs 0.79ng/ml; P= .002) (Fig. 1f).
The above results could be explained by differences in mean VL,
given the individuals with ART failure also showed the highest
VL (5.1 log on ART-failure, 3.7 log on naïve and <1.6 log, on
undetectable VL individuals) (Fig. 1g). Analysis of the entire
cohort data showed a statistically significant positive correlation
between VL and sPD-L1 levels in plasma (r=0.3; P= .036)
(Fig. 1h). Altogether, these data illustrate the association between
VL and sPD-L1 levels.
We also studied the possible effects of other STIs on sPD-L1

levels. We found no statistically significant differences in the sPD-
L1 levels of HIV-infected individuals with or without concomi-
tant STIs (0.57ng/ml vs 0.88ng/ml, P= .22) (see Supplemental
Fig. 1a, http://links.lww.com/MD/E138, which demonstrates no
differences in sPD-L1 plasma levels between groups). We then
evaluated the effects of STIs in individuals without HIV. Here
again, we found no statistically significant differences in sPD-L1
values when comparedHIV uninfected individuals with other STI
coinfections and those without other STIs coinfections (0.64ng/
ml vs 0.46ng/ml, P= .33) (see Supplemental Fig. 1b, http://links.
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Figure 1. sPD-L1 levels in plasma from indiviuals with HIV-1. (a-f) sPD-L1 levels in plasma from both HIV -uninfected subjects and individuals with HIV-1 measured
by enzyme-linked immunosorbent assay. Infected individuals were classified in different subgroups to compare sPD-L1 levels. Bars represent means with a 95%CI.
∗, P< .05, ∗∗, P< .01 and ∗∗∗, P< .001, calculated by the Mann–Whitney U test. (g) Viral load in individuals with HIV-1 classified according to their treatment. Bars
represent means with a 95% CI. ∗, P< .05, calculated by the Kruskal–Wallis one way analysis of variance with Dunn multiple comparisons post-hoc-test. (h)
Spearman correlation between sPD-L1 levels and viral load in plasma from individuals with HIV-1. HIV+, individuals with HIV; HIV-, individuals without HIV; VL, viral
load; ud VL, undetectable viral load; ART, antiretroviral therapy; STI, sexual transmitted infection; n.s., nonsignificant; LD, limit of detection).
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lww.com/MD/E138, which demonstrates no differences in sPD-
L1 plasma levels between groups).
Finally, we studied the possible impact of sPD-L1 on CD4

percentages and the CD4/CD8 ratio. We found an inverse
correlation between sPD-L1 and both CD4 percentage and the
CD4/CD8 ratio; however, these correlations were not statistically
significant (see Supplemental Fig. 2a, http://links.lww.com/MD/
E139 and 2b, http://links.lww.com/MD/E139, which illustrates
non- statistically significant correlations between sPD-L1 plasma
levels and CD4 percentages and ratios). Although these data
could suggest sPD-L1 was involved in the decreased CD4
percentage in HIV pathology, when we compared infected
individuals with an inverted CD4/CD8 lymphocyte ratio (<1)
with those with a normal CD4/CD8 ratio (≥1) we found no
differences between groups in the entire cohort (see Supplemental
Fig. 2c, http://links.lww.com/MD/E139, which demonstrates no
differences in sPD-L1 plasma levels between groups), nor in the
naïve untreated participants (see Supplemental Fig. 2d, http://
links.lww.com/MD/E139, which demonstrates no differences in
sPD-L1 plasma levels between groups). Therefore, the observed
inverse correlation between sPD-L1 and the CD4/CD8 ratio
could be explained mainly by the differences in the VL among
groups (see Supplemental Fig. 2e, http://links.lww.com/MD/
E139, which demonstrates statistically significant differences in
VL between groups).
4. Discussion

PD-L1 has represented a breakthrough for immunotherapy in the
field of cancer; however, its importance and involvement in the
context of infectious diseases continues to be studied. Some
studies have reported an upregulation of the PD-1 receptor on T
cells from individuals withHIV.[13] Nevertheless, their ligand PD-
L1 has been much less studied, even though it could play a causal
role in the phenomenon of the T cell exhaustion observed in HIV
infection. The last is especially striking in regard to the
remarkable results of the unique anti-PD-L1 clinical trial to
date in HIV (NCT02028403), in which a single low dose of anti-
PD-L1 monoclonal antibody enhanced HIV-1-specific immunity
in a subset of participants.[14] In our study, we attempted to
evaluate the significance of plasma sPD-L1 as an immune
biomarker in HIV infection.
In a previous study, we had found sPD-L1 to be highly elevated

in other infectious diseases, such as sepsis.[9] In the current study,
we observed sPD-L1 to be increased in individuals with HIV;
however, we could not find increased levels of sPD-L1 in
individuals with non-HIV STIs. The difference in these data could
be explained by the persistence of microbial translocation
inducing chronic inflammation in all HIV-infected individuals,
regardless of the levels of viremia.[15–17] In fact, we and others
have previously reported that certain bacterial products such as
lipopolysaccharide, a well-known inducer of immune activation,
increases PD-L1 expression when translocated to peripheral
blood.[9,18,19] In contrast, other non-HIV STIs normally do not
display peripheral inflammation. In this line, abnormal levels of
inflammation have been observed even in virologically controlled
HIV-infected patients with undetectable viral load.[16,20] This
data is similar to what we showed regarding sPD-L1 levels in the
present report. For this reason, the association between the levels
of sPD-L1 and the appearance of HIV-related comorbidities
would be an interesting subject of study in the near future. Also,
5

PD-L1 could play a role in low CD4 counts, given that PD-L1
causes T cell apoptosis in some contexts such as sepsis.[21]

In this study, we found a patent impact of VL on sPDL1 levels.
Despite contemporaryARTs suppressHIV replication, they donot
eliminate the latent reservoir, leading to a persistent viral
replication even under suppressive ART.[22] Accordingly, HIV-
infected individuals (even those with undetectable VL) showed
higher levels of sPD-L1 than uninfected subjects, as was observed
for other innate immune markers in HIV-infected subjects under
ARTand suppressed viraemiavshealthy controls.[23] Interestingly,
we found no differences in sPD-L1 values when comparing treated
HIV-infected individuals with undetectable VL and ART-naïve
infected subjects with higher VL. The latter result together with
ART failure individuals having the highest sPD-L1 levels, could be
explainedby the above-mentioned chronic basal inflammation due
to the HIV persistence, the bacterial translocation or the infection
time exposure (unknown data in this study), although this
hypothesis would require further studies.[9,24]

Higher ART adherence has been associated with lower levels of
other inflammation biomarkers, immune activation, and coagul-
opathy among Ugandans living with HIV who achieved viral
suppression shortly after ART initiation.[25] These data suggest
that successful ART could have biological consequences beyond
viral suppression. Our data appear to indicate that infected
individuals with virological ART failure may have higher sPD-L1
positively associated with their detectable VL. Nevertheless, a
deeper and larger longitudinal study would be necessary to be
able to conclude this definitively.
5. Conclusions

Our data propose sPD-L1 as an interesting immune marker in the
HIV context, particularly for monitoring HIV-related inflamma-
tion in infected individuals with ART failure.
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