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Abstract

Objective

IL-15 has been postulated to play an important role in HIV-1 infection, yet there are conflict-
ing reports regarding its expression levels in these patients. We sought to measure the level
of IL-15in a large, well characterised cohort of HIV-1 infected patients and correlate this
with well known markers of inflammation, including CRP, D-dimer, sCD163 and sCD14.

Design and Methods

IL-15 levels were measured in 501 people (460 patients with HIV-1 infection and 41 unin-
fected controls). The HIV-1 infected patients were divided into 4 groups based on viral load:
<50 copies/ml, 51-10,000 copies/ml, 10,001-100,000 copies/ml and >100,000 copies/ml.
The Mann Whitney test (non-parametric) was used to identify significant relationships
between different patient groups.

Results

IL-15 levels were significantly higher in patients with viral loads >100,000 copies/ml (3.02 +
1.53 pg/ml) compared to both uninfected controls (1.69 + 0.37 pg/ml, p<0.001) or patients
with a viral load <50 copies/ml (1.59 + 0.40 pg/ml (p<0.001). There was a significant correla-
tion between HIV-1 viremia and IL-15 levels (Spearman r = 0.54, p<0.001) and between
CD4+ T cell counts and IL-15 levels (Spearman r = -0.56, p<0.001).
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Conclusions

IL-15 levels are significantly elevated in HIV-1 infected patients with viral loads >100,000
copies/ml compared to uninfected controls, with a significant direct correlation noted
between IL-15 and HIV-1 viremia and an inverse correlation between IL-15 levels and CD4+
T cell counts. These data support a potential role for IL-15 in the pathogenesis of HIV-asso-
ciated immune activation.

Introduction

Interleukin-15 (IL-15), along with IL-2, IL-4, IL-7, IL-9 and IL-21, belongs to a four a-helix
bundle family of cytokines that all utilize the common-gamma chain of the IL-receptor. Itis a
pleiotropic cytokine with important roles in both the innate and adaptive immune systems [1].
IL-15 has been demonstrated to expand and differentiate Natural Killer (NK) cells, as well as
to play an important role in macrophage maturation. Other roles of IL-15 within the innate
immune system include maturation of NK-T cells and intraepithelial lymphocytes as well as
effects on a number of other cell types including dendritic cells, neutrophils, eosinophils, mast
cells and various B and T cell subsets [2].

One of the better studied aspects of IL-15 has been its role as a survival factor for memory T
cells, particularly memory CD8+ T cells. IL-15 is thought to promote proliferation of memory
CD8+ T cells. A number of studies over the years have suggested that IL-15 may also play an
important role in patients with HIV-1 infection [3, 4]. IL-15 has also shown to increase the
production of y-IFN, CCL4 and CCL5 in NK cells from HIV patients both on and off anti-ret-
roviral (ART) therapy [5]. In addition, IL-15 has been touted as a potential therapeutic cyto-
kine because of its potential to boost immune function by enhancing the survival of HIV
specific CD8+ T cells [3, 6]. Previous work has shown that IL-15 is acutely elevated in serocon-
verters [7] but the results are not consistent [8]. In addition, some smaller studies have shown
lower expression of IL-15 in HIV-1 infected individuals compared to control subjects [9].
Given the discrepancies in the literature regarding IL-15 levels in HIV-1 infection and desiring
a better perspective on the potential role that IL-15 may play as a therapeutic cytokine, we
sought to investigate the levels of IL-15 in a large well-characterised cohort of HIV-1 infected
patients and compare it to biomarkers of inflammation. This is the largest study to date look-
ing at the levels of IL-15 in HIV-1 patients stratified according to viral load and correlating
this with other important biomarkers associated with HIV-1 infection.

Methods
Samples

The HIV-1 patients included in this study were enrolled in a number of National Institutes of
Health Clinical Center protocols as listed in the acknowledgments. These protocols were
approved by the National Institute of Allergy and Infectious Diseases (NIAID) Institutional
Review Board, administered at the NIH Clinical Center in Bethesda, MD. All study partici-
pants provided informed written consent prior to blood being drawn. The HIV-1 positive
patients were divided into four groups depending on HIV-1 viral load (<50 copies/ml, 51-
10,000 copies/ml, 10,001-100,000 copies/ml and >100,000 copies/ml) and were comparable
according to gender, age and combination antiretroviral therapy (cART) (Table 1). The spe-
cific ART treatment each of the patients were commenced on are listed in S1 Table. Additional

PLOS ONE | DOI:10.1371/journal.pone.0167091 November 23, 2016 2/8



@° PLOS | ONE

IL-15 Levels Correlate with HIV-1 Viremia

Table 1. Demographics of patients used in study.

Group <50 copies/
ml

Number of patients’ 115

No. of males? 84 (73.0%)

No. of females® 31 (27.0%)

Mean Age + SD (years) 48.1+£9.3

No. of patient on ART* 34 (30.0%)

Hepatitis C 0

Hepatitis B 9

Mean Viral Load + SD® <50

Viral Load range <50

Mean CD4+ T cell 765 + 332

count + SD°®

CD4+ T cell count range® 143-1,814

51-10,001 copies/ |10,001-100,000 copies. |>100,000 copies/ml | Uninfected Totals

ml ml Controls

108 116 118 44 501

82 (75.9%) 92 (79.3%) 94 (79.9%) 25 (56.9%) 377
(75.2%)

26 (24.1%) 24 (20.7%) 24 (20.3%) 19 (43.2%) 124
(24.8%)

429+12.4 42.8+10.5 39.2+10.1 41.4+11.2 43.1+11.1

26 (24.1%) 24 (20.7%) 31 (26.3%) N/A 115

0 12 0 0 12

0 5 0 0 14

2,066 + 2,589 33,082 + 23,699 423,987 + 808,614 | N/A

53-9,9945 10,241-97,690 102,480-7,627,300 | N/A

521+ 261 343 +269 113+ 165 Not measured

36-1,370 1-1,234 0-841 Not measured

1: All HIV-1 positive patients were enrolled in protocols approved by the National Institute NIAID Review Board administered at the NIH.

2—4: Numbers in parentheses indicate percentages of male or females in each group.

5: The HIV-1 viral load was measured using the bDNA or real-time PCR method. Data show means +SD (copies/ml).

6: total CD4+T cell count was performed by flow cytometer and absolute CD4 counts were obtained using a dual platform method using a Sysmex XT2000i
hematology analyzer. Data indicate means +SD (cells/ml).

doi:10.1371/journal.pone.0167091.t001

information about the CD4 nadir, HIV-1 viral load, the duration of infection of HIV-1 and
AIDS defining illnesses are listed in S2 Table.

Of the 115 patients who were in the <50 copies/ml group, 53 were considered elite control-
lers with undetectable viral loads and off ART.

IL-15 and C-reactive protein (CRP) measurements were determined by running EDTA
preserved plasma in duplicate on an electrochemiluminescence assay (Meso Scale Discovery,
Rockville, MD). The thresholds of detection for CRP and IL-15 using the electrochemilumi-
nescence assay were 0.008 ng/ml and 0.61 pg/mL, respectively. For the IL-15 Meso assay, anti-
bodies were obtained from R&D Systems, Minneapolis, MN, USA. sCD14 levels (R&D
Systems, Minneapolis, MN, USA) and sCD163 levels (Aviscera Bioscience Inc., Santa Clara,
CA, USA) were determined by running EDTA preserved plasma in duplicates using ELISA
kits. D-dimer levels were measured by running 200 ul of plasma with an Enzyme Linked Fluo-
rescence Assay (bioMérieux, Marcy I'Etoile, France). The HIV-1 viral load was measured
using the bDNA or real-time PCR method. Data are represented as means + SD. Dual-plat-
form CD4+ T cell counts were obtained by flow cytometer (BD FACS Canto II, BD Biosci-
ences, San Jose, CA) and a hematology analyser (Sysmex XT2000i, Sysmex America,
Lincolnshire, IL).

Statistical analysis

Statistical analyses were performed using Prism 6 for Windows (Graph Pad) and comparisons
between groups were performed using the Wilcoxon rank-sum statistic (Mann-Whitney).
Correlations were calculated using the Spearman’s rank correlation. The multiple regression
analyses were performed with SAS (version 9.3, SAS Institute).
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Results

IL-15 levels were measured and comparisons were made after stratifying HIV-1 positive
patients into four groups, based on viral load, and comparing their levels with those of unin-
fected controls (Fig 1A). The mean level + standard deviation (SD) of IL-15 was 1.69 + 0.37
pg/ml in the uninfected controls, 1.59 + 0.40 pg/ml in the <50 copies/ml group, 1.63 + 0.66
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Fig 1. IL-15 levels in HIV-1 infected patients. HIV-1 infected patients were divided into 4 groups based on viral load and

comparisons were made using the Mann-Whitney test (A)). In(B), comparisons were made for patients who were treatment naive.
IL-15 levels were positively correlated with HIV-1 viral load (C) and negatively correlated with CD4+ T cell counts (D). Note that the
viral load is graphed on a logarithmic scale (log 10) on the X-axis in (C).

doi:10.1371/journal.pone.0167091.g001
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pg/ml in the 51-10,000 copies/ml group, 1.84 + 0.72 pg/ml in the 10,001-100,000 copies/ml
group and 3.02 + 1.53 pg/ml in the >100,000 copies/ml group. There was also a statistically sig-
nificant increase in IL-15 levels noted between patients with <50 copies/ml and the 10,001-
100,000 copies/ml group (p = 0.01) and between the <50 copies/ml group and the group with
>100,000 copies/ml (p<0.0001) (Fig 1A).

As 23.1% of the HIV-1 positive patients were receiving ART, a separate analysis was made
of treatment naive patients. In this sub-analysis, the mean levels + SD of IL-15 were 1.59 + 0.50
pg/ml in the <50 copies/ml group, 1.57 + 0.41 pg/ml, in the 51-10,000 copies/ml group,

1.79 + 0.73 pg/ml in the 10,001-100,000 copies/ml group and 2.82 + 1.46 pg/ml in the
>100,000 copies/ml group. Patients with the highest viral loads (>100,000 copies/ml) had sig-
nificantly higher levels compared to uninfected controls (2.82 vs. 1.70; p<0.001) (Fig 1B). A
separate analysis was conducted for patients who were on ART and this showed the same
trends as per the overall analysis with those with viral loads > 100,000 copies/ml having the
highest levels of IL-15 (S1 Fig).

To investigate if there was a link between IL-15 and HIV-1 viral load, we used patient samples
that had a specific viral load. We therefore excluded patients with viral loads <50 copies/ml, and
analysed the remaining 342 patients (Fig 1C). The Spearman rank correlation between HIV-1
RNA and IL-15 levels was 0.54 (p = <0.001), demonstrating a strong positive correlation between
these two parameters. We then looked at the relationship between IL-15 levels and CD4+ T cell
counts in all HIV-1 positive patients in this study (457 patients) and found a negative correlation
between IL-15 levels and CD4+ T cell counts (Spearman r = -0.56, p<0.001) (Fig 1D).

There is increasing evidence to suggest that immune activation in HIV-1 infection may
play an important role in predicting disease progression. We sought to see if there was a corre-
lation between IL-15 and four markers of immune activation in HIV, namely C-reactive pro-
tein (CRP), D-dimer, sCD163 and sCD14. A significant correlation was noted with all 4
markers (Fig 2). Given the fact that a number of the variables measured in this study may be
linked, a multiple regression analysis was performed. The regression model is significant based
on the F value and associated p-value. The significant parameters showed significant correla-
tions between IL-15 versus viral load, CD4+ T cell count, D-dimer and sCD14. CRP and
sCD163 have weaker correlation with IL-15 levels but do not have significant p values using
the multivariate analysis. S3 Table show the multivariate analysis table for those on ART whilst
S4 Table shows the multivariate analysis for those who were ART naive.

Discussion

IL-15 has been proposed to potentially play a role in HIV-1 infection as either a vaccine adju-
vant or as a therapeutic cytokine. However, IL-15 therapy has even been postulated to play a
role in disease progression and to increase viral load in non-primate models infected with SIV
[10]. Despite this, surprisingly little is known regarding the levels of expression of IL-15 in
patients chronically infected with HIV-1. Early reports into the expression of IL-15 in primary
infection show conflicting results, with both high and low results being reported [11].

Prior to this study, only small numbers of patients had been studied specifically looking at
IL-15 production. Those studies concluded that IL-15 was decreased in chronic HIV-1 infec-
tion. Our findings in a larger cohort paint a different picture with clear evidence of increased
levels of IL-15 as the viral load increases or as the CD4+ T cell count decreases. These increases
in IL-15 were closely correlated with markers of inflammation and coagulation and appear to
be part of the overall immune activation seen in the context of HIV-1 infection. In addition to
a larger sample size, a difference with our study compared to earlier reports is the use of a
robotic platform for measurement that minimizes operator variability.
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Fig 2. IL-15 levels were significantly correlated against markers of inflammation and coagulation. IL-15 levels showed
significant correlation with CRP (A), D-dimer (B), sCD163 (C) and sCD14 (D).

doi:10.1371/journal.pone.0167091.9002

One particular hallmark of chronic viral infections, including HIV-1, is an activated, some-
times referred to as “exhausted” phenotype of memory CD8+ T cells. Murine models of
chronic infection show that CD8+ T cells from these animals express low levels of CD122 (the
B chain of the IL-2 and IL-15 receptor) and respond poorly to these cytokines [12]. One may
speculate that in chronic HIV-1 infection, CD4 and CD8+ T cells that are poorly responsive to
normal physiological and homeostatic pathways involving IL-15, may need higher circulating
levels of IL-15 to remain functional. Further work longitudinally following the changes in cell
surface markers in memory CD4 and CD8+ T cells in chronic HIV infection and correlating
these with IL-15 expression levels may provide more information about possible links.

IL-15 is produced by a number of cells including monocytes, macrophages and dendritic
cells. We sought to see if there was a correlation of IL-15 in HIV-1 infection with other mark-
ers of monocyte activation, including sCD14 and sCD163 and indeed found that both of these
parameters were significantly correlated with IL-15 expression. One interesting difference
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between expression levels of IL-15 and markers of monocyte activation used in this study is
that IL-15 levels are trending lower in patients with undetectable viral loads, whilst these same
patients have significantly higher levels of both sCD14 and sCD163 (data not shown) in
patients who are virally suppressed. This suggests that IL-15 may be a better marker of disease
progression than either sCD14 or sCD163, particularly at lower levels of viremia, although
prospective studies would need to be conducted to answer this question definitively.

It has been suggested that IL-15, as well as other cytokines that are expressed in high levels
in acute infection, may play a role in establishing the HIV reservoir [13]. It would have been
interesting to note whether there was a correlation between total and integrated DNA in ART
treated patients and IL-15 levels in our cohort to test this hypothesis.

The most important finding from this study is that IL-15 levels are not decreased in the set-
ting of HV-1 infection but rather show a significant positive correlation with HIV-1 viremia,
particularly at viral loads>100,000 copies/ml. These increases correlate with well-known
markers of inflammation and coagulation that have been used as predictors for clinical pro-
gression of HIV-1 infection.

Supporting Information

S1 Fig. Correlation between IL-15 level and HIV viral load in patients treated with ART.
HIV-1 infected patients with ART were divided into 4 groups based on viral load and compari-
sons were made with IL-15 level using the Mann-Whitney test.

(TIFF)

S1 Table. ART treatment regimen for each patient. PO: oral administration, SQ: subcutane-
ous injection, QID: once a day, TID: three times a day, BID: twice a day, QHS: at every bed
time.

(XLSX)

$2 Table. Information of each patient’s viral load, CD4 counts and AIDS defining illness.
(XLSX)

S3 Table. The multivariate analysis for those who were on ART.
(DOCX)

S$4 Table. The multivariate analysis for those who were ART naive.
(DOCX)
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