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A B S T R A C T

Following recent attention focused on IL-32 as an important component involved in the inflammatory cytokine
network, we speculated that IL-32′s action on IFN-γ and IFN-γ secreting T cell subsets may help sustain the
immune activation and dysregulation found in patients with HIV-1 achieving viral suppression. To explore this
hypothesis, transcript levels of IL-32 and IFN-γ were evaluated in PBMC from 139 virologically suppressed HIV-
1-infected patients and from 63 healthy individuals by Real Time RT-PCR assays. IL-32 and IFN-γ mRNA levels
were also analyzed in CD4+ T cells, CD14+ monocytes and lamina propria lymphocytes (LPL) of the gut district
in a subgroup of HIV-1-infected subjects. IFN-γ secreting CD4+ (Th1) and CD8+ (Tc1) T cell subset frequencies
were evaluated in LPL by multiparametric flow cytometry. Gene expression results revealed that IL-32 and IFN-γ
levels in PBMC from HIV-1-positive patients were significantly elevated compared to those from healthy donors,
correlated with each other and increased with patient age. Both IL-32 and IFN-γ genes were also more strongly
expressed in CD4+ T cells than in CD14+ monocytes. By contrast, IL-32 levels in LPL were comparable to those
measured in PBMC, while IFN-γ levels were higher in PBMC than those in LPL. Negative correlations were found
between IL-32 levels and the frequencies of Th1 and Tc1 subsets in gut mucosa. Collectively, our results provide
the first evidence that IL-32 levels remain elevated in treated HIV-1-infected patients and correlate with IFN-γ,
Th1 and Tc1 subsets.

1. Introduction

Interleukin 32 (IL-32) is a multi-isoform pro-inflammatory in-
tracellular cytokine expressed in multiple cell types [1,2]. It possesses
antiviral effects against the influenza A virus (IAV), herpes simplex
virus 2 (HSV-2), vesicular stomatitis virus (VSV) [3,4], and it plays a
crucial role in inflammation or infection with various pathogens, such
as Mycobacterium tuberculosis, Epstein-Barr virus (EBV), hepatitis B
virus (HBV), and hepatitis C virus (HCV) [5–7]. Moreover, IL-32 has
recently received growing attention as an important factor involved in
the human immunodeficiency virus (HIV)-1 disease [8–13]. Increased

levels of IL-32 have been recorded in serum, peripheral blood mono-
nuclear cells (PBMC), gut and lymphatic tissues of HIV-1-positive pa-
tients compared to healthy individuals [8,10,11]. However, studies to
determine the anti-HIV activity of IL-32 have yielded contradictory
results [9,10,13]. On the one hand, IL-32 has been shown to interfere
with HIV-1 replication: silencing of IL-32 in HIV-1-infected PBMC in-
duces an increase in viral production, suggesting a key role of this cy-
tokine in suppressing HIV-1 multiplication [9]. In support of the ability
of IL-32 to control HIV-1 replication, more recently IL-32 was also
found to block in vitro HIV-1 reactivation in CD4+ T cells [13]. On the
other hand, this cytokine appears to be a potent inducer of
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immunosuppressive molecules indoleamine 2,3-dioxygenase and im-
munoglobulin-like transcript 4, and its expression is associated with
reduced cell-mediated cytotoxicity dampening the antiviral immune
response, and potentially accounting for the correlation between in-
creased IL-32 levels and higher HIV-1 replication in vivo [10]. Plasmatic
levels of the proinflammatory isoforms of IL-32 were also recently
correlated with a decline in CD4+ T cell counts, increased viral load,
lower CD4/CD8 ratio and levels of inflammatory markers (sCD14 and
IL-6) in HIV-1-infected slow progressors [12]. Interestingly, types I and
II interferon (IFN) are both sustained during the chronic phase of HIV-1
infection, contributing greatly to host-mediated immunopathology and
disease progression [14,15]. Both types I and II IFN are strongly asso-
ciated with IL-32, making this cytokine a crucial mediator of the host’s
antiviral response [16–21]. However, very few studies have managed to
investigate the relationship between type I IFN pathways and HIV-1
infection [9,11], and no data are available for IL-32 and IFN-γ in HIV-1-
infected patients.

Since residual immune activation status and abnormal cytokine
profile are pathological hallmarks of well-treated HIV-1 infection
[22–24] and IL-32 is strongly related to the inflammatory cytokine
network [16], we speculated that IL-32′s action on IFN-γ and IFN-γ
secreting T cell subsets may actively help to sustain the immune acti-
vation and dysregulation recorded in patients living with HIV-1
achieving viral suppression. We performed a comprehensive assessment
of IL-32 gene expression in PBMC, CD4+ T cells, CD14+ monocytes
and in the effector sites (lamina propria) of the gastrointestinal tract of
HIV-1-infected subjects on long-term suppressive antiretroviral therapy.
Moreover, since IFN-γ can induce IL-32 in vitro [21,24], we compared
IL-32 expression levels to those of IFN-γ and their correlation in the
same HIV-1-infected patients. Lastly, we also examined the relationship
between IL-32 levels and the frequencies of IFN-γ producing CD4+ and
CD8+ T cell subpopulations in gut mucosa.

2. Materials and methods

2.1. Study population

The blood samples used in this study were obtained from routine
HIV-1 viremia testing at Policlinico Umberto I Sapienza University
Hospital in Rome, Italy. Peripheral blood samples derived from 139
long-term HAART-treated HIV-1-infected patients and from 63 gender-
and age-matched healthy individuals were examined in this study.
CD4+ T cells, CD14+ monocytes and gut biopsies obtained respec-
tively from subgroups of 27 and 7 HIV-1-infected subjects on suppres-
sive antiretroviral therapy were also analyzed. CD4+ T cells, CD14+
monocytes were also isolated from 20 gender and age-matched healthy
donors. The study was approved by the ethics committee of Policlinico
Umberto I Sapienza University Hospital in Rome, and informed consent
was obtained from both HIV-1-positive patients and healthy in-
dividuals.

2.2. Specimen processing

PBMC were isolated from fresh blood collected from all HIV-1-in-
fected patients and healthy individuals by Ficoll-Hypaque density gra-
dient centrifugation (Sigma-Aldrich, St. Louis, MO, USA) and dry pellets
were stored at −80 °C. CD14+ monocytes and CD4+ T cells were
isolated from PBMC collected from 27 long-term treated HIV-1-infected
patients and from 20 healthy donors by positive selection using MACS®
Technology (Miltenyi Biotec, Bergisch Gladbach, Germany) according
to the manufacturer's protocol. Furthermore, within the group of long-
term HIV-1-infected patients treated with suppressive antiretroviral
therapy, 7 underwent endoscopic procedures as previously described
[25]. Gut biopsies from each intestine site (terminal ileum, cecum, as-
cending, transverse and descending colon) were pooled, washed twice
with EDTA wash medium, incubated in EDTA solution 5 mM and

digested with 1 mg/mL collagenase (Sigma-Aldrich, Milan, Italy) and
1.5 U DNAse I (Sigma-Aldrich, Milan, Italy), allowing the isolation of
lamina propria lymphocytes (LPL) that were filtered through a 70 μm
cell strainer as previously described [25]. One aliquot of LPL was stored
at −80 °C as dried pellets for RNA extraction and gene expression
analysis.

2.3. Measurement of HIV-1 RNA and CD4+ T lymphocyte count

HIV-1 viral load was determined by Versant HIV-1 RNA kPCR assay
(Siemens Healthineers, Tarrytown, NY, USA) which has a detection
limit of 37 copies/mL. Absolute CD4+ T lymphocyte count was per-
formed by FACScalibur flow cytometer (Becton Dickinson, San Jose,
CA, USA).

2.4. Real-time RT-PCR assays

Quantitative real-time assays for IL-32 and IFN-γ were carried out
with the LightCycler480 instrument (Roche, Basel, Switzerland). Total
RNA was extracted from PBMC collected from HIV-1-positive patients
and healthy individuals using the RNeasy Plus Universal Kit (Qiagen;
Hilden, Germany) and reverse transcribed using the High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems, Monza, Italy)
according to the manufacturer’s protocol. Primers and probes for each
gene were added to the Probes Master Mix (Roche, Basel, Switzerland)
at 500 and 250 nM respectively, in a final volume of 20 μl. The
housekeeping gene β-glucuronidase was used as an internal control.

The primers and probe sequences used for IL-32
(Hs.PT.58.19442491) and IFN-γ (Hs.PT.58.3781960.g) were purchased
from Integrated DNA Technologies (IDT), Iowa, USA. The primers and
probe sequences used for the β-glucuronidase gene were the following:
forward 5′-TCTGTCAAGGGCAGTAACCTG-3′; reverse: 5′-GCCCACGAC
TTTGTTTTCTG-3′ probe: 5′-(6FAM)TATGTCTTTCGATATGCAGCCAAG
TTTTACCG(TAM)-3′.

Gene expression values were calculated by the comparative Ct
method.

2.5. Cell activation, surface marker staining and intracellular marker
staining

LPL were collected and seeded with RPMI medium and 10% FBS at
1.5 × 106 cells/ml. Cells were activated with ionomycin (1 mg/ml,
Sigma-Aldrich) and phorbol myristyl acetate (3 ng/ml, Sigma-Aldrich).
BD GolgiStop (Becton Dickinson) was added to all samples. Cells were
incubated overnight at 37 °C and 5% CO2, then collected and permea-
bilized through a Perm/Fix buffer solution. The following antihuman
mAbs were added after cell activation for T cell phenotype: CD3-PerCP,
CD4-APC-Vio770, CD8-FITC, CD45 RO-PEVio770, and CD27-VioBlue
(Miltenyi Biotec, Bergisch Gladbach, Germany). To evaluate in-
tracellular IFN-γ production at the end of cell activation, LPL were
stained with IFN-γ-APC mAb. T cell subpopulations were identified
according to the following phenotypic combinations: CD27+CD45RO-
(naïve), CD27+CD45RO+ (central memory), and CD27−CD45RO
+CD4+ (effector memory) cells. According to their helper (Th) or
cytotoxic (Tc) activity, T cells were further identified as Th (CD4+) or
Tc (CD8+). Samples were acquired by Miltenyi Biotec flow cytometer-
MACSQuant Analyzer (eight fluorescence channels, three lasers).
Gating analysis and data were analyzed using MACSQuantify software
2.5 (Miltenyi Biotec).

2.6. Statistical analysis

Statistical analyses were performed using Graphpad Prism 5 and
data presented as mean ± SD (standard deviation), median (range) or
percentage. The demographic characteristics of HIV-1-positive patients
and healthy donors were compared using Student’s t and Chi-squared
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tests. Gene expression differences between HIV-1-positive patients and
healthy donors were analyzed using the Mann–Whitney U test.
Transcript expression in PBMC of HIV-1-positive patients divided by
different age range was analyzed by using the Kruskal-Wallis test. Gene
expression differences between CD4+ and CD14+ or LPL and PBMC
were evaluated using the Wilcoxon signed-rank test for paired samples.
Spearman’s rho coefficient was calculated to assess the correlation be-
tween IL-32 levels and those of IFN-γ. The same test was used to assess
the correlation between IL-32 transcript levels and the frequencies of
Th1 and Tc1 cell subpopulations in gut mucosa. A p-value less than 0.05
was considered statistically significant.

3. Results

3.1. Demographic and clinical characteristics of HIV-1-infected patients

This study included 139 HIV-1-infected patients, 101 men (72%)
and 38 women (28%), with a mean age of 48.5 years, on long-term
antiretroviral therapy. They were enrolled from Policlinico Umberto I
Sapienza University Hospital in Rome. The demographic and clinical
characteristics of HIV-1-infected patients are reported in Table 1. HIV-
1-positive populations had a CD4+ T cell count at enrolment ranging
between 120 and 1882 cells/mm3 blood, with plasma viral load below
the lower quantification limit of an approved viral load assay (< 37
HIV-1 RNA copies/mL). No patients had a concurrent acute illness,
including Hepatitis B and C virus, Mycobacterium tuberculosis and
Cytomegalovirus disease. All patients were infected with the HIV-1
subtype B strain. A control group of 63 gender- and age-matched HIV-1
seronegative healthy individual [mean age: 49 years; gender: 36 male
(57%) and 27 women (43%)] were also included.

3.2. IL-32 levels in PBMC of treated HIV-1-infected patients

IL-32 mRNA levels were measured in PBMC collected from long-
term treated HIV-1-infected patients and healthy donors. Our results
showed that IL-32 expression was significantly higher in treated HIV-1-
positive patients compared to the healthy group (p < 0.0001) (Fig. 1
Panel A). No difference in IL-32 expression was observed between male
and female patients (p = 0.292) (Fig. 1 Panel B), but we found a

significant positive correlation between IL-32 levels and the age of
patients analyzed (r = 0.360; p < 0.001)

Dividing HIV-1-infected patients into 3 age groups (I group:
20–40 years old, II group: > 40–60 years old, III group: > 60–80 years
old), we observed that HIV-1-positive patients aged 20–40 years had
lower levels of IL-32 than HIV-1-patients aged > 40–60 and > 60–80
years (p < 0.0001) (Fig. 1 Panel C); the same results were obtained
analyzing age-related IL-32 changes in healthy donors (Fig. 1 Panel D).
Thus we compared HIV-1-positive patients to the healthy donors con-
sidering different age groups separately, founding an enhanced IL-32
expression in the HIV-1-infected individuals regardless of the age group
analyzed (HIV-1 vs healthy donors: 20–40 years old
p < 0.0001; > 40–60 years old p = 0.005; > 60–80 years old
p < 0.0001) (Fig. 1 Panel E).

3.3. Relationship between IL-32 mRNA and CD4+ T cell count in treated
HIV-1-infected patients

Few and contrasting data are available on the relationship between
IL-32 levels and CD4+ T cell counts in chronic HIV-1 infection [11,12].
However, our analysis showed that IL-32 levels were not correlated to
CD4+ T cell count in the HIV-1-infected patients (r = 0.10; p = 0.24)
(Fig. 2). Moreover, we measured IL-32 levels in HIV-1-positive patients
grouped in line with their CD4+ T cell count (< 200 CD4+ T cells/
mm3, 200 and 600 CD4+ T cells/mm3, above 600 CD4+ T cells/mm3),
but no differences were recorded (data not shown).

3.4. Relationship between IL-32 and IFN-γ in treated HIV-1-infected
patients

Given that sustained IFN-γ expression characterizes chronic HIV-1
infection [14,25,26] and can induce IL-32 [1,27], we investigated the in
vivo relationship between IL-32 and IFN-γ expression. Higher IFN-γ
levels were recorded in the PBMC of HIV-1-infected patients than in
those of healthy individuals (p < 0.001) (Fig. 3 Panel A). IFN-γ levels
were also lower than those of IL-32 in the same HIV-1-patients analyzed
(p < 0.001) (Fig. 3 Panel A); the same result was observed for the
control group (p < 0.001) (Fig. 3 Panel A). Moreover, a positive sig-
nificant correlation between IL-32 and IFN-γ mRNA levels was recorded
(r = 0.43; p < 0.001) (Fig. 3 Panel B).

Lastly, dividing HIV-1-infected patients into the same 3 age groups
(I group: 20–40 years old, II group: > 40–60 years old, III group: >
60–80 years old) used previously to assess age-associated variations in
IL-32 production, we found that IFN-γ mRNA expression levels increase
with the age of HIV-1-infected patients (Fig. 3 Panel C) (p < 0.001).

3.5. IL-32 and IFN-γ -mRNA expression in CD4+ T cells, CD14+
monocytes and LPL

As myeloid cells and CD4+ T cells from human peripheral blood are
the primary target cells during HIV-1 infection, and IL-32 and IFN-γ
levels were increased in PBMC of patients maintaining a suppressed
HIV-1 load to less than 37 copies/mL, we further examined their ex-
pression in these cells collected from 27 out of the 139 treated HIV-1-
positive patients and from 20 sex- and age-matched healthy donors. IL-
32 levels were higher in CD4+ T cells than in CD14+ monocytes
paired sample (HIV-1-positive patients: p = 0.048; healthy donors:
p < 0.0001) (Fig. 4 Panel A). IFN-γ levels were comparable between
the two cell subsets in HIV-1-positive patients (p = 0.09), while they
were higher in CD4+ T cells than in CD14+ monocytes collected from
the control group (p < 0.0001) (Fig. 4 Panel B).

Moreover, IL-32 transcript levels were increased in CD14+ mono-
cytes of HIV-1-positive patients compared to those of healthy donors,
while no differences were found in CD4+ T cells (CD4+ T cells:
p = 0.48; CD14+ monocytes: p = 0.019; Fig. 4 Panel A). By contrast,
an enhanced IFN-γ expression in both CD4+ T cells and CD14+

Table 1
Demographic and clinical characteristics of antiretroviral-treated HIV-1-in-
fected patients and healthy subjects.

Itema Healthy subjects
n = 63 (A)

Treated HIV-1-
infected patients
n = 139 (B)

A vs B p
values

Age (years) 49 ± 16.96 48.5 ± 15.10 0.9
Male [n (%)] 36 (57) 101 (72) 0.3634
HIV-1 RNA (copies/mL)b NAc < 37 NA
CD4+ T cells/mm3 NA 598 (120–1882) NA
Duration of antiretroviral

therapy (years)
NA 12 (1–27) NA

Therapy classd (%) NA PI (57)
NRTI (75)
NNRTI (32)
INSTI (21)

NA

a Data are expressed as mean ± standard deviation (SD), median (range) or
percentage (%). Differences in demographic characteristics between HIV-1-in-
fected patients and HIV-1-seronegative healthy individuals were evaluated
using Student’s t and Chi-squared tests.

b HIV-1 viral load was determined by versant HIV-1 RNA kPCR assay
(Siemens Healthineers, Tarrytown, NY, USA) which has a detection limit of 37
copies/mL.

c NA = not applicable.
d Therapy class abbreviations: PI = protease inhibitor; NRTI = nucleoside

(or nucleotide) reverse transcriptase inhibitor; NNRTI = non-nucleoside reverse
transcriptase inhibitor; INSTI = integrase strand transfer inhibitor.
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Fig. 1. IL-32 mRNA expression in PBMC. IL-32 mRNA expression was measured in PBMC collected from 139 treated virologically suppressed HIV-1-infected patients
and 63 age-matched HIV-seronegative healthy individuals. Panel A: HIV-1-positive patients vs healthy donors *p < 0.0001; Panel B: Male vs female treated vir-
ologically suppressed HIV-1-positive patients p = 0.292. Data were analyzed using the Mann–Whitney U test. Panels C and D: IL-32 mRNA expression in PBMC of
virologically suppressed treated HIV-1-positive patients and healthy donors divided by different age range (20–40, > 40–60 and > 60–80 years). HIV-1-positive
patients (20–40 vs > 40–60 vs> 60–80) *p < 0.0001; healthy donors (20–40 vs> 40–60 vs > 60–80) * p < 0.0001. Data were analyzed using the Kruskal-Wallis
test. Panel E: Comparison of IL-32 expression levels in HIV-1-infected patients and healthy donors divided into different age groups (20–40, > 40–60 and >
60–80 years). HIV-1 vs healthy donors: 20–40 *p < 0.0001; > 40–60 *p = 0.005; > 60–80 *p < 0.0001. Data were analyzed using the Mann–Whitney U test.
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monocytes was recorded in HIV-1-positive patients compared to
healthy individuals (CD4+ T cells: p < 0.0001; CD14+ monocytes:
p < 0.0001; Fig. 4 Panel B).

Next, considering that IL-32 and IFN-γ have been reported to be
highly expressed in the gut tissue of HIV-1-positive patients [10,28], we
further explored their expression in LPL collected from 7 out of the 139
treated HIV-1 patients for whom we analyzed the expression of IL-32
and IFN-γ in PBMC. We found that median values of IL-32 in LPL were
comparable to those measured in PBMC (p = 0.81), while IFN-γ levels
were slightly higher in PBMC than those measured in LPL (p = 0.05)
(Fig. 4 Panel C).

3.6. Relationship between IL32-mRNA expression and IFN-γ producing
CD4+ and CD8+ T cell subpopulations in gut

Since SIV/HIV-1 disease progression is characterized by severe en-
teropathy and severe alterations of T cell subsets in the gut compart-
ment [29,30] and IL-32 plays an immunosuppressive role in lymphatic
tissue during HIV-1 infection [10], we examined whether there was any
correlation between IL-32 transcript levels and the frequencies of Th1
and Tc1 cell subpopulations in gut mucosa of virologically suppressed
treated HIV-1-infected patients. Interestingly, IL-32 levels were nega-
tively correlated with the frequencies of Th1 (naïve and central
memory) and Tc1 (naïve, central memory and effector memory) cell
subsets (Table 2).

4. Discussion

All stages of HIV-1 infection are associated with chronic immune
activation and dysfunctional cytokine production [22–24,31]. Intact
and broad immune cell effector functions and specific individual cyto-
kines have been linked to HIV-1 disease outcome, but their relative
contribution to HIV-1 control remains unclear. We hypothesized that
IL-32, with its strong pro-inflammatory potential [1], is important in
leading to and maintaining a state of chronic inflammation and immune
activation in HIV-1-infected patients. Our arguments in favor of this
hypothesis are that IL-32 levels in PBMC remained elevated regardless
of the age group analyzed and failed to achieve normal expression in
long-term treated virologically suppressed HIV-1-infected patients,
suggesting that this abnormal cytokine profile cannot be reversed with

antiretroviral therapy. In agreement, El-Far et al. reported that IL-32 is
induced early after HIV-1 infection and it is not normalized by viral
suppressive therapy [12]. In parallel, Rasool et al. showed that IL-32
concentration was significantly elevated in the serum of HIV-1-patients
compared to that of the control group, regardless of the viral load [8].
This increase in IL-32 serum levels could be ascribed to T cell apoptosis
and the secretion of several cytokines after HIV-1 infection [8]. In this
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Spearman’s rho coefficient was used to assess the correlation between IL-32
mRNA expression and the CD4+ T cells of HIV-1-infected patients. No sig-
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regard, IL-32 is known to activate typical cytokine signal pathways of
nuclear factor-kappa B (NF-κB) and p38 mitogen-activated protein ki-
nase and it is closely associated with inflammatory cytokines, including
TNF-α, IL-8, IL-6, and IL-1β as well as macrophage inflammatory pro-
tein-2 (MIP-2), which are known to be highly dysregulated during
chronic HIV-1 infection [1,17,32]. Additionally, toll-like receptor−2
and/or nucleotide oligomerization domain (NOD) 1 and NOD2 ligands
have been shown to synergize with IL-32 to produce pro-inflammatory
mediators [33,34].

On the other hand, we previously found that IL-32 negatively cor-
relates with HIV-1 viral load, indicating a suppressive action of this
cytokine on HIV-1 replication [11]. Therefore, this study, in continua-
tion of our previous work, indicated that IL-32 exerts a positive anti-
viral action in the early phase of HIV-1 infection but its effect might

Fig. 3. IL-32 and IFN-γ mRNA expression of HIV-1-positive patients and healthy
individuals. IFN-γ mRNA expression was measured in PBMC collected from 139
treated virologically suppressed HIV-1-infected patients and 63 age-matched
HIV-seronegative healthy individuals. Panel A: IL-32 vs IFN-γ in HIV-1-positive
patients *p < 0.0001; IL-32 vs IFN-γ in healthy donors *p < 0.0001; IFN-γ in
HIV-1-positive patients vs healthy donors *p < 0.001; Data were analyzed
using the Mann–Whitney U test. Panel B: Spearman’s rho coefficient was used to
assess the correlation between IL-32 and IFN-γ measured in PBMC of HIV-1-
infected patients. A significant correlation was found (r = 0.43; p < 0.001).
Panel C: IFN-γ mRNA expression in PBMC of HIV-1-positive patients divided by
different age range (20–40, > 40–60 and > 60–80 years). IFN-γ (20–40
vs > 40–60 vs> 60–80) *p < 0.001. Data were analyzed using the Kruskal-
Wallis test.
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Fig. 4. IL-32 and IFN-γ mRNA expression in CD4+ T cells and CD14+ monocytes and in LPL and PBMC of HIV-1-positive patients. IL-32 and IFN-γ mRNA expression
were measured in CD4+ T cells and CD14+ monocytes from 27 of the 139 treated virologically suppressed HIV-1-infected patients and from 20 healthy subjects.
Panel A: IL-32 CD4+ vs CD14+: HIV-1-positive patients *p < 0.048; healthy donors: *p < 0.0001; HIV-1-positive patients vs healthy donors: CD4+ T cells
p = 0.48; CD14+ monocytes p = 0.019. Panel B: IFN-γ CD4+ vs CD14+: HIV-1-positive patients p = 0.09; healthy donors p < 0.0001; HIV-1-positive patients vs
healthy donors: CD4+ T cells p < 0.0001; CD14+ monocytes p < 0.0001. Data were analyzed using the Wilcoxon signed-rank test for paired samples. Panel C: IL-
32 and IFN-γ mRNA expression were measured in LPL and PBMC from 7 of 139 treated virologically suppressed HIV-1-positive patients. IL-32 mRNA expression in
LPL vs IL-32 mRNA expression in PBMC p = 0.81; IFN-γ mRNA expression in LPL vs IFN-γ mRNA expression in PBMC p = 0.05; Data were analyzed using the
Wilcoxon signed-rank test for paired samples.

Table 2
Correlation between IL-32 transcript levels and the frequencies of IFN-γ pro-
ducing CD4+ and CD8+ T cell subpopulations in gut mucosa of virologically
suppressed treated HIV-1-infected patients.

Gene CD4+ and CD8+ T cell subpopulations

IL-32 Naïve Th1 p= 0.03 r=−0.82
IL-32 Central memory Th1 p= 0.01 r=−0.89
IL-32 Effector memory Th1 p= 0.09 r= −0.71
IL-32 Naïve Tc1 p= 0.03 r=−0.82
IL-32 Central memory Tc1 p= 0.03 r=−0.82
IL-32 Effector memory Tc1 p= 0.01 r=−0.89

*Spearman’s rho coefficient was used to assess the correlation between IL-32-
mRNA expression and CD4+ and CD8+ T cell subpopulations producing IFN-γ
measured in lamina propria lymphocytes (LPL) of treated virologically sup-
pressed HIV-1-positive patients.
Significant correlations are highlighted in bold.
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reverse during long-term HIV-1 disease. The following considerations
can be drawn from this study in support of the detrimental role of IL-32
in HIV-1 infection. First, an age-associated increase in IL-32 levels was
recorded in HIV-1-positive patients. This age-related change was also
more pronounced in HIV-1-positive patients than those found in
healthy individuals, in accordance with an HIV-1-related early senes-
cence accelerated by the state of inflammation and chronic immune
activation characterizing HAART-mediated suppressed viral replication
[35].

Second, we demonstrated that the elevated IL-32 levels in aviremic
HIV-1-positive patients are associated with high IFN-γ levels. In
agreement, Thomi et al. reported a positive correlation between IL-32
mRNA expression and lesional inflammatory status, IFN-γ and IL-17 in
a chronic inflammatory skin disease, hidradenitis suppurativa [36].
Moreover, IFN-γ increased in parallel with the age of HIV-1-positive
patients as previously observed for IL-32 [37,38]. Since IFN-γ is re-
ported to be a bifunctional cytokine, exerting suppressive or inductive
effects on HIV-1 infection and replication [15], the above findings
further highlight the pathogenetic role of IL-32 in HIV-1 infection. This
view is also corroborated by the observation that IFN-γ is a highly se-
lective IL-32-inducing cytokine in PBMC [5]. Moreover, as expected,
CD4+ T cells produce higher levels of IFN-γ but also IL-32 than CD14+
monocytes [39]. The same trend was observed in healthy donors. In-
terestingly, as recorded for PBMC, CD14+ monocytes isolated from
treated HIV-1-positive patients expressed greater IL-32-mRNA levels
than those from the control group.

Given that a significant and rapid depletion of intestinal T cell
subsets [40,41] and increased pro-inflammatory cytokine secretion can
promote mucosal tissue damage during HIV-1 infection [42–45], we
next assessed the potential pathogenic role of IL-32 by investigating the
correlation of this cytokine with CD4+ and CD8+ T cell subsets pro-
ducing IFN-γ in a subgroup of long-term HIV-1-infected patients. IL-32
mRNA levels in gut mucosa were found to be negatively correlated with
Th1 and Tc1 cell subsets suggesting that activation of the IL-32 response
could have a negative impact on T cell responses. It is currently un-
known whether these negative correlations between IL-32 and CD8+
or CD4+ T cell subsets producing IFN-γ can be considered positive or
negative in terms of HIV-1-associated enteropathogenesis. However,
viral suppression in long-term non-progressor HIV-1-positive patients
may result, in part, from efficient maintenance of CD4+ T helper and
HIV-1-specific CD8+ T cell responses in both LPL and circulating
lymphocytes [46].

The potential limitation of this study include that we did not ana-
lyze IL-32 isoforms levels in HAART-treated HIV-1-infected patients.
Indeed, it is well established that six different mRNA transcripts result
from IL-32 mRNA splicing, namely IL-32α, IL-32β, IL-32γ, IL-32δ, IL-
32ε and IL-32ζ. Intriguingly, each IL-32 splice variant seems to exhibit a
distinct biological activity [47–52]. Furthermore, it has been recently
reported that host genetic variations play a major role in HIV-1 infec-
tion susceptibility [21]. In particular, rs4349147-G allele promotes
transcription of non-IL-32α isoforms, generating a proinflammatory
environment more favourable to HIV-1 infection, and providing a me-
chanistic link between an HIV-1-associated noncoding DNA variant and
the expression of different IL-32 isoforms [21]. Thus, it would have
been interesting to investigate the IL-32 isoforms levels and their re-
lationship with IFN-γ and Th1/Tc1 cell subsets frequencies in HIV-1-
positive patients. However, PBMC used in this study were isolated from
residual blood samples collected during routine HIV-1 viremia testing,
so the amount of the material was just enough to perform the experi-
ments described in this study.

5. Conclusions

IL-32 is enhanced in the PBMC of virologically suppressed HIV-1-
infected patients and its expression increases with age. IL-32 mRNA
levels are not correlated with CD4+ T count. An abundant amount of

IL-32 is present in CD4+ T cells compared to that measured in CD14+
monocytes.

Importantly, this is the first study to investigate the in vivo re-
lationship between IL-32 and IFN-γ, indicating an increased expression
of IL-32 compared to IFN-γ and the coordinated activation of these two
genes in treated HIV-1-infected patients. The negative correlation be-
tween IL-32 and the gut-associated frequencies of Th1 and Thc1 cell
subsets supports the relationship found between IL-32 and IFN-γ. Thus,
even with a decrease in inflammation and immune activation after drug
intervention in the HIV-1-positive patient [53–55], IL-32 levels remain
higher than those shown by healthy individuals and the imbalance of
IL-32, IFN-γ, Th1 and Tc1 profiles also persists. Since growing evidence
indicates that IL-32 acts in a mixed manner in combating HIV-1 infec-
tion, further investigation of the involvement of the IL-32 pathways will
serve to shed light on the pathological mechanisms underlying HIV-1
infection and could pave the way for future treatments by blocking IL-
32 as recently suggested in the context of “shock and kill” strategies
[13].
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