
Distinct cytokine and regulatory T cell profile at pleural sites
of dual HIV/tuberculosis infection compared to that in the
systemic circulationcei_4269 333..338

Z. Toossi,*† C. S. Hirsch,* M. Wu,*

H. Mayanja-Kizza,‡§¶ J. Baseke¶ and
B. Thiel*
*Case Western Reserve University, †Veterans

Affairs Medical Center, Cleveland, OH, USA,
‡Makerere University, §National Tuberculosis and

Leprosy Program, and ¶Joint Clinical Research

Center, Kampala, Uganda

Summary

Pleural tuberculosis (TB) remains a common presentation of Mycobacterium
tuberculosis (MTB) infection in HIV/TB dually infected subjects, and both
cellular and acellular components of the pleural milieu promote HIV-1 rep-
lication; however, they remain uncharacterized. Using cytokine array of
pleural fluid and real-time reverse transcription–polymerase chain reaction
(RT–PCR) and immunophenotype analysis, pleural fluid mononuclear cells
(PFMC) were compared to systemic counterparts [i.e. plasma and peripheral
blood mononuclear cells (PBMC)]. Significant increases in pleural fluid
cytokines compared to plasma were limited to interleukin (IL)-6, IL-8, inter-
feron (IFN)-g and transforming growth factor (TGF)-b, and did not include
other T helper type 1 (Th1) (IL-2, IL-15), Th2 or Th17 cytokines. Patterns and
levels of cytokines were indistinguishable between pleural fluid from HIV/TB
and TB patients. Forkhead box P3 (FoxP3) mRNA in PFMC was increased
significantly and correlated highly with levels of IL-6 and IL-8, less with
TGF-b, and not with IFN-g. Among CD4 T cells, FoxP3-reactive CD25hi were
increased in HIV/TB dually infected subjects compared to their PBMC, and
up to 15% of FoxP3+ CD25hi CD4 T cells were positive for IL-8 by intracellular
staining. These data implicate a dominant effect of MTB infection (compared
to HIV-1) at pleural sites of dual HIV/TB infection on the local infectious
milieu, that include IL-6, IL-8, IFN-g and TGF-b and regulatory T cells (Treg).
A correlation in expansion of Treg with proinflammatory cytokines (IL-6 and
IL-8) in pleural fluid was shown. Treg themselves may promote the inflamma-
tory cytokine milieu through IL-8.
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Introduction

Tuberculosis (TB) remains the most prevalent opportunistic
infection among HIV-1-infected subjects, and continues to be
both fuelled by and fuel the HIV-1 epidemic worldwide [1].
Pleural TB is a common presentation of Mycobacterium
tuberculosis (MTB) infection in HIV/TB dually infected sub-
jects, affecting up to 10% in Africa [2]. The intense recruit-
ment, activation and expansion of CD4 T cells at pleural sites
of HIV/TB infection in turn underlies increased HIV-1 activ-
ity (reviewed in [3]). Evidence for augmented viral dynamics,
including increased HIV-1 replication and spread of viral
infection to uninfected mononuclear cells, has been estab-
lished using this in situ disease model of HIV/TB co-infection
[4,5]. Studies of HIV-1 heterogeneity indicate that at the time

of diagnosis of pleural TB, HIV-1 sequences generated in situ
are predominant in the systemic circulation [6]. HIV-1 pro-
duction from both pleural fluid mononuclear cell (PFMC)
CD4 T cells and macrophages has been shown before [7].
PFMC under cytokine pressure at pleural sites of HIV/TB
display a specific profile of differentiation and HIV-1 produc-
tion, which can be evaluated readily ex vivo. However, while in
situ viral replication is the dominant source of HIV-1 during
HIV/TB, it is in addition to the impact of systemic immune
activation on the virus [8]. Studies differentiating the effect of
these two compartments on HIV-1 activity are lacking. The
role of the cytokines and cellular profile at pleural sites of TB
on HIV activity is unclear.

The importance of proinflammatory cytokines, in par-
ticular tumour necrosis factor (TNF)-a, in support of HIV-1
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replication at sites of TB [4] has been well established. Tran-
scriptional activation of HIV-1 by proinflammatory cytok-
ines [TNF-a, interleukin (IL)-1 b, IL-6, and IL-8] is based on
induction of nuclear factors, namely nuclear factor (NF)-kB
and NF-IL-6 [a member of the CCAAT-enhancer-binding
proteins (C/EBP)-b family] [9]. On the other hand IFN-g, a
premier T helper type 1 (Th1) cytokine found at high con-
centrations at sites of TB, promotes transcriptional activa-
tion of HIV-1 through activation of other nuclear factors
[e.g. class II major histocompatibility complex transactivator
(CIITA) and interferon (IFN) regulatory factor 1 (IRF-1)]
and through co-operation with TNF-a . In turn, TNF-a
supports IFN-g expression and may promote CD4 depletion
[10]. A role for Th2 cytokines on HIV-1 activity is more
controversial [11,12]. Transforming growth factor (TGF)-b,
a prominent anti-inflammatory cytokine is abundant during
TB and may promote viral activity by counteraction to anti-
HIV-1 immune responses either directly or through support
of expansion of regulatory T cells (Treg) [13,14]. While Treg

have been shown to be restrictive of viral activity through
control of immune activation [15], evidence for HIV-1 pro-
duction by Treg has also been shown recently [16]. Treg expan-
sion at sites of TB [17] and HIV/TB [18] has been
documented previously.

Here, we evaluated plasma and pleural fluid from HIV/TB
infected subjects diagnosed with pleural TB by cytokine
arrays to understand the effect of the cytokine milieu on
HIV-1 viral activity. A group of HIV-1-uninfected subjects
with pleural TB were studied simultaneously to distinguish
effects of TB compared to dual HIV/TB infection on cytok-
ine activities.

Methods

Study subjects

Patients with signs and symptoms consistent with TB who
had moderate to large pleural effusions were recruited at
Mulago Hospital, Kampala, Uganda. The study protocol
was approved by the Ugandan National AIDS Research
Subcommittee and the Institutional Review Board for
Human Investigations at University Hospitals Case Medical
Center, Cleveland, OH, USA. Twenty HIV-1 infected sub-
jects and 20 HIV-1 uninfected subjects (control group)
with culture-confirmed pleural TB met inclusion and
exclusion criteria and were enrolled. All patients underwent
thoracentesis for diagnosis of pleural TB. The median
age of patients was 31 (range 23–45 years) and the male/
female ratio was 3:1. HIV-1 infected and uninfected sub-
jects had a mean day to positive pleural fluid culture
positivity indistinguishable from one another. In the HIV-
1-infected group, median CD4 count was 86/ml (range,
17–805/ml). HIV-1 viral load was assessed in plasma and
pleural fluid by Amplicor assay (Roche, Fullerton, CA,
USA).

Cytokine assay

Cytokine array (Quansys/Licor Biosciences, Logan, UT,
USA) was performed on pleural fluid and plasma according
to the manufacturer. Cytokines assessed included IL-1 a,
IL-1b, TNF-a, TNF-b, IL-6, IL-8, IFN-g, IL-2, IL-15, IL-4,
IL-5, IL-13 and IL-17. Measurement of TGF-b, IL-12p70 and
IL-23 were by enzyme-linked immunosorbent assay (ELISA)
(R&D Systems, Minneapolis, MN, USA).

Total and bioactive TGF-b in pleural fluid was also
assessed by a sensitive bioassay, which is based on TGF-b
responsiveness [19]. Briefly, MFB-F11 cell lines that contain
a secreted alkaline phosphatase (SEAP) reporter coupled to a
Smad (of TGF-b signalling) binding element are seeded at
104/well in 96-well flat-bottomed plates in Dulbecco’s modi-
fied Eagle’s medium (DMEM) (Invitrogen/Gibco, Carslbad,
CA, USA). After overnight culture, cells are washed and
receive recombinant TGF-b or pleural fluid in dilution.
Supernatants are harvested after 24 h and assessed for SEAP
activity by chemiluminescence (Great EscAPE TM) (Mounta-
inview, CA, USA).

Cell isolation and characterization

PBMC and PFMC were prepared by Ficoll Hypaque (Phar-
macia Fine Chemicals, Piscataway, NJ, USA) density gradient
centrifugation as described previously [20]. Cell viability was
> 98% as assessed by trypan blue exclusion. Frequencies of
macrophages and T cells in PFMC were assessed by immu-
nostaining and fluorescence activated cell sorter (FACS)
analysis using conjugated antibodies to CD14, CD4 and CD3
as before [21]. Frequencies of macrophages (CD3-CD14+) in
PFMC were a mean of 1–3%, and those of CD3+CD4+ T cells
were 45–55% of PFMC. Frequencies of both PFMC
macrophages and T cells were similar in HIV/TB and TB
patients.

Forkhead box P3 (FoxP3) mRNA and HIV-1 expression
in PFMC

Total RNA was obtained from PFMC as before [22], and
real-time reverse transcription–polymerase chain reaction
(RT–PCR) using the Taqman methodology by an ABI 7700
thermocycler (Applied Biosystems, Foster City, CA, USA)
was used to quantify mRNA. Taqman primers and probes for
FoxP3 and HIV-1 gag/pol mRNA were as described before
[22,23]. Quantities of mRNA were determined by using a
dilution series of target cDNA in each assay. FoxP3 and
HIV-1 mRNA copies were corrected to the copy numbers of
ribosomal 18s (R18) in the same sample as before and
expressed as copies/1010 copies of R18 (equivalent to 1 ¥ 106

cells) [22].

Immunostaining for FoxP3 and IL-8-reactive Treg

Intracellular content of FoxP3 and IL-8 was assessed using a
commercially available FoxP3 staining kit (eBioscience, San
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Diego, CA, USA), as per the manufacturer’s instructions.
Anti-IL-8 and isotype control antibodies were purchased
from BD Biosciences (San Jose, CA, USA). For analysis,
15 000 events were acquired in the physical T cell gate. First,
CD4 T cells were identified versus forward-scatter (FSC) and
subdivided further into CD25- [defined by immunoglobulin
G1 (IgG1) mouse isotype antibody], CD25low+ (IgG1 cut-off
to log2 of fluorescence intensity) and CD25hi+ Treg (> log2

fluorescence intensity). The Treg phenotype of CD4 T cell
subsets then was confirmed further by identifying the subset
of CD4 T cells in each gate that stained positive for FoxP3
(defined by rat IgG2a isotype antibody). Finally, IL-8 expres-
sion among subsets of FoxP3+ CD4 T cells was assessed
(defined by a mouse IgG1 isotype antibody).

Statistical analysis

All statistical analyses were performed with SAS/STAT
version 9·2 (SAS Institute Inc., Cary, NC, USA). Wilcoxon’s
rank sum test was used to analyse differences in medians
between independent samples and the signed-rank test was
used to analyse paired (plasma versus pleural fluid) median
differences. Correlation was assessed using Spearman’s rank
correlation coefficient. All P-values are two-sided with
P < 0·05 considered statistically significant.

Results

Cytokine activity in plasma and pleural fluid

Results of cytokines in plasma and pleural fluid in HIV-1-
infected (Fig. 1a) and uninfected (Fig. 1b) subjects with
pleural TB are shown. Cytokines were separated according
to known functional profile into proinflammatory/anti-
inflammatory (IL-1a, IL-1b, TNF-a, IL-6, IL-8, IL-10), Th1
(IFN-g, IL-2, IL-15, TNF-b), Th2 (IL-4, IL-5, IL-13) and
Th17 (IL-17). Levels of IL-23 and IL-12p70 were negligible
in both plasma and pleural fluid (not shown).

In the HIV/TB patients (Fig. 1a) and among the
proinflammatory/anti-inflammatory cytokine group, only
IL-6 and IL-8 were significantly higher in pleural fluid com-
pared to plasma (P < 0·0001 and P < 0·005, respectively). By
contrast, levels of IL-1a and TNF-a were higher in plasma
(P < 0·001). Levels of IL-10 were similar in both plasma and
pleural fluid. In the Th1 cytokine group higher IFN-g was
seen in pleural fluid (P < 0·0001), whereas both IL-2 and
IL-15 were higher in plasma (P < 0·001). Levels of the Th2
cytokines IL-4 and IL-5 were higher in plasma (P < 0·0001
and P < 0·001, respectively). IL-13 was also higher in plasma
compared to pleural fluid (P < 0·02). IL-17 was also com-
partmentalized to plasma (P < 0·0001).

Notably, the significant compartmentalization of cytok-
ines between plasma and pleural fluid in HIV-1 infected and
uninfected patients were similar and no differences in
pattern or levels of cytokines in pleural fluid or plasma com-

partments were found, except for slightly higher IL-8 in
plasma of dually infected subjects (173 � 29 pg/ml) com-
pared to TB alone (109 � 12 pg/ml) (P < 0·04).

Concentrations of TGF-b assessed by ELISA were high
(14 � 1·9 ng/ml) in pleural fluid from HIV/TB patients,
however, were similar to that of TB patients. Next, total (i.e.
acid activated) and bioactive TGF-b were assessed by a bio-
assay [19]. While total TGF-b bioactivity in pleural fluid was
similar in the two patient groups (Fig. 2a), bioactive TGF-b
was higher in HIV/TB patients compared to TB patients
(P < 0·02) (Fig. 2b).

Cytokine basis of Treg expansion in pleural TB

Treg activity was assessed by measurement of FoxP3 mRNA in
PFMC and PBMC of a subgroup of HIV/TB (n = 11) and TB
(n = 10) patients. FoxP3 mRNA levels were similar between
HIV/TB and TB patients. In HIV/TB patients, FoxP3 mRNA
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Fig. 1. Cytokine activity in plasma and pleural fluid. Results of

cytokines in plasma and pleural fluid (PF) in HIV-1-infected (a) and

uninfected (b) subjects with pleural tuberculosis (TB) are shown. No

significant differences in pattern or level of cytokines in pleural fluid

was found between the two patient groups. Cytokines significantly

higher in pleural fluid than in plasma in HIV/TB patients included

interleukin (IL)-6 (P < 0·0001), IL-8 (P < 0·005) and interferon

(IFN)-g (P < 0·0001).
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expression was significantly higher in PFMC compared to
PBMC (P < 0·002) (Fig. 3a). Interestingly, expression of
FoxP3 mRNA in PFMC of HIV/TB patients correlated
strongly with IL-6 and IL-8 levels in pleural fluid (r = 0·7,
P < 0·02 for both), less with TGF-b (r = 0·5) and not at all
with IFN-g (r = 0·2).

Recently, IL-8 expression by a regulatory T cell line has
been described [24]. We examined IL-8 expression in FoxP3-
reactive CD4+CD25hi T cells in PFMC from HIV/TB patients
by intracellular immunostaining and FACS analysis. Up to
15% of FoxP3-reactive CD4+CD25hi T cells were also IL-8
reactive (Fig. 3b). This level of IL-8 expression was higher
than that among CD4+CD25lo and CD4+CD25- T cells
(P < 0·05 and 0·001).

Impact of pleural milieu on HIV-1 activity

In 19 of 20 subjects, viral load was available both in plasma
and pleural fluid. Overall HIV-1 activity in pleural fluid was

significantly higher than that in plasma (by a mean fold of
4·7 � 1·08, P < 0·05), and there was a significant correlation
between the viral load in pleural fluid and plasma (r = 0·8,
P < 0·005). A significant correlation was also found between
pleural fluid viral load and HIV-1 gag/pol mRNA in PFMC
(r = 0·81, P < 0·005). However, HIV-1 viral load in pleural
fluid or HIV-1 mRNA in PFMC did not correlate with cytok-
ines found in excess in pleural fluid (IL-6, IL-8, IFN-g, TGF-
b), either when analysed singly or in combination. A modest
(r = 0·5), but not significant, correlation of FoxP3 mRNA in
PFMC was found with both pleural fluid viral load and
PFMC HIV-1 gag/pol mRNA.
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mRNA levels in peripheral blood mononuclear cells (PBMC) and

PFMC of HIV/tuberculosis (TB) patients assessed by real-time

polymerase chain reaction (PCR) are shown in (a). FoxP3 mRNA was

significantly higher in PFMC compared to PBMC (P < 0·002). In (b),

IL-8 expression in FoxP3+ T cells is compared between CD4+CD25hiT

cells [regulatory T cells (Treg)] and CD4+CD25lo and CD4+CD25- T

cells. Intracellular IL-8 was significantly higher in Treg than the other

two populations (P < 0·05 and < 0·001, respectively).
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Discussion

A Th1/proinflammatory, but not Th2 or Th17, cytokine
profile at sites of pleural HIV/TB was established in this
study. However, the cytokine profile in plasma or pleural
fluid were indistinguishable between dually infected HIV/TB
and singly infected TB subjects, except for slightly higher
IL-8 in the plasma and bioactive TGF-b in pleural fluid of
HIV/TB subjects. These findings are in contrast to a mixed
Th1/Th2 cytokine pattern by in situ hybridization of pleural
biopsies [25], and the significantly lower plasma IL-1a, IL-10
and TNF-a in HIV/TB compared to TB patients demon-
strated more recently [26]. The basis for higher bioactive
TGF-b in pleural fluid of dually infected subjects is unclear.
Conversely, higher circulating IL-8 levels may possibly be
related to the more ‘acute’ nature of TB in HIV-1 infected
subjects. However, small numbers of patients studied (i.e. 20
HIV-infected and 20 HIV-1 uninfected patients) may have
skewed the results.

As before [7], viral load in pleural fluid was higher than
that in plasma, and correlated with both plasma viral load
and with HIV-1 gag/pol mRNA activity in PFMC, implicat-
ing that at time of diagnosis of pleural TB, HIV-1 generated
in situ contributes to viral activity. Four cytokines (IL-6,
IL-8, IFN-g, TGF-b) characterized the pleural compartment,
yet none correlated with HIV-1 activity in this compartment.
These data implicate a more complex relationship between
HIV-1 replication and the pleural infectious milieu in HIV-
1-infected patients with pleural TB.

High FoxP3 mRNA expression and FoxP3 +CD4CD25hi T
cells were identified in PFMC. FoxP3 mRNA expression was
increased significantly in PFMC compared to PBMC. These
data are confirmatory of data by Guyot-Revol et al. [27];
however, small numbers of patients were analysed in our
study. Collectively these data indicate an expansion of Treg at
pleural sites of TB. Interestingly, a strong correlation of
proinflammatory (IL-6 and IL-8) cytokines (but not TGF-b
or IFN-g) with FoxP3 mRNA expression in PFMC was
found. Recently, IL-8 has been found to be produced by a Treg

cell line [24]. Here we found that up to 15% of FoxP3+

CD4+CD25hi in HIV/TB patients stained positive for intrac-
ellular IL-8. A relationship between IL-8 and Treg in primary
cells has not been described previously. It is intriguing to
postulate that expanded PFMC Treg, either solely or together
with other immune cells, constitute the source of excess IL-8
in pleural fluid of TB patients. This is likely as the number of
mononuclear phagocytes, the main source of IL-8, is not
increased over that of PBMC (see Methods). In addition,
IL-8 is a mediator of recruitment of neutrophils and
lymphocytes. It is possible that IL-8 maintains the inflam-
matory milieu in pleural fluid of patients with TB pleuritis.
Whether IL-8 is an early or late marker of Treg differentiation
among PFMC, the overwhelming majority of which are
probably adaptive rather than natural Treg, is currently
unknown.

Conversely, it was surprising that a strong pleural Th17
cytokine presence was not seen here in the face of high levels
of pleural fluid IL-6 and TGF-b. These data confirm those
from a recent study from China, indicating that active TB is
associated with low Th17 responses [28]. Lack of a Th17
response may, however, be due to increased IFN-g in situ [29]
or a reciprocal effect of increased pleural Treg activity [30] in
situ. This lack of Th17 and uncontrolled proinflammatory
profile probably contributes to increased HIV-1 activity [31]
in pleural fluid of HIV/TB patients with pleural TB. The
latter needs to be investigated thoroughly in these subjects.

A correlation of the pleural cytokines and Treg expansion
with clinical or virological outcomes was not sought due to
the small numbers of HIV/TB subjects in this study.
However, it appears that clinical parameters were not differ-
ent among HIV-infected and uninfected patients.

In summary, effects of MTB infection predominate over
that of HIV-1 at sites of dual HIV/TB infection in pleural TB.
The cellular (expanded Treg) and cytokine (IL-6, IL-8, TGF-b,
IFN-g) characteristics at pleural sites of HIV/TB are distinct
from these parameters in the systemic circulation. Expansion
of Treg and specific patterns in the pleural cytokine profile,
which also include limitation in IL-17, may promote HIV-1
expansion in pleural TB.
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