
Expansion of CCR5z CD4z T-lymphocytes in the course of active
pulmonary tuberculosis

M.B. Santucci*, M. Bocchino#, S.K. Garg*, A. Marruchella#, V. Colizzi*, C. Saltini#, M. Fraziano*

Expansion of CCR5z CD4z T-lymphocytes in the course of active pulmonary
tuberculosis. M.B. Santucci, M. Bocchino, S.K. Garg, A. Marruchella, V. Colizzi,
C. Saltini, M. Fraziano. #ERS Journals Ltd 2004.
ABSTRACT: Nonsyncytium inducing, macrophage tropic HIV strains predominate in
the course of active tuberculosis (TB). The present study assesses the expression of
CCR5 in CD4z T-lymphocytes from blood and bronchoalveolar lavage (BAL) of TB
patients, non-TB lung disease controls and healthy controls.

Memory (CD45ROz), recently activated (CD69z), proliferating (Ki67z) CCR5zor
CCR3z CD4z T-lymphocytes were determined by multiparametric flow cytometry
analysis.

Results show that BAL CD4z T-lymphocytes expressing CCR5 or CCR3 were
significantly increased when compared to peripheral blood both in patients and in
healthy controls. However, the data show that the proportions of peripheral blood
CCR5z CD4z and CCR3z CD4z T-lymphocytes and BAL CCR5z CD4z T-
lymphocytes, but not BAL CCR3zCD4zT-lymphocytes, were significantly increased
in TB patients. Furthermore, the observation that BAL CCR5zCD4zT-lymphocytes
from TB patients expressed early activation markers, were not proliferating and showed
down-regulation of CCR5 expression suggests recruitment and trapping at the site of
disease.

Altogether, these results suggest that the lower respiratory tract mucosa may provide
cellular targets accessible for efficient transmission of macrophage tropic HIV-1
variants and that tuberculosis may enhance this phenomenon.
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Tuberculosis (TB), one of the most frequent AIDS-defining
complications of HIV infection [1], represents one of the
major risk factors for AIDS progression, as infection with
Mycobacterium tuberculosis results in enhanced susceptibility
of CD4z cells to HIV infection, both in terms of viral entry
and replication [2–3]. In vitro, co-infection of monocyte-
derived macrophages with M. tuberculosis and HIV is known
to increase both viral replication and HIV transmission to
T-cells [4]. At the molecular level, it has been shown that
IkB-a, the major cytoplasmic inhibitor of the nuclear factor-
kB, is constitutively degraded in freshly isolated peripheral
blood mononuclear cells (PBMC) and monocytes from
patients with active TB [5]. In addition, the increased
production of the pro-inflammatory cytokines tumour
necrosis factor (TNF)-a and interleukin (IL)-6 during the
course of TB may also play a pathogenic role by generating
a microenvironment enhancing the productive infection of
local lymphocytes [6].

The chemokine receptors CCR5 and CXCR4 have been
shown to be the main co-receptors for macrophage-tropic
(now identified as R5) and T-cell line-tropic (now identified
as X4) HIV-1 isolates, respectively. Furthermore, other
chemokine receptor molecules, such as CCR2b, CCR3,
CCR8, CCR9, CX3CR1 (formerly designated CMKBRL1
or V28), the chemokine receptor-like orphan molecules
STRL33/Bonzo, GPR15/BOB and Apj, may function as

HIV co-receptors [7]. M. tuberculosis infection increases cell
expression of CCR5 both in vitro and in vivo, thereby
enhancing susceptibility of cells of the monocyte/macrophage
lineage to HIV infection [8]. An increase of both CCR5 and
CXCR4 expression in peripheral CD4z T-lymphocytes from
active TB patients has been described [9], and CCR5 has also
been identified as the main co-receptor for nonsyncytium
inducing (NSI) HIV-1 subtype-C isolates from patients with
active TB [10].

Previous studies have shown that the lung is a site of
accumulation of activated memory cells expressing late-
activation cell surface markers [11], and that during the
course of lung immune reactions the compartmentalised
activation and proliferation of lung T-cells [12] leads to an
exaggerated accumulation of memory T-cells [13], possibly
through enhanced recruitment of activated memory T-cells
from the blood [14]. Chemokine receptors are known to be
differentially expressed on memory CD4z T-cells depending
on their polarisation [15]: T-helper (Th)1 lymphocytes express
CCR5 and CXCR3, whereas Th2 lymphocytes express CCR3,
CCR4 and CCR8. As Th1 lymphocytes expand in the lungs of
patients with active tuberculosis [15], the present study was
designed to analyse the expression of CCR5 and CCR3 on
CD4z T-cells derived from peripheral blood and from the
lower respiratory tract of TB patients, non-TB lung disease
controls and healthy controls.
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Methods

Study subjects

Ten subjects with pulmonary mycobacterial disease (nine
with culture-confirmed pulmonary TB and one with culture-
confirmed M. avium lung disease) were enrolled in the study
before the initiation of anti-mycobacterial treatment (age
36.6¡15.2 yrs; three males; five Caucasians). Twelve subjects
with non-TB lung diseases (three with interstitial lung disease,
four with lung cancer, one with lung lymphoma, three with
bacterial pneumonia, one with atypical pneumonia; age
66.1¡8.9 yrs; nine males; 11 Caucasians) were enrolled as
disease controls. Six subjects undergoing bronchoscopy and
bronchoalveolar lavage (BAL) for the diagnosis of nodular
lesions (age 57.6¡12.8 yrs; one male; six Caucasians) were
recruited in the study as healthy controls, as their BAL
showed no bacteriological or cytological abnormalities. Final
diagnoses were fibrocalcific TB sequelae in three cases
presenting with haemoptysis (two cases) and dry cough (one
case), lung sequestration in one case, hamarto-chondroma in
one case, and a false image on chest radiography in one case.
Subjects were enrolled in the study after informed consent
(INMI Lazzaro Spallanzani IRCCS Ethics Committee).

Blood and lung cells

Whole blood was collected by venipuncture and PBMC
were separated by centrifugation on a Ficoll-Hypaque
gradient as previously described [8]. BAL was carried out
during diagnostic fibreoptic bronchoscopy (Olympus BF 30;
Olympus, Lake Success, NY, USA), following local anaes-
thesia with 2% lidocaine by instillation of three 50-mL
aliquots of 0.9% saline in a subsegmental bronchus, followed
by low-pressure aspiration. BAL fluids were filtered through a
monolayer of gauze, cells were collected by centrifugation at
3506g for 10 min and suspended in PBS, 0.5% BSA, 0.1%
NaN3 solution for flow cytometric analysis.

Flow cytometry

BAL cells and PBMC were labelled with fluorochrome-
conjugated monoclonal antibodies directed against CD3
(FITC-conjugated, clone UCHT1, IgG1; Becton Dickinson,
San Jose, CA, USA), CD4 (Cy-chrome-conjugated, clone
RPA-T4, IgG1; Becton Dickinson), CD69 (FITC-conjugated,
clone CH/4, IgG2a; Serotec, Cergy Saint-Christophe, France),
CD45RO (FITC-conjugated, clone UCHL1, IgG2a; Serotec),
CCR5 (PE-conjugated, clone 2D7, IgG2a; Becton Dickinson),
CCR3 (PE-conjugated, clone 61828.111, IgG2a; R&D
Systems, Minneapolis, MN, USA). Premixed cocktails con-
taining appropriate fluorochrome-conjugated monoclonal
antibodies (Fluorescein, Phycoerythrin, Cy-chrome) were
reacted with 50 mL of either BAL or PBMC cell suspension
on ice for 30 min in the dark. Cells were then washed twice
with PBS, 0.5% BSA, 0.1% NaN3 and fixed over-night at 4uC
with 1.5% paraformaldehyde in PBS, as previously reported
[16]. To assess CD4zT-lymphocyte in situ proliferation, cells
were analysed for the expression of the nuclear antigen Ki67
using an anti-Ki67 antibody (FITC-conjugated, clone B56,
IgG1; Becton Dickinson) or an irrelevant antibody (FITC-
conjugated, clone MOPC-21, IgG1; Becton Dickinson) as
control, by intracytoplasmatic staining as previously
described [17]. Briefly, after membrane staining, cells were
fixed for 5 min with 4% paraformaldehyde in PBS, washed
and incubated with anti-Ki67 monoclonal antibody for

45 min at room temperature in the dark. Cells then under-
went two final washings before being resuspended in PBS and
analysed using a FACSCalibur (BD Biosciences, San Jose,
CA, USA) by CellQuest software (BD Biosciences).

Statistical analysis

Comparisons between groups were done using paired and
unpaired t-tests as indicated.

Results

In order to see whether pulmonary mucosa represents a site
for accumulation of CCR5z CD4z and of CCR3z CD4z
T-lymphocytes, both T-cell subpopulations were studied in
BAL and in peripheral blood from TB patients, non-TB lung
disease controls and healthy controls. Results expressed in
figure 1 show that the proportion of CCR5z CD4z and
CCR3z CD4z T-cells was significantly increased in BAL
samples in comparison with peripheral blood, both in TB
patients, non-TB lung disease controls and healthy controls.

In agreement with previous reports on CCR5 expression on
blood T-cells in active TB [9], the proportion of peripheral
blood CCR5z CD4z T-cells in TB patients was significantly
higher when compared to both non-TB lung disease controls
and healthy controls (fig. 2a). Similarly, the proportions of
CCR3z CD4z T-cells in peripheral blood of the same
patients were significantly higher (fig. 2b) than that detected
in both non-TB lung disease patients and healthy controls.
Interestingly, when comparison was carried out at pulmonary
mucosal level, the CCR5-expressing CD4z T-cell population
was increased in the lower respiratory tract of TB patients in
comparison to both non-TB lung disease controls and healthy
controls (fig. 2c), whereas the proportion of the CCR3z
CD4z T-cells was similar in the three study groups (fig. 2d).
Quantitative analysis of fluorescence intensity showed that in
TB patients CCR5 expression on alveolar, but not blood,
CD4z T-cells was significantly lower than that observed in
healthy controls (24.1¡8.83 versus 46.97¡19.56, p=0.006) but
not than that observed in non-TB lung disease patients
(24.1¡8.83 versus 32.58¡16.9).

With regard to chemokine receptor expression on cytotoxic
T-cells, alveolar CD4-/CD3zT (mostly CD8z)-cells from TB
patients expressed CCR5 at a higher percentage than controls
(TB patients 65.87¡25.31, non-TB lung disease controls
7.46¡4.34, healthy controls 15.12¡10.96; p=0.005 and
pv0.001 when compared with non-TB lung disease controls
and healthy controls, respectively), but not CCR3 (TB
patients 14.54¡17.65, non-TB lung disease controls
22.3¡22.94, healthy controls 20.97¡12.51). No differences
were observed in blood CD4-/CD3zT-cells from TB patients
and controls in terms of the proportion of either CCR5zcells
(TB patients 1.03¡1.84, non-TB lung disease controls
0.72¡0.73, healthy controls 1.25¡1.33) or CCR3z cells (TB
patients 1.02¡0.41, non-TB lung disease controls 1.32¡0.64,
healthy controls 0.59¡0.98).

To characterise the activation phenotype of CCR5z and
CCR3zCD4zlung T-cells, the proportions of CD4zCCR5z
and CCR3z cells that expressed the memory T-cell marker
CD45RO, the recent activation T-cell marker CD69 and the
proliferation cell marker Ki67 were analysed. Results show
that, in TB patients as well as in non-TB lung disease controls,
lung CCR5z CD4z and CCR3z CD4z T-lymphocytes were
largely comprised of late-activated, nonproliferating memory
cells, as all of them, both CCR5zCD4zand CCR3zCD4z,
expressed the CD45RO-positive memory T-cell phenotype
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(table 1), while only 3.7¡4.6 of CCR5 and 12.85¡12.98 of
CCR3 expressed the Ki67 proliferation marker (pv0.001 and
pv0.001 as compared to CDR45ROz, respectively).

Discussion

Chemokine receptors play a key role in the process of HIV
entry into target cells [6]. In this context, it has previously
been shown that in vitro M. tuberculosis infection of
monocyte-derived macrophages enhances the expression of
the CCR5 chemokine receptor, similarly to what may be
observed on ex vivo alveolar macrophages obtained from
active TB patients [8]. In the present study, it has been shown
that CCR5- and CCR3-expressing CD4z T-lymphocytes
compartmentalise to the lower respiratory tract and that,

consistent with the observation that lung CD4 T-cells in
active TB are almost entirely comprised of Th1 cells [18],
CCR5-expressing CD4z T-cells accumulate in the lung at
higher rates in the course of active TB.

It has already been demonstrated that lung T-lymphocytes,
both in normal individuals and in individuals with granulo-
matous diseases, are almost entirely comprised of CD45ROz
memory T-cells [13], and express both early- and late-
activation markers, such as CD69 and CD29 [19]. The data
demonstrate that almost all of the CCR5z and CCR3z
CD4zT-cells compartmentalised to the lungs of patients with
active TB express the memory T-cell phenotype, and that the
majority may have been recently activated (as indicated by the
expression of the CD69 marker), but are not proliferating in
the lower respiratory tract milieu (as the expression of the
Ki67 marker, a nuclear antigen expressed in all phases of the
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Fig. 1. – Proportion of bronchoalveolar lavage (BAL)- and peripheral blood mononuclear cell (PBMC)-derived CCR5z CD4z and CCR3z
CD4z T-cells from tuberculosis (TB) patients (a and b, respectively), non-TB lung disease patients (c and d, respectively) and healthy controls (e
and f, respectively). **: p=0.01; ***: p=0.001; #: p=0.02; }: p=0.03, calculated by comparing differences between means by paired t-test.
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cell cycle except G0 [20], was disproportionately lower than
that of the CD69 and the CD45RO markers). Although it is
not clear whether in situ activation occurs in the alveolar
milieu of patients with TB [19], lung T-cells may be activated
outside the lung in sarcoidosis, a granulomatous disorder
involving primarily the lung, as CD45RA bright T-cells are
rare [21] while IL-2 receptor-expressing CD4 T-cells are found
in disproportionately high proportions in the bloodstream of
patients with active disease [14]. In this context, the increased
proportion of memory T-cells expressing CCR5 and CCR3,
most notably of CCR5z CD4z T-cells, in the lungs of
patients with active TB may be due to preferential recircula-
tion and recruitment of recently activated memory cells to the

mucosal compartment rather than to in situ proliferation and,
possibly, to further activation in the lung. In this regard, this
study shows that although the proportion of CD4z CCR5z
T-cells was higher in the lungs of TB patients than controls,
their CCR5 expression was down-regulated in comparison to
that of healthy controls, as indicated by mean fluorescence
intensity analysis. This phenomenon may be explained by
receptor internalisation after binding with chemokines pre-
sent in the alveolar microenvironment in the course of TB. In
this respect, macrophage inhibitory protein-1a binding to
CCR5 induces receptor internalisation and recycling, which
are both regulated by actin polymerisation and activation of
small G-proteins in a Rho-dependent manner [22]. However,
the possibility of chemokine receptor shedding, as a further
mechanism to explain the reduced membrane expression,
cannot be excluded. In fact, evidence has shown that
lipopolysaccharide- or TNF-a-treated neutrophils downregu-
late CXCR1 and CXCR2 receptors through metallo-
proteinase (MMP) activation [23]. In this context, MMP are
released from M. tuberculosis-infected macrophages both
in vitro and in vivo, and they may contribute to cavity
formation by their ability to digest collagens I-IV [24].
Although no evidence is actually available about a role of
MMP in CCR5 downregulation, it is possible to hypothesise
an MMP-mediated mechanism of CCR5 shedding in the
course of TB, which may contribute to the maintenance of
lung inflammation. In fact, the reduced expression of certain
inflammatory chemokine receptors (i.e. CCR1, CCR2 and
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Fig. 2. – Proportion of CCR5z CD4z T-cells and CCR3z CD4z T-cells derived from peripheral blood mononuclear cells (a and b, respectively)
and from bronchoalveolar lavage (c and d, respectively) from tuberculosis (TB) patients was compared with that observed in non-TB lung
disease controls and healthy controls. #: p=0.03; }: p=0.04; z: p=0.008; ƒ: p=0.0006, calculated by comparing differences between means by
unpaired t-test.

Table 1. – Analysis of alveolar CD4z T-cell subpopulation in
tuberculosis (TB) patients and in non-TB lung disease
controls

CCR5z CD4z T-cells CCR3z CD4z T-cells

TB non-TB TB non-TB

CD45ROz 95.0¡3.8 83.1¡30.7 97.62¡2.0 80.7¡33.1
CD69z 59.4¡20.2 81.6¡23.5 65.06¡26.0 68.4¡28.3
Ki67z 3.7¡4.6 18.6¡19.0 12.85¡13.0 14.7¡10.6

Data are presented as mean¡SD of the percentage of positive cells; due
to the smaller number of cells recovered by bronchoalveolar lavage
from healthy controls, this analysis was not carried out in these
subjects.
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CCR5) [25], possibly associated with receptor shedding, may
deliver a stop signal to activated CCR5zTh1 cells, which can
then focus their action at sites of infection.

With the background that chemokine receptors play a
major role in HIV infection, the very fact that the lung
lymphocyte population is normally comprised of memory
T-cells expressing the chemokine receptors CCR5 and CCR3,
and that in pulmonary TB the population of CCR5z CD4z
activated T-cells expands in the lower respiratory tract, may
render the lung a preferential target for the spread of the NSI
macrophage-tropic viral variants, as alveolar and tissue lung
macrophages may continuously transmit virus to susceptible
antigen-specific CD4zT-lymphocytes [3–4]. Consistently with
this notion, NSI macrophage-tropic viral variants have been
found in TB patients [10], where the infection of CCR5z
CD4z T-cells is likely to lead to the deletion of M.
tuberculosis-specific Th1 cells crucial for the anti-TB
immune response [26], as vaginal CD4z T-lymphocytes
expressing high levels of CCR5 are rapidly eliminated in the
course of simian immunodeficiency infection [27]. The recent
observation that the immunosuppressive drug rapamycin can
downregulate CCR5 expression and inhibit R5 HIV entry
into CD4 T-cells and macrophages [28] may open the way to
new strategies to prevent the deletion of M. tuberculosis-
specific lung memory T-cells.

Altogether, these results show that active tuberculosis, by
driving the accumulation of CCR5z CD4z T-cells in the
lower respiratory tract, may lead to an exaggerated expansion
of a cell population highly susceptible to the transmission of
nonsyncytium-inducing HIV-1 variants by alveolar macro-
phages and blood-derived monocytes. As the lung represents
one of the preferential sites for HIV replication in the course
of pulmonary tuberculosis in HIV-infected patients [29], the
accumulation of CCR5z CD4z T-cell population may be
responsible for the increase in HIV viraemia occurring in
association with tuberculosis and favour the deletion of
Mycobacterium tuberculosis -specific T-helper 1 cells.
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