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Introduction

Although the vast majority of mature T lymphocytes

Summary

Tuberculous pleurisy is a naturally occurring site of Mycobacterium tubercu-
losis (Mtb) infection. Herein, we describe the expression of activation, natural
killer (NK) and cell migration markers, as well as effector functions from YT
cells in peripheral blood (PB) and pleural effusion (PE) from tuberculosis
patients (TB). We observed a decreased percentage of circulating Y8T from TB
patients and differential expression of NK as well as of chemokine receptors
on PB and PE. Two subsets of 3T cells were differentiated by the CD3/y8T cell
receptor (YOTCR) complex. The YSTCR™" subset had a higher CD3 to TCR
ratio and was enriched in V&2* cells, whereas most V&1* cells belonged to the
YOTCR"®" subset. In PB from TB, most YTCR"®" were CD45RA*CCR7~ and
YOTCR" were CD45RA*~CCR7*CXCR3*. In the pleural space the proportion
of CD45RA"CCR7*CXCR3" cells was higher. Neither spontaneous nor Mtb-
induced interferon (IFN)-y production was observed in PB-y3T cells from TB;
however, PE-Y8T cells showed a strong response. Both PB- and PE-yd T cells
expressed surface CD107a upon stimulation with Mtb. Notably, PE-ydTCR""
cells were the most potent effector cells. Thus, y8T cells from PB would acquire
a further activated phenotype within the site of Mtb infection and exert full
effector functions. As YOT cells produce IFN-y within the pleural space, they
would be expected to play a beneficial role in tuberculous pleurisy by helping
to maintain a T helper type 1 profile.
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phages [9-11]. YT cells recognize non-peptide phosphory-

lated metabolites of isoprenoid biosynthesis, (E)-4-
hydroxy-3-methyl-but-2-enyl pyrophosphate (HMBPP)

express a heterodimeric afy T cell receptor (TCR), a small
subset (1-5%) of circulating human T cells carries the
alternative YOTCR [1,2]. The main differences between o3
and YOT cells concern the diversity of the TCR germline
repertoire and antigens recognized by the respective TCR
molecules [3]. It has been shown recently that, similar to
CD4 and CD8 o T cells, Vy9V62 T cells, the major subset
in human peripheral blood, are heterogeneous and com-
prise distinct populations that can be distinguished on the
basis of surface marker expression and effector functions
[4-6]. V31 chain expressing YOT cells are a minor subset in
blood (10-30% of peripheral y8T cells) [7] that can be acti-
vated and expanded in response to lipid extracts of Gram-
negative bacteria and polyprenylphosphates [8]. YOT cells
display an important number of effector functions leading
to proliferation, release of T helper type 1 (Thl) cytokines
and cytotoxic activity against pathogen-infected macro-

being the most potent antigen described. HMBPP is pro-
duced by most eubacteria, including Mycobacterium tuber-
culosis (Mtb) [12]. Prenyl pyrophosphate antigens do not
require antigen uptake, processing or intracellular loading
for presentation, but are dependent upon cell-to-cell
contact. In this context, recent findings suggest strongly the
existence of an antigen-presenting molecule different from
the currently known major histocompatibility complex
(MHC)/CD1 molecules [13,14]. yOT cells are activated in
response to Mtb [15,16], and an expansion during myco-
bacterial infection has been observed in experimental
models as well as in secondary challenges with either bacilli
Calmette-Guérin (BCG) or virulent Mtb [10,17]. Further-
more, YOT cells from BCG-vaccinated individuals expand
upon restimulation with mycobacterial antigens and
display a memory-like phenotype [18]. However, studies
investigating 0T cell function in peripheral blood (PB)
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and lungs of patients with TB have provided contradictory
results [7,19-21].

Tuberculous pleuritis is a common manifestation of extra-
pulmonary tuberculosis (TB) and results in an increased
pleural vascular permeability that leads to the accumulation
of protein-enriched fluid and the recruitment of specific
inflammatory leucocytes into the pleural space leading to the
clearance of mycobacteria from this cavity [22-24]. Ex-vivo
and in vitro studies have demonstrated that CD4" cells,
together with a marked Th1 environment, are predominant
in TB pleural effusion (TB-PE) [25-27]. Other cells present
in TB-PE [23,26] may also contribute to mount a protective
immune response against Mtb. An abundance of immuno-
competent cells in the PE enables the study of locally accu-
mulated effector cells, of their cytokine production and of
their preferential homing. Considering that tuberculous
pleurisy is a naturally occurring site of Mtb infection, in this
study we have investigated the expression of activation,
natural killer (NK) and cell migration-associated markers,
and the effector functions from 8T cells in PB and PE from
TB patients. Herein, we have demonstrated that 0T cells
comprise two distinct subsets that present marked differ-
ences in activation state and effector functions in both PB
and PE.

Materials and methods

Patients

Thirty-four patients (28 men, six women, aged between 17
and 63 years) with newly diagnosed tuberculous pleuritis
were identified at the Servicio de Tisioneumonologia, Hos-
pital E. ] Muniz (Buenos Aires, Argentina). Informed consent
was obtained from patients according to the Ethics
Committee. Patients were evaluated by history and physical
examination, complete blood cell count, electrolyte, chest
X-ray, human immunodeficiency virus (HIV) and tubercu-
lin skin test status. PE and PB were obtained during diag-
nostic thoracentesis before initiation of chemotherapy.
Exclusion criteria included a positive test for HIV or the
presence of concurrent infectious diseases. Effusions were
classified as exudates if they fulfilled at least one of the Light
et al. criteria [28]. TB-PE were defined as exudates with a
positive Ziehl-Nielsen stain or Lowenstein—Jensen culture of
PE or pleural biopsy specimens.

Thoracentesis and mononuclear cells

PE was obtained as described previously [29]. Biochemical
analysis, bacterial cultures and cytological examinations
were performed on all PE samples at the Central Laboratory
of Muniz Hospital. PE and PB samples were dispensed into
tubes containing heparin and were collected from patients
on the same day as thoracentesis. PB from healthy subjects
(HS) (n = 10; age range 2055 years) were also evaluated. All

HS had received BCG vaccination in childhood and their
tuberculin-test status was unknown. Peripheral blood
mononuclear cells (PBMC) and PE mononuclear cells
(PEMC) were isolated by Ficoll-Hypaque and suspended in
RPMI-1640 tissue culture medium (GiBco Laboratories,
New York, NY, USA) containing gentamicin (85 pg/ml) and
10% heat-inactivated fetal calf serum (GiBco Laboratories;
complete medium). Purity and viability were tested using
trypan blue exclusion. PBMC and PEMC (1 x 10° cells/ml)
were cultured in Falcon 2063 tubes (Becton Dickinson,
Lincoln, NJ, USA) for 24 h at 37°C in a humidified 5% CO,
atmosphere, in complete medium with or without Mtb.

Antigen

The gamma-irradiated Mtb H37Rv strain used in this study
was provided by J. Belisle (Colorado State University, Denver,
CO, USA). Mycobacteria were suspended in phosphate-
buffered saline (PBS) free of pyrogen, sonicated and adjusted
at a concentration of =1 X 10® bacteria/ml [optical density
(OD)eoo=1].

Immunofluorescence analysis

Expression of surface markers on yOT lymphocytes. The fol-
lowing anti-human monoclonal antibodies (mAb) were
used: Cy5PE-CD3, fluorescein isothiocyanate (FITC)-
and phycoerythrin (PE)-CD56, FITC-CD16, FITC-CDY4,
PE-human leucocyte antigen D-related (HLA-DR), FITC-
CD62L, FITC-CD45R0O, FITC-CD45RA (e-Bioscience, San
Diego, CA, USA), PE-NKG2A and PE-NKG2D (R&D
Systems, Minneapolis, MN, USA), FITC- and PE-CD69
(Ancell, Bayport, MN, USA), FITC (e-Bioscience) or
PE-pan-ydTCR (BD-Pharmingen, San Diego, CA, USA),
PE-CCR7, PE-CXCR3, PE-CD27, PE-V82TCR (BD-
Pharmingen) and FITC-V81TCR (Pierce-Endogen, Thermo
Scientific, Rockford, IL, USA). Labelled isotype-matched
antibodies were also tested. PBMC and PEMC were incu-
bated with the corresponding mAbs for 30 min at 4°C, cells
were washed, fixed with 0-5% paraformaldehyde (PFA), sus-
pended in Isoflow™ (BD-Pharmingen) and analysed in a
fluorescence activated cell sorter (FACScan) cytometer using
Cellquest (BD-Pharmingen) and FSC Express (De Novo
Software, Los Angeles, CA, USA) software; 30 00050 000
events in the lymphocyte gate were acquired. Analysis gates
were set on lymphocytes according to forward- and side-
scatter properties. Results are expressed as the percentage of
positive cells.

Intracytoplasmatic detection of interferon (IFN)-y

Briefly, PBMC and PEMC (1 x 10° cells/ml) were stimulated
with or without Mtb for 24 h (ratio of cells to bacteria: 1:2).
Brefeldin A (5 pg/ml, Sigma, St Louis, MO, USA) was added
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Table 1. Clinical, cytological and laboratory data profile from tuberculous pleurisy patients.

Parameter Peripheral blood Pleural effusion P-value
Age (years) 29 (17-63)

Gender 29M/5F

AFB 21+/13—

PPD 19+/15—

ADA — 100 = 21

Cell count, cells/mm?® 7012 + 1639 2029 * 1291 P <0-0001
Ly, % (range) 21 = 8 (5-36) 70 * 12 (44-87) P < 0-0001
Ly count, cells/mm?’ 1512 * 564 1746 = 1021 n.s.

8T Ly, % (range) 45 * 3.6 (0-6-14-6) 3.0 + 1-8 (0-4-6-8) P<005
¥3T Ly, cells/mm’ 64 * 59 46 * 44 ns.

AFB, acid-fast bacillus in sputum or culture; PPD, purified protein derivative skin test; ADA, adenosine deaminase; Ly, lymphocyte; n.s., not

significant.

for the final 4 h to block cytokine secretion prior to surface
staining of CD3 and y8TCR. Thereafter, cells were fixed and
permeabilized according to the manufacturer’s instructions
(Perm2; BD-Pharmingen). FITC- or PE-anti-IFN-y (Caltag,
Burlingame, CA, USA) was added and incubated for 30 min
at room temperature. Cells were washed and analysed
by flow cytometry; 30 000-50 000 events were acquired.
Results are expressed as a percentage of positive cells on
CD3"OTCR" cells and as median fluorescence intensity
(MFI).

Detection of perforin in YOT cells

PBMC and PEMC were stained with Cy5PE-CD3 and PE-
YOTCR mAD. Thereafter, cells were fixed and permeabilized
as described above, and stained with FITC-anti-perforin
(Ancell, Bayport, MN, USA). Positive cells were analysed by
acquiring 30 000-50 000 events; results are expressed as per-
centage of positive cells and as MFI.

Detection of CD107a on Y3T cells

Because degranulation of antigen-responding T cells is asso-
ciated with acquisition of cell surface CD107a, PBMC and
PEMC (1 x 10° cells/ml) were incubated with or without
Mitb for 18 h, and FITC-CD107a mAB (BD-Pharmingen)
was added to the culture during the last 4 h; thereafter, cells
were washed once and surface-stained with PE-Cy5-anti-
CD3 and PE-anti- YOTCR; 20 000 events were acquired on
CD3*YdTCR* lymphocytes and results are expressed as a per-
centage of CD107a" cells.

Statistics

Comparisons of paired PB and PE samples and of different
treatments were carried out using the paired Wilcoxon test
or the unpaired Mann-Whitney test (non-parametric). A
value of P < 0-05 was assumed as significant. For evaluation
of correlations between surface markers, the non-parametric
two-tailed Spearman’s rank correlation test was used.

Results

Patient characteristics

A total of 34 subjects with tuberculous pleurisy were enrolled
in this study. All study participants had newly diagnosed
moderate to large pleural effusions. Among them, 11 also
had pulmonary disease with positive sputum smears. In
addition, PB from 10 healthy donors (HS) was evaluated.
Table 1 summarizes selected clinical and laboratory data
profiles of TB patients. We found a lower absolute number of
lymphocytes (HS = 2175 = 520 cells/mm’, TB = 1512 * 564
cells/fmm?’ P < 0-05) and yOT cells (HS =102-2 % 7-6 cells/
mm’, TB = 64 * 59 cells/mm?® P=0-0017) in PB of TB than
in HS. As shown in Table 1, high adenosine deaminase
(ADA) was found in PE, which is in accordance with its
aetiology [30]. Compared to PB, PE presented higher CD3*
and lower YOT lymphocyte percentages; none the less, no
significant differences were observed in absolute numbers.

Characterization of YOT cells in peripheral blood and
pleural effusion mononuclear cells from TB patients

It is well known that YT cells express several NK receptors
[31] and that their activity is regulated by both positive
and inhibitory signals transduced by cell surface receptors
including the C-type lectin family, immunoglobulin (Ig)
superfamily and natural cytotoxicity receptors [32-34]. To
characterize the activation state as well as NK and chemok-
ine receptor expression, PE-y0T from TB and PB-ydT from
TB and HS were analysed by flow cytometry. The percentage
of CD69" ¥OT cells was higher in PB from TB compared to
that of HS and was even greater in PE-Y0T (Fig. la).
Although no differences were detected in the proportion of
HLA-DR" cells between PB from HS and TB, it was signifi-
cantly higher in PE-Y3T cells. PB-y0T from HS showed lower
percentages of CD56 and CD16 and higher percentages of
NKG2D and NKG2A than TB-PB. Also, a lower proportion
of YOT cells expressing CD56, CD16, NKG2D and CD9%4
molecules was observed in PE than PB from TB. However,
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Fig. 1. Characterization of ydT cell in pleural effusion and peripheral
blood from tuberculosis (TB) patients and healthy controls. Peripheral
blood mononuclear cells (PB) from healthy individuals (grey bars)
and TB patients (unfilled bars) and pleural effusion mononuclear cells
(PE) from TB patients (black bars) were tested for surface expression
of: CD69 and human leucocyte antigen D-related (HLA-DR)
activation molecules (a), CD56, CD16, NKG2D, NKG2A and CD9%4
natural killer (NK) receptors (b) and CCR7, CXCR3 and CD62L
migration-associated receptors (c) by flow cytometry in the CD3"ydT
cell receptor (TCR)" gate. CD45RA and CD45RO markers were
evaluated in CD3"ydTCR" (ydT) and YOTCR™ (y6"CD3") T cells (d).
Results are expressed as percentage (%) (mean = standard error of
the mean). Statistical differences: PB-TB versus PE or PB-TB versus
PB-healthy subjects (HS): *P < 0-05, **P < 0-01, ***P < 0-005; y0T
versus Yo CD3*: 1P < 0-05, P < 0-01.

the percentage of NKG2A' yOT cells was higher in PE
(Fig. 1b).

Because lymphocyte migration, including YT cells,
depends upon the combined action of adhesion molecules
[35] and chemokines and their receptors [36], we evaluated

the expression of molecules involved in extravasation
(CD62L), migration into lymph nodes (CCR7) and associa-
tion with a type-1 response (CXCR3). No differences were
observed in the frequency of CCR7-, CXCR3- and CD62L-
expressing cells between PB-yOT cells from HS and TB.
Despite this, a higher percentage of these markers was
detected in PE-yOT cells, and this was particularly pro-
nounced for CXCR3 (Fig. 1c).

Naive T cells can be differentiated from those that are
activated or have previously encountered antigens (effector/
memory cells) by several surface markers, CD45RA and
CD45R0 being employed widely [5]. 0T cells from PB-TB
showed a higher CD45RA percentage than PB-HS with the
same proportion in CD45RO* cells. In addition, lower
CD45RA" and higher CD45RO" percentages were obtained
in PE-yOT cells than in its PB counterpart (Fig. 1d). Having
observed the high CD45RA percentage in PB-yOT cells, we
wondered whether CD3"yd™ cells would show the same
CD45RA/RO pattern of expression; a higher proportion of
CD45RA" cells was detected in PB-TB than in PB-HS,
whereas this percentage was lower in PE (Fig. 1d). The latter
was due to the enrichment in CD4" cells (72 * 2:5% of
PEMC) that express mainly PE CD45RO (81-3 = 2:0%).
Interestingly, regarding the CD45RA/RO expression pattern,
YOT cells in PB from TB and HS as well as in PE were similar
to conventional CD8" T cells (data not shown).

Because CD45RA alone is not sufficient to identify naive
cells, CD27 and CD11a were employed as additional markers
and these cells were identified by CD45RA*/CD27"&"/
CD11a"" expression [4,5]. To rule out that CD45RA" cells
were naive, CD27 was employed as a second marker.
Although in TB patients 40 * 2% of PB and 68 * 3% of
PE-YOT cells were CD27% its expression was very low (MFI:
PB=66 = 5; PE=95 * 30) compared to that of CD3"y&"
cells (MFI: PB =250 * 100; PE = 150 = 60; n=5), suggest-
ing that CD45RA" ¥OT cells did not fit the naive phenotype.

Two populations of Y3T cells are differentiated by
CD3/Y8TCR complex expression

According to TCR and CD3 expression we were able to dif-
ferentiate YOTCR"" and YSTCR™™ subpopulations in PB
from 25 of 38 (66%) TB patients and 14 of 24 (58%) HS
(Fig. 2a). YOTCR"" was the prevailing subset in PB and PE,
and no differences in the YSTCR""/y§TCR"" ratio were
observed in either HS or TB samples (Fig. 2b). Furthermore,
a significant correlation between CD3 and TCR was achieved
only when high and low subpopulations were considered as
two independent groups both in PB and in PE (Fig. 2¢), and
no correlation was found when high and low y8T were taken
as a single population (PB: r=0-1611, P=0-4627; PE:
r=-0-0270, P = 0-9005). When V gene usage was analysed in
YOTCR"" and YOTCR"" subsets, we found that most V&1*
corresponded to YSTCR"s" and V82* cells were largely repre-
sented in the YOTCR"" subset in PB from both HS and TB as
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well as in PE (Fig. 2d). Despite this asymmetrical distribu-
tion, almost half the YSTCR"#" cells expressed the V32 chain
(data not shown). Therefore, our results suggest that Y3T
cells can be divided into two subsets according to the TCR
complex, with Y§TCR"" having a higher CD3/TCR ratio.

Phenotypical differences of YSTCR"®" and y§TCR""
subsets from PB and PE cells in TB patients

Considering the YSTCR"#¢" and YdTCR"" subsets identified in
PB and PE, we wanted to determine whether there were
differences in the CD45RA and CD45RO markers. As shown
in Fig.3a and b, in PB almost all ydTCR"" expressed
CD45RA, whereas in YTCR"" both CD45RA/RO isoforms
were expressed similarly. YOTCR*" from PE showed the
highest proportion of CD45RO and, although a high per-
centage of CD45RA was detected in yOTCR"¢", CD45RO
was also expressed (Fig. 3¢). Furthermore, most circulating
V&1 were CD45RO-negative, while in contrast V2 were
CD45RO-positive, in accordance with previous reports (data
not shown) [5]. According to these markers, in those TB and
HS in whom two subpopulations of yd T cells were not
observed, these belonged to the YSTCR"" subset.
Additional markers were assessed to define further the
phenotype of these subsets. As shown in Fig. 4a, the percent-
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PE

ages of CCR7* and CXCR3* were higher in PB-ydTCR™"
compared to those in PB-ydTCR"®", whereas no differences
were detected in CD62L, CD69, HLA-DR, CD16 and CD9%4
(data not shown). Although the percentages of CCR7,
CXCR3, CD62L and CD69 were slightly higher in
PE-y8TCR™", they did not reach statistical significance
(Fig. 4b). Additionally, the proportion of HLA-DR" cells did
not differ between both subsets, and CD16, CD56 and CD9%4
were significantly lower in PE-YdTCR"" (data not shown).

Effector functions of YSTCR"¢" and Y§TCR"" subsets
from PB and PE cells

In order to determine whether the memory phenotype of
YOT cells correlates with their effector functions, markers of
cytotoxic activity, such as perforin and lysosomal-associated
membrane protein 1 (LAMP-1/CD107a), as well as IFN-y
production, were evaluated. As shown in Fig. 5a, the percent-
age of perforin-positive cells found in PB-y3T was reduced
in PE-yOT, as it also was in MFI (PB=485 % 200;
PE =390 * 210, n=9, P<0:01). Among perforin-positive
cells, PB-yOTCR"¢" expressed a higher percentage than
PB-YOTCR"" and these frequencies were decreased in both
subsets from PE (Fig.5b). Spontaneous degranulation
assessed by CD107a was observed in 6 = 2% of ex vivo
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Fig. 3. CD45RA and CD45RO expression in YT cell receptor
(TCR)"&" and ySTCR"" subsets from peripheral blood (PB) and
pleural effusion (PE) mononuclear cells cells. CD45RA/RO markers
were evaluated in high and low Y8T subpopulations. (a) Percentage of
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shown (mean = standard error of the mean). Statistical differences:
high versus low or PB versus PE: *P < 0-05, **P < 0-01. (b)
Representative dot-plots. (c) Correlation between CD45RA* and
CD45RO" cells.

PB-ydT and 12 = 5% of PE-y3T cells, and these percentages
did not increase in untreated cells during in vitro culture, the
percentage of CD107a* from PE being significantly higher
than that from PB-y8T cells (P < 0-05; Fig. 5¢). Upon stimu-
lation with Mtb, the percentage of CD107a*-ydT cells was
increased in PB and PE, with a stronger response in the latter
being slightly higher, although not statistically significant, in
YOTCR"" in both PB and PE. M1b induced degranulation in
all subsets but differences between high and low subsets were
found only in PE (Fig. 5d).
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Fig. 5. Perforin and CD107a expression in YT cells from peripheral
blood (PB) and pleural effusion (PE) mononuclear cells cells. Perforin
expression was determined ex vivo in total yd T cell (a) or YOT cell
receptor (TCR)"&" and ySTCR"" cells (b) from PB and PE. Results
are expressed as percentage of positive cells among YOT cell
subpopulations. Statistical differences: high versus low: *P < 0-05,
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Mpycobacterium tuberculosis (Mtb). CD107a surface expression was
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versus low *P < 0-05.
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Fig. 6. Spontaneous interferon (IFN)-y production by PE-y3T cells is
increased upon Mtb stimulation. Peripheral blood (PB) and pleural
effusion (PE) mononuclear cells were cultured for 18 h with or
without Mtb and IFN-y expression was evaluated in total YT cells (a)
or Y8T cell receptor (TCR)"&" and ySTCR"" (b) populations by flow
cytometry. Results are expressed as percentage of positive cells.
Statistical differences: PB versus PE, 1P < 0-05; control versus Mtb or
high versus low *P < 0-05.

IFN-v is a key cytokine in the immune response against
Mib, and Y8 T cells have been proposed as an early source for
this cytokine; therefore, we evaluated IFN-y production.
While PB-y3T cells from healthy donors produced IFN-y
upon stimulation with Mtb [control =2-9 £ 0-5%, Mtb=
83 *+ 1-5%, mean = standard error of the mean (s.e.m.),
n=10, P<0:05], PB-y3T cells from TB patients showed
impaired IFN-y production (Fig. 6a), in accordance with
previous reports [37]. PE-YOT cells showed high percentages
of both spontaneous and Mtb-induced IFN-y production
(Fig. 6a). Remarkably, these IFN-y-producing cells belonged
mainly to the YOTCR"" subset (Fig. 6b). In addition, while
28 * 5% of V2" cells were IFN-y" with a =2-0-fold increase
in expression (FITC-IFN-y" MFI * s.e.m.; control = 47 =
17, Mtb=98 = 14), 9 = 4% of vdl" cells were IFN-y"
without a significant increment in MFI (PE-IFN-y" MFI =
s.e.m.; control = 129 = 39, Mtb =158 * 48, n=3).

Discussion

In this study we have shown phenotypical and functional
differences in circulating and recruited pleural fluid Y3T cells
from TB patients. Contradictory results have been reported
in circulating yOT cell numbers, being increased or remain-
ing constant during active TB disease [20,21,38,39], and
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their loss has been associated with the involvement of the
CD95/CD95ligand apoptotic pathway [19,38,40]. In this
study, we also found a lower percentage of YOT cells in PE
than in its PB counterpart, but the decrease was not reflected
in absolute numbers; this could be due to T cell enrichment
in the pleural space. We have also shown that circulating y6T
cells from TB patients have an activated phenotype, as
reported previously [39]. The different proportions of NK
and chemokine receptor-expressing cells between PB and
PE, as well as the high percentage of CD69 and MHC class II
markers in PE that we observed, may be ascribed to the
microenvironment of the pleural effusion where cytokines/
chemokines and antigens can modulate their expression
[24,25].

Differences in the expression of CD16 [41], perforin [42]
and MHC class II [43] have been employed to identify
subpopulations of YT cells and in this study we have dem-
onstrated that CD3/TCR complex expression can also dis-
criminate two subpopulations. CD3 expression was higher in
YOTCR"" than in YSTCR"®", the former subset being the most
representative in PB and PE. It has been proposed that after
antigen encounter YOTCR is down-regulated to turn cells
hyporesponsive [41] but, in our hands, what distinguishes
high and low subsets appears to be a different CD3/YdTCR
ratio. Although YSTCR" and YSTCR"¢" were enriched in
V32 and V81 cells, respectively, we were not able to assign
any gene usage to each subset because only a partial overlap
was found. In line with this differential distribution most
V31 cells were CD45RO-negative, resembling YOTCR™e" cells,
whereas most V52 cells were CD45RO-positive, resembling
the YOTCR"™" subset.

Inflammatory and chemotactic mediators released by leu-
cocytes or stromal cells are likely to represent a predominant
mechanism, whereby the recruitment of cells is regulated
tightly, to reach the site of Mtb infection. In particular,
pleural mesothelial cells are responsible in part for initiating
the inflammatory response by recruiting mononuclear cells
from the vascular compartment into the pleural space
through chemokine receptors and their ligands [44]. A weak
CCR7 expression in ex-vivo 0T cells from healthy individu-
als has been found, the majority being CD45RO" cells [45],
and stimulation with heat-killed extracts of Mtb down-
modulates CCR5 expression on yOT cells [45]. YOTCR trig-
gering induces early and transient CCR7 up-regulation,
regarded as a marker of early activation in these cells,
together with high CXCR3 expression [46]. We have also
observed consistently a weak CCR7 and CXCR3 expression
in ex vivo PB-YOT cells from TB and HS, although the major-
ity were CD45RA" cells. In this context, it has been proposed
that the CD45RA* marker can be lost upon antigen stimu-
lation and reacquired afterwards in the absence of TCR trig-
gering or homeostatic cytokines [47,48].

YOTCR"" from PB-TB displayed a CD45RA*CCR7~
CXCR37CD27"" phenotype but carried the largest amount
of perforin; therefore they are not naive cells. In contrast,
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YSTCR"" from PB-TB showed a higher percentage of CCR7*
and CXCR3" as well as decreased CD45RA" cells, suggesting
that they are activated and ready for extravasation. Also,
PB-YOTCR"" carried lesser amounts of perforin and higher
spontaneous CD107a expression, but upon Mtb stimulation
neither YOTCR™" nor Y§TCR™ from PB produced IFN-y.
Although PB-y0T cell anergy has been reported in TB and
HIV patients [37], the absence of co-stimulatory signals
along with the presence of systemic inhibitors in the periph-
ery could also be the cause of their hyporesponsiveness.

Within the pleural space, ex vivo YOTCR"" and ydTCR""
cells showed the highest proportion of CXCR3 and CCR7
receptors, suggesting that they would be able to migrate to
other sites of microbial infection as well as draining reactive
lymph nodes. In line with this, a high proportion of CXCR3"*
cells has been reported in y0T and CD4" cells [24], which
coincides with the high levels found in the tuberculous
pleural fluid of IFN-y-inducible ligands IP-10 and MIG
[49,50]. In addition, both subsets showed decreased perforin
content, suggesting that they have already exerted their cyto-
toxic effector function. Additionally, spontaneous IFN-y
production by high and low subsets was detected with a
trend towards increased CD107a surface expression.
Remarkably, upon Mtb stimulation, effector functions of
both IFN-y production and degranulation were exerted
mainly by PE-ydTCR"". This may be due in part to V32
enrichment within Y§TCR"", which are known to respond to
Mtb antigens [8,40]. Activation of Vy9V2 T cells is regu-
lated by NK receptors such as the heterodimer CD94/
NKG2A, that strongly inhibits the killing of MHC class I
targets, and the NKG2D receptor that enhances YOT cell
response by engagement to MHC class-I-related chains
(MIC)A ligand [33,51]. It has been shown that in the absence
of antigen, NKG2D" 3T cells do not lyse MICA" targets;
however, in the presence of non-peptide antigens, MICA*
targets are susceptible to lysis by yOT cells [33]. Bacterial
infections up-regulate MICA expression on antigen-
presenting cells (APC) enhancing TCR-dependent activation
of YOT cells [33]. Accordingly, we have observed recently
enhanced MICA but not HLA-class I expression on APC
from PE [29], and in this study we have shown that NKG2D
was expressed in the majority of YOT cells. Hence, MICA/
NKG2D interaction may be involved in enhancing effector
functions within PE-y8T cells [33]; however, the involve-
ment of other innate receptors cannot be ruled out [52].
Consistent with the high effector functions of PE-y§TCR""
cells, this subset is mainly CD45RO". Thus, CD45RA might
be lost in those cells infiltrating the site of infection where
Mtb antigens are present, resulting in the phenotype
observed in PE.

Our results suggest strongly that at the site of infection,
recruited YOT cells from PB acquire a further activated phe-
notype displaying effector functions. As yoT cells within the
pleural space produce IFN-y, they would be expected to play
a beneficial role in tuberculous pleurisy by helping to main-

tain a Th1 profile necessary for the resolution of infection.
Whether high and low Y0TCR belong to divergent lineages or
correspond to the same subset with different activation
status remains to be established.

Acknowledgements

This work was supported by grants from the Agencia
Nacional de Promocién Cientifica y Tecnoldgica (ANPCyT,
05-38196), Consejo Nacional de Investigaciones Cientificas y
Técnicas (CONICET, PIP 6170/05) and Fundacion Alberto J.
Roemmers. We thank the medical staff of Divisién de Tisio-
neumonologia at Hospital E J. Muniz for their great help in
providing clinical samples from patients. We also acknowl-
edge Dr Oscar Bottasso for helpful discussion.

Disclosure

The authors have no conflicts of interest.

References

—

Carding S, Egan P. 0 T cells functional plasticity and
heterogeneity. Nat Rev Immunol 2002; 2:336—45.

2 Chen ZW, Letvin NL. Vy2V32+ T cells and anti-microbial immune
responses. Microbes Infect 2003; 5:491-8.

Kabelitz D, Glatzel A, Wesch D. Antigen recognition by human ¥
T lymphocytes. Int Arch Allergy Appl Immunol 2000; 122:1-7.

4 Dieli F, Poccia F, Lipp M et al. Differentiation of effector/memory

W

V&2 T cells and migratory routes in lymph nodes or inflammatory
sites. ] Exp Med 2003; 198:391-7.

De Rosa S, Andrus J, Perfetto S et al. Ontogeny of o T cells in
humans. ] Immunol 2004; 172:1637—45.

6 Sallusto F, Geginat J, Lanzavecchia A. Central memory and effector

w

memory T cell subsets: function, generation, and maintenance.
Annu Rev Immunol 2004; 22:745-63.

7 Szereday L, Baliko Z, Szekeres-Bartho J. y/8 T cell subsets in
patients with active Mycobacterium tuberculosis infection and
tuberculin anergy. Clin Exp Immunol 2003; 131:287-91.

8 Das H, Sugita M, Brenner MB. Mechanisms of V&1 y3 T cell acti-
vation by microbial components. ] Immunol 2004; 172:6578-86.

9 Tsukaguchi K, Balaji KN, Boom WH. CD4+ alpha beta T cell and
gamma delta T cell responses to Mycobacterium tuberculosis. Simi-
larities and differences in Ag recognition, cytotoxic effector func-
tion, and cytokine production. ] Immunol 1995; 154:1786-96.

10 Dieli F, Ivanyi J, Marsh P et al. Characterization of lung yd T cells
following intranasal infection with Mycobacterium bovis bacillus
Calmette—Guérin. ] Immunol 2003; 170:463-9.

11 dela Barrera S, Aleman M, Musella RM et al. IL-10 down-regulates
costimulatory molecules on Mycobacterium tuberculosis-pulsed
macrophages and impairs the lytic activity of CD4 and CD8 CTL in
tuberculosis patients. Clin Exp Immunol 2004; 138:128-38.

12 Puan K-J, Jin C, Wang H et al. Preferential recognition of a micro-
bial metabolite by human Vy2V32 T cells. Int Immunol 2007;
19:657-73.

13 Wei H, Huang D, Lai X et al. Definition of APC presentation of
phosphoantigen  (E)-4-hydroxy-3-methyl-but-2-enyl pyrophos-
phate to Vy2V32 TCR. ] Immunol 2008; 181:4798-806.

392 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 157: 385-394



14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

3

—_

© 2009 British Society for Immunology, Clinical and Experimental Immunology, 157: 385-394

Sarikonda G, Wang H, Puan K-J et al. Antigens for human Y3 T
cells. J Immunol 2008; 181:7738-50.

Havlir DV, Ellner JJ, Chervenak KA, Boom WH. Selective expan-
sion of human gamma delta T cells by monocytes infected with live
Mycobacterium tuberculosis. ] Clin Invest 1991; 87:729-33.
Kabelitz D, Bender A, Schondelmaier S, Schoel B, Kaufmann SH. A
large fraction of human peripheral blood gamma/delta + T cells is
activated by Mycobacterium tuberculosis but not by its 65-kD heat
shock protein. ] Exp Med 1990; 171:667-79.

Shen'Y, Zhou D, Qiu L et al. Immune response of Vy 2V 2+ T cells
during mycobacterial infections. Science 2002; 295:2255-8.

Hoft D, Brown R, Roodman S. Bacille Calmette—Guérin vaccina-
tion enhances human Y3 T cell responsiveness to mycobacteria
suggestive of a memory-like phenotype. ] Immunol 1998;
161:1045-54.

Li B, Bassiri H, Rossman M et al. Involvement of the fas/fas ligand
pathway in activation-induced cell death of mycobacteria-reactive
human Y8 T cells: a mechanism for the loss of yd T cells in patients
with pulmonary tuberculosis. ] Immunol 1998; 161:1558-67.
Balbi B, Valle MT, Oddera S et al. T-lymphocytes with gamma
delta+ V delta 2+ antigen receptors are present in increased pro-
portions in a fraction of patients with tuberculosis or with
sarcoidosis. Am Rev Respir Dis 1993; 148:1685-90.

Ito M, Kojiro N, Ikeda T, Ito T, Funada J, Kokubu T. Increased
proportions of peripheral blood gamma delta T cells in patients
with pulmonary tuberculosis. Chest 1992; 102:195-7.

Antony VB. Immunological mechanisms in pleural disease. Eur
Respir J 2003; 21:539—44.

Alemdn M, de la Barrera S, Schierloh P et al. Tuberculous pleural
effusions, activated neutrophils undergo apoptosis and acquire a
dendritic cell-like phenotype. J Infect Dis 2005; 192:399—409.
Pokkali S, Das SD, Logamurthy R. Expression of CXC and CC type
of chemokines and its receptors in tuberculous and non-
tuberculous effusions. Cytokine 2008; 41:307-14.

Mitra DK, Sharma SK, Dinda AK, Bindra MS, Madan B, Ghosh B.
Polarized helper T cells in tubercular pleural effusion: phenotypic
identity and selective recruitment. Eur ] Immunol 2005; 35:2367—
75.

Schierloh P, Yokobori N, Aleman M ef al. Increased susceptibility
to apoptosis of 569™CD16* NK cells induces the enrichment
of IFN-y-producing CD56"%" cells in tuberculous pleurisy.
] Immunol 2005; 175:6852—-60.

Sharma SK, Mitra DK, Balamurugan A, Pandey RM, Mehra NK.
Cytokine polarization in miliary and pleural tuberculosis. ] Clin
Immunol 2002; 22:345-52.

Light RW, Macgregor MI, Luchsinger PC, Ball WCJ. Pleural effu-
sions: the diagnostic separation of transudates and exudates. Ann
Intern Med 1972; 77:507-13.

Schierloh P, Yokobori N, Aleman M etal. Mycobacterium
tuberculosis-induced gamma interferon production by natural
killer cells requires cross talk with antigen-presenting cells involv-
ing toll-like receptors 2 and 4 and the mannose receptor in tuber-
culous pleurisy. Infect Immun 2007; 75:5325-37.

Burgess LJ, Maritz FJ, Le Roux I, Taljaard JJF. Combined use of
pleural adenosine deaminase with lymphocyte/neutrophil ratio:
increased specificity for the diagnosis of tuberculous pleuritis.
Chest 1996; 109:414-9.

Battistini L, Borsellino G, Sawicki G et al. Phenotypic and cytokine
analysis of human peripheral blood gamma delta T cells expressing
NK cell receptors. ] Immunol 1997; 159:3723-30.

32

33

34

35

36

37

38

39

40

4

—_

42

43

44

45

46

47

48

49

50

Two Y8TCR subsets in tuberculous pleurisy

Poccia F, Cipriani B, Vendetti S et al. CD94/NKG?2 inhibitory recep-
tor complex modulates both anti-viral and anti-tumoral responses
of polyclonal phosphoantigen-reactive Vy9V82 T lymphocytes.
J Immunol 1997; 159:6009-17.

Das H, Groh V, Kuijl C et al. Engagement by human Vy2V32 T cells
enhances their antigen-dependent effector function. Immunity
2001; 15:83-93.

Eberl M, Engel R, Aberle S, Fisch P, Jomaa H, Pircher H. Human
VY9/V$2 effector memory T cells express the killer cell lectin-like
receptor G1 (KLRG1). J Leukoc Biol 2005; 77:67-70.

Roth SJ, Diacovo TG, Brenner MB et al. Transendothelial chemot-
axis of human off and ¥d T lymphocytes to chemokines. Eur J
Immunol 1998; 28:104—13.

Sallusto F, Mackay CR. Chemoattractants and their receptors in
homeostasis and inflammation. Curr Opin Immunol 2004; 16:724—
31.

Poccia F, Malkovsky M, Gougeon ML et al. Gammadelta T cell
activation or anergy during infections: the role of nonpeptidic TCR
ligands and HLA class I molecules. ] Leukoc Biol 1997; 62:287-91.
de la Barrera S, Finiasz M, Frias A et al. Specific lytic activity against
mycobacterial antigens is inversely correlated with the severity of
tuberculosis. Clin Exp Immunol 2003; 132:450-61.

Behr-Perst SI, Munk ME, Schaberg T, Ulrichs T, Schulz R]J, Kauf-
mann SH. Phenotypically activated y8 T lymphocytes in the
peripheral blood of patients with tuberculosis. J Infect Dis 1999;
180:141-9.

Gioia C, Agrati C, Casetti R et al. Lack of CD27-CD45RA-VY9V2+
T cell effectors in immunocompromised hosts and during active
pulmonary tuberculosis. ] Immunol 2002; 168:1484-9.

Angelini D, Borsellino G, Poupot M et al. FcyRIII discriminates
between 2 subsets of Vy9V2 effector cells with different responses
and activation pathways. Blood 2004; 104:1801-7.

Martino A, Casetti R, Sacchi A, Poccia F. Central memory Vy9V52
T lymphocytes primed and expanded by bacillus Calmette—
Guérin-infected  dendritic cells  kill
monocytes. ] Immunol 2007; 179:3057-64.
Moser B, Eber] M. ¥8 T cells novel initiators of adaptive immunity.
Immunol Rev 2007; 215:89-102.

Mutsaers SE. Mesothelial cells: their structure, function and role in

mycobacterial-infected

serosal repair. Respirology 2002; 7:171-91.

Glatzel A, Wesch D, Schiemann F, Brandt E, Janssen O, Kabelitz D.
Patterns of chemokine receptor expression on peripheral blood Y3
T lymphocytes: strong expression of CCR5 is a selective feature of
V&2/Vy9 3 T cells. ] Immunol 2002; 168:4920-9.

Brandes M, Willimann K, Lang AB etal. Flexible migration
program regulates Y0 T-cell involvement in humoral immunity.
Blood 2003; 102:3693-701.

Carrasco J, Godelaine D, Van Pel A, Boon T, van der Bruggen P.
CD45RA on human CD8 T cells is sensitive to the time elapsed
since the last antigenic stimulation. Blood 2006; 108:2897-905.
Geginat J, Lanzavecchia A, Sallusto F. Proliferation and differentia-
tion potential of human CD8+ memory T-cell subsets in response
to antigen or homeostatic cytokines. Blood 2003; 101:4260—6.

Lin Y, Zhang M, Barnes PF. Chemokine production by a human
alveolar epithelial cell line in response to Mycobacterium
tuberculosis. Infect Immun 1998; 66:1121-6.

Okamoto M, Kawabe T, Iwasaki Y et al. Evaluation of interferon-vy,
interferon-y-inducing  cytokines, and interferon-y inducible
chemodkines in tuberculous pleural effusions. ] Lab Clin Med 2005;
145:88-93.

393



N. Yokobori et al.

51 Groh V, Rhinehart R, Secrist H, Bauer S, Grabstein KH, Spies T. 52 Deetz CO, Hebbeler AM, Propp NA, Cairo C, Tikhonov I, Pauza
Broad tumor-associated expression and recognition by tumor- CD. Gamma interferon secretion by human Vy2V82 T cells after
derived ¥ T cells of MICA and MICB. Proc Natl Acad Sci USA stimulation with antibody against the T-cell receptor plus the Toll-
1999; 96:6879-84. like receptor 2 agonist Pam3Cys. Infect Immun 2006; 74:4505-11.

394 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 157: 385-394



