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Abstract

T-cells play an important role controlling immunity against pathogens and therefore influence the outcome of human
diseases. Although most T-lymphocytes co-express either CD4 or CD8, a smaller T-cell subset found the in the human
peripheral blood that expresses the xff or v& T-cell-receptor (TCR) lacks the CD4 and CD8 co-receptors. These double
negative (DN) T-cells have been shown to display important immunological functions in human diseases. To better
understand the role of DN T-cells in human Mycobacterium tuberculosis, we have characterized their frequency, activation
and cytokine profile in a well-defined group of tuberculosis patients, categorized as severe and non-severe based on their
clinical status. Our data showed that whereas high frequency of ) DN T-cells observed in M. tuberculosis-infected patients
are associated with disease severity, decreased proportion of ¥& DN T-cells are found in patients with severe tuberculosis.
Together with activation of CD4" and CD8" T-cells, higher frequencies of both «f and v8 DN T-cells from tuberculosis
patients also express the chronic activation marker HLA-DR. However, the expression of CD69, an early activation marker, is
selectively observed in DN T-cells. Interestingly, while «p and y& DN T-cells from patients with non-severe tuberculosis
display a pro-inflammatory cytokine profile, characterized by enhanced IFN-y, the & DN T-cells from patients with severe
disease express a modulatory profile exemplified by enhanced interleukin-10 production. Overall, our findings suggest that
¥p and v& DN T-cell present disparate immunoregulatory potentials and seems to contribute to the development/
maintenance of distinct clinical aspects of TB, as part of the complex immunological network triggered by the TB infection.
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Introduction The role of ¥8 T-cells during M. fuberculosis infection was [irst
described in 1989 [9]. Similar to the aff DN T-cell subpopulation,

A small proportion of T lymphocytes does not express either ¥& T-cells respond to M. fuberce

CD4 or CD8 and can be named DN T-cells. Studies have been

shown that even this minority population can be heterogeneous

antigens independently of
major histocompatibility complex class II recognition [9,10]. The
"~ latter cell subpopulation was described to preferentially accumu-
and several other subpopulations can be found. Thus, within the late in inflammatory lesions and in necrotic areas of tberculous
DN T lymphoevte population, cells expressing v8 or off TCR can -

. - lymphadenitis. ¥8 T-cells when stimulated with M. fuberenfosis can
he defined. v and ofp T-cells display distinet characteristics: develop evtolytic effects and produce cytokines. Most of ¥8 clones
recognize antigens with diverse constitution, dillerently processed and also ].}1'i11.1'.:1'\ cells from healthy In.]}[‘1'['11]i11—]}[1~'iIi\ e donors in
and presented in distinet context, and are located in distinet sites in response to M. ful : X

ts-infected monocytes produce interferon-

the host. ¥pp DN T-cells in humans have been identified as having gamma (IFN-y), but tumor necrosis factor alpha (TNF-2) can also

both regulatory function and inflammatory eflects associated with be detected in response to phosphoantigens [11,12]. On the
autoimmune disorders such as lupus and rheumatoid arthrids e i feetione deences wd Toeells o als
contrary, in other infectious diseases, v0 T-cells were also

[1.2.5.4.5]. The alteration in the proportions of this subpopulation . : . " : 10
AR b ittt proportiol i popui associated with a regulatory profile exemplified by interleukin-10
has also been demonstrated in infections  diseases such  as production [6,7].

leishmaniasis and Chagas, and its protective role has been

Immunity against M fabercadosis is cell mediaved. M. fude

o - H . Arter g e [-I_." . . . . - - o
deseribed in mycobacterial infection [6,7.8]. resides inside macrophages, which emplovs a number of defense

. . - et e
strategies against the pathogen. CD4 and CD8" T lymphocytes
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have been shown to be the major sources of IFN-y in M. tuberadosis
inlection [13]. Moreover, interleukin-10 IL-10) can be produced
along with IFN-y by the same T cell dones, modulating their
antigen-specific proliferation and cvtokine production [14,15].
Despite that, in setting were the function of GD4" and CD8™ T is

compromised, e.g. during HIV/AIDS, other minor sources of

[FN-v might be required. Indeed, IFN-vy producing natral killer
INK) cells regulate resistance and granulocyte [unction during M.
tubereulosis in mice lacking T-cells [16]. Since it has heen
demonstrated in several infectious and noninfections diseases that
DN T-cells are able to produce evtokines, known to be important
for M. tuberculosis control, a detailed study of the activation state
and cytokine profiles of both af and y8 DN T-cells in well-delined
groups ol wiberculosis patients was perlormed aiming to better
understand the role that these subpopulations may have in the
human immune response to M. fubercudosis.

Materials and Methods

Study population
Patients diagnosed with lung tuberculosis were selected at the
Ambulatory of Relerence Centers for Tuberculosi

Belo Horizonte [rom July 2008 10 September 2009, Patiemts, who
agreed to participate in the study, answered the socioeconomic
questionnaire and signed an Informed Writen Consent. This
study was carried out in full accordance with all International and
Brazilian accepted guidelines and was approved by the Ethics
Committee at the Universidade Federal de Minas Gerais, COEP, under
the registration number ETIC 095/08.

Patients were classified in relation to the severity of pulmonar
TB as described by AL-Moamary and co-workers in which two
doctors and a radiologist to evaluate the thorax radiogram (RX)
are required [17]. The severity ol the disease is based on the extent
ol lung alfected. Each lung is classilied in three zones: upper,
middle and lower. The nvolvement of one or two zones is
considered as localized disease, three or four zones as moderate
disease, and live or six zones, as extensive disease. Therelore,
patients displayving localized or moderate disease were classilied as

non-severe  tuberculosis

msTB) and those displaving extensive
discase and/or cavitations were classilied as severe tuberculosis
I'B) [18].

The patients included in this study were distributed into three

groups: Group 1: Consisting of 10 patients (8 male and 2 female
subjects), aged 22-64 years old, with nsTB bacteriology diagnosis
[positive baciloscopy and/or positive culture). Group 2: Consi

tng

ol 10 patients (4 male and 6 female subjects), aged 18-65 vears old,

diagnosed with sTB by bacteriology (positive baciloscopy and/ or

positive culture). All patients from group | and 2 had no history of

prior treatment for TB and presented evidences ol radiological
changes in the thorax. They were treated according to the
posological scheme recommended by the DBrazilian Health
Ministry. Group 3: Consisting of 11 healthy donors (HD) (6 males
and 5 females), aged 22-53 vears, without previous TB history,
without radiological changes in the thorax, and negative
TST
ol 5 units (produced by Laboratirio de Extratos Alergénicos Lida, R,

tuberculin skin tes (0.1 mL of PPD. in a concentration

Brazil and imported from Copenhagen, Denmark). The tests were
considered negative for an induration area <I0 mm measured
alter 72 h ol the inoculation. The clinical evaluation and patients
classilication were responsibility of SMS.

All subjects included in this evaluation were HIV-negative, with
no history ol drugs usage and other substance known to aflect the
immunological status.
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M. tuberculosis antigens
M. tub

Micobactérias Laboratory (Hospital das Clinicas/ UFMG / Brazil).

cadosis, H37Rv, antigen (MTB-Ag) was provided by the

The M. tabereulosis was cultured in tubes with Loweinstein Jensen

i

medium and incubated at 37 C untl evidence of bacterial growth.

Colonies were inactivated at 80°C for | hour and sonicated in 2
cveles of 20 seconds at 40 Hz in an ice bath. The suspension was
then sterilized using gamma radiation (dose ol 5000 Gray lor
2:15 hours). The protein concentration was measured by the
Lowry method.

Blood sampling

A peripheral blood sample of 15 mL was collected from each
subject using ethylenediamine tetraacetic acid (EDTA) or heparin
as anticoagulant. Blood samples from TB patients were collected
immediately prior to the beginning ol chemotherapy treatment.

In vitro cultures

PBMC were obtained by separating whole blood over Ficoll
[Sigma Chemical Co., St Louis, MO, stained. and analvzed.
Bricfly, 1.0 107/mL PBMC were analyzed ex vivo and after
being cultured in 96-well plates in 200 pLi coltures for 48 b with
either medium alone or (MTB-Ag) (10 pg/mL). Brefeldin A
(10 pg/mL) was added to the cultures the in the last 4 h ol culture.
All cultures were carried out using RPMI 1640 supplemented with
RO

5% AB Rh-positive heat-inactivated human serum, antibiotics

(200 UL/mL penicillin), and | mM L-glutamine
Co., St Louis, MO}, in the absence or presence of (MTB-Ag)
(10 pg/mL).

[Sigma Chemical

Flow cytometric staining
The immunophenotypic ass:

ws ol the leukocvtes in the
peripheral blood were performed according to the protocol at
U.S.A. Brielly, 100 pL

aliguots of the whole peripheral blood collected in EDTA were

the Center for Infections Diseases

added a cocktail of monoclonal antibodies [mAbs) specilic for
human Ivmphoevtes cell-surface markers, including ani-CD4-
tricolor (TC), CDS-TC, anti-of- [uorescein isothiocyanate
(FITC), anti-yd-FITC, ani-CD69- phyveoerythrin (PE) and anti-
HIADR-PE (BD Biosciences - San Jose, CA, USA) Following
incubation, ervthrocyvtes were lysed using 2 mL of FACS lysing

solution (Becton Dickinson Biosciences Pharmingen, San Diego.
CA, USA), and cells were washed twice with 2 mL of PBS 0.01%
ol sodium azide. Cell preparations were maintained in 200 pL of
FACS fix solution
cacodylate, 6.65 g/ sodium chloride) until acquisiion in a

(10 g/L. paralormaldehyde, 1%  sodium

Becton Dickinson FACS calibur instrument (BD Biosciences - San

To determine intra-cellular cvtokine expression pattern, PBMC
were incubated with anti CD4-TC, ant CDS-TC, ant of- FITC,
anti ¥8-FIT C solutions for 30 min at 4" C. Cells were then washed,
fixed, permeabilized with FACS perm bufler (PBS supplemented
with 0.3% Bovine Serum Albumin-BSA. 0.5% of saponin and
0.1% sodinm azide) and incubated with anti-IFN-v-PE, ant-TNF-
-PE and ani-IL-10-PE [BD Biosciences - San Jose, CA, USA)
solutions for 30 min at 4"C. Then, the preparations maintained in
200 pL of FACS fix soluton untl acquisition in a Becton
Dickinson FACS calibur instrument.

Data analysis
Lyvmphocytes were analyzed using the soltware Flow]o 9.3.2.

The analysis of lvmphocvtes subpopulations was accomplished
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Role of CD4-CD8-x[ and & T Cells in Tuberculosis

Figure 1. High frequencies of DN at T-cells are associated with TB severity. Representative contour plots showing the gate strategy used
for the analysis of CD4 (middle left), CD8 (middle center), DN (middle right) «[+T cells and the expression of CD69 (upper panels) and HLA-DR (lower
panels) on DN «[-T cells (A). Percentages of CD4' (left panels), CD8" (middle panels) and DN (right panels) «f! T-cells in healthy donors (HD, open
symbols), TB (total TB, black symbols), nsTB (non-severe TB, light gray symbols) and sTB patients (severe TB, dark gray) were measured before
treatment (B). The percentage of CD6% (C) and HLA-DR (D) expression within CD4" (left panels), CD8" (middle panels) and DN (right panels) =« T-cells
in HD, TB, nsTB and sTB patients were analyzed ex vivo. The boxes represent the means.

doi:10.1371/journal pone.0050923.g001

according to distinet gating strategy as brielly described: following
lvmphocyte  gating on  size versus  granularity, CD4 af",
CDhg'ap',  CD4 CD8 oft, CD4%3". CD8%"  and
CD4 CD8 +8" were selected and evaluated according to their
frequencies and the expression of activation the markers CDBY
and HLA-DR and the production of the intracellular cytokines

[FN-vy, TNF-z and [L-10 (Fig. 1D and 2D).

Statistics

Statistical analysis was performed comparing HD and TB using
Mann Whitney test. For comparisons between HD. nsTDB and sTB
was performed using Kruskal-Wallis variance analysis followed by
Dunn’s test for multiple comparisons. Analyses were performed
using GraphPad Prism 5.01 soliware package (San Diego, CA,
USA) In all cases, signilicance was considered at p=0.05.

Results

Higher frequencies of CD4 CD8
associated with TB severity

The proportion of CD4", CDE" and CD4 CD8 (DN} af T-
cells, gated as described in Fig. LA, were analvzed and compared

among groups. The frequencies of CD4" and CDE" af T-cells

{DN) ap T-cells are

were not dilferent between HD and TB patients. Dillerences were
also not observed between the frequencies of CD4" and CDE' of
T-cells from HD and nsTB or sTB patients, or between nsTB and
sTB patients. However, the fequencies of DN aff T-cells were
significantly  higher in TB patients than in HD. When the
comparison was done between HD and nsTDB or sTB subgroups,
the difference was seen between HD and <TB patents but not
between HD and nsTB patients, indicating thar this change
happens due the severity ol the disease. Corroborating with this
finding, sTB patients present higher frequencies of DN o T-cells
than those classified as nsT'B patients (Fig. 1B).

The activation status ol different ¥f T-cells subsets was
analyzed based on CD6Y and HLA-DR expression (Fig. 1C).
The proportions of CD4" and CD8" af T-cells expressing the
early activation marker CD6Y did not dilfer among the groups
analyzed. However, signilicantly higher proportions of CDGY
expressing DN off T-cells were observed in TB patients than in
HD. These dillerences were kept when the frequencies of CDGY
expressing DN off T-cells were compared between HD and either
nsTDB or sTBH patients.

The expression of HLA-DR was also analvzed (Fig. D). The
lrequencies of HLA-DR expressing CD4Y, CD8" and DN «f T-
cells were significanty higher in TB patients compared with HD.
Dilferences were also observed in the proportions of HLA-DR
expressing CD4Y, CD8" and DN off T-cells between HD and
nsTDB or sTB. nsTDB and sTB displayed similar levels of HLA-DR
expression on all of T subsets evaluated.

TB patients with severe pathology display decreased

proportions of DN 6 T-cells

The proportion of CD4", CD8" and DN v8 T-cells, gated as
described in Fig. 2A, were analyzed and compared among groups.
TB patients displayed significantly higher frequencies of CD4" and

PLOS ONE | www.plosone.org

CDE" v8 Tcells T-cells compared with HD (Fig. 2B). The
proportion of CD4" +8 T-cells from sTB patients was by itsell
higher than the ones observed in HD. however the same was not
observed when nsTB and DH individuals were compared.
Frequencies of DN & T-cells did not dilfer between total TB
patients and HD, but sTB patients displaved lower requencies ol
this cell subset when compared with nsTB patients. Thus, lower
frequencies of DN v8 T-cells might suggest a severe form of
tuberculosis.

Distinet of the 2 T-cells, the frequencies of CDG9 expressing
cells were higher on CD4Y, CD&" and DN v8 T-cells from TB
patients compared with HD (Fig. 20 When the CD69 expression
was analyzed in CD8" 8 T-cells, its expression was also higher in
sTDB patents the compared with HD. The same did not hold true
for CD4" and DN 8 T-cell populations. Moreover, the opposite
was seen for the DN v8 T-cell subset. The increased [requencies of
CD6Y expressing cells in TB patients were due the high expression
observed in the nsTB patients group compared to HD.

The [requencies of HLA-DR expre
on CD4", CDS" and DN 18 T-cells |
HIA-DR expressing cells were significantly higher in TB patients
compared with HD in the CD4", CD8" and DN v3 T-cell subsets.
Dillerences were also observed in the proportions of HLA-DR
expressing CD4Y, CD8" and DN v T-cells between HD and
nsTh or sTB. No dillerences were observed in HLA-DR
expression on all the y8 T subsets evaluated when nsTB and

ssing cells were also analyzed

g, 2D). The [requencies of

Y.

$TB were compared.

Higher frequencies of IFN-y producing DN =[5 T-cells

were found in nsTB patients

Since  distinet groups ol TB  patents  displayed  dilleremnt
proportions of T-cell subsets and their activation status, we next
evaluated the ability of each T-cell population 1o produce
inflammatory and modulatory cytokine upon in viro (MTB-Ag)-
specific stimulation (Fig. 3). Frequencies of IFN=y producing CD4"
¥f T-cells did not dilfer significantly among all the groups
analvzed (Fig. 3B). However, higher [requencies of IFN-v
producing CD8" and DN off T-cells were scen in TB patients
than in HD. The dilTferences observed in the proportions of IFN-v
producing cells between TB and HD individuals were probably
caused by the patients presenting the non-severe TB, since nsTBH
patients presented much higher frequencies of IFN-y producing
CD8" and DN o T-cells than either HD or sTB patients. Tt is
important to mention that in CD&"
lrequencies of IFN-y producing cells compared with CGD4" cells

cells displayed  higher

from TDB patients.

Dilferences in TNF-2 producing cells were only seen in the
CDE" ap T-cell subset. nsTB patients displayed higher lrequencies
of TNF- producing CD8" off T-cells than HD (Fig. 3C). As
observed for IFN-y, the [requencies ol TNF-o producing cells were
significantly higher in nsTB patients when compared with sTB
ones.

Higher frequencies of the TL-10 producing CD4" aff T-cells
were found in TB patent compared with HD (Fig. 3D).
Dilferences became even higher when the Fequencies of IL-10
producing CD4" aff T-cells were compared between nsTB and

December 2012 | Volume 7 | Issue 12 | e50923
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Figure 2. Advanced TB patients display decreased proportions of DN cd T-cells. Representative contour plots showing the gate strategy
used for the analysis of CD4 (middle left), CD8 (middle center), DN (middle right) v6-T cells and the expression of CD69 (upper panels) and HLA-DR
(lower panels) on DN v -T cells (A). Percentages of CD4" (left panels), CD8" (middle panels) and DN (right panels) 6 T-cells in healthy donors (HD,
open symbols), TB (total TB, black symbols), nsTB (non-severe TB, light gray symbols) and sTB patients (severe TB, dark gray) were measured before
treatment (B). The percentage of CD6% (C) and HLA-DR (D) expression within CD4" (left panels), CD8" (middle panels) and DN (right panels) & T-cells
in HD, TB, nsTB and sTB patients were analyzed ex vivo. The boxes represent the means.

doi:10.1371/journal pone.0050923.g002

HD. Moreover, between the TB groups, nsTB displaved higher
proportion of IL-10 producing CD4" aff T-cells than sTB. The
same was observed for the CD8Y aff T-cell subset. nsTB displayed
higher proportion of IL-10 producing CD&" af T-cells than sTB.
And dilferences in the frequencies of IL-10 producing CD8" off T-
cells were only between nsTB and HD individuals. Together these
findings indicate that both inflammatory and modulatory eytokine

production is suppressed in TB patients presenting the more severe

clinical presentation of the disease.

DN 74 T-cells from nsTB patients produce inflammatory

cytokines whereas sTB produce IL-10

Higher frequencies of IFN-y producing CD4%, CD8" and DN
vd T-cells were found in TB patients when compared with HD
(Fig. 4B). These diflerences were maintained when the subgroup
nsTB patients was compared with HD. Thus, higher proportions
of IFN-y producing cells were observed within CD4", CD8" and
DN v& T-cells.

As for IFN-v, dilferences in TNF-o producing CD4" 48 T-cells
were seen between TB patients and HD (Fig. 4C). However, both

nsTB and sTB patients displayed similar higher requencies of

TNF-o producing CD4" 8 T-cells than HD. Proportion of TNF-
o producing CD8" v8 T was also higher in total TB and sTB
patients than in HD. Similarly o the others v6 T-cell subsets,
TNF-z producing DN cells were more frequent in TB patients
than HD. nsTDB also displayed higher proportion of TNF-x

producing DN v8 T-cells when compared with HD. Only among

the DN 8 T-cells, nsTB patients displayed higher frequencies of

TNF-2 producing cells when compared with patients presenting
the more severe form ol the disease.

TB patients also  presented  higher [requencies ol IL-10
producing CD4" and DN vd T-cells when compared with HD
(Fig. 4D). Considering the CD4" y8 T-cell subpopulation, the

nsTB group was the responsible for this dilference: on the contrary

for the DN %8 T-cells the sTB patients were the ones responsible
for the increased frequencies of IL-10 producing cells.

Discussion

The complexity ol wiberculosis is created through the interac-
tion between a range ol mycobacteria strains with a heterogenic
host immune response. Despite the complex range ol diseases and
responses associated with them, several evtokines and their cellular
sources have been correlated with the cure for and/or pathology
ol tuberculosis.

In this report, we establish that the DN lymphocyte population
from M. tubercndosis-infected patients is composed of 2 and v6 DN

T-cells that express a more pronounced activated and inflamma-

tory profile compared to DN T-cells from non-infected individuals.
While the proportions of CD4" and CD8' apf T-cells do not alter
upon infection, the proportions of DN off T-cells are higher in TB-
infected  patients than in healthy  donors. Moreover, higher
frequencies of DN off T-cells are found in patients presenting
the severe form ol the disease when compared to those presenting
the non-severe form. DN off T cells display a reswicted TCR

repertoire that recognizes some bacterial antigens in the context of

PLOS ONE | www.plosone.org

the MHC class 1b molecules and high bacillary load would leads
to the expansion ol these antigen-specific T cell subpopulations in
severe TB [19.20]. On the other hand, proportions of v6 DN T-
cells are not dillferent between healthy donors and TB-inlected
patients when they were analvzed as a whole: however, differences
are found between patients presenting the severe and non-severe
form of the disease. Frequencies of 8 T-cells were reported
belore, and were signilicantly greater in patients with protective
and resistant immunity, delined by the anthors as wberculin
reactors, than in those with ineflective immunity [21]. Despite off
and y8 DN T-cells are present in a relative minority compared to
other T-cell populations, their highly activated prolile makes they
likely important in the overall immune response against AL
tubercudosis as was previously suggested [9.22].

Up to date there are no sulliciently validated biomarkers to aid
the evaluation of new tuberculosis vaccine candidates,  the
improvement of wherculosis diagnostics or the development of
more elfective and shorter treatment regimens [23]. Furthermore,
host biomarkers in tuberculosis are needed to provide correlates of
risk, protection, and response to therapy. In the present study, off
and 8 DN T-cells [rom infected patients expressed increased
levels not only of CDGY but also higher frequencies of HLA-DR
expressing cells ex vivo, which are indicators ol recent antigenic
exposure. Increased expression of HLA-DR in patents with TB
was reported belore, but no correlation with clinical outcome was
done [24]. The expression ol either CDGY or HLA-DR on o DN
T-cells of infected patients is similarly increased in TB patients
presenting the non-severe and severe lorm of the disease. y§ DN
T-cells from TDB patients also display an activated phenotvpe
donors. Thus, overall, the DN T

population from TB-infected patients presented a profile compat-

compared with  healthy

ible with previous antigen exposure (HLA-DR) and recem
activation (CD69).

Host eflector immune response against M. fwdercalosis is related
to the presence of a strong Thl response and memory, leading 1o
the production ol immune mediators that activate parasite-
infected macrophages lor parasite  destruction. One  eritical
cvtokine lor host control of M. fubercudosis s IFN-y. IFN-y is
required [or induction of NO synthase type 2 and other ellector
molecules in infected macrophages. Both CD4" and CD8" T-cells
and NK cells have been shown to be sources ol this protective
cyvtokine in M fubercidosis infection [13,16]. The essential role ol
[FN-y is evident from the increased risk of mberculosis in: (i)
individuals with deliciency ol IFN-v and interleukin-12, which
promotes Thl cell differentiation: (i) animal models depleted of
CD4" T-cell during the experimental infection; (i) HIV-infected
individuals [25.26]. aff DN T-cells from TB-patients displayed a
higher commitment to the production of IFN-v. Morcover they
also contained a higher proportion of [IFN-v producing cells than
the CD4" and CD8" off T-cell population. High lrequencies of
[FN-y producing cells in TB group are accounted by patients

presenting the non-severe form ol tuberculosis. A great proportion
ol aff DN T-cells from nsTB patients are maintain the ability of
[FN-y production, which is lost for sTDB patients. The reduction of
TB-specific T-cells and the impairment of Thl immune response
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Figure 3. Higher frequencies of IFN-c producing DN ab T-cells are found in nsTB patients. Representative contour plots showing the
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in active pulmonary tuberculosi
[27.28].
8 DN T-cells not only presented higher [requencies of IFN-y

patients were reported belore

producing cells, but they also contained a higher lrequency of cells
producing another inflammatory cytokine, TNF-a. Besides [FN
TNF-z is also a keyv molecule in host immunity to tuberculosis.

e

The lack of this cytokine leads to reduced expression of immune
mediators and increased susceptibility to primary infection with M.

tubercalosis, and  depletion of TNF alier infection results in

reactivation ol latent disease [29.30.31.32]. Despite studies have
lailed to control AL tubercafosis in human host cells in vitro, its role
in vivo is clearly shown by the reactivation of latent disease upon
anti—-INF weatment [33.34,35]. The high commitment of DN T-
cells 1o cvtokines known to be ellector mediators in controlling
mycobacterium  suggests

their participation  in the immune

responses during this disease.

Higher frequencies of CD4" and CD8" aff T-cells producing
the modulatory cytokine [L-10 were found in TB-infected patients.
In fact. studies have been demonstrated that newly diagnosed
patients, before treatment produce high levels of TL-10 and low
amounts of IL-12, while the reverse was true in healthy controls
and succe

sslully wreated patients [36]. IL-10 suppresses

shage Tunctions, including killing of intracellular pathogens and
4 3 3 4

Q0

.\Jl]].

Due to its regulatory profile, itis likely that IL-10 induction during

macro-

TNF and IL-12 production required for Thl responses [37

tuberculosis will aflect the course of discase. IL-10 message 18

induced during experimental infection with a number of

mycobacterial spec and has been correlated with enhanced

disease in TB patents [39.40]. Moreover, in an animal model of

tuberculosis, the deficiency of IL- 10 reduced bacterial load in
lungs with decreased dissemination to the spleen, which was
preceded by an earlier and enhanced Thl-tvpe response [41].
Interestingly, DN aff T-cells from TB-infected patients do not
produce more [L-10 than the same subset [rom healthy donors, in
opposed to higher [requencies of TFN=y found in DN aff T-cells
l[rom these patients. The opposite is observed in GD4" aff T-cells
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