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ABSTRACT 

Although the efficacy of tuberculosis (TB) vaccines is tightly linked to cell-mediated immunity, some functions of T 
and B cells in TB patients remain unclear. To address how Mycobacterium tuberculosis infection inhibits T effector 
responses, we assessed the proportions of T cell subsets and B cells in peripheral blood from pulmonary TB (PTB) pa-
tients, pleural TB (PLTB) patients, and healthy subjects (HS, who showed purified protein derivative (PPD)-positive 
reactions) with flow cytometry. Compared to HS, PTB and PLTB patients exhibited higher proportions of B cells and 
Th17 cells, and lower proportions of Th2 cells and ratios of Th1 to Th17 cells and of Th2 to Th17 cells. PTB patients 
had higher CD4+ T cells and PD-1+ CD4+ T cells than HS. Newly diagnosed PTB patients (nPTB) had higher propor-
tions of B cells than HS; in contrast, PTB patients subjected to effective treatments (oPTB) and HS shared similar pro-
portions of B cells. oPTB patients had higher proportions of CD4+ T cells, Th17 cells, and PD-1+ CD4+ T cells than HS, 
but this difference did not occur in nPTB patients. These findings suggest that shifting ratios of Th1 to Th17 cells may 
be beneficial for M. tuberculosis to amplify. 
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1. Introduction 

Tuberculosis (TB), a serious infectious disease caused by 
Mycobacterium tuberculosis, is currently leading to the 
deaths of about 1.7 million people and also yielding mil- 
lions of new TB cases per year [1]. Today available vac- 
cines are able to induce long-lived antibody responses, 
but vaccines against intracellular organisms that require 
cell-mediated immunity (CMI) are neither available nor 
uniformly effective [2]. Mycobacterium bovis Bacille 
Calmette-Guérin (BCG) is a vaccine against M. tubercu- 
losis, but it lacks longevity of protection and thus is not 
effective enough to stop TB spreading. Therefore it is 
needed to develop novel TB vaccines based on the 
mechanisms underlying protective immunity against M. 
tuberculosis. 

CMI plays a pivotal role in controlling M. tuberculosis 
infection [3]. The cellular immune response to intracel- 
lular pathogens comprises a spectrum of T-cell subpopu- 
lations characterized by distinct cytokine secretion pro- 
files and cell surface marker phenotypes [4]. CD4+ T 
cells have diverse Th effectors. For example, Th1, Th2, 
and Th17 cells are characterized by the production of 

different patterns of cytokines [5], and follicular helper 
CD4 T (Tfh) cells differ from Th1, Th2 or Th17 cells in 
gene expression and developmental regulation [6]. 

Th1 cells and Th17 cells play an important role in host 
defense against M. tuberculosis. Th1 cells produce IFN- 
and regulate antigen presentation and immunity, which is 
a prerequisite for mounting efficient protection against M. 
tuberculosis [6,7]. For example, the induction of pre- 
dominant Th1 responses by vaccine antigens has been 
observed in mice with reduced lung bacterial burden [8]. 
Compared to Th1 cells, Th17 cells show limited roles in 
controlling host defense against primary M. tuberculosis 
infection [9]. Th17 cells provide protective immune re- 
sponses to M. tuberculosis through producing IL-17 and 
IL-21, or inducing the expression of CXCL9, CXCL10, 
and CXCL11 [10-12]. During the chronic TB phase, a 
shift of the response towards excessive IL-17 production 
may sustain extensive neutrophil recruitment and tissue 
damage [13]. Th1 and Th17 responses cross-regulate 
each other during infection, which may be important for 
the immunopathology of tuberculosis [12]. 

Th2 cells and Tfh cells can provide B cell help. Th2 
cells produce IL-4, IL-5 and IL-13, and are essential for 
the generation of appropriate antibodies and the elimina- *Corresponding author. 

Copyright © 2012 SciRes.                                                                                  AiM 



X. Y. HE  ET  AL. 427

tion of extracellular pathogens [14]. Th2 cells are thought 
to exacerbate immunopathology during progressive TB 
and also may influence disease susceptibility [15]. B cell 
help is not solely attributable to Th2 cells as IL-4- and 
Stat6-deficient mice still make antibodies [16,17]. Tfh 
cells are specialized providers of B cell help and regulate 
B cell proliferation and immunoglobulin class-switching, 
particularly in the germinal center structures [18,19]. In 
this study Tfh cells in peripheral blood from TB patients 
were not assessed because their many markers are also 
found on activated cells [19]. 

Programmed death-1 (PD-1), a negative regulatory 
molecule on T cells, inhibits T and B cell activation 
when it binds to one of PD-1 ligand 1 and 2 (PD-L1 and 
PD-L2) in the context of antigen presentation [20]. PD-1 
blockade can improve long-term survival and increase 
levels of tumor-reactive T cells [21]. PD-1/PD-L path- 
way plays a central role in the interaction between hosts 
and pathogenic microbes [22]. The BCG numbers in the 
spleen of PD-1-deficient mice were significantly reduced 
compared with wild-type mice [23]. However, PD-1- 
deficient mice are extraordinarily sensitive to TB, show- 
ing that the PD-1 pathway is required to control M. tu- 
berculosis infection [24,25]. Thus, it is needed to know 
whether and how PD-1 pathway induces protective im- 
mune responses or TB development during M. tubercu- 
losis infection. 

It is well known that humoral immunity, which is as- 
cribed to the antibodies resulting from B cells, plays im- 
portant roles in the elimination of extracellular pathogens. 
Detection of M. tuberculosis antigens-specific antibodies 
has been used to diagnose TB [26,27], but little is known 
about humoral immunity against M. tuberculosis. 

Taken together, the functions of B cells and T cell 
subsets, determining host protection or pathology, are not 
completely understood during M. tuberculosis infection. 
TB patients provide an opportunity to explore the likely 
mechanisms of immune responses to M. tuberculosis 
infection. The purpose of this study was to examine the 
proportions of IFN-γ-, IL-4-, IL-17-, PD-1-expressing T 
cells and B cells in TB patients, deepening an under-
standing of immune responses to M. tuberculosis infec-
tion. 

2. Materials and Methods 

2.1. Study Subjects 

TB patients and healthy subjects (HS) were recruited 
from the Tuberculosis Ward and Healthcare Center, the 
309th Hospital of the Chinese People’s Liberation Army 
(PLA). All the participants were negative for human 
immunodeficiency virus (HIV). Mycobacterium tuber- 
culosis infection causes pulmonary TB (PTB) mainly. 
Extra-pulmonary TB has many kinds such as pleural TB  

(PLTB), tuberculous lymphadenitis, bone tuberculosis, 
and tuberculous meningitis; however, PLTB patients are 
common at the 309th Hospital. Therefore PTB and PLTB 
patients were selected. PTB patients were identified ac- 
cording to the guidelines for PTB diagnosis and therapy 
authorized by the Tuberculosis Branch Association of the 
Chinese Medical Association, including clinical presen- 
tation, chest X-ray examination, Ziehl-Neelsen stained 
sputum smear, and mycobacterial culture. PLTB patients 
were identified according to clinical presentation and 
Ziehl-Nielsen stained- or mycobacterial culture-positive 
in pleural fluid. All PTB and PLTB patients showed ap- 
propriate responses to anti-tuberculosis chemotherapy. 
HS were recruited from those inoculated with BCG at 
birth and showed purified protein derivative (PPD)-posi- 
tive (PPD+) reactions (5 - 15 mm). All participants were 
classified into three groups: 1) 22 PTB (13 males and 
nine females; aged 18 - 61 and mean age: 43.7), includ- 
ing 13 sputum culture- and smear-positive patients and 
nine sputum culture-positive patients, and 15 patients had 
PPD+ reactions of >10 mm and the remaining seven pa- 
tients had no PPD skin test information; 2) 12 PLTB 
(eight males and four females; aged 17 - 53 and mean 
age: 31.3); 3) 18 HS (six males and 12 females; aged 24 - 
40 and mean age: 31.2). PTB patients were further di-
vided three subgroups: 1) Nine newly diagnosed PTB 
patients (nPTB), whose specimens were collected within 
one week after anti-TB treatment, 2) Five PTB patients 
who leaved hospital within three days after collecting 
specimens (oPTB), and 3) Eight PTB patients who were 
subjected to 3 - 6-month anti-TB treatment before col- 
lecting specimens and continued treatment for no less 
than two months after collecting specimens (cPTB). Ap- 
proval was granted by the ethics committee of the 309th 
Hospital, PLA, and all participants provided informed 
consent. 

2.2. Flow Cytometry 

Two milliliters of heparinized peripheral blood was har- 
vested and used for flow cytometry (FCM) analysis. For 
B cells, CD3+ T cells, CD4+ T cells, and CD8+ T cells 
analyses, 100 μL of fresh blood was incubated for 30 min 
at room temperature (RT) with 20 μL A reagent of 
T/B/NK kit (BD Biosciences) including anti-CD3-fluo- 
rescein isothiocyanate (FITC), anti-CD4-allophycocya- 
nin (APC), anti-CD8-Phycoerythrin (PE), and anti- 
CD45-peridinin chlorophyll protein (PerCP). 100 μL of 
fresh blood was incubated for 30 min at RT with 20 μL B 
reagent of T/B/NK kit including anti-CD3-FITC, anti- 
CD19-APC, anti-CD45-PerCP, and anti-CD16CD56-PE. 
Erythrocytes were lysed by adding 2 mL 1X FACS 
Lysing Solution (BD Biosciences). The cells were wash- 
ed with PBS before FCM analysis. 
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For Th1, Th2, and Th17 cell analyses, 500 µL of fresh 
blood diluted 1:1 with RPMI 1640 (Gibco) in FCM tubes 
with cap was stimulated with Phorbol 12-myristate 13- 
acetate (25 ng/mL final concentration, Sigma) and iono-
mycin (1 µg/mL final concentration, Sigma) in the pres- 
ence of brefeldin-A (BFA, 10 µg/mL final concentration, 
Sigma) for 5 h at 37˚C. 200 µL stimulated cells were 
incubated with anti-CD3-PerCP and anti-CD8-APC for 
15 min at RT. Erythrocytes were lysed by adding 2 ml 
1X FACS Lysing Solution (BD Biosciences) for 10 min 
at RT. After centrifugation, the cells were washed with 
cold PBS, resuspended in Fix/Perm buffer (eBio-science), 
and left for 30 min at 4˚C. After blocking with 2% rat 
serum in Permeabil buffer (eBioscience) for 15 min at 
4˚C, the cells were incubated for 15 min at RT with one 
of the following antibodies conjugated with fluorescence, 
i.e. anti-IFN-γ-FITC, anti-IL-4-PE, anti-IL-17A-PE, or 
isotype control mouse IgG1-PE (BD Biosciences). The 
cells were washed and fixed in 1% parafor-maldehyde. 

For PD-1-expressing T cells analyses, 100 μL of fresh 
blood was incubated for 30 min at RT with antibodies 
conjugated with fluorescence, including anti-CD3-PerCP, 
anti-CD8-APC, and anti-PD-1-PE (BD Biosciences). 
Erythrocytes were lysed by adding 2 mL 1X FACS Lys- 
ing Solution (BD Biosciences). The cells were washed 
with PBS before FCM analysis. 

The above-stained cells were analyzed with a 4-colour 
FACSCalibur flow cytometer (BD Biosciences). Lym- 
phocytes were acquired by FCM forward side scatter 
gating. The percentage of positive cells and the mean 
fluorescence intensity (arbitrary units) for a specific 
marker were calculated using CellQuest software (ver- 
sion 3.3, BD Biosciences). The percentage of IFN--, 
IL-4-, IL-17- and PD-1-producing CD4+ T cells was 
equal to the percentage of IFN-+, IL-4+, IL-17+ and 
PD-1+ CD8− T cells in this study, respectively. 

2.3. Data Analyses 

The data were presented as means + 1 SE. One-way 
analysis of variance with LSD comparisons was used to 
compare means among different groups at p < 0.05. All 
statistic analyses were carried out using SPSS 13.0. 

3. Results 

3.1. Increased Percentages of B Cells in  
TB Patients  

PTB and PLTB patients had a higher percentage of CD3− 
CD19+ lymphocyte (B cells) than HS (p = 0.0003 and p = 
0.049), and there was no difference in the percentage of 
B cells between PTB and PLTB patients (p > 0.05) (Fig-
ure 1(a)). nPTB and cPTB patients had a higher per-
centage of B cells than HS (p = 0.000 and p = 0.001), and 
oPTB patients exhibited similar percentages of B cells 
with nPTB patients, cPTB patients, and HS (all p > 0.05) 

(Figure 1(b)). 

3.2. Increased Percentages of CD4+ T Cells and 
Decreased Percentages of CD8+ T Cells in 
PTB Patients 

PTB patients, PLTB patients, and HS shared similar fre- 
quencies of CD3+ T cells (all p > 0.05); PTB patients had 
 

 
(a) 

 
(b) 

Figure 1. Comparisons of the proportions of CD3− CD19+ 
lymphocyte (B cells) in peripheral blood from TB patients 
and healthy subjects (HS). (a) The proportions of B cells in 
peripheral blood from patients with pulmonary tuberculo-
sis (PTB), patients with pleural tuberculosis (PLTB), and 
HS; (b) The proportions of B cells in peripheral blood from 
nPTB, oPTB, cPTB, and HS. Data are means + 1 SE. One- 
way analysis of variance with LSD comparisons was used to 
compare means among different groups. The bars followed 
by different letters are significantly different at p = 0.05 or p 
= 0.01 while the bars followed by same letter are not sig-
nificantly different at p = 0.05. nPTB: Newly diagnosed PTB 
patients whose specimens were collected within one week 
after treatment; oPTB: PTB patients who leaved hospital 
within three days after collecting specimens, cPTB: PTB 
patients who were subjected to 3 - 6-month treatment be-
fore collecting specimens and continued treatment for no 
less than two months after collecting specimens. 
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a higher percentage of CD4+ T cells and a lower per- 
centage of CD8+ T cells than HS (p = 0.004 and p = 
0.048); PLTB patients exhibited a higher percentage of 
CD4+ T cells than HS (p = 0.016), and shared similar 
percentages of CD4+ T cells with PTB patients and simi- 
lar percentages of CD8+ T cells with PTB patients and 
HS (all p > 0.05) (Figure 2(a)). 

There were no differences in the proportions of CD3+ 
T cells among nPTB, oPTB, cPTB patients, and HS (all p 
> 0.05) (data not shown). nPTB and oPTB patients had 
higher percentages of CD4+ T cells than HS (p = 0.040 and 
p = 0.027), and this phenomenon did not appear in nPTB, 
oPTB, and cPTB patients (all p > 0.05); oPTB patients 
 

 
(a) 

 
(b) 

Figure 2. Comparisons of the proportions of T cells in pe-
ripheral blood from TB patients and healthy subjects (HS). 
A The proportions of CD3+, CD4+, and CD8+ T cells in pe-
ripheral blood from PTB patients, PLTB patients, and HS. 
B The proportions of CD4+ and CD8+ T cells in peripheral 
blood from nPTB, oPTB, cPTB, and HS. Data are means + 
1 SE. One-way analysis of variance with LSD comparisons 
was used to compare means of the same kind of T cells 
among different groups. The bars followed by different 
letters are significantly different at p = 0.05 or p = 0.01 
while the bars followed by same letter are not significantly 
different at p = 0.05. PTB, PLTB, nPTB, oPTB, and cPTB 
are coded as in Figure 1. 

had a lower percentage of CD8+ T cells than HS (p = 0.037) 
whereas nPTB patients, cPTB patients, and HS shared 
similar percentages of CD8+ T cells (Figure 2(b)). 

3.3. Increased Percentages of Th17 Cells and 
Decreased Percentages of Th2 Cells in TB 
Patients 

The percentages of IFN--, IL-4-, and IL-17-producing 
CD4+ T cells (i.e. Th1, Th2 and Th17 cells) were nearly 
equal to those of IFN-+, IL-4+, and IL-17+ CD8− T cells 
on the basis of FCM analysis, respectively (Figure 3(a)). 
There were no differences in the proportions of Th1 cells 
among PTB patients, PLTB patients, and HS (Figure 
3(b); all p > 0.05). PTB and PLTB patients had lower 
Th2 cells and higher Th17 cells than HS (Figure 3(b); p 
= 0.0017 and p = 0.009 for Th2 cells; p = 0.0048 and p = 
0.026 for Th17 cells). PTB patients and PLTB patients 
shared similar frequencies of Th2 and Th17 cells (Figure 
3(b); all p > 0.05). PTB patients had lower IL-4- and 
IL-17-producing CD8+ T cells (IL-4+ CD8+ T cells and 
IL-17+ CD8+ T cells) than HS (p < 0.001 and p = 0.047), 
PLTB patients had lower IFN-γ-producing CD8+ T cells 
(IFN-γ+ CD8+ T cells) and IL-4+ CD8+ T cells than HS (p 
= 0.002 and p < 0.001), and the percentage of IFN-γ+ 
CD8+ T cells was higher in PTB patients than in PLTB 
patients (p = 0.034) (Figure 3(c)). 

There were no differences in the proportions of Th1 
and Th2 cells among nPTB, oPTB, cPTB, and HS (Fig-
ure 4; all p > 0.05). oPTB and cPTB patients had higher 
percentages of Th17 cells than HS (p = 0.025 and p = 
0.032), and this phenomenon was not detected in nPTB 
patients (p > 0.05) (Figure 4). oPTB patients had a 
higher percentage of Th17 cells than nPTB patients (p = 
0.027), and there were no differences in the percentage of 
Th17 cells between cPTB and both nPTB and oPTB (all 
p > 0.05) (Figure 4). 

The ratios of Th1 cells to Th2 cells were higher in 
PTB patients than in HS (2.89 ± 0.44 vs 1.45 ± 0.12, p = 
0.006), and PLTB patients and HS shared similar ratios 
of Th1 cells to Th2 cells (2.19 ± 0.38 vs 1.45 ± 0.12, p = 
0.22). The ratios of Th1 cells to Th17 cells and of Th2 
cells to Th17 cells were lower in PTB and PLTB patients 
than in HS (p = 0.033 and p = 0.046 for Th1:Th17, p = 
0.009 and p = 0.029 for Th2:Th17). 

3.4. Increased Percentages of PD-1-Expressing 
CD4+ T Cells in PTB Patients 

The percentage of PD-1-expressing CD4+ T cells (PD-1+ 
CD4+ T cells) was higher in PTB patients than in HS (p = 
0.009); PLTB patients and HS shared similar percentages 
of PD-1+ CD4+ T cells (p = 0.087); there were no differ-
ences in the percentage of PD-1+ CD8+ T cells among  
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4. Discussion PTB patients, PLTB patients, and HS (all p > 0.05) 
(Figure 5(a)). oPTB patients had a higher percentage of 
PD-1+ CD4+ T cells than nPTB patients and HS (p = 
0.014 and p = 0.000), the percentage of PD-1+ CD4+ T 
cells was higher in cPTB patients than in HS (p = 0.011), 
this difference was not found between nPTB patients and 
both cPTB patients and HS (all p > 0.05) (Figure 5(b)). 
There were no differences in the percentage of PD-1+ 
CD8+ T cells between nPTB, oPTB, cPTB, and HS (all p 
> 0.05) (data not shown). 

This study provides insights into the changes of T cells 
and B cells in peripheral blood from PTB patients who 
were further divided into three groups according to 
anti-TB treatment. For example, PTB patients had higher 
B cells, which can be primarily attributed to nPTB and 
cPTB patients. There was no difference in B cells be- 
tween oPTB patients and HS, which is contrary to previ- 
ous findings that TB patients present a significant in- 
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                                (b)                                                           (c) 

Figure 3. The proportions of IFN-γ-, IL-4-, and IL-17-producing T cells in peripheral blood from PTB patients, PLTB pa-
tients, and HS. A representative flow cytometry pattern of IFN-γ-, IL-4-, and IL-17-producing CD8– and CD8+ T cells. IFN-γ+ 
CD8-, IL-4+ CD8–, and IL-17+ CD8– T cells represented Th1, Th2, and Th17 cells, respectively. B Comparisons of the propor- 
tions of Th1, Th2, and Th17 cells. C Comparisons of the proportions of IFN-γ-, IL-4-, and IL-17-producing CD8+ T cells. For 
panels B and C, data are means + 1 SE. One-way analysis of variance with LSD comparisons was used to compare means of 
the same kind of Th cells among different groups. The bars followed by different letters are significantly different at p = 0.05 
or p = 0.01 while the bars followed by same letter are not significantly different at p = 0.05. PTB, PLTB, and HS are coded as 
in Figure 1. 
 

 

Figure 4. Comparisons of the percentages of Th1, Th2, and 
Th17 cells in peripheral blood from nPTB, oPTB, cPTB, 
and HS. Data are means + 1 SE. One-way analysis of vari-
ance with LSD comparisons was used to compare means of 
the same kind of Th cells among different groups. The bars 
followed by different letters are significantly different at p = 
0.05 or p = 0.01 while the bars followed by same letter are 
not significantly different at p = 0.05. nPTB, oPTB, cPTB, 
and HS are coded as in Figure 1. 
 
crease in B cells at the end of the treatment [28]. PTB 
patients had higher Th17 cells and PD-1+ CD4+ T cells, 
which can be primarily attributed to oPTB and cPTB 
patients. There was no difference in Th17 cells and 
PD-1+ CD4+ T cells between nPTB patients and HS. 
These results suggest that anti-TB treatment may de- 

crease the proportion of B cells and increase the propor- 
tions of Th17 cells and PD-1+ CD4+ T cells in PTB pa- 
tients. 

Activated Th1 and Th17 cells provide protection 
against M. tuberculosis [29]. It is well known that Th1 
cells and IFN- are crucial for protection against M. 
tuberculosis [30-32], and PTB patients have a decreased 
percentage of Th1 cells [33]. Adoptive transfer of Th17 
CD4 T cells specific for ESAT-6 can partially inhibit M. 
tuberculosis growth [34]. A high dose of MVA85A, a 
candidate TB vaccine, can elicit high levels of Th1 and 
Th17 cells, and Th17 cells are detected later than Th1 
cells and are of a low magnitude [35]. BCG-specific 
Th17 cells can provide IFN-γ-independent protection 
against M. tuberculosis, and low-frequency Th17 cells 
can recruit Th1 cells to the lung for providing immune 
protection against M. tuberculosis [9,36]. Multidrug re- 
sistant (MDR) M. tuberculosis strains can induce 
stronger IL-17 than drug-susceptible strains in vitro and 
MDR-TB patients show high IL-17 expression [37]. We 
found that the percentage of Th1 cells did not signify- 
cantly decrease in TB patients, but the percentage of 
Th17 cells increased in TB patients, yielding lower ratios 
of Th1 cells to Th17 cells. Our findings are consistent 
with Wang et al. [38], but inconsistent with Chen et al. 
[39], who found that the frequency of Th17 cells was 
lower in patients with tuberculous meningitis. These re- 
sults, combined with other studies, indicate that low- 
frequency Th17 cells may be helpful to protect against  
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(a) 

 
(b) 

Figure 5. Comparisons of the proportions of PD-1-ex- 
pressing T cells in peripheral blood from TB patients and 
healthy subjects (HS). A The proportions of PD-1-produc- 
ing CD4+ and CD8+ T cells in peripheral blood from PTB 
patients, PLTB patients, and HS. B The proportions of 
PD-1-producing CD4+ T cells in peripheral blood from 
nPTB, oPTB, cPTB, and HS. Data are means + 1 SE. One- 
way analysis of variance with LSD comparisons was used to 
compare means of the same kind of PD-1+ T cells among 
different groups. The bars followed by different letters are 
significantly different at p = 0.05 or p = 0.01 while the bars 
followed by same letter are not significantly different at p = 
0.05. PTB, PLTB, HS, nPTB, oPTB, and cPTB are coded as 
in Figure 1. 
 
M. tuberculosis and that high-frequency Th17 cells and 
low ratios of Th1 cells to Th17 cells may induce im-
munopa- thogenesis. 

Th2 cells can regulate humoral response. Increased 
Th2 responses have been postulated to play a role in 
susceptibility to TB, as IL-4 and IL-13 can undermine 
Th1-mediated immunity and drive inappropriate alterna- 
tive activation of macrophages [40,41]. Previous studies 
suggest that TB patients have higher Th2 cells [42] and 

diabetic TB patients susceptible to TB partially come 
from a higher Th2 bias [43]. The ratios of Th1 cells to 
Th2 cells were higher and the proportion of Th2 cells and 
ratios of Th2 cells to Th17 cells were lower in peripheral 
blood from PTB patients, suggesting that the dynamic 
balance of Th1, Th2 and Th17 cells may influence the 
outcome of M. tuberculosis infection. 

PD-1 belongs to co-inhibitory molecules. Some studies 
show that PD-1 plays inhibitory roles in M. tuberculosis 
infection. For example, blockage of PD-1 or PD-1/PDLs 
enhances the specific degranulation of CD8+ T cells and 
percentages of specific IFN-γ-producing lymphocytes 
against M. tuberculosis [25,44]. By contrast, other stud- 
ies show that PD-1 promotes mycobacterial clearance in 
mice [24,45], and host resistance to M. tuberculosis re- 
quires inhibition by PD-1 to prevent T cell-driven exac- 
erbation of the infection [46]. Due to expression by neu- 
trophils, PD-L1 usually increases in whole blood from 
active TB patients [47]. The proportion of PD-1+ CD4+ T 
cells was higher in PTB patients than in HS so that we 
propose a hypothesis that neutrophils accumulate in 
situations of high M. tuberculosis load accompanied with 
CD4+ T cells accumulation through interactions between 
PD-1 on CD4+ T cells and PD-L1 on neutrophils in pe- 
ripheral blood from TB patients, thereby contributing to 
pathology. 

Although CMI has always been become the focus of 
TB vaccine designs, antibody responses are also essential 
to contain mycobacterial infection [3,48,49]. To date 
there are contrasting findings in terms of the proportion 
of B cells in TB patients. For example, some studies 
suggest that the percentages of B cells are lower in TB 
patients than in HS [28,50]. Other studies indicates that 
the percentage of B cells is either higher or similar be-
tween PTB patients and HS [51,52]. In our study PTB 
and PLTB patients had a higher proportion of B cells 
than HS. Current development and evaluation of vac-
cines that induce both CMI and humoral immunity is a 
clear testimony to paradigm shifts and a new era for TB 
vaccines [3]. 

In conclusion, PTB patients had higher percentages of 
B cells, Th17 cells, PD-1+ CD4+ T cells and lower per- 
centages of Th2 cells and ratios of Th1 cells to Th17 
cells and of Th2 cells to Th17 cells. These findings sug- 
gest that the dynamic balance between proportions of 
T-cell subpopulations and negative regulatory molecules 
on T cells appears to play important roles in providing 
immune protection against M. tuberculosis, but this bal- 
ance may be broken during M. tuberculosis infection. On 
the other hand, the roles of B cells, T-cell subpopulations, 
and PD-1 on T cells may be intricate during M. tubercu- 
losis infection, and further studies with more TB cases 
are required to elucidate the possible mechanisms under- 
lying cellular protective immunity. 
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