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Tuberculosis (TB) is one of the major global health problems and it has been estimated that in 5~10% of 
Mycobacterium tuberculosis (MTB)-infected individuals, the infection progresses to an active disease. Numerous cytokines 
and chemokines regulate immunological responses at cellular level including stimulation and recruitment of wide range 
of cells in immunity and inflammation. In the present study, the mRNA expression levels of eight host immune markers 
containing of IFN-γ, TNF-α, IL-2R, IL-4, IL-10, CXCL9, CXCL10, and CXCL11 in whole blood cells from active 
pulmonary TB patients were measured after T-cell mitogen (PHA) and MTB specific antigens (ESAT-6, CFP-10, and 
TB7.7). Among the TH1-type factors, IFN-γ mRNA expression was peaked at 4 h, TNF-α and IL-2R mRNA expression 
was significantly high at the late time points (24 h) in active TB patients, TH2-type cytokine (IL4 and IL10) mRNA 
expression levels in both active TB and healthy controls samples did not changed significantly, and the mRNA expression 
of the three IFN-γ-induced chemokines (CXCL9, CXCL10, and CXCL11) were peaked at the late time points (24 h) in 
active TB patients after MTB specific antigen stimulation. In conclusion, the mRNA expression patterns of the TB-related 
immune markers in response to the T-cell mitogen (PHA) differed from those in response to MTB specific antigens and 
these findings may helpful for understanding the relationship between MTB infection and host immune markers in a 
transcripts level. 
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specific antigens 

Tuberculosis (TB) is mainly caused by Mycobacterium 
tuberculosis (MTB) and it remains a major infectious disease 
with approximately 9.3 million new TB cases annually and 
1.8 million deaths per year. Forty thousand new cases of 
TB and 3,000 deaths occur in the Republic of Korea every 

year (Dye, 1999; Lew, 1995). Most MTB infections are 
asymptomatic however about 10% of all infections even- 
tually progress to active TB disease (Comstock, 1974). 
Typically, about 90% of active cases are pulmonary TB 
disease and 15~20% of active cases are extrapulmonary 
TB disease including tuberculous pleurisy, meningitis, 
lymphadenitis, and urogenital TB (Golden, 2005). The 6 
kDa early secretory antigenic target (ESAT-6) and 10 kDa 
culture filtrate antigen (CFP-10) of MTB form a hetero- 
dimeric complex and both genes are expressed from 
region of difference 1 (RD1) region (Renshaw, 2005). These 
secretory antigens (proteins) contribute to the virulence of 
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MTB and have a potential of T-cell antigen (Pathak, 2007; 
Meher, 2006). TB7.7 is encoded by a phage-inserted region 
(phiRv2) which is highly specific for MTB (Behr, 1999; 
Brosch, 2002; Cole, 1998). Phytohaemagglutinin (PHA) is 
a lectin found in plants and which is very useful as a mito- 
gen to trigger T-cell division and activation (Hamelryck, 
1996). Cytokines and chemokines regulate immunological 
responses at cellular level including stimulation and recruit- 
ment of wide range of cells in immunity and inflammation. 
Cytokines have pleiotropic actions, cascade effect, and 
antagonistic action and chemokines have homeostatic action, 
roles in promoting angiogenesis or guide cells to tissues, and 
inflammatory effect (Adane and Markos, 2013). Numerous 
cytokines and regulatory factors have been implicated in 
the pathogenesis of TB (Ulrichs, 1998; Dlugovitzky, 1999; 
Azzurri, 2005; Okamoto, 2005). Other studies have shown 
that IFN-γ, TNF-α, and IL-2 expression profiles of CD4+ 
T-cells were highly observed in active TB disease (Harari, 
2011) and IL-4 and IL-10 levels were also closely linked to 
active TB (Walzl, 2011). CXCL9 (monokine induced by 
interferon gamma, MIG), CXCL10 (interferon gamma 
inducible protein 10, IP-10), and CXCL11 (interferon-
inducible T cell alpha chemoattractant, I-TAC) are inflam- 
matory chemokines which is induced by pro-inflammatory 
cytokines and secreted by monocytes or macrophages. These 
chemokines have been found in a various TB diseases 
(Kaplan, 1987; Okamoto, 2005; Juffermans, 1999). In the 
present study, relative mRNA expressions of IFN-γ, TNF-α, 
IL-2R, IL-4, IL-10, CXCL9, CXCL10, and CXCL11 in 
whole blood cells from active pulmonary TB patients and 
healthy donors (non-TB) were measured after PHA and 
MTB specific antigen stimulation time dependently and the 
results were compared. 

The study was approved by the Institutional Ethics 
Committee of Yonsei University Severance Hospital 
(approval number 4-2010-0527) and Yonsei University 
Wonju Campus (approval number 2012-3) and all partici- 
pants provided written informed consent. MTB culturing 
confirmed individuals from respiratory specimens were 
considered as active pulmonary TB group. Individuals with 
HIV infection, end-stage renal disease, or leukemia/ 
lymphoma, and those who had received anti-TB therapy 

for more than 2 weeks or immunosuppressive therapy, 
including anti-cancer chemotherapy for malignant disease, 
within 3 months of enrollment, were excluded from the 
study. Enrolled healthy (non-TB) control group contains 
young healthy adults (20s) with no symptoms of active TB, 
no known history of contact with TB patients. T-cell 
mitogen stimulation was performed using the commercial 
mitogen tubes, QFT-IT test Mitogen tube (Cellestis, Carnegie, 
Australia) which contains anticoagulant and PHA. One mL 
of peripheral whole blood samples were collected into 
mitogen tubes and incubated at 37℃ for 30 min, 1, 2, 4, 6, 
8, 10, and 24 h. Plasma was removed by centrifugation at 
2,000 x g for 5 min, mitogen stimulated whole blood cell 
pellets were treated with RNA/DNA Stabilization Reagent 
for Blood/Bone Marrow solution (Roche Diagnostics, 
Mannheim, Germany) and stored at -80℃ until for total 
RNA isolation. MTB-specific antigen stimulation was per- 
formed using the commercial antigen tubes, QFT-IT test 
MTB specific antigen tube (Cellestis, Carnegie, Australia) 
which contains anticoagulant and ESAT-6, CFP-10 and 
TB7.7. One mL of peripheral whole blood samples were 
collected into antigen tubes and incubated at 37℃ for 30 
min, 2, 4, and 24 h. Plasma was removed by centrifugation 
at 2,000 x g for 5 min, mitogen stimulated whole blood cell 
pellets were treated with RNA/DNA Stabilization Reagent 
for Blood/Bone Marrow solution (Roche Diagnostics, 
Mannheim, Germany) and stored at -80℃ until for total 
RNA isolation. MagNA Pure LC 2.0 instrument and MagNA 
Pure LC RNA Isolation Kit-High Performance (Roche 
Diagnostics, Mannheim, Germany) were was used for 
isolating total RNA from T-cell mitogen and MTB specific 
antigen stimulated whole blood cells. Complementary DNA 
(cDNA) was synthesized by M-MLV Reverse Transcriptase 
kit and random hexamers (Invitrogen, Carlsbad, CA, USA) 
with manufacturer's recommendations. Briefly, 10 μL of 
extracted total RNA was added to master mixture containing 
1 μL of 10 mM dNTP mix, 0.25 μg of random hexamers, 
and 5 μL of DEPC-treated water in PCR tubes, and the 
reaction mixture was incubated at 65℃ for 5 min and 
quickly chilled on ice. Subsequently the mixture of 4 μL of 
5× First-Strand Buffer, 2 μL of 0.1 M dithiothreitol (DTT), 
and 1 μL of (M-MLV) reverse transcriptase (RT) was added 
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to the previous reaction mixture in PCR tubes and the 
second reaction was performed at the condition of 10 min 
at 25℃, 50 min at 37℃, and 15 min at 70℃. Real-time 
RT-PCR was performed using the TaqMan assay with ABI 
7500 FAST instrument (Applied Biosystems, Foster City, 
CA, USA). Targets for real-time RT-PCR were IFN-γ, 
TNF-α, IL-2R, IL-4, IL-10, CXCL9, CXCL10, CXCL11, 
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH). 
The real-time PCR premix contained 10 μL of PreMix EX 
Taq (TaKaRa Bio Inc., Shiga, Japan), 10 pmol sense and 
antisense primers, 5 pmol TaqMan probes, and 3 μL of 
cDNA in a final volume 20 μL. The thermal cycling con- 
ditions were 10 min at 95℃, followed by 40 cycles of 10 s 
at 95℃, 30 s at 60℃. The standard curves for the target and 
references genes indicated the efficacy of the method (> 
90%). The relative quantitation was automatically analyzed 
using 7500 Software version 2.0.4 (Applied Biosystems, 
Foster City, CA, USA) with Quantitation-Comparative 
threshold cycle (Ct) protocol which was based on the 
2-DDCT method; relative expression was calculated as the 
ratio between the mean Ct values of the target genes and 
endogenous reference gene in each stimulated sample in 
relation to a unstimulated sample (Kim, 2013). 

To determine the initiation time point of mRNA expression 
levels of TH1-type factors (IFN-γ, TNF-α, and IL-2R), 
TH2-type cytokines (IL-4 and IL-10), and IFN-γ-induced 
chemokines (CXCL9, CXCL10, and CXCL11) after T-cell 
mitogen stimulation, peripheral whole blood were stimulated 
with PHA and blood cell pellets were harvested at 30 min 
and 1, 2, 4, 6, 8, 10, and 24 h after incubation. In the 
TH1-type factor group, IFN-γ mRNA expression was 
detected at 30 min, it increased up to 2 h, and then it 
decreased until 24 h in a time-dependent manner. The 
TNF-α mRNA expression level was the highest in the early 
time points (30 min and 1 h), remained constant up to 2 h 
and then significantly reduced from 4~24 h. The IL-2R 
mRNA expression level increased from 30 min to 8 h time 
dependently and was constant between 8 and 24 h (Fig. 1-A). 
In summary, in samples treated with the T-cell mitogen 
(PHA), the IFN-γ mRNA expression level peaked at 2 h, 
the TNF-α mRNA expression level was significantly high 
in the early time points, and the IL-2R mRNA expression 

Fig. 1. The changes of target gene mRNA expression level after 
stimulation of T-cell mitogen in time dependent manner. Whole
blood was stimulated with T-cell mitogen (PHA) for indicated 
time period (0, 30 min, 1, 2, 4, 6, 8, 10, and 24 h). The target gene 
(A. TH1-type factors; IFN-γ, TNF-α and IL-2R, B. TH2-type cyto-
kines; IL-4 and IL-10, C. IFN-γ induced chemokines; CXCL9 
(MIG), CXCL10 (IP-10) and CXCL11 (I-TAC)) mRNA expression
levels of whole blood cells were analyzed by real-time RT-PCR. 
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level increased in the late time points (after 8 h) in a 
time-dependent manner. All these changes occurred after 
activation of other TH1-type cytokines (IFN-γ and TNF-α). 
In the TH2-type cytokine group, IL-4 mRNA expression 
was detected at 1 h, increased up to 2 h, decreased at 4 h, 
increased again at 6~8 h and decreased until 24 h time 
dependently. IL-10 mRNA expression was detected at 1 h, 
increased until 4 h, was constant between 4 and 10 h and 
decreased at 24 h (Fig. 1-B). In summary, IL-4 mRNA 
expression peaked at 2 time points. IL-10 mRNA expression 
remained constant for a longer time (2~10 h) than that of 
other targets genes. In the IFN-γ-induced chemokine group, 
CXCL9 and CXCL11 mRNA expression increased at 2 h, 
was constant between 4 and 10 h and decreased at 24 h. 
The CXCL10 mRNA expression increased from 30 min to 
2 h, was constant between 2 and 10 h, and decreased at 24 
h (Fig. 1-C). In summary, the mRNA expression of the 
three IFN-γ-induced chemokine (CXCL9, CXCL10, and 
CXCL11) remained constant for a longer time (2~10 h) 
with a significantly higher expression level than those of 
other groups (TH-1 type factors and TH-2 type cytokines) 
when stimulated with PHA. To determine the changes of 
mRNA expression levels of eight target genes (IFN-γ, 
TNF-α, IL-2R, IL-4, IL-10, CXCL9, CXCL10, and CXCL- 
11) after MTB specific antigen stimulation, peripheral blood 
was collected from active TB patients and healthy controls 
in two QFT-IT tubes (MTB specific antigen; ESAT-6, 
CFP-10, TB7.7 and nil). Blood cell pellets were harvested 
at 30 min and 2, 4, and 24 h after incubation for total RNA 
isolation. Plasma samples were also collected at the same 
points to measure the plasma target protein levels. Target 
genes were grouped as. In the TH1-type factor group in 
active TB patients' samples, IFN-γ mRNA expression was 
detected at 30 min, increased up to 4 h, and decreased until 
24 h in a time-dependent manner. TNF-α and IL-2R mRNA 
expression was constant until 4 h and peaked at 24 h (Fig. 
2-A). However, the mRNA expression of IFN-γ, TNF-α, 
and IL-2R did not respond to MTB specific antigens in 
healthy controls samples (Fig. 3-A). In active TB patients' 
samples treated with MTB specific antigens, IFN-γ mRNA 
expression peaked at 4 h, and TNF-α and IL-2R mRNA 
expression was significantly high at the late time points (24 h). 

Fig. 2. The changes of target gene mRNA expression level after
stimulation of MTB specific Antigen in time dependent manner
in samples from active TB patients. Whole blood from active 
TB patients was stimulated with MTB specific antigens (ESAT-6, 
CFP-10 and TB7.7) for indicated time period (0, 30 min, 2, 4 and 
24 h). The target gene (A. TH1-type factors; IFN-γ, TNF-α and 
IL-2R, B. TH2-type cytokines; IL-4 and IL-10, and C. IFN-γ
induced chemokines; CXCL9 (MIG), CXCL10 (IP-10) and CXCL-
11 (I-TAC)) mRNA expression levels of whole blood cells were 
analyzed by real-time RT-PCR. 
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In the TH2-type cytokine group in active TB patients' 
samples, IL-4 and IL-10 mRNA expression was constant 
from the early time point to the late time point (Fig. 2-B). It 
did not respond to MTB specific antigens in healthy controls 
samples (Fig. 3-B). These data reveal that TH2-type cyto- 

kine mRNA expression levels in both active TB and healthy 
controls samples did not change significantly after MTB 
specific antigen stimulation. In the IFN-γ-induced chemo- 
kine group, CXCL9 mRNA expression was constant until 
4 h and increased significantly at 24 h. CXCL10 mRNA 
expression increased at 4 h and was significantly high at 24 
h. CXCL11 mRNA expression was constant until 4 h and 
increased slightly at 24 h (Fig. 2-C). However, the mRNA 
expression of CXCL9, CXCL10, and CXCL11 did not 
respond to MTB specific antigens in healthy control samples 
(Fig. 3-C). In summary, the mRNA expression of the three 
IFN-γ-induced chemokines (CXCL9, CXCL10, and CXCL- 
11) peaked at the late time points (24 h). In particular, 
CXCL9 and CXCL10 mRNA expression at 24 h was 
several hundred times higher than those of other targets in 
response to MTB specific antigens. CXCL10 mRNA was 
expressed earlier than CXCL9 and CXCL11 mRNA. In 
conclusion, the mRNA expression patterns of the TB-related 
immune markers in response to the T-cell mitogen (PHA) 
differed from those in response to MTB specific antigens. 
Because the concentration of the peptide antigen was much 
higher in the T-cell mitogen control than in the MTB-
specific antigen control, overall target mRNA expression 
was initiated at an early time point in the T-cell mitogen 
control. Additionally, while PHA first causes mitosis specifi- 
cally in T-cells among the immune cells, MTB specific 
antigens simultaneously stimulate various immune cells in 
whole blood cells. There were no significant changes of 
cytokine and chemokine mRNA expression by MTB specific 
antigens stimulation in healthy controls comparing to the 
active TB patients because the healthy controls involved in 
the present study did not have active TB symptoms and 
signs, and did not have any previous TB history. These 
results may contribute to a better understanding of the 
relationship between MTB specific antigens and host 
immune markers in a transcript level. In addition, these 
also provide essential information for development of next 
generation TB immunodiagnostic testing. 
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