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ABSTRACT  

 

Cytokine Responses Related to 

Mycobacterium tuberculosis        

Infection Status 
 

Tuberculosis (TB), mainly caused by Mycobacterium 

tuberculosis (MTB), remains a major infectious disease. 

According to a World Health Organization report, one-third of 

the world’s population is latently infected with MTB. Latently 

infected individuals have a potential risk of developing active 

disease in their lifetimes. Data from a TB natural history study 

show that in 5–10% of MTB-infected individuals, the infection 

progressed to active disease. In addition, the conversion rate 

from latent tuberculosis infection (LTBI) to active disease is 

greater in immunosuppressed individuals. Therefore, rapid 

diagnostic tests and effective treatment of LTBI are very 

important to reduce and control the TB burden. In this regard, 

investigating and understanding the mRNA expression levels of 

various immune markers in response to MTB-specific antigens 

in subjects with different MTB infection statuses are essential 
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for the development of new immune-diagnostic assays. In this 

study, the mRNA expression levels of 8 immune markers (TH-1 

type factors: IFN-γ, TNF-α, and IL-2R; TH-2 type cytokines: 

IL-4 and IL-10; and IFN-γ-induced chemokines: CXCL9 (MIG), 

CXCL10 (IP-10), and CXCL11 (I-TAC)) in response to MTB-

specific antigens and T-cell mitogen in different MTB infection 

statuses were investigated. In briefly, the results showed that 

individually, IL-2R and CXCL10 were found to be suitable 

markers for detecting MTB infection. On the other hand, TNF-α 

and CXCL9 was a suitable marker for distinguishing active TB 

disease from LTB. For optimal sensitivity, simultaneous 

detection of multiple targets was attempted, and the result was 

estimated using the sum of the mRNA expression of each gene. 

Among the numerous combinations of target genes, the 

combination of IFN-γ, TNF-α, and IL-2R showed the best 

performance for detecting MTB infection. The combination of 

TNF-α, IL-2R, CXCL9, and CXCL10 could detect MTB 

infection and that also could differentiate active TB disease 

from LTBI. Thus, a combination of suitable markers is more 

helpful for the efficient diagnosis of MTB infection. The results 

from this study indicate that in order to detect the MTB 
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infection status, various immune markers which participate in 

the specific immune response to MTB infection may be useful. 

The assay developed in this study may be useful for follow-up 

study of TB close-contacts groups and for monitoring extra-

pulmonary TB (EPTB) chemotherapy effect.  
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tuberculosis infection (LTBI), real-time reverse transcriptase 

polymerase chain reaction, interferon gamma release assay 

(IGRA)



１ 

 

I. INTRODUCTION 

 

Tuberculosis (TB), mainly caused by Mycobacterium tuberculosis 

(MTB), 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 (1, 

2). 

According to a World Health Organization (WHO) report, one-third 

of the world’s population is latently infected with MTB (3). Latent TB 

infection (LTBI) conceptually denotes a state in which MTB persists within 

its host without causing symptoms or signs, with negative results on acid-fast 

bacilli (AFB) staining and chest X-ray normality (4, 5). Latently infected 

individuals have a potential risk of developing active disease in their 

lifetimes. It has been estimated that in 5–10% of MTB-infected individuals, 

the infection progresses to an active disease (6). In addition, it is known that 

the conversion rate from LTBI to active disease is greater in 

immunosuppressed individuals. For example, according to the previous 

studies, the relative risk for TB is increased by 1.6 to 25.1 times following 

tumor necrosis factor (TNF) antagonist therapy (7-10). Moreover, at least 
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one-third of human immunodeficiency virus (HIV)-infected persons 

worldwide are infected with MTB, and 8–10% of them develop clinical 

disease every year (11).  

Therefore, rapid diagnostic tests and effective treatment of LTBI are 

very important to reduce and control the TB burden (6, 12). In particular, 

accurate diagnosis of LTBI individuals who are at the highest risk of 

developing active disease is essential (13). 

Thus far, the tuberculin skin test (TST) has been the gold standard 

for the diagnosis of LTBI (14). TST detects a cutaneous delayed-typed 

hypersensitivity response to mycobacterial purified protein derivative (PPD), 

which contains over 200 MTB proteins. Therefore, it shows cross-reactivity 

with Bacille Calmette Guérin (BCG) vaccination and infection or contact 

with many environmental non-tuberculous mycobacteria (NTM), because 

PPD shares some major antigens with BCG and several non-tuberculous 

mycobacteria (6). 

A recently introduced alternative immunodiagnostic method to the 

TST for detecting LTBI is the interferon gamma (IFN-γ) release assay (IGRA) 

(15). IGRA assesses the presence of MTB infection by detecting the ex vivo 

release of IFN-γ by immune cells following stimulation with MTB-specific 



３ 

 

antigens, such as early secretory antigen target 6 (ESAT-6) and culture 

filtrate protein 10 (CFP-10). These antigens are MTB specific since they are 

absent in all BCG strains and the major environmental NTM (16-18), and are 

strong targets of T-cells in MTB infection as well.   

Currently, there are 3 commercially available and globally licensed 

ex vivo IGRAs: QuantiFERON-TB Gold (QFT-G) and QuantiFERON-TB 

Gold In-tube (QFT-IT) (Cellestis Ltd., Carnegie, Victoria, Australia), and the 

T-SPOT.TB test (Oxford Immunotec, Oxford, UK). The most recent meta-

analysis suggests that these IGRAs have shown higher sensitivity (80%) in 

the confirmed active TB disease group (reference standard for MTB infection) 

(19) and have 99% specificity (20) compared to the conventional LTBI assay, 

TST (21). These tests are similar in terms of the antigens used (ESAT-6 and 

CFP-10 for QFT-G and T-SPOT.TB; ESAT-6, CFP-10 and TB7.7 for QFT-

IT) for immune cell stimulation and incubation time of subject’s blood with 

MTB-specific antigens (16 to 24 hr). The main differences between these 

tests lie in the techniques and the specimens used. QFT-G and QFT-IT use 

enzyme-linked immunosorbent assay (ELISA) that measures the 

concentration of IFN-γ protein produced by immune cells in whole blood 

after stimulation with MTB-specific antigens (22). On the other hand, T-
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SPOT.TB directly counts the number of IFN-γ-producing cells among the 

peripheral blood mononuclear cells (PBMCs) that respond to MTB-specific 

antigens using enzyme-linked immunosorbent spot (ELISpot) assay (23). 

Sample preparation in ELISA-based assays (QFT-G and QFT-IT) is more 

convenient than that in the ELISpot assay; therefore, the use of the former is 

increasing worldwide.  

The IGRAs have shown significant potential to reduce false-positive 

results, particularly among BCG-vaccinated low-risk populations. However, 

IGRAs have been also known to have limited sensitivity for 

immunocompromised individuals and young children. Furthermore, IGRAs 

cannot differentiate between active TB disease and LTBI (24). 

Numerous cytokines have been implicated in the pathogenesis and 

control of MTB infection (25-36). Therefore, additional cytokines including 

T helper 1 (TH1)-type and T helper 2 (TH2)-type cytokines and chemokines 

associated with MTB infection may improve the performance of IGRAs 

(Table 1). It is known that the mRNA expression levels of cytokines can be 

correlated well with cytokine protein levels (23, 37).  

In the past few decades, new molecular methods such as polymerase 

chain reaction (PCR) and real-time PCR have been introduced and have been 
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widely used to detect bacteria, viruses, toxins, and cytokines due to their 

excellent sensitivity and ability to provide quantitative data (38, 39).  

The objectives of this study were 1) the development of a molecular 

diagnostic method using quantitative real-time RT-PCR for quantitating 

cytokine mRNA expression expression levels, 2) the identification of 

additional host immune markers or a combination of multiple biomarkers that 

could improve the performance of IFN-γ in MTB infection (Figure 1).  

In this study, multi-target cytokine mRNA real-time RT-PCR was 

developed, its results were compared with those of commercially available 

IGRA (IFN-γ ELISA test), its usefulness to differentiate active TB disease, 

LTBI and non-TB, was evaluated. Further, sensitivity was compared between 

the multiple cytokine combination assay and the single marker assay.   
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Table 1. Function of target genes used in this study 
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Figure 1. The schematic diagram of this study. Molecular 

biological approach to quantitate the mRNA expression level of factors those 

are related with MTB-specific host immune responses. 1. whole blood (from 
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the people who was suspected of active TB and could be developed to active 

TB) stimulates with MTB-specific antigens (ESAT-6, CFP-10, and TB7.7). 2. 

separation of plasma and blood cell pellet. Separated plasma could be used 

for cytokine ELISA and separated cell pellet could be used for cytokine RT-

PCR assay. 3. the mRNA expression levels and profiles of various cytokines, 

chemokines, and regulator molecules in whole blood cells of study subjects 

such as active TB patients, LTBI group, and healthy control group was 

investigated in this study. 
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II. MATERIALS AND METHODS 
 

Study participants 

Group-1 

From May 2010 to February 2011, a prospective clinical study was 

undertaken at Yonsei University Wonju Christian Hospital (a tertiary referral 

hospital), Wonju, the Republic of Korea. All subjects provided written informed 

consent and the study was approved by the Institutional Ethics Committee of 

Yonsei University Wonju College of Medicine (approval no. 2010-21). 

All participants underwent chest radiography and clinical examination, 

and were questioned regarding their history of exposure to TB patients. Patients 

with a high clinical suspicion of active TB were recruited and provided at least 

two sputum specimens on separate days, which were analyzed by acid-fast 

bacilli (AFB) microscopy using the Ziehl-Neelsen method and cultured in 

Löwenstein Jensen medium. The presence of MTB in positive culture samples 

was further confirmed using the AdvanSure TB/NTM real-time PCR kit (LG 

Life Science, Seoul, Republic of Korea). The active TB was defined by a 

positive sputum smear microscopy result and/or positivity for MTB in sputum 
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culture and/or an abnormality suggestive of TB in chest X-ray (40, 41). Healthy 

individuals were subjects with normal chest radiographs, no known history of 

contact with TB patients and no symptoms of active TB were included.  
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Group-2 

From November 2010 to March 2012, a prospective clinical study 

was undertaken at Yonsei University Severance Hospital (a tertiary referral 

hospital), Seoul, the Republic of Korea. All subjects provided written 

informed consent and the study was approved by the Institutional Ethics 

Committee of Yonsei University Severance Hospital (approval number 4-

2010-0527). 

Eligible subjects consenting to the study were recruited into three 

groups: active TB, LTBI, and healthy (non-TB) control groups. The active 

TB group consisted of patients with active pulmonary TB. The diagnosis was 

confirmed by culturing MTB from respiratory specimens. 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. For the LTBI group, household contacts with a both positive TST and 

QFT-IT or only positive QFT-IT who had lived with a microbiologically 

confirmed active pulmonary TB patient for longer than 1 month, were 

recruited. The healthy (non-TB) control group consisted of healthy adults 
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with a both negative TST and QFT-IT, who were free of TB symptoms and 

did not have any contact with active pulmonary TB patients. Participants in 

the LTBI and healthy (non-TB) control groups were excluded if they showed 

clinical symptoms or had chest X-rays abnormality.  
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Group-3 

From March 2012 to September 2012, a prospective study was 

undertaken at Yonsei University Wonju Campus, Wonju, the Republic of 

Korea. All subjects provided written informed consent and the study was 

approved by the Institutional Ethics Committee of Yonsei University Wonju 

Campus (approval number 2012-3). 

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. 
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Tuberculin skin test (TST) 

A TST was performed at Yonsei University Severance Hospital, 

Seoul, the Republic of Korea and performed by intradermal injection of 2 

tuberculin units of purified protein derivative (PPD, RT23; Statens Serum 

Institute, Copenhantigenen, Denmark) using the Mantoux method. The TST 

induration was measured after injection for 48 to 72 hr. The cut-off value of 

TST for positivity was 10 mm in immunocompetent subjects. 
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T-cell mitogen and MTB-specific antigen stimulation  

Antigen stimulation was performed using the commercial antigen 

tubes, QFT-IT test (Cellestis, Carnegie, Australia), according to the 

manufacturer’s instructions (40, 42). Blood samples were collected into 3 

QFT-IT collection tubes for Nil (negative control), MTB specific antigen 

stimulation, and mitogen stimulation (positive control).  

Nil control tube contains only anticoagulant, lithium heparin, which 

is used for detecting basal level of immune response of peripheral blood cells. 

MTB specific antigen tube contains anticoagulant and MTB-specific antigens 

such as ESAT-6, CFP-10 and TB7.7, which are used for detecting MTB-

specific immune response. Mitogen control tube contains anticoagulant and T 

cell mitogen (phytohaemaglutinin; PHA) which is used for detecting immune 

cell function as a positive control. Antigen stimulation should be performed 

with in 3 hrs after peripheral blood collection. 

Antigen stimulation was performed for 24 hrs at 37°C for the QFT-

IT (IFN-γ ELISA), and was performed at scheduled time point for monitoring 

of diverse cytokine mRNA expression levels. Plasma was collected by 

centrifugation at 2,000 × g for 5 min and stored at -80°C until it was assayed 

for QFT-IT test. Antigen stimulated white blood cells (WBCs) and antigen 
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stimulated whole blood cell pellet was treated with nucleic acid stabilization 

solution and stored at -80°C until for total RNA isolation.  
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Interferon gamma release assay (IGRA) 

IFN-γ concentration in plasma samples from each subject was 

determined using the QFT-IT ELISA test according to the procedure outlined 

in the product insert. The ELISA assay was carried out at Yonsei University 

Wonju Christian Hospital, Wonju and Yonsei University Severance Hospital, 

Seoul, the Republic of Korea. The test results were interpreted using QFT-IT 

ELISA software (version No. 2.43; Cellestis Ltd., Victoria, Australia) and the 

cut-offs for diagnosis in the manufacturer’s instructions were used. Mitogen 

stimulation was served as an intrinsic control for blood sample quality. An 

IFN-γ concentration of ≥  0.35 IU/ml (after subtraction IFN-γ concentration  

of nil control) following exposure to MTB antigens was considered positive 

for QFT-IT; a concentration of < 0.35 IU/ml was considered negative. If the 

IFN-γ response to mitogen was < 0.5 IU/ml higher than that of the nil control 

or > 8 IU/ml higher than that of the nil control, the result was deemed 

indeterminate (40). 
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CXCL10 ELISA assay 

The CXCL10 (IP-10) concentrations in plasma samples after MTB-

specific antigen stimulation with QFT-IT tubes were determined using the 

commercial ELISA, Quantikine® ELISA Human CXCL10/IP-10 

Immunoassay (R&D System, Minneapolis, MN, USA). The ELISA assay 

was carried out by trained staff at Yonsei University Severance Hospital, 

Seoul, the Republic of Korea. The upper limit of CXCL10 for the assay was 

set at 20 ng/ml.  
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Total RNA isolation and reverse transcription 

For IFN-γ mRNA real-time PCR, blood collection and incubation 

were performed as for QFT-IT, according to the manufacturer’s instructions 

(43).  

After antigen stimulation, total RNA of white blood cells (WBCs) 

was isolated by the column and centrifugation based method. Shortly, 5 

volume of RBC lysis buffer (Qiagen, Amsterdam, Netherland) was added to 

1 volume of blood cell pellet and incubated on ice for 10 to 15 min. After 

incubation, samples were centrifuged at 400 x g for 10 min at 4°C. After 

removal of supernatant, 2 volume of RBC lysis buffer was added to 

remaining blood cell pellet and mixed very well. Samples were centrifuged at 

400 × g for 10 min at 4°C and the supernatant was removed completely. 

After removal of RBCs, total RNA from WBCs was isolated using column 

based commercial total RNA kits, QIAamp RNA Blood Mini kit (Qiagen, 

Amsterdam, Netherland) and easy-spin Total RNA Extraction kit (Intron, 

Seoul, Republic of Korea). Start volume for total RNA isolation was 500 ul 

and final RNA elution volume was 35 ul. 

When total RNA was isolated from antigen stimulated whole blood 

cells, magnetic bead based method, MagNA Pure LC 2.0 instrument (Roche 
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Diagnostics, Mannheim, Germany). MagNA Pure LC RNA Isolation Kit-

High Performance (Roche Diagnostics, Mannheim, Germany) was used using 

automated instrument. Start volume for total RNA isolation was 900 ul and 

final RNA elution volume was 50 ul. 

Complementary DNA (cDNA) was synthesized by M-MLV Reverse 

Transcriptase kit (Invitrogen, Carlsbad, CA, USA) and random hexamers 

(Invitrogen, Carlsbad, CA, USA) according with manufacturer’s 

recommendations. Briefly, 10 ul of total RNA was added to master mix 

containing 1 ul of 10 mM dNTP mix (10 mM each dATP, dGTP, dCTP, and 

dTTP at neutral pH), 0.25 ug of random hexamers, and 5 ul of DEPC-treated 

water in PCR tubes, and the reaction mixture was incubated at 65°C for 5 

min and quickly chilled on ice. Subsequentlym the mixture of 4 ul of 5× 

First-Strand Buffer, 2 ul of 0.1 M dithiothreitol (DTT), and 1 ul of (M-MLV) 

reverse transcriptase (RT) was added to the previous reaction mixture in PCR 

tubes and the cDNA synthesis reaction was performed at the condition of 10 

min at 25°C, 50 min at 37°C, and 15 min at 70°C.   
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Reverse transcription PCR 

 The RT-PCR primers to amplify the IFN-γ and glyceraldehyde 3-

phosphate dehydrogenase (GAPDH) gene used in this study are shown in the 

Table 2. The amplification mixture contained primers (10 pmol/ul each), 1.5 

units of Taq DNA polymerase (SolGent, Daejeon, Korea), 2 mM of MgCl2, 

250 uM dNTP, and 3 ul of cDNA in a final volume 20 ul.  

RT-PCR condition to amplify the IFN-γ gene consisted of an initial 

denaturation step of 5 min at 95°C; 35 cycles comprising 30 sec at 95°C 

denaturation, 30 sec at 55°C primer annealing, and 30 sec at 72°C extension; 

and a final extension at 72°C for 7 min. RT-PCR condition to amplify the 

GAPDH gene consisted of an initial denaturation step of 5 min at 95°C; 23 

cycles comprising 30 sec at 95°C denaturation, 30 sec at 55°C primer 

annealing, and 30 sec at 72°C extension; and a final extension at 72°C for 7 

min.
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Table 2. Oligonucleotide primers used in this study 
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Semi-quantitaion of PCR products 

 Following PCR amplification of IFN-γ and GAPDH gene, amplified 

PCR products were analyzed using 1.8% Tris-borate-ethylenediaminne-

tetraacetic acid (TBE) agarose gel electrophoresis and ethidium bromide 

(EtBr) staining. After washing with distilled water, stained gels were placed 

on the UV transilluminator (302 nm) and photographed with Molecular 

ImageⓇ Gel DocTM XR+ system (Bio-Rad, Hercules, CA, USA), then the 

results were analyzed by densitometer analyzing system, Quantity-one 

software (Bio-Rad, Hercules, CA, USA). The expression level of the IFN-γ 

gene was compensated with endogenous reference gene, GAPDH. The 

mRNA expression level (R) of target gene (IFN-γ) relative to a reference 

endogenous gene (GAPDH) in a MTB-antigen control relative to nil control 

was calculated by following equation (44).  

 

R =
Density of target gene (MTB Antigen − Nil) 

Density of endogenous reference gene (MTB Antigen − Nil) 
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Real-time RT-PCR targeting multiple cytokine mRNA 

Real-time RT-PCR was performed using the TaqMan probe assay 

(Roche Diagnostics, Mannheim, Germany and Applied Biosystem, Foster 

City, CA, USA). The real-time RT-PCR primers and TaqMan probes in 

Table 3 were used to amplify the TH1-type cytokines (IFN-γ and TNF-α), 

TH1-type response (IL-2R), TH2-type cytokines (IL-4 and IL-10), IFN-γ-

induced chemokines (CXCL9 (MIG), CXCL10 (IP-10), CXCL11 (I-TAC), 

and internal reference gene (GAPDH) mRNA expression.  

The real-time PCR premix contained 10 ul of PreMix EX Taq 

(TaKaRa Bio Inc., Shiga, Japan) or Realtime PCR Master Mix (TOYOBO, 

Osaka, Japan), 10 pmol sense and antisense primers, 5 pmol TaqMan probes, 

and 3 ul of cDNA in a final volume 20 ul. The thermal cycling conditions 

were 10 min at 95°C, followed by 40 cycles of 10s at 95°C, 30s at 60°C. All 

reactions were performed using an ABI 7500 FAST Real-time PCR System 

(Applied Biosystems, Foster City, CA, USA). 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 Ct protocol which was based on the 2-DDCT 
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method; relative expression was calculated as the ratio between the mean Ct 

(threshold cycle) values of the target gene and reference gene (GAPDH) in 

each stimulated sample in relation to a reference sample (not stimulated) (45).  
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Table 3. Oligonucleotide primers and TaqMan probes used in this study 
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Cut-off value determination for the study population 

The optimal cut-off level for the multiple targets was calculated by 

receiver operator characteristic (ROC) curve analysis. Confirmed active TB 

patients group was used as a positive control of active TB and LTBI. Healthy 

(non-TB) group who did not have active TB symptoms with chest X-ray 

normality, and both TST and IGRA (QFT-IT) negative was used as a 

negative control of MTB infection.  

Data from both active TB and healthy group with 8 targets (IFN-γ, 

TNF-α, IL-2R, IL-4, IL-10, CXCL9 (MIG), CXCL10 (IP-10), and CXCL11 

(I-TAC)) were used for ROC curve analysis. Among 8 targets, 5 targets 

(IFN-γ, TNF-α, IL-2R, CXCL9 (MIG), and CXCL10 (IP-10)) had 

statistically significant differences between active TB and healthy group. 

Therefore, cut-off value for those 5 targets were calculated. Cut-off value 

was 4.85 for IFN-γ (95% CI=0.79-0.97, area=0.88), 2.30 for TNF-α (95% 

CI=0.88-0.99, area=0.93), 3.24 for IL-2R (95% CI=0.85-1.02, area=0.94), 

9.18 for CXCL9 (95% CI=0.81-0.99, area=0.90), and 9.62 for CXCL10 (95% 

CI=0.97-1.00, area=0.98). p values of all 5 targets were under 0.01 (Table 11 

and 12).  
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Statistical analysis 

Data were analyzed using GraphPad Prism, version 5.00 (GraphPad 

Software, San Diego, CA, USA). Sensitivities and specificities for MTB 

infection, together with 95% confidence intervals (CIs) were calculated as 

proportions of positive and negative cases among patients and control 

subjects, respectively. The values of these parameters were compared using 

the t-test. Agreement between the two test modalities was tested with 

McNemar's test and expressed as the kappa coefficient and overall agreement 

(proportion of cases giving the same result in both tests). When comparing 

the mean of IFN-γ measurements of both methods, and calculating the 

Pearson’s correlation coefficient for them, the original values were log-

transformed. Also, non-parametric statistics (Wilcoxon’s ranked sign test and 

Spearman’s ranked correlation coefficient) were employed. When testing for 

differences, a value of p<0.05 was used as the criterion for statistical 

significance.  
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III. RESULTS 
 

1. Development and clinical evaluation of novel interferon 

gamma release assay (IGRA) using RT-PCR 

 

Design of RT-PCR primers for amplification of IFN-γ and 

GAPDH gene 

 In order to develop a new RT-PCR system specific to human IFN-γ 

and GAPDH gene, a set of PCR oligonucleotide primers were designed by 

Primer 3 software. The oligonucleotide sequence of PCR primer sets was 

based on the NCBI reference sequence of human target genes (Table 2). 

 

The IFN-γ mRNA RT-PCR results with blood samples from 

an active TB patients and healthy subjects 

 The IFN-γ mRNA expression levels of MTB antigen control relative 

to nil control in blood samples from an active TB patient (Figure. 2-A) were 

significantly higher than that of blood samples from a non-TB subject (Figure. 
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2-B) when the peripheral whole blood were stimulated with MTB-specific 

antigens (ESAT-6, CFP-10, and TB 7.7). 

 

IFN-γ mRNA expression and protein level after stimulation 

with T-cell mitogen and MTB-specific antigens  

To know the correlation between IFN-γ mRNA expression and IFN-

γ protein level during the antigen stimulation, peripheral whole blood 

samples from seven randomly selected TB patients (as a tentative positive 

control for MTB infection) were collected in three QFT-IT tubes (mitogen: 

PHA; TB Antigen: ESAT-6, CFP-10, and TB7.7; and nil), and blood cell 

pellets were harvested at 30 min and 1, 2, 4, 6, 8, 10, and 24 hr after 

incubation for total RNA isolation. Plasma samples were also collected at the 

same time points to measure the plasma IFN-γ protein levels. 

 In the MTB-specific antigen (ESAT-6, CFP-10, and TB7.7)-

stimulated samples, IFN-γ mRNA expression level was detected at 30 min, 

increased up to 4 hr, and was constant between 4 to 6 hr (Figure 3-A). 

However, IFN-γ mRNA expression level decreased after this time point. In 

the T-cell mitogen (PHA)-stimulated samples, the IFN-γ expression level was 

higher than that in the MTB-specific antigen-stimulated samples, however 
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peaked at earlier time point (2 hr) and then declined. 

Plasma IFN-γ protein levels were significantly increased from 10 hr 

in the mitogen stimulated samples and from 8 hr in the MTB-specific 

antigen-stimulated samples (Figure 3-B).  

Based on these results, the optimal MTB-specific antigen stimulation 

time for measurement of IFN-γ mRNA expression level was proposed at 4 hr, 

because IFN-γ mRNA expression level was high in both MTB-specific 

antigen-stimulated samples and in the T-cell mitogen-stimulated samples at 

this time point. In subsequent experiments, IFN-γ mRNA expression levels 

were measured at 4 hr and plasma IFN-γ protein levels were measured at 24 

hr. 
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Figure2. The IFN-γ mRNA RT-PCR results with blood 

samples from an active TB patients (A, B) and non-TB 

subjects (C, D). For quantitation of the IFN-γ mRNA expression levels 

after stimulation of MTB-specific antigens, 3 controls were used (mitogen 

(M), MTB-specific antigens (TB), and nil (N)). 3 ml whole blood sample was 

collected from each study subjects and collected blood was treated with 

MTB-specific antigens (ESAT-6, CFP-10, and TB7.7) for 4 hr. Total RNA 

was extracted from antigen-treated blood cell pellets and cDNA was 

synthesized from extracted total RNA using by M-MLV RT and random 

hexamers (Invitrogen, Carlsbad, CA, USA). Synthesized cDNA was used for 

IFN-γ and GAPDH mRNA RT-PCR.  
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Figure 3. The IFN-γ mRNA expression level (A) and the 

IFN-γ protein level (B) after stimulation with MTB-specific 

antigens in time dependent manner. Whole blood of active TB 

patients was stimulated with MTB-specific antigens (ESAT-6, CFP-10, and 

TB7.7) for indicated time period (0, 30 min, 1 hr, 2 hr, 4 hr, 6 hr, 8 hr, 10 hr, 

and 24 hr). The IFN-γ mRNA expression levels of whole blood cells were 
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analyzed by RT-PCR and IFN-γ protein level was analyzed by ELISA. The 

IFN-γ mRNA expression levels of whole blood cells were increased until 6 hr, 

and then the expression level was decreased time dependently after 6 hr when 

stimulated with MTB-specific antigens. The IFN-γ mRNA expression levels 

of whole blood cells were increased until 2 hr then the expression levels were 

decreased time dependently after 2 hr when stimulated with T-cell mitogen 

(PHA) (A). The IFN-γ protein level was increased until 24 hrs time 

dependently when stimulated with MTB-specific antigens and T-cell mitogen 

(PHA) (B). 
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Baseline characteristics of study subjects for evaluation of 

IFN-γ RT-PCR 

A total of 119 screened subjects comprised 46 active TB patients and 

73 subjects at low risk for TB (Table 4). The median age of the enrolled 

subjects was 48 years (range 28-86 years) for the active TB patients and 37 

years (range 18-56 years) for subjects at low risk for TB. The male to female 

ratios were 1.30:1.00 and 0.78:1.00 for the active TB patients and subjects at 

low risk for TB, respectively. Of the 46 subjects in the active TB group, 44 

(86.9%) had culture- or AFB smear-confirmed TB and two (4.3%) had 

clinical TB. Of these 46 patients, 36 (78.3%) had pulmonary TB (PTB) and 

10 (21.7%) had cervical tuberculous lymphadenopathy. None of the subjects 

at low risk for TB were reported to have any systemic disease affecting host 

immunity. The BCG vaccination rates were 67.4 and 78.1% in the subjects 

with active TB and subjects at low risk for TB, respectively (Table 4). 
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Table 4. Baseline characteristics of subjects for IFN-γ RT-

PCR 

 

 

 Active TB Low risk for TB 

Number of subjects 46 73 

Age, median in years 48 (28-86) 37(18-56) 

Male:Female ratio 26:20 32:41 

BCG vaccination 31 (67.4%) 57 (78.1%) 
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Establishment of suitable antigen stimulation time 

 Randomly selected 39 whole blood samples from enrolled subjects 

were stimulated with MTB-specific antigens (ESAT-6, CFP-10, and TB7.7) 

for 2 time points (4 and 24 hr) to measure the IFN-γ mRNA expression level 

and for 24 hr to measure the plasma IFN-γ protein level. The results of IFN-γ 

mRNA expression level by RT-PCR (4 and 24 hr) were compared with 

plasma IFN-γ protein level by ELISA (24 hr). The coincident rate was 

significantly higher in 4 hr stimulation than 24 hr stimulation for IFN-γ RT-

PCR when compared with ELISA results. Therefore, these data show that the 

comparable MTB-specific antigen stimulation time with patient’s peripheral 

whole blood was 4 hr to perform the IFN-γ RT-PCR (Figure 4 and Table 5).  
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Comparison of ROC curve between 4 and 24 hr antigen 

stimulation time for IFN- γ RT-PCR  

To compare the receiver operating characteristic (ROC) curve of 

IFN-γ RT-PCR results between both 4 and 24 hr antigen stimulation time, 

IFN-γ RT-PCR results (4 and 24 hr) were compared with IFN-γ ELISA 

(QFT-IT) results (QFT-IT positive and negative). The 4 hr MTB-specific 

antigen (ESAT-6, CFP-10, and TB7.7) stimulation time for IFN-γ RT-PCR 

has shown the significant p value and 95% CI value (p<0.0001, 95% CI=0.82 

to 1.02) than 24 hr MTB specific-antigen stimulation time (p=0.009, 95% 

CI=0.60 to 0.94) (Figure 5). These results show that 4 hr stimulation time 

was the most suitable time for IFN-γ RT-PCR, compared with the results of 

IFN-γ ELISA (QFT-IT). 
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Figure 4. Comparison of IFN-γ RT-PCR results with 

IFN-γ ELISA results according to the MTB-specific antigen 

stimulation time (4 and 24 hr). Subjects were grouped by IFN-γ 

ELISA (QFT-IT) results. Whole blood from various subject groups (QFT-IT- 

positive, -indeterminate and -negative) were stimulated with MTB-specific 

antigens (ESAT-6, CFP-10, and TB7.7) for 4 (A) and 24 hrs (B). The IFN-γ 

mRNA expression levels of whole blood cells were analyzed by RT-PCR. 

The p values between three groups were calculated by one-way ANOVA test. 

The p value of A (p<0.0001) was more significant than B (p=0.0251). 
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Table 5. Comparison of IFN-γ RT-PCR results with IFN-γ 

ELISA results according to the MTB-specific antigen 

stimulation time (4 and 24 hr). 
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Figure 5. Comparison of ROC curve of IFN-γ RT-PCR 

results between both 4 and 24 hr MTB-specific antigen 

stimulation time. Receiver operating characteristic (ROC) curve analysis 

of antigen stimulation time (4 and 24 hr) for IFN-γ RT-PCR was compared 

with IFN-γ ELISA (QFT-IT) result (QFT-IT positive and negative). The 4 hr 

antigen stimulation time for IFN-γ RT-PCR has shown the significant p value 

and 95% CI value (p<0.0001, 95% CI=0.82-1.02) than 24 hr stimulation time 

(p=0.009, 95% CI=0.60-0.94). 
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IFN-γ protein and mRNA expression level after MTB-specific 

antigen stimulation and its cut-off value in all study subjects 

To measure the IFN-γ protein level, peripheral whole blood from all 

study subjects (active TB patients and subjects at low risk for TB) were 

stimulated with MTB-specific antigens (ESAT-6, CFP-10, and TB7.7) for 24 

hr and IFN-γ ELISA (QFT-IT) was performed. To measure the IFN-γ mRNA 

expression level, peripheral whole blood from all study subjects were 

stimulated with MTB-specific antigens for 4 hr and IFN-γ RT-PCR was 

performed.  

The MTB-specific antigen-dependent IFN-γ mRNA expression 

levels (R) relative to GAPDH gene were measured by subtracting the 

expression level of IFN-γ in nil control samples from those in the MTB- 

specific antigen-stimulated samples. Plasma IFN-γ protein levels were 

measured by subtracting the IFN-γ level in nil control from those in the 

MTB-specific antigen-stimulated samples.  

The plasma IFN-γ protein levels (24 hr stimulation) ranged from 

0.04 to 44.84 (median=1.66) in subjects with active TB and from 0.00 to 19.2 

(median=0.12) in subjects at low risk for TB (Figure 6-A). The plasma IFN-γ 

protein levels in subjects with active TB was also higher than that in subjects 
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at low risk for TB (p<0.001). The median value of mRNA expression level 

(R) (IFN-γ mRNA expression level, 4 hr stimulation) ranged from 0.3 to 

137.6 (median=3.17) in subjects with active TB and from 0.05 to 19.2 

(median=0.82) in subjects at low risk for TB (Figure 7-B). The IFN-γ mRNA 

expression levels were significantly higher in subjects with active TB than in 

subjects at low risk for TB (p<0.001). There was a significant correlation 

between IFN-γ mRNA expression level (4 hr) and plasma IFN-γ protein level 

(24 hr) (r2=0.74, Figure 7). 

To assess the diagnostic performance of IFN-γ RT-PCR, an ROC 

curve analysis was performed (Figure 8). Patients with active TB were 

considered to be a positive control and QFT-IT-negative responders were 

regarded as negative controls. An expression level of 1.0 was determined to 

be the optimal cut-off for measure of IFN-γ mRNA expression level 

(p<0.001). Use of this cut-off value for IFN-γ RT-PCR showed 93.7% 

specificity and a sensitivity of 91.8%. The area under the curve (AUC) was 

0.956 (95% CI: 0.92-0.99). Hence, IFN-γ RT-PCR results were defined as 

follows: subjects with MTB-specific antigen-stimulated IFN-γ mRNA 

expression level ≥1.0 (MTB-antigen sample - nil control) were considered 

positive, irrespective of T-cell mitogen response; expression level of <1.0 for 
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MTB-specific antigen-stimulated samples and ≥1.3 for T-cell mitogen-

stimulated samples were considered negative; others values (<1.0 for MTB-

specific antigen-stimulated samples and <1.3 for T-cell mitogen-stimulated 

samples) were considered indeterminate. The cut-off value for IFN-γ ELISA 

(QFT-IT) was chosen according to the manufacturer’s instructions. 
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Figure 6. IFN-γ protein level (A) and IFN-γ mRNA 

expression level (B) in clinical samples from active TB patients 

and subjects at low risk for TB after MTB-specific antigen 

stimulation. Whole blood from subject groups (active TB and low risk for 

TB) was stimulated with MTB-specific antigens (ESAT-6, CFP-10, and 

TB7.7) for 24 hrs for performing IFN-γ ELISA (A) and 4 hrs for performing 

IFN-γ RT-PCR (B). The pattern of IFN-γ protein level (24 hr) and IFN-γ 

mRNA expression level (4 hr) was similar in both active TB and low risk for 

TB control.  
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Figure 7. Correlation coefficient analysis between IFN-

γ mRNA expression and protein level after stimulation with 

MTB specific antigens (ESAT-6, CFP-10, and TB7.7). IFN-γ 

mRNA expression level (4 hr stimulation) was highly correlate with IFN-γ 

protein level (24 hr stimulation) (r2=0.74).  
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Figure 8. ROC curve analysis of IFN-γ RT-PCR results 

compared with QFT-IT results (QFT-IT positive and 

negative). 
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Comparison of IFN-γ RT-PCR and IFN-γ ELISA (QFT-IT) 

results with clinical diagnosis 

For IFN-γ ELSIA (QFT-IT), 41 of the 46 active TB patients gave 

positive results and the sensitivity was 89.1%. One patient had an 

indeterminate result due to high background levels (high plasma IFN-γ 

protein in nil control) of IFN-γ protein (Table 6). For IFN-γ RT-PCR, 39 of 

the 46 active TB patients gave positive results and the sensitivity was 84.8%. 

The positivity in IFN-γ ELISA (QFT-IT) was 4.3% higher than that in IFN-γ 

RT-PCR; however, the difference was not statistically significant (p=0.12). 

Age, gender and BCG vaccination were not significantly associated with test 

positivity. 

Of the 73 subjects at low risk for TB, 22 gave positive results in IFN-

γ ELISA (QFT-IT), 44 gave negative results, and gave 7 indeterminate 

results (Table 6). Of the 7 indeterminate results, 4 were due to high 

background levels and 3 to low response to the T-cell mitogen control. In 

IFN-γ RT-PCR analysis of the 73 subjects at low risk for TB, 34 subjects 

were positive and 39 were negative; there are no indeterminate results. The 

specificity was thus 60.3% for IFN-γ ELISA and 53.4% for IFN-γ RT-PCR 

(Table 6). 
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Concordance/discordance results between IFN-γ RT-PCR and 

IFN-γ ELISA (QFT-IT) 

A total of 55 subjects (46.2%) were positive by both the IFN-γ 

ELISA (QFT-IT) and the IFN-γ RT-PCR; 8 (6.7%) were positive by the IFN-

γ ELISA (QFT-IT) and negative by the IFN-γ RT-PCR; 14 (11.8%) were 

negative in the IFN-γ ELISA (QFT-IT) and positive in the IFN-γ RT-PCR; 

and 34 (28.6%) were negative in both the IFN-γ ELISA (QFT-IT) and the 

IFN-γ RT-PCR. The overall agreement was 79.1% (kappa=0.475) (Table 6). 
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IFN-γ RT-PCR is able to distinguish the indeterminate results 

in IFN-γ ELISA (QFT-IT) 

 Among 6 subjects who have TB history, there was 1 (16.7%) 

indeterminate result in IFN-γ ELISA (QFT-IT); however, it was converted to 

positive when performed with IFN-γ RT-PCR. In addition, among 73 

subjects at low risk for TB, there were 7 (9.6%) indeterminate results in IFN-

γ ELISA (QFT-IT), however, out of those 7 indeterminate cases, 3 cases 

(42.9%) became positive and 4 (57.1%) cases became negative when 

performed with IFN-γ RT-PCR (Table 7).
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Table 6. Comparison of the IFN-γ RT-PCR (4 hr Antigen stimulation time) and IFN-γ 

ELISA (QFT-IT) results with clinically diagnosed samples 
 

Clinical Diagnosis (n)  
IFN-γ ELISA  IFN-γ mRNA qRT-PCR  

Results No. of samples 
(%) Results No. of 

samples  Results No. of 
samples (%) 

Active TB (46) 

positive 41 (89.1) 
positive 36 

positive 39 (84.8) 
negative 5 

negative 4 (8.7) 
positive 2 

negative 7 (15.2) 
negative 2 

indeterminate 1 (2.2) 
positive 1 

indeterminate 0 (0) 
negative 0 

Total (46) 46 (100) 46 (100) 46 (100) 

Low-risk for TB (73)  

positive 22 (30.1) 
positive 19 

positive 34 (46.6) 
negative 3 

negative 44 (60.3) 
positive 12 

negative 39 (53.4) 
negative 32 

indeterminate 7 (9.6) 
positive 3 

indeterminate 0 (0) 
negative 4 

Total (73)  73 (100) 73 (100) 73 (100) 
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Table 7. IFN-γ RT-PCR results in indeterminate samples of 

IFN-γ ELISA (QFT-IT) 
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Figure 9. Comparison of commercial IGRAs (T-Spot.TB test 

and QFT-IT) and newly developed molecular biological assay. 
Whole blood cells could be stimulated with MTB-specific antigens (ESAT-6, 

CFP-10, and TB7.7). Commercial IGRAs quantitate the IFN-γ producible T-

cells or the plasma IFN-γ protein, and newly developed molecular assay 

quantitate the IFN-γ mRNA expression level of various blood cells. Newly 

developed molecular assay require shorter antigen stimulation time and more 

simply performed than previous commercial IGRAs. 
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2. Development of multi-target cytokine mRNA real-time 

RT-PCR and spectrum of cytokine mRNA expression in 

response to MTB-specific antigens 

 

Design of real-time RT-PCR primers, TaqMan probes, and 

long-oligonucleotide positive control DNA for amplification of 

8 target genes 

 In order to develop a new real-time RT-PCR system specific to 8 

human target genes, namely, IFN-γ, TNF-α, IL-2R, IL-4, IL-10, CXCL9 

(MIG), CXCL10 (IP-10), CXCL11 (I-TAC), and GAPDH, a set of PCR 

oligonucleotide primers, TaqMan probes, and long-oligonucleotide positive 

control DNAs were designed using Primer 3 software (Figure 10). The 

oligonucleotide sequences of the PCR primers, TaqMan probes, and long-

oligonucleotide positive control DNAs were based on the NCBI reference 

sequence of human target genes (Tables 3, 8). 
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Figure 10. Multi-alignment analysis of oligonucleotide 

primers and TaqMan probes based on the reference target 

gene sequences to perform the assay. A. IFN-γ, B. TNF-α, C. IL-2R, 

D. IL-4, E. IL-10, F. CXCL9 (MIG), G. CXCL10 (IP-10), H. CXCL11 (I-

TAC).
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Table 8. Synthesized oligonucleotide positive control DNA used in this study 
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IFN-γ real-time RT-PCR results with blood samples from an 

active TB patient and healthy subjects 

The IFN-γ amplification signal (Ct value) relative to the GAPDH 

gene peaked in a shorter time period (lower Ct value) for the of MTB-antigen 

control than for the nil control in blood samples from an active TB patient. 

No significant differences were found between the MTB-antigen control and 

nil control with blood samples from healthy controls (non-TB subjects) 

(Figure 11). The ratio of the IFN-γ mRNA expression levels of the MTB 

antigen control relative to those of the nil control were significantly higher 

with the blood samples from active TB patients than with samples from the 

healthy controls, and these results were identical to previous data obtained 

using semi-quantitative RT-PCR (Figure 2). 
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Figure 11. The IFN-γ mRNA RT-PCR results in active 

TB patient’s blood sample (A) and healthy control blood 

sample (B). The IFN-γ mRNA expression level of MTB-antigen control 

relative to nil control in active TB patients blood sample (A) was 

significantly higher than that of healthy control (non-TB) blood sample (B). 

The IFN-γ signal (Ct value) of MTB-antigen control was peaked faster than 

nil control in active TB patients blood sample (A) and no differences between 

MTB-antigen control and nil control were shown in healthy control blood 

sample (B). 
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Comparison of sensitivities of conventional RT-PCR and real-

time RT-PCR 

 To compare the sensitivities between conventional RT-PCR (semi-

quantitative) and real-time RT-PCR (TaqMan assay), long-oligonucleotide 

positive controls were synthesized artificially, based on the reference 

sequences of the 9 test human genes (IFN-γ, TNF-α, IL-2R, IL-4, IL-10, 

CXCL9 (MIG), CXCL10 (IP-10), CXCL11 (I-TAC), and GAPDH) in 

GenBank (NCBI) (Table 8). Already-known copy numbers of synthesized 

long-oligonucleotides were serially diluted (10-fold) from 1 × 107 to 10 

copies for use as a template targets. 

 The overall sensitivity ranges of conventional RT-PCR for each 

target were 1 × 104 (TNF-α, IL-4, and CXCL11) to 1 × 103 (IFN-γ, IL-2R, 

IL-10, CXCL9, and CXCL10) copies. The overall sensitivity ranges of real-

time RT-PCR (TaqMan assay) for each target were 1 × 103 (TNF-α and IL-4) 

to 1 × 102 (IFN-γ, IL-2R, IL-10, CXCL9, CXCL10, and CXCL11) copies 

(Figure 12). Thus, for most targets, the sensitivity of real-time RT-PCR 

(TaqMan assay) was 10 times higher than that of conventional RT-PCR, with 

the exception of except CXCL11 (100 times higher). 
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Figure 12. Comparison of sensitivities of RT-PCR 

compared with real-time RT-PCR. TH1-type factors (A), TH2-type 

cytokines (B), and IFN-γ induced chemokines (C). In most targets, the 

sensitivity of real-time RT-PCR results was 10 fold higher than that of RT-

PCR results. 
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Time-dependent mRNA expression level of target genes after 

stimulation with T-cell mitogen 

To determine the mRNA expression levels of the 9 target genes 

(IFN-γ, TNF-α, IL-2R, IL-4, IL-10, CXCL9 (MIG), CXCL10 (IP-10), 

CXCL11 (I-TAC)) after antigen stimulation, peripheral blood was collected 

in 2 QFT-IT tubes (mitogen; PHA and nil), and blood cell pellets were 

harvested at 30 min and 1, 2, 4, 6, 8, 10, and 24 hr after incubation for total 

RNA isolation. Target genes were grouped as 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). 

In the TH1-type factor group, IFN-γ mRNA expression was detected 

at 30 min, it increased up to 2 hr, and then it decreased until 24 hr in a time-

dependent manner. The TNF-α mRNA expression level was the highest in 

the early time points (30 min and 1 hr), remained constant up to 2 hr and then 

significantly reduced from 4 hr to 24 hr. The IL-2R mRNA expression level 

increased from 30 min to 8 hr time dependently and was constant between 8 

and 24 hr (Figure 13-A). In summary, in samples treated with the T-cell 

mitogen (PHA), the IFN-γ mRNA expression level peaked at 2 hr, the TNF-α 

mRNA expression level was significantly high in the early time points, and 
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the IL-2R mRNA expression level increased in the late time points (after 8 hr) 

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 hr, increased up to 2 hr, decreased at 4 hr, increased again at 6–

8 hr and decreased until 24 hr time dependently. IL-10 mRNA expression 

was detected at 1 hr, increased until 4 hr, was constant between 4 and 10 hr 

and decreased at 24 hr (Figure 13-B). In summary, IL-4 mRNA expression 

peaked at 2 time points. IL-10 mRNA expression remained constant for a 

longer time (2–10 hr) than that of other targets genes.  

In the IFN-γ-induced chemokine group, CXCL9 and CXCL11 

mRNA expression increased at 2 hr, was constant between 4 and 10 hr and 

decreased at 24 hr. The CXCL10 mRNA expression increased from 30 min 

to 2 hr, was constant between 2 and 10 hr, and decreased at 24 hr (Figure 13-

C). In summary, the mRNA expression of the 3 IFN-γ-induced chemokine 

(CXCL9, CXCL10, and CXCL11) remained constant for a longer time (2–10 

hr) with a significantly higher expression level than those of other groups 

(TH-1 type factors and TH-2 type cytokines) when stimulated with the T-cell 

mitogen (PHA). 
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Figure 13. 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 hr). The 

target gene (A. TH1-type factors; IFN-γ, TNF-α and IL-2R, B. TH2-type 

cytokines; 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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Time-dependent mRNA expression level of target genes after 

stimulation with MTB-specific antigens 

To determine the mRNA expression levels of 8 target genes (IFN-γ, 

TNF-α, IL-2R, IL-4, IL-10, CXCL9 (MIG), CXCL10 (IP-10), and CXCL11 

(I-TAC)) after antigen stimulation, peripheral blood was collected from 

active TB patients and healthy controls in 2 QFT-IT tubes (MTB antigen; 

ESAT-6, CFP-10, TB7.7 and nil). Blood cell pellets were harvested at 30 min 

and 2, 4, and 24 hr 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 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). 

In the TH1-type factor group in active TB patients’ samples, IFN-γ 

mRNA expression was detected at 30 min, increased up to 4 hr, and 

decreased until 24 hr in a time-dependent manner. TNF-α and IL-2R mRNA 

expression was constant until 4 hr and peaked at 24 hr (Figure 14). However, 

the mRNA expression of IFN-γ, TNF-α, and IL-2R did not respond to MTB-

specific antigens in healthy controls samples (Figure 15). In summary, in 

active TB patients’ samples treated with MTB antigens, IFN-γ mRNA 
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expression peaked at 4 hr, and TNF-α and IL-2R mRNA expression was 

significantly high at the late time points (24 hr). 

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 (Figure 14). It did not respond to MTB-specific antigens in 

healthy controls samples (Figure 15). In summary, TH2-type cytokine 

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 chemokine group, CXCL9 mRNA expression 

was constant until 4 hr and increased significantly at 24 hr. CXCL10 mRNA 

expression increased at 4 h and was significantly high at 24 hr. CXCL11 

mRNA expression was constant until 4 hr and increased slightly at 24 hr 

(Figure 14). However, the mRNA expression of CXCL9, CXCL10, and 

CXCL11 did not respond to MTB-specific antigens in healthy control 

samples (Figure 15). In summary, the mRNA expression of the 3 IFN-γ-

related chemokines (CXCL9, CXCL10, and CXCL11) peaked at the late time 

points (24 hr). In particular, CXCL9 and CXCL10 mRNA expression at 24 h 

was several hundred times higher than those of other targets in response to 

MTB antigens. CXCL10 mRNA was expressed earlier than CXCL9 and 



７３ 

 

CXCL11 mRNA.  
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Figure 14. 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 24hr). 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 CXCL11 (I-TAC)) 



７６ 

 

mRNA expression levels of whole blood cells were analyzed by real-time 

RT-PCR. 
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Figure 15. The changes of target gene mRNA 

expression level after stimulation of MTB specific antigens in 

time dependent manner in samples from healthy controls. 
Whole blood from healthy controls was stimulated with MTB specific 

antigens (ESAT-6, CFP-10 and TB7.7) for indicated time period (0, 30 min, 

2, 4 and 24hr). The target gene (TH1-type factors; IFN-γ, TNF-α and IL-2R, 

TH2-type cytokines; IL-4 and IL-10, and 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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Comparison of the results of single gene (IFN-γ and CXCL10 

mRNA) detection and IFN-γ ELISA (QFT-IT) 

 To compare the performance of IFN-γ and CXCL10 (IP-10) real-

time RT-PCR, peripheral whole blood from all study subjects was stimulated 

with MTB-specific antigens (ESAT-6, CFP-10, and TB7.7) for 24 hr. After 

stimulation, whole blood cells were harvested for RNA isolation and IFN-γ 

and CXCL10 real-time RT-PCR. Antigen-stimulated plasma was used in the 

IFN-γ ELISA (QFT-IT) for measuring the plasma IFN-γ protein. Finally, the 

single gene detection results were compared with IFN-γ ELISA (QFT-IT). 

 The results of CXCL10 real-time RT-PCR showed that the mRNA 

expression levels (R) were over 5 in most IFN-γ ELISA (QFT-IT)-positive 

groups among all study subjects (active PTB patients, close contacts, and 

healthy controls) except 1 healthy control (Figure 16-B). Therefore, these 

results show that the CXCL10 mRNA expression levels (24 hr) were 

significantly correlated with plasma IFN-γ protein levels (24 hr).  

 However, the median value of the IFN-γ mRNA expression levels 

(24 hr) in the IFN-γ ELISA (QFT-IT)-positive group among active PTB 

patients was significantly higher than that in the IFN-γ ELISA (QFT-IT)-

positive and negative groups among the close contacts and healthy controls 
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(Figure 16-A). 

 The results show that the CXCL10 mRNA expression level (24 hr) 

could be indicative of the plasma IFN-γ protein level. The IFN-γ mRNA 

expression level (24 hr) could not be indicative the plasma IFN-γ protein 

level and was identical to previous data (Figures 4 and 5 and Table 5). This 

suggested that for detecting active TB and LTBI, IFN-γ RT-PCR or real-time 

RT-PCR should be conducted after 4 hr of stimulation with MTB-specific 

antigens, and CXCL10 real-time RT-PCR should be conducted after 24 hr of 

stimulation. 
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Specificity and sensitivity of IFN-γ and CXCL10 real-time 

RT-PCR 

Positive results in the IFN-γ ELISA (QFT-IT) were obtained for all 

23 active PTB patients, and the sensitivity was 100%. Positive results in the 

IFN-γ real-time RT-PCR were obtained for 20 of the 23 TB patients, and the 

sensitivity was 87%. For CXCL10 (IP-10) real-time RT-PCR, positive results 

were obtained for all 23 TB patients, and the sensitivity was 100%. The 

sensitivity of IFN-γ ELISA (QFT-IT) and CXCL10 real-time RT-PCR was 

13% higher than that of IFN-γ real-time RT-PCR (Table 9). 

Positive results in the IFN-γ ELISA (QFT-IT) were obtained for 4 of 

the 51 healthy controls. In the IFN-γ real-time RT-PCR analysis of the 51 

healthy controls, positive results were obtained for 19 subjects. In the 

CXCL10 real-time RT-PCR analysis of the 51 healthy controls, positive 

results were obtained for 6 subjects. The specificity was thus 92.2% for the 

IFN-γ ELISA, 62.7% for the IFN-γ real-time RT-PCR, and 88.2% for the 

CXCL10 real-time RT-PCR. The specificity of the IFN-γ ELISA (QFT-IT) 

was 29.5%, which was 4% higher than that of the IFN-γ real-time RT-PCR 

and CXCL10 real-time RT-PCR (Table 9). 
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Figure 16. Comparison of IFN-γ and CXCL10 mRNA 

expression level after stimulation with MTB specific antigens 

for 24 hr in IFN-γ ELISA (QFT-IT) positive and negative 

samples of study subjects. Whole blood from all study subjects (active 

PTB patients, close contacts and healthy controls) were stimulated with MTB 

specific antigens (ESAT-6, CFP-10 and TB7.7) for 24 hr. The mRNA 

expression level of IFN-γ and CXCL10 (IP-10) was analyzed by real-time 

RT-PCR and protein level of IFN-γ was analyzed by ELISA (QFT-IT).  
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Table 9. Positivity of IFN-γ and CXCL10 mRNA real-time 

RT-PCR compare to IFN-γ ELISA (QFT-IT) results 
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Correlation coefficient analysis between IFN-γ mRNA 

expression and protein level, and CXCL10 mRNA expression 

and protein level  

To investigate the correlation between IFN-γ mRNA expression and 

protein levels after stimulation with MTB-specific antigens (ESAT-6, CFP-

10, and TB7.7 for 24 hr), the IFN-γ mRNA expression levels were compared 

to the IFN-γ protein levels in each sample. The r2 and p value of the 

comparison between IFN-γ mRNA and protein levels were 0.02 and 0.1413, 

respectively (Figure 17-A). These 2 sets of data have demonstrated a 

statistically insignificant correlation. To investigate the correlation between 

CXCL10 (IP-10) mRNA expression and protein levels after stimulation with 

MTB-specific antigens, the CXCL10 mRNA expression levels were 

compared to the CXCL10 protein levels in each sample. The r2 and p value of 

the comparison between CXCL10 mRNA expression and protein levels were 

0.19 and 0.0005, respectively (Figure 17-B). Therefore, the correlation 

between CXCL10 mRNA expression and protein levels was much higher 

than that of IFN-γ. These results show that simultaneous detection of the 

mRNA expression and protein levels of CXCL10 could provide more useful 

results than simultaneous detection of IFN-γ in samples stimulated for 24 hr.  
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Correlation coefficient analysis between IFN-γ and CXCL10 

protein level, and IFN-γ and CXCL10 mRNA expression level

 To investigate the correlation between IFN-γ and CXCL10 (IP-10) 

protein levels after stimulation with MTB-specific antigens (ESAT-6, CFP-

10, and TB7.7 for 24 hr), the IFN-γ protein levels were compared to the 

CXCL10 protein levels in each sample. The r2 and p value of the comparison 

between the IFN-γ and CXCL10 protein levels were 0.60 and <0.0001, 

respectively (Figure 18-A). To investigate the correlation between IFN-γ and 

CXCL10 mRNA expression levels after stimulation with MTB-specific 

antigens (ESAT-6, CFP-10, and TB7.7 for 24 hr), the IFN-γ mRNA 

expression levels were compared to the CXCL10 mRNA expression levels in 

each sample. The r2 and p value of the comparison between the IFN-γ and 

CXCL10 mRNA expression levels were 0.09 and <0.0013, respectively 

(Figure 18-B). Therefore, the correlation between IFN-γ and CXCL10 

protein levels was significantly higher than that between the IFN-γ and 

CXCL10 mRNA expression levels in samples stimulated with the MTB 

antigen 24 hr. These results show that when whole blood is stimulated with 

MTB-specific antigens for 24 hr, protein detection is more useful than 

mRNA detection for simultaneous detection of IFN-γ and CXCL10. For 
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single target detection in blood samples stimulated for 24 hr, only CXCL10 

mRNA detection could provide similar results as simultaneous IFN-γ and 

CXCL10 protein detection. 
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Figure 17. The correlation coefficient analysis between 

IFN-γ mRNA expression and protein levels (A), and CXCL10 

mRNA expression and protein levels (B) after stimulation of 

MTB specific antigens for 24 hrs. Correlation between CXCL10 (IP-

10) mRNA expression and protein levels (r2=0.19, P=0.0005) was 

significantly higher than correlation between IFN-γ mRNA expression and 

protein levels (r2=0.02, P=0.1413). 
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Figure 18. The correlation coefficient analysis between 

IFN-γ and CXCL10 protein level (A), and IFN-γ and CXCL10 

mRNA expression level (B) after stimulation of MTB specific 

antigens for 24 hrs. Correlation between IFN-γ and CXCL10 (IP-10) 

protein level (r2=0.60, P<0.0001) was significantly higher than correlation 

between IFN-γ and CXCL10 mRNA expression level (r2=0.09, P=0.0013).  
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Target gene mRNA expression levels in peripheral whole 

blood from all confirmed subject groups after stimulation with 

MTB-specific antigens for 24 hr 

 To investigate the expression levels of the 8 MTB antigen-specific 

target genes (IFN-γ, TNF-α, IL-2R, IL-4, IL-10, CXCL9 (MIG), CXCL10 

(IP-10), and CXCL11 (I-TAC)) in the 3 subject groups (active PTB, LTBI, 

and healthy controls (non-TB); Table 1), peripheral whole blood was 

stimulated with MTB-specific antigens (ESAT-6, CFP-10, and TB7.7) for 24 

hr. Antigen-treated cell pellets were harvested for total RNA isolation, and 

the mRNA expression levels of target genes were analyzed by real-time RT-

PCR. 

 The mRNA expression levels of most targets, except the TH2-type 

cytokines (IL-4 and IL-10), were higher in the active PTB patient and LTBI 

groups than in the healthy control group. In particular, CXCL10 mRNA 

expression levels in the active PTB patient and LTBI groups were 

significantly higher than those in the healthy control group (Figure 19-C), 

and the IL-2R mRNA expression levels were also higher in the active PTB 

patient and LTBI groups than in the healthy control group (Figure 19-A). The 

TH2-type cytokine (IL-4 and IL-10) mRNA expression levels did not change 
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significantly in response to MTB-specific antigen stimulation in any of the 3 

groups (Figure 19-B). 

The mRNA expression levels of TNF-α and CXCL9 were higher in 

the active PTB patient group than in the LTBI group with statistical 

significance (TNF-α; *p = 0.0462, CXCL9; **p = 0.0024; Figures 19-A and 

18-C and Table 12). In summary, the mRNA expression levels of IFN-γ, 

TNF-α, IL-2R, CXCL9, and CXCL10 were significantly higher in the active 

PTB patients, while those of CXCL10 and IL-2R were significantly higher in 

the LTBI group. Further, TNF-α and CXCL9 mRNA expression levels in the 

active PTB group were significantly higher than those in the LTBI and 

healthy control groups. Therefore, the latter 2 biomarkers could be used for 

distinguishing active disease from LTBI. 

 For simultaneous detection of multi-target gene expression in 

response to MTB-specific antigens, data of each target gene were merged 

after the real-time RT-PCR. The merged data of the TH1-type factors, 

namely, IFN-γ, TNF-α, and IL-2R, showed that active TB could not be 

distinguished from LTBI, and there was no statistically significant difference 

among the 3 groups (Figure 19-D and Table 12); however, it could provide 

useful information on MTB infection. The merged data of the TH1-type 
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factors (TNF-α and IL-2R) and IFN-γ-induced chemokines (CXCL9 and 

CXCL10) showed that it could be used not only to detect MTB infection but 

also to differentiate between the active TB, LTBI, and healthy control groups 

(Figure 19-D and Table 12).
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Table 10. Study subjects used in multi-target mRNA cytokine real-time RT-PCR assay  
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Figure 19. Target gene mRNA expression levels after 

stimulation of MTB-specific antigens for 24 hrs in all study 

subjects. Whole blood of study subjects (active PTB patient, LTBI group 

and healthy control group) were stimulated with MTB-specific antigens 

(ESAT-6, CFP-10 and TB7.7) for 24 hrs and the mRNA expression levels for 

target genes (TH1-type factors: IFN-γ, TNF-α and IL-2R; TH2-type 

cytokines: IL-4 and IL-10; IFN-γ-induced chemokines: CXCL9 (MIG), 

CXCL10 (IP-10) and CXCL11 (I-TAC)), and simultaneous detection of 

multi-targets (IFN-γ+TNF-α+IL-2R and TNF-α+IL-2R+CXCL9+CXCL10) 

were analyzed by real-time RT-PCR.
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Table 11. Positivity and negativity of single and multi-target mRNA cytokine real-time 

RT-PCR assay 
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Table 12. p values of each target in different study groups  
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3. Evaluation of TST and IGRA in healthy controls from 

the Republic of Korea 

 

Comparison of TST and IFN-γ ELISA results of healthy 

controls 

 A total of 51 whole blood samples from the healthy control group 

(non-TB group, Table 13) were stimulated with MTB-specific antigens 

(ESAT-6, CFP-10, and TB7.7) for 24 hr and the IFN-γ protein was the 

detected using IFN-γ ELISA (QFT-IT). 

 Among the 51 samples, there were no double positives either of TST 

or of IFN-γ ELISA, and 29 samples yielded negative results in both 

examinations. Among the 18 TST-positive samples, all samples (18 samples) 

yielded negative results in the IFN-γ ELISA. Among the 33 TST-negative 

samples, 4 samples yielded positive results in the IFN-γ ELISA (Table 14). 

These results show significant disconcordence between TST and IFN-γ 

ELISA results of healthy individuals.  
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Table 13. TST results of healthy controls from Republic of 

Korea   
 

 

 
 
 
Table 14. Comparison of IFN-γ ELISA (QFT-IT) and TST 

results 
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Plasma IFN-γ protein levels in response to MTB-specific 

antigens in healthy controls from the Republic of Korea 

 To investigate the plasma IFN-γ protein levels in response to MTB-

specific antigens (ESAT-6, CFP-10, and TB7.7) in healthy controls (24 hr 

stimulation), the plasma IFN-γ protein levels were detected by IFN-γ ELISA. 

Among the TST-negative samples of the healthy control group, 4 samples 

yielded positive results in the IFN-γ ELISA (QFT-IT) (MTB antigen-Nil = 

>0.35 IU/ml). The median value of the IFN-γ protein levels in the TST-

negative samples was slightly higher than that in the TST-positive samples 

(Figure 20), and this difference was not statistically significant. 
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Comparison of changes in multi-target mRNA expression 

levels in response to MTB-specific antigens in TST-positive 

and negative samples of the healthy control group from the 

Republic of Korea 

 To compare the changes in the mRNA expression levels of multiple 

TB-related targets (IFN-γ, TNF-α, IL-2R, IL-4, IL-10, CXCL10 (IP-10)) in 

response to MTB-specific antigens (ESAT-6, CFP-10, and TB7.7), multi-

target real-time RT-PCR was performed. The median values of the mRNA 

expression levels (R) of all target genes were near 1 in the TST-negative 

samples (Figure 21). These results show that there were no changes in the 

mRNA expression levels of the target genes in response to the MTB-specific 

antigens relative to the nil controls.  

 The median values of IFN-γ, TNF-α, and CXCL10 mRNA 

expression (R) exceeded 2 in the TST-negative samples (Figure 21). Thus, 

there was a 2-fold increase in the IFN-γ, TNF-α, and CXCL10 mRNA 

expression in response to the MTB-specific antigens relative to nil controls. 

Not only the levels of the IFN-γ protein but also those of IFN-γ, TNF-α, and 

CXCL10 mRNA changed in response to MTB-specific antigens in the TST-

negative samples of the healthy control group. 
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Figure 20. Comparison of IFN-γ protein level after 

MTB specific antigens stimulation for 24 hrs between the TST 

positive and negative group of healthy controls from Republic 

of Korea. Whole blood of study subjects (TST positive and negative 

healthy controls) were treated with MTB specific antigens (ESAT-6, CFP-10 

and TB7.7) for 24 hrs. The IFN-γ protein levels were analyzed by ELISA and 

the median value of TST negative group in healthy controls was slightly 

higher than TST positive group.  



１０５ 

 

 
 

Figure 21. Comparison of various TB related cytokine 

mRNA expression levels after stimulation with MTB specific 

antigens for 24 hrs between the TST positive and negative 

group of healthy controls from Republic of Korea. Whole blood 

of study subjects (TST positive and negative healthy controls) were treated 

with MTB specific antigens (ESAT-6, CFP-10 and TB7.7) for 24 hrs. The 

mRNA expression levels of target genes (IFN-γ, TNF-α, IL-2R, IL-4, IL-10, 

CXCL10 (IP-10)) were analyzed by real-time RT-PCR. IFN-γ and CXCL10 

mRNA expression level of TST negative group was significantly higher than 

that of TST positive group and TNF-α, IL-4 and IL-10 mRNA expression 

level of TST negative group also slightly higher than those of TST positive 
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group. However, IL-2R mRNA expression level was not significantly 

different.   
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Correlation between the size of induration in the TST and 

IFN-γ protein and mRNA expression levels 

To investigate the correlation between the size of the induration in 

the TST and IFN-γ protein and mRNA expression levels, healthy controls 

were divided into 4 groups by the size of the induration (0–5, 6–10, 11–15, 

and >15 mm). The median values of the IFN-γ protein and mRNA expression 

levels in response to MTB-specific antigens (ESAT-6, CFP-10, and TB7.7, 

24 hr stimulation) were the highest in the 6–11 mm group, and they were the 

lowest in the >15 mm group (Figure 22). These results show that there was 

no correlation between the size of the induration in the TST and IFN-γ 

protein and mRNA expression levels in healthy donor samples stimulated 

with MTB-specific antigens.  
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 Figure 22. Comparison of IFN-γ protein and mRNA 

expression level according to the size of enduration inTST. The 

median value of IFN-γ protein (A) and mRNA (B) expression level was the 

highest in the size of enduration in TST 6 to 10 mm and the median value of 

IFN-γ protein was the lowest in the size of enduration in TST over 15 mm 

and IFN-γ mRNA expression level was the lowest in the size of enduration in 

TST 11 to 15 mm and over 15 mm. 
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IV. DISCUSSION 

 
Investigating and understanding the mRNA expression of various 

immune markers in response to MTB-specific antigens (ESAT-6, CFP-10, 

and TB7.7) in individuals with different MTB infection statuses (active TB, 

LTBI, healthy controls) are essential for the development of new immune-

diagnostic assay. Further, the development of a diagnostic assay that can 

distinguish active TB from LTBI is essential in the clinical field in order to 

control TB and provide effective treatment for LTBI. 

In this study, a multiple-target real-time RT-PCR TaqMan assay that 

targets 8 immune markers (TH-1 type factors: IFN-γ, TNF-α, and IL-2R; TH-

2 type cytokines: IL-4 and IL-10; and IFN-γ-induced chemokines: CXCL9 

(MIG), CXCL10 (IP-10), and CXCL11 (I-TAC)) was developed. The assay 

was used to investigate the mRNA expression patterns of the 8 target genes 

in response to MTB-specific antigens and a T-cell mitogen in different MTB 

infection statuses. 

This is the first study to use the IFN-γ mRNA expression level as an 

indicator of IFN-γ levels in an IGRA test. The results showed that the 

quantitation of IFN-γ mRNA expression using conventional (semi-
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quantitative) RT-PCR is as sensitive and specific as commercial QFT-IT 

IFN-γ ELISA for the diagnosis of MTB infection (Figure 9). 

Significant expression of IFN-γ mRNA was detected at 30 min after 

stimulation with MTB antigens or the T-cell mitogen, and it peaked at 4 hr, 

even though there was no detectable increase in the IFN-γ protein level until 

6 h after incubation. This result was in agreement with a previous study (46), 

which reported that IFN-γ mRNA was measurable.  

IFN-γ mRNA expression measured using RT-PCR correlated well 

with the IFN-γ protein level measured using ELISA (r2 = 0.74). Interestingly, 

the expression of IFN-γ mRNA at 4 h was higher than that at 24 hr. One 

possible explanation for this could be that the synthesis of IFN-γ mRNA was 

induced by stimulation with the MTB antigens or mitogen, and that its level 

then dropped after IFN-γ protein synthesis was initiated. 

The sensitivities of IFN-γ mRNA RT-PCR and ELISA in subjects 

with active TB were 84.8% and 89.1%, respectively (p = 0.12). This result 

was in agreement with those of previous studies by Chee et al. (47) and 

Kabeer et al. (48), who reported QFT-IT sensitivities of 83.0% and 88.6%, 

respectively.  

The specificities of IFN-γ mRNA RT-PCR and ELISA were 56.2% 
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and 60.3%, respectively, which is also in agreement with the values reported 

in other studies. However, the specificity in a study by Lee et al. (49) was 

91.6%, which is higher than that in our study. This may be attributable to the 

ages of the enrolled subjects. The mean ages of the subjects at low risk for 

TB were 15.7 and 39.5 years in the study by Lee et al. (49) and our study, 

respectively. Younger subjects may have a lower chance of exposure to MTB 

infection. 

The indeterminate rate for the IFN-γ ELISA in our study was 6.7%, 

and there was no indeterminate result for IFN-γ mRNA RT-PCR. 

Interestingly, 4 of the 8 indeterminate results in the IFN-γ ELISA were due to 

high background levels, but there were 4 positive and 4 negative results in 

IFN-γ mRNA RT-PCR. This suggests that IFN-γ mRNA RT-PCR might not 

be affected by preexisting IFN-γ in the plasma like IFN-γ ELISA is, because 

IFN-γ mRNA RT-PCR detects IFN-γ mRNA expression in immune cells.  

Collectively, the data imply that quantitation of IFN-γ gene 

expression might be useful for the diagnosis of MTB infection. Moreover, it 

is noteworthy that IFN-γ mRNA expression could be measured after only 4 h 

of stimulation. This will facilitate diagnosis of MTB infection within a day. 

However, the results of IFN-γ RT-PCR showed poor specificity and 



 １１２ 

sensitivity and the inability to distinguish active TB disease from LTBI.  

To overcome the limitations of IFN-γ single target RT-PCR, a real-

time RT-PCR TaqMan assay targeting multiple-gene targets was developed. 

This real-time RT-PCR has a 10–100 times higher sensitivity than 

conventional RT-PCR. Further, in order to identify additional immune 

marker for diagnosing TB, 8 TB-related candidate immune markers were 

investigated by real-time RT-PCR. The mRNA expression of these 8 marker 

candidates was determined after stimulation with MTB-specific antigens and 

a T-cell mitogen in different MTB infection statuses. 

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 in 

T cells among the immune cells, MTB-specific antigens simultaneously 

stimulate various immune cells in whole blood. 

Data from the samples treated with the T-cell mitogen could show 

the interactions between the 3 groups of target genes. After T-cell mitogen 
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stimulation, the mRNA expression of the TH-type 1 cytokines (IFN-γ and 

TNF-α) rapidly increased at an early time point. An increase in the level of 

the T-regulatory cytokine IL-10 mRNA results in a reduction in the level of 

TH-type 1 cytokines. When IL-10 mRNA expression remained constant, the 

mRNA expression of TH-type 1 cytokines did not increase. However, the 

expression of TH-type 1 cytokines at an early time point might induce the 

expression of IL-2R and other chemokines (CXCL9, CXCL10, and 

CXCL11). Therefore, the mRNA expressions of IL-2R and these chemokines 

remained constantly high until a late time point, and they were not affected 

by IL-10 mRNA expression. 

To compare the mRNA expression of target genes between the active 

TB and healthy control groups, whole blood from these study groups was 

treated with MTB-specific antigens (ESAT-6, CFP-10, and TB7.7) for 

varying durations. In the active TB group, among the TH-type 1 factors, IFN-

γ mRNA expression peaked at 4 hr, and TNF-α and IL-2R mRNA expression 

peaked at 24 hr in response to MTB-specific antigens. The mRNA expression 

of IFN-γ-induced chemokines (CXCL9, CXCL10, and CXCL11) peaked at 

24 hr in response to the MTB-specific antigen in the active TB group. The 

mRNA expression of the TH-type 2 cytokines IL-4 and IL-10 in the active 
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TB and healthy control groups and the mRNA expression of TH-type 1 

factors and IFN-γ-induced chemokines in the healthy control group did not 

change in response to MTB-specific antigen stimulation. 

For simultaneous quantitation of multiple-target gene expression, 

mRNA expression should be detected 24 hr after MTB-specific antigen 

stimulation. Thus, the antigen stimulation time was established to be 24 hr for 

multiple-gene target real-time RT-PCR TaqMan assay. 

A total of 5 genes (IFN-γ, TNF-α, IL-2R, CXCL9, and CXCL10) 

were chosen as target candidates for the detection of MTB infection, 

including active TB disease and LTBI. Multiple-gene target real-time RT-

PCR results revealed that IL-2R and CXCL10 were suitable individual 

markers for detecting MTB infection, and TNF-α and CXCL9 were suitable 

individual markers for distinguishing active TB from LTBI.   

For optimal sensitivity, simultaneous detection of multiple targets 

was attempted, and the result was estimated by the sum of the values of the 

mRNA expression of individual genes. Among the numerous combinations 

of target genes, the combination of IFN-γ, TNF-α, and IL-2R showed the best 

performance for detecting MTB infection. The combination of TNF-α, IL-2R, 

CXCL9, and CXCL10 could detect MTB infection as effectively as the 
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combination of IFN-γ and TNF-α, but it could also differentiate active TB 

disease from LTBI. These results imply that the combination of suitable 

single markers is useful for the efficient diagnosis of MTB infection. The 

results also showed that in order to determine the exact MTB infection status, 

various factors should be considered because numerous immune markers that 

might have specific interactions participate in the specific immune response 

to MTB infection. 

Additionally, the assay developed in this study could be useful for 

follow-up studies with TB close-contacts groups and for monitoring the 

extra-pulmonary TB (EPTB) chemotherapy effect. 
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ABSTRACT IN KOREAN 

 

결핵균 감염상태에 따른  

싸이토카인 반응 양상  
 

결핵은 주로 인형결핵균에 의해 발생하는 주요 감염질환이다. 

세계보건기구의 발표에 의하면 전 세계인구의 약 1/3이 결핵균

에 의해 잠복적으로 감염되어 있는 것으로 알려져 있다. 결핵균 

잠복감염자는 언제든지 활동성 결핵질환으로 발전할 수 있는 가

능성을 가지고 있다. 이전 연구에 따르면 결핵균에 감염된 5~ 

10% 의 사람들은 활동성 결핵질환으로 발전하게 되고, 특히 면

역력이 저하된 사람들에서는 활동성 결핵질환으로 발전할 가능

성이 크게 증가한다고 밝혀졌다. 따라서, 잠복결핵의 신속한 진

단과 적절한 치료는 결핵퇴치와 결핵관리에 매우 중요하게 여겨

지고 있다. 새로운 결핵의 면역진단법의 개발을 위해서 결핵균 

특이항원에 따른 다양한 면역marker들의 이해와 연구는 필수적

이다. 이를 위해 본 연구에서는 8개의 면역marker(IFN-γ, 
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TNF-α, IL-2R, IL-4, IL-10, CXCL9 (MIG), CXCL10 (IP-

10), CXCL11 (I-TAC))을 검출할 수 있는 다중marker 실시간 

역전사효소 증폭법을 개발하였고, 이 방법을 이용해 서로 다른 

결핵감염 형태에 따른 각 표적marker들의 mRNA 발현양상을 

분석해 보았다. IL-2R와 CXCL10은 활동성 결핵환자와 잠복결

핵 감염자에서 정상인에 비해 높은 발현양상을 보여 결핵균 감

염을 검출하기 위해 가장 적합한 단일marker였으며, TNF-α와 

CXCL9은 활동성 결핵환자에서 잠복결핵 감염자에 비해 높은 

발현양상을 보였기 때문에 활동성 결핵질환과 잠복결핵감염을 

구분할 수 있는 적합한 단일marker였다. 보다 나은 최적의 민감

도를 얻기위해 다중marker의 동시검출을 시도하여보았고, 각 

target의 mRNA 발현양을 합한 값으로 결과를 분석하였다. 그 

결과, 다양한 조합들 중 IFN-γ, TNF-α, IL-2R의 조합이 활동

성 결핵환자 및 잠복결핵 감염자에서 정상인에 비해 높은 발현

양상을 보여 결핵균 감염과 비감염을 구분하기에 가장 적합한 

조합이었으며, TNF-α, IL-2R, CXCL9, CXCL10의 조합이 활동

성 결핵환자에서 잠복결핵 감염자에 비해 높은 발현 양상을 보
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여 활동성 결핵질환과 잠복결핵감염을 구분하는데에 가장 적합

한 조합이었다. 이러한 결과들을 미루어 보았을 때, 다중marker

의 동시분석이 단일marker의 검출에 비해 결핵균 감염을 진단

하는데 유용하다는 것을 알 수 있었다. 또한, 보다 효과적인 결

핵균 감염행태의 구분을 위해 단일 marker보다는 결핵감염에 

관련된 다양한 다중 면역marker 및 요소들이 고려되어야 한다

는 것을 알 수 있었다. 추가적으로, 본 연구를 통해 새롭게 개발

된 분석방법이 활동성 결핵 접촉자에 대한 추적검사와 폐외결핵

환자의 치료효과 모니터링에 매우 유용할 것으로 사료된다.  

 

 

 

 

 

 

핵심되는 말 : 결핵균, 잠복결핵감염, 실시간 역전사효소 증폭법(real-time RT-

PCR), 인터페론감마 분비검사법 (IGRA). 
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신 존경하는 지도교수님 이혜영교수님께 먼저 감사의 마음을 전하고 싶습

니다. 또한, 지난 30년간 항상 믿음과 사랑으로 낳아주시고 키워주시고 

뒷바라지 해주신 부모님과 할머니, 언제나 든든하게 뒤에서 힘이 되어준 

하나밖에 없는 우리 형, 그리고 형수님께 진심으로 감사드립니다. 대학원

에 입학해 존경하는 학과 교수님들께 정말 많은 것들을 배웠습니다. 항상 

온화한 웃음으로 맞아주신 오옥두 교수님, 뒤에서 꿋꿋하게 챙겨주신 김

태우 교수님, 꼼꼼함과 원리원칙을 알려주신 김종배 교수님, 항상 재미있

는 말들로 지친 대학원생활에 활력을 주시고, 입학할 때 포기하지 않고 

꾸준히 노력하는 것이 중요하다고 알려주신 박용석 교수님, 교수님이자 

선배님으로써 많은 조언을 아끼지 않으셨던 김윤석, 이기종 교수님, 논문

쓰는법 등 좋은 조언을 해주신 전보영 교수님께 진심으로 감사의 마음을 

전합니다. 또한 항상 바쁘게 뛰시면서 일하는 성실함을 알게 해주시고 지

속적인 지원을 해주신 연세의대 조상래교수님, 학위과정 동안 임상검체수

집과 결과분석 등 많은 도움을 주신 원주기독병원 김영근, 박광화, 어영 

교수님, 세브란스병원 강영애 교수님, 연세의대 이혜존 선생님, 김영미 선

배께 감사드립니다. 그리고 대학원에 입학해 가장 많은 시간을 함께보낸 

분자진단학 연구실과 엠앤디 가족들을 잊을 수 없습니다. 입학했을 때 아

무것도 모르던 저에게 많은 것을 알려주고 도와주신 방혜은 박사님, 조장

은 박사님, 홍성룡선배, 진현우선배, 최연임선배, 항상 옆에서 힘이 되어
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주고 격려해준 상정선배, 언제나 삼촌같이 많은 조언을 해주시고 챙겨주

신 이동섭 선생님, 항상 새로운 주제로 흥미를 이끌어 준 황주환선배, 못

난 선배 뒷바라지 하느라 고생해준 현정이와 지혁이, 그리고 엠앤디 김연, 

왕혜영 선생님께 감사함을 전합니다. 그 밖에도 긴장의 끈을 놓지 않게 

많은 조언을 해준 이인수 선배, 힘들 때마다 소주한잔 기울이며 함께 고

민상담을 해준 친구이자 선배이자 후배인 재원이와 민이, 짖궂은 선배들

의 장난을 버티느라 고생한 윤정이, 그 밖에도 대학원 가족인 사현이형, 

인호선배, 정석선배, 연경선배, 화연이, 진이, 경홍, 박순덕 선생님, 김현

경 선생님, 김명숙 선생님, 민호, 병출, 현준, 민우, 성재, 나구, 그리고 원

주기독병원 장인호 선생님께도 감사함을 전합니다. 또한, 미래에 대한 방

향을 잡지못하고 방황하던 저에게 공부하고자하는 마음을 일깨워주신 김

재진 교수님과 호주에 계신 김민주 선생님과 사모님께도 진심으로 감사 

드립니다. 15년간 나의 옆을 항상 함께 해주고, 나의 편이 되어준 죽마고

우 동현, 낙기, 진, 기영에게 너무도 고맙다는 말을 하고 싶습니다. 마지

막으로 항상 기도해주신 대덕교회 이중삼 목사님과 하나님 아버지께 진심

으로 감사 드립니다. 
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