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Decreased expression of perforin in CD8+ T lymphocytes in 
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Background: Cytolytic activity against mycobacteria tuberculosis (MTB) within the infected macrophage 
is a crucial step in the immunity against TB infection, as MTB is an intracellular bacterium. Cytotoxic 
molecules such as perforin and granzymes produced by cytolytic T cells directly participate in this process. In 
this study, we evaluated the cytotoxicity function employing flow cytometry analysis of the level of expression 
of interferon-γ (IFN-γ), perforin and granzyme B in CD8+ T cells from patients with active pulmonary TB 
(PTB), stable PTB and healthy controls, and explored whether MTB antigen (MTB Ag)-stimulated cytotoxic 
molecules would be useful for monitoring responses to anti-TB treatment.
Methods: Intracellular IFN-γ, perforin, and granzyme B were measured by flow cytometry in CD8+ T 
lymphocyte populations from peripheral blood mononuclear cells before and after stimulation with ESAT-6  
and CFP-10 peptides for 72 hours. A total of 38 healthy controls, 52 PTB patients after treatment for  
2 months and 58 patients with active PTB were enrolled.
Results: The positive rate of IFN-γ+ CD8+ T cells was expressed higher in active PTB patients and stable 
PTB compared to healthy controls. Expression of perforin in CD8+ T lymphocytes was lower in the active 
PTB than the stable PTB. Positive downregulation of perforin and granzyme B after stimulation with ESAT-
6 and CFP-10 peptides in active PTB and stable PTB was seen. IFN-γ was upregulated after stimulation. 
ROC curve analysis showed that the area under the curve (AUC) of perforin and perforin + IFN-γ after 
stimulation were 0.766 (P=0.000), 0.802 (P=0.000), respectively.
Conclusions: Our results show that expression of perforin in CD8+ T lymphocytes is downregulated in 
PTB infection and ESAT-6 and CFP-10 peptides might participate in the downregulation process. This 
finding cautiously suggests that MTB Ag-stimulated perforin downregulation and IFN-γ upregulation might 
be a potential index for monitoring therapy response in active PTB patients.
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Introduction

Tuberculosis (TB) remains a serious public health 
problem because of its high potential for person-to-person 
transmission. According to the annual report by World 
Health Organization, there were an estimated 10.4 million 
new (incident) TB cases worldwide, an estimated 480,000 
new cases of multidrug-resistant TB (MDR-TB) and an 
estimated 1.4 million TB deaths in 2015 (1). The control of 
the global TB epidemic has been impaired by the emergence 
of drug- resistant forms of Mycobacterium tuberculosis, 
and the lack of an effective vaccine, the lack of sensitive and 
rapid diagnostics, especially in low-income and middle-
income countries (2). It is estimated, by epidemiological 
reports, that one-third of the world’s population is latently 
infected with MTB and this is more than 30% in China. 
The majority of infected individuals develop a long-
term protective immunity, which controls and contains 
MTB in a T cell-dependent manner. Development of TB 
disease results from interactions among the environment, 
the host, and the pathogen. Known risk factors include 
diabetes mellitus, HIV co-infection, immunodeficiency, 
malnutrition, overcrowding, and poverty. Immunity against 
MTB depends on a wide range of innate and adaptive 
immune responses driven mainly by macrophages and 
different T cell subsets.

The outcome of patients with pulmonary tuberculosis 
depends not only on the effectiveness of anti-TB drugs 
but also on the patients’ immune response against MTB. 
T-cell immunity is crucial for MTB infection control and 
both CD4+ and CD8+ T cells play important roles in host 
protection (3). It has been shown that CD8+ T cells also 
play an important role in containing tuberculosis infection 
because activated CD8+ T cells protect MTB-infected mice 
lacking CD4+ T cells (4). Direct killing of the microbes and 
killing of infected cells by CD8+T lymphocytes are needed 
for TB protection (5). Cytotoxicity elicited by CD8+ T 
lymphocytes involved granule exocytosis (GE) pathway, 
Fas–FasL pathway and proapoptotic cytokine [(interferon-γ) 
IFN-γ, IFN -α] production (6). IFN-γ has a vital function 
against MTB infection (7). Both CD4+ and CD8+ T cells 
can produce the essential effector cytokine IFN-γ (8). In 
the GE pathway, cytolytic (e.g., perforin and granzymes) 
and antimicrobial (e.g., granulysin) molecules are released 
from granules into the intercellular synapse between the 
cytotoxic T lymphocytes (CTL) and the infected target 
cell (9,10). The cytolytic molecule perforin forms pores 
in cellular membranes facilitating entry and endosome-
mediated transportation of granzymes and/or granulysin to 

the intracellular compartments through a newly identified 
membrane-repair mechanism (11). Granzymes are a 
family of serine proteases found in granules of cytotoxic 
lymphocytes. In humans, five different granzymes (A, B, H, 
K, and M) have been identified, of which the expression are 
generally restricted to cells of the lymphoid lineage (12).  
Granzyme A and granzyme B are the predominant and 
well-studied of all the granzymes (13). Granzyme B is 
expressed constitutively in several cell types including CTL, 
natural killer (NK) cells, natural killer T (NKT) cells (14).  
A coordinated expression of effector functions such as 
cytolytic perforin and antimicrobial granulysin seems to 
be required for the control of human TB (9,15). Genetics 
studies in knockout mice have revealed that perforin and 
granzyme B are essential components of granules important 
in the GE mechanism of target cell death (16).

Early secreted antigenic target (ESAT)-6 and culture 
filtrate protein (CFP)-10 are antigens that are located in the 
‘‘Region of deletion-1 (RD-1)” region in the Mycobacterium 
tuberculosis and these two proteins have been widely 
known as the stimulation antigens used in T-SPOT. 
The immunogenic functions of ESAT-6 and CFP-10  
to CD4+ T lymphocytes have been well characterized. 
Recent studies explored their role in cytotoxicity responses 
in tuberculosis (4,9).

The main objective of the present study is to evaluate the 
cytotoxic state of CD8+ T lymphocytes during TB infection. 
We investigated the expression of IFN-γ, granzyme B 
and perforin in CD8+ T lymphocytes during the different 
disease phases of MTB infection and the changes before 
and after stimulation with ESAT-6 and CFP-10. ROC 
was analysed and whether these molecules can be used as 
markers of treatment efficacy has also been discussed.

Methods

Ethical statement

All participants were treated in accordance with the 
Declaration of Helsinki on the participation of human 
subjects in medical research. Written informed consent 
was obtained from all subjects and the study was approved 
by the Ethics Committee of Shanghai Pulmonary Hospital 
(Ethics Approval Number: K17-104).

Individuals

One hundred forty-eight individuals were prospectively 
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enrolled between Aug 2015 and Apr 2016. Subjects with 
HIV infection, diabetes, cancer, autoimmune diseases, 
immunosuppressive treatment, and patients with non-
tuberculous mycobacteria (NTM) were excluded from the 
study. Subjects were divided into three groups: (I) active 
PTB patients group: 58 (32 men, 26 women, age range 
17–66 years) individuals whose blood was drawn prior to 
starting anti-TB treatment were diagnosed as active PTB. 
TB was diagnosed according to the criteria by Chinese 
Anti-tuberculosis Association. Diagnosis criteria for 
PTB patients were based on epidemiologic history, signs, 
symptoms, and chest X-ray and CT findings consistent 
with TB. All patients were tested for sputum Ziehl-Neelsen 
acid fast staining and liquid culture using BD Magit  
960 system. All included patients had positive sputum smear 
microscopy and a positive culture. MTB was confirmed by 
an immunological POCT method for detection of MTB64 
antigen and molecular identification of MTB using Gene 
Xpert and QT-PCR. Those patients with initial symptoms 
within 2 months and without anti-TB treatment were 
recruited; (II) stable PTB patients group: 52 individuals  
(29 men, 23 women, age range 19–70 years) were those with 
confirmed pulmonary TB (PTB) and treated with standard 
anti-TB chemotherapy and having a negative sputum smear 
after 2 months. Disease improvement was also shown by 
Chest X-ray and CT findings; (III) Healthy controls (HC) 
group: 38 individuals T-spot- or PPD−(20 men, 18 women, 
age range 21–69 years); The detailed clinical profiles of 

these three groups were listed in Table 1.

Preparation and stimulation of peripheral blood 
mononuclear cells (PBMC)

Heparin-treated venous blood was drawn from subjects 
into sterile blood collection tubes, and PBMC were isolated 
by density sedimentation with Ficoll-Paque Plus (GE 
Healthcare Life Sciences, USA). PBMC were suspended at 
a density of 2.5×106 viable cells/ml in complete RPMI 1640 
medium (GE Healthcare Life Sciences, USA) with 10% 
fetal bovine serum (GE Healthcare Life Sciences, USA), 
penicillin (100 IU/mL) and streptomycin (100 μg/mL)  
(Sigma-Aldrich, USA), IL-2 (10 U/mL, Sigma-Aldrich 
USA). The cell suspensions were plated on 96 well plate 
with a quantity of 100 μL. Each sample was inoculated into 
two wells. One well was then stimulated with ESAT-6 and 
CFP-10 at a concentration as exactly as T-spot (ESAT-
6 50 μL and CFP-10 50 μL as mentioned in the T-SPOT 
kit manual). In the blank wells, same volume culture media 
were added. Cells were incubated at 37 ℃ in a 5% CO2 
humidified air atmosphere for 72 h. Brefeldin A (10 μg/mL,  
eBioscience, USA) was added at the latest 8-hour incubation.

T-SPOT assay

The T-SPOT assay was done according to the manufacture’s 
protocol (Oxford Immunote Ltd., UK).

Table 1 General characteristics of study groups

Clinical information Active PTB (n=58) Stable PTB (n=52) Healthy controls (n=38)

Male, n (%) 32 (55.2) 29 (55.8) 20 (52.6)

Age (mean ± SD) 41.1±14.2 43.5±15.7 37.6±13.7

T-SPOT+, N (%) 53 (91.4) 49 (94.2) 0

HIV test+, N (%) 0 0 0

Smear grade of bacillary load, n (%)

1+ 18 (31.0) 0 0

2+ 19 (32.8) 0 0

3+ 11 (19.0) 0 0

4+ 10 (17.2) 0 0

Total number of lymphocytes×109/L (mean ± SD) 1.47±0.44**,∆∆ 1.84±0.59 1.89±0.44

Percentage of CD8+ T cells (mean% ± SD%) 17.56±6.73** 19.84±6.93 22.32±8.85
∆∆, P<0.01, compared with the stable PTB; **, P<0.01 compared with the healthy controls.
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Flow cytometry

Anti-human monoclonal antibodies CD8 (APC), IFN-γ 
(FITC), granzyme B (PE), perforin (PE-Cy7) and isotype 
antibodies were all purchased from eBioscience, USA. 
Cells were carefully harvested. Surface staining of CD8 
antibodies (10 μL) was incubated at room temperature for 
30 min in the dark. For the intracellular staining, cells were 
fixed for 30 min in Cytofix/Cytoperm (eBioscience, USA) 
at 4 ℃ in the dark and then washed with Perm/Wash buffer. 
Subsequently, the cells were re-suspended in Perm/wash 
buffer containing the antibodies against IFN-γ, granzyme B, 
and perforin. The samples were analyzed by flow cytometry 
with an FACSCanto II (BD Bioscience). Instruments were 
calibrated daily using the “7-color setup beads” calibration 
system (BD) to optimize the stability. The FlowJo software 
(Tree Star Inc, Ashland, OR, USA) was used to analyze the 
data. Lymphocytes were gated in the forward scatter versus 
side scatter dot plot. CD8+ T lymphocytes were selected 
and expression of IFN-γ, granzyme B, and perforin was 
analyzed. The results are expressed as a percentage of cells 
in the CD8+ T lymphocyte populations.

Statistical analysis

The statistical analysis was carried out with SPSS v.22 for 
Windows and GraphPad Prism version 6.0 as well as SAS™ 
9.3 software (Cary, NC, USA). The mean values and SD 
were calculated. Mean ± Standard Deviation (SD) are shown 
in the figures. Differences between three independent 
groups were evaluated by one-way ANOVA analysis, Post 
Hoc Multiple Comparisons with Bonferroni or Tamhane’s 
T2 procedure.

A logistic regression model was used to estimate the 
probability of being classified into one group by combining 
two or more indexes. A receiver operating characteristic 
(ROC) curve was used to assess the diagnostic accuracy 
(sensitivity and specificity). The Youden index, calculated 
as sensitivity+specificity-1, was used for capturing the 
maximum vertical distance of the ROC curve and for 
determining cut-off points. All tests were two-sided and  
P value <0.05 was considered as statistical significant and 
the cut-off level for statistical significance for all analysis.

Results

Patients and controls characteristics

The characteristics of patients and controls included in the 
present study are provided in Table 1. Absolute lymphocytes 
number in the active PTB group was much lower than the 
healthy controls and the stable PTB group. Percentage of 
CD8+ T lymphocytes were also decreased in the active PTB 
than the healthy controls.

Intracellular expression of IFN-γ, granzyme B and 
perforin by CD8+ T lymphocyte populations

Results of flow cytometry analysis of intracellular 
expression of IFN-γ, granzyme B and perforin in CD8+ 
T lymphocytes before stimulation are shown in Figure 1. 
Perforin was significantly decreased in the active PTB and 
increased gradually as the disease ameliorated (active PTB 
9.86%±3.97% vs. stable PTB 13.92%±4.34%, P=0.000). 
IFN-γ was most highly expressed in the active PTB and 
decreased as disease ameliorated (active PTB 1.76%±0.74% 
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Figure 1 Flow cytometry analysis of intracellular expression of perforin, IFN-γ, and granzyme B in CD8+ T lymphocytes before stimulation. 
Y axis represents the percentage of perforin, IFN-γ, granzyme B in CD8+ T lymphocytes. The horizontal bar represents the median value 
of each group. *, P<0.05, **, P<0.01. (A) Intracellular expression of granzyme B in CD8+ T lymphocytes before stimulation; (B) intracellular 
expression of perforin in CD8+ T lymphocytes before stimulation; (C) intracellular expression of IFN-γ in CD8+ T lymphocytes before 
stimulation. IFN-γ, interferon-γ.
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Figure 2 Flow cytometry analysis of intracellular expression of IFN-γ, granzyme B and perforin in CD8+ T lymphocytes before and after 
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Figure 3 The receiver operating characteristic (ROC) curves 
(plotting sensitivity versus 1-specificity) to discriminate patients 
with active PTB from stable PTB. IFN-γ, interferon-γ; PTB, 
pulmonary tuberculosis.

vs. healthy controls 0.84%±0.48%, P=0.000). Although 
granzyme B was most highly expressed in the active PTB, 
a difference of granzyme B expression was not statistically 
significant. Representative flow cytometry results are  
attached in Figure S1.

After stimulation with the combined ESAT-6 and  
CFP-10 peptides, perforin expression was decreased in active 
PTB (after stimulation 6.58%±2.95% vs. before stimulation 
9.86%±3.97%, P=0.000) and stable PTB (after stimulation 

10.27%±4.20% vs. before stimulation 13.92%±4.34%, 
P=0.000) patients, while IFN-γ was increased in active PTB 
(after stimulation 2.37%±1.34% vs. before stimulation 
1.76%±0.74%, P=0.002) and stable PTB (after stimulation 
1.92%±1.22% vs. before stimulation 1.41%±0.94%, p=0.020) 
patients. Expression of granzyme B was also decreased in 
active PTB (after stimulation 40.65%±14.00% vs. before 
stimulation 43.87%±14.40%, P=0.000) and stable PTB 
(after stimulation 38.04%±15.13% vs. before stimulation 
40.64%±15.62%, P=0.004) patients. Figure 2 is the results 
of expression of IFN-γ, granzyme B and perforin in CD8+ T 
lymphocytes before and after stimulation.

Diagnostic accuracies of perforin, IFN-γ, and granzyme B 
in discrimination of active PTB and stable PTB

ROC for expression of IFN-γ, granzyme B and perforin in 
CD8+ T lymphocytes after stimulation with ESAT-6 and 
CFP-10 peptides were generated by plotting sensitivity 
versus 1-specificity to discriminate active PTB from 
stable PTB (Figure 3). The cut-off value (Youden index), 
(area under the curve) AUC, sensitivity, specificity, PPV 
(positive prediction value) and NPV (negative prediction 
value) were showed in Table 2. Among these three markers, 
ROC analysis showed that changes of perforin positive 
rate in CD8+ T lymphocytes might be a good marker for 
differentiating active PTB from stable PTB. The AUC of 
perforin was 0.766 (P=0.000). Youden index for perforin 
was 7.28 (sensitivity =78.9%, specificity =72.4%). In order 
to evaluate using these three markers in combination, we 
calculated the AUC of different combination and found that 
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the AUC for perforin + IFN-γ was 0.802, with an increased 
maximum sum of sensitivity (73.1%) and specificity (86.2%).

Discussion

Cytotoxicity, a mechanism for controlling pathogens 
essentially includes Fas/FasL interaction, lysis/apoptosis 
of infected cells from cytotoxic granule proteins (17). In 
order to understand the cytotoxicity changes in MTB, 
several groups have studied the role of different cytotoxic 
molecules, like granulysin, perforin, and granzymes in TB. 
A recent study suggests that granzyme B levels may not be 
the best proxy for CTL because a moderate decrease in 
granzyme B levels did not correlate with reduced in vivo 
killing (18). During tuberculosis, in vivo cytolytic activity is 
only marginally affected by the absence of perforin; however, 
perforin is crucial for host immunity during tuberculosis (19).  
In the present study, we investigated the expression of 
IFN-γ, granzyme B and perforin in CD8+T lymphocytes in 
patients with active PTB, and observed their changes after 
treatment. Changes of these molecules of CTL can help us 
to understand the immune function state of MTB patients 
and may be a prognosis or diagnosis marker.

IFN-γ release assays (IGRAs) have been widely used as a 
new tool for the immune-based diagnosis of TB. Monitoring 
the changes of IFN-γ using QuantiFERON-TB gold  
in-tube assay (QFT)(20) and an in-house ELISPOT(21) 
showed limited utility as a surrogate marker of treatment 
efficacy. In our results, we found that intracellular expression of 

IFN-γ in CD8+ T lymphocytes in active PTB was higher than 
the stable PTB, but with no statistical value (1.76%±0.74% 
vs. 1.41%±0.94%, P= 0.054). Our results showed that the 
prognosis value of IFN-γ in CD8 T lymphocytes is also 
limited.

The expression of granzyme A, B and K in different 
lymphocyte populations in PBMCs, as well as the serum 
levels of granzyme A and B in patients with active PTB and 
healthy individuals, have been reported (12). TB patients 
had a slightly increased expression of granzyme B in CD8+ 
T cells, CD4+ T cells, but not in D56+T cells, NK cells 
compared to controls (no statistical significance) (12,22). 
Our study showed a similar result that a slight increase in 
the expression of granzyme B in CD8+ T cells from TB 
patients compared with the healthy controls, but there is 
no statistical significance. However, contradictory results 
were also published, showing downregulated expression 
of granzyme B in CD8+ T cells from active PTB patients 
compared to latent TB infection and healthy controls (3).

A report from Gambia investigating intracellular perforin 
levels showed reduced perforin expression by CD8+ T cells 
in PTB patients compared to healthy individuals (23). Our 
study observed a similar trend. A decrease in perforin positive 
T cells was found in the active PTB disease (9.86%±3.97%), 
and this downregulation was improved as the disease 
improved (13.92%±4.34%). However, a contradictory result 
was also observed in a Mexico report, which showed that 
perforin expression in CD8+ T lymphocytes was higher than 
the healthy controls (5). These contradictory results may 

Table 2 The cut-off value, AUC, sensitivity, specificity, PPV and NPV of perforin, IFN-γ, granzyme B, perforin + IFN-γ, perforin + granzyme B, 
IFN-γ + granzyme B, and perforin + IFN-γ + granzyme B

Markers
Cut-off  

(Youden index)
Sensitivity (%)  

(95% CI)
Specificity (%)  

(95% CI)
PPV (%)  
(95% CI)

NPV (%)  
(95% CI)

AUC

Perforin 7.28 78.9 (65.3-88.9) 72.4 (59.1-83.3) 71.9 (58.3-83.1) 79.2 (65.9-89.2) 0.766 (0.676-0.841)

IFN-γ 1.83 61.5 (47.0-74.7) 60.3 (46.6-73.0) 58.2 (44.1-71.3) 63.6 (49.4-76.3) 0.602 (0.505-0.695)

granzyme B 45.9 76.9 (63.2-87.5) 41.4 (28.6-55.1) 54.1 (42.1-65.7) 66.7 (48.8-81.6) 0.551 (0.453 -0.646)

Perforin + IFN-γ 0.522a 73.1 (59.0-84.4) 86.2 (74.6-93.9) 82.6 (68.4-92.3) 78.1 (66.0-87.5) 0.802 (0.716-0.872)

Perforin + granzyme B 0.449b 76.9 (63.2-87.5) 75.9 (62.8-86.1) 74.1 (60.3-85.0) 78.6 (65.4-88.5) 0.772 (0.682-0.846)

IFN-γ + granzyme B 0.4297c 80.8 (67.5-90.4) 44.8 (31.7-58.5) 56.8 (44.7-68.2) 72.2 (54.5-86.0) 0.605 (0.508-0.697)

Perforin + IFN-γ + granzyme B 0.5495d 73.1 (59.0-84.4) 84.5 (72.6-92.7) 80.9 (66.6-90.9) 77.8 (65.5-87.3) 0.804 (0.718-0.874)
a, Probability (cut-off) =exp(–1.8644+0.3043 Perforin–0.3791 IFN-γ)/(1+exp(–1.8644+0.3043 Perforin–0.3791 IFN-γ)); b, Probability  
(cut-off) =exp(–2.0424+0.2824 Perforin–0.0105 granzyme B)/(1+exp(-2.0424+0.2824 Perforin–0.0105 granzyme B)); c, Probability  
(cut-off) =exp(1.0173–0.2855 IFN-γ–0.0132granzyme B)/(1+exp(1.0173–0.2855 IFN-γ-0.0132 granzyme B)); d, Probability (cut-off) =  
exp (–1.4026+0.3010 Perforin–0.3840 IFN-γ–0.01110132 granzyme B)/(1+exp(–1.4026+0.3010 Perforin–0.3840 IFN-γ–0.01110132 
granzyme B)). AUC, area under curve; PPV, positive prediction value; NPV, negative prediction value.



1359Journal of Thoracic Disease, Vol 9, No 5 May 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(5):1353-1360jtd.amegroups.com

be produced because of different ethnicity and geographic 
location of patients, different antibodies used and different 
cell processing protocols. The expression of granzyme B 
and perforin in CD8+ T lymphocytes needs further study.

Changes of the intracellular expression of the granzyme 
B and perforin after stimulation with the combined peptides 
reflect the cytotoxic responses during PTB infection. 
Our results showed that the expression of granzyme B 
is significantly decreased after the stimulation with the 
combined ESAT-6 and CFP-10 peptides in active and 
stable PTB patients. Perforin was also decreased after the 
stimulation, which is inconsistent with the previous report(9), 
in which peptides selected from ESAT-6 and CDP-10 
decrease the expression of perforin in CD8+ T lymphocytes. 
In general, CD8+ CTLs exploit the GE mechanism to 
destroy target cells by releasing perforin and granzymes. Our 
results showed that during PTB infection, cytotoxicity was 
impaired in the active PTB, and this may be a mechanism 
by which TB escapes the immunity against it. ESAT-6 and 
CFP-10 are not only important immunogenic proteins but 
also themselves maybe immunosuppressive proteins.

Recent lines of evidence have highlighted the importance 
of transcription factors and related pathways on cytotoxicity 
of CD8+ CTLs. However, the underlying transcriptional 
mechanisms remain elusive for the most part. Numerous 
transcription factors have been described to play crucial 
roles in cytotoxic lymphocyte differentiation, including 
T-bet, Notch proteins, Runt-related transcription factor 3,  
B lymphocyte-induced maturation protein-1,  the 
transcriptional repressor Bcl-6, and STAT proteins (24). How 
the TB proteins influence those transcription factors that 
control the expression of cytotoxic molecules such as perforin 
and granzymes remains unclear. Cytokines play important 
role in the function of CD8+ T lymphocytes, for example, 
it is reported that IL-12， type 1 IFN, and IL-27 were all 
required for efficient CD8+ T cell expansion in the lungs (18).  
IL-12, type I IFN, and IL-27 all promote granzyme B 
production following MTB infection, but no substantial loss 
in in vivo cytolytic activity is observed (18). The expression of 
multiple cytokines are affected during TB infection, including 
increased immunosuppressive cytokines, such as IL-35 (25). 
These cytokines may suppress the expression of granzyme 
and perforin through their interaction with the transcription 
factors. It is a possible pathway in revealing the TB immune 
escape mechanism and in modifying the suppressed immune 
function during the early stage of TB infection.

A study using recombinant antigens ESAT-6, GlcB and 
MPT-51 showed that increased/normal specific CD8+ IFN-γ 

and IL-10 responses (26). Our results showed that IFN-γ was 
increased after stimulation. These results together mean that 
ESAT-6 and CFP-10 are important immunogenic antigens 
that can stimulate IFN-γ expression not only in CD4+ T 
lymphocytes but also in CD8+ T lymphocytes.

The results we report here show that intracellular 
perforin was significantly lower in patients with active 
PTB than stable PTB and healthy controls. Perforin and 
granzyme B were downregulated after stimulation with 
ESAT-6 and CFP-10 peptides. Based on these data, we 
performed a ROC analysis (Figure 3). Significant results 
for AUC analysis were obtained. For scoring purposes, 
we chose a cut-off to maximize the sum of sensitivity 
and specificity. We found that the AUC of perforin after 
stimulation is, 0.766 (P=0.000). The value of ROC curve 
highlights that perforin has a high sensitivity and specificity 
in discriminating the active PTB and stable PTB. AUC for 
IFN-γ is less than perforin, it has limited value as a marker 
of treatment efficacy. We calculated the ROC curve for 
the combination of perforin and IFN-γ. AUC for the two 
combined markers was 0.802, which is higher than the 
single marker. This means combined use of the positive rate 
of perforin and IFN-γ in CD8+ T lymphocytes can increase 
the sensitivity and specificity for monitoring the treatment 
efficacy. Exploiting the high sensitivity and specificity of 
the perforin, clearly points to this molecule as a potential 
biomarker of PTB treatment efficacy. Moreover, we would 
like to stress that this is a pilot study which was performed 
on a relatively small number of individuals and certainly the 
research would benefit from larger study cohorts.

Conclusions

In conclusion, our results suggest that cytotoxicity was 
impaired in active PTB patients. This downregulation might 
be caused by the peptides of ESAT-6 and CFP-10. Changes 
of perforin and IFN-γ in CD8+ T lymphocytes may be a 
good surrogate endpoint marker of treatment efficacy.
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Figure S1 The representative flow cytometric dot plots showing expressions of perforin, IFN-γ, and granzyme B in CD8+ T cells. The 
percentage of positive cells in CD8+ T cells were showed in the graph. IFN-γ, interferon-γ.
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