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Background: Reactive oxygen species (ROS) generated by NADPH oxidase has a pivotal 
role in the nonspecific innate immune response to invading microorganisms including 
M. tuberculosis (MTB). NCF2 and NOX2 were considered as important functional subunits 
of NADPH oxidase complex; hence, this study aimed to evaluate the NCF2, NOX2 mRNA 
expressions in PBMC of pulmonary tuberculosis (PTB) patients.
Methods: A total of 79 PTB patients and 73 controls were included in our study. 
Quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR) was used 
to measure the NCF2, NOX2 mRNA levels, and receiver operating characteristic (ROC) 
curve analysis was performed to assess the diagnostic value of NCF2, NOX2 in PTB 
patients.
Results: When compared to controls, the NCF2, NOX2 mRNA levels were significantly 
increased in PBMC from PTB patients (P < 0.001). However, the NCF2, NOX2 mRNA 
levels were not associated with major clinical and laboratory data of PTB patients. Area 
under curve (AUC) of ROC curve analysis for NCF2 and NOX2 were 0.686 (95% CI: 0.601, 
0.770) and 0.705 (95% CI: 0.623, 0.787), respectively.
Conclusion: Altered NCF2, NOX2 mRNA levels in PTB patients implied that these genes 
might play roles in PTB, and their expression levels might be potential biomarkers for the 
diagnosis of PTB.
Keywords: pulmonary tuberculosis, NADPH oxidase complex, NCF2, NOX2, peripheral 
blood mononuclear cells

Introduction
Tuberculosis (TB) remains the huge challenge to people’s health and the leading 
cause of death from a single infectious disease with an estimated 1.5 million people 
deaths worldwide in 2018.1 M. tuberculosis (MTB) is the pathogen of pulmonary 
TB (PTB), which is most commonly spread person-to-person through cough aero
sols because MTB has an ability to disrupt and evade host immune defenses, 
leading to its remarkable global spread.2 As an intracellular pathogen, MTB 
could take advantage of macrophage phagocytosis to assist in the occurrence of 
infection and protected dissemination to lymphoid tissue and other organs.3,4 

However, macrophages could also eliminate MTB by activating pathogen recogni
tion receptors with a lysosomal-trafficking pathway, and most people infected with 
MTB do not eventually develop active PTB.5 Studies revealed that reactive oxygen 
species (ROS) directly killed MTB, which contributed to the lysosomal-trafficking 
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pathway to clear this pathogen,6,7 and indirectly eliminated 
MTB through multifarious non-oxidative mechanisms 
including participating autophagy and formation of neu
trophil extracellular traps.8 Therefore, ROS reduction 
might lead to infection occurrence, and ROS regulators 
might give rise to immune dysfunction.

Among the various mechanisms of ROS production, 
the assembled nicotinamide adenine dinucleotide phos
phate (NADPH) oxidase complex played a crucial role. 
Combined with the fact that ROS produced by NADPH 
oxidase complex was thought to play a pivotal role during 
the entire innate immune defenses during the respiratory 
burst,9 the phagocyte NADPH oxidase dysfunction 
resulted in a primary immunodeficiency, chronic granulo
matous disease (CGD), which exhibited a higher risk of 
clinical PTB and Bacillus Calmette–Guerin 
complications.10,11 Therefore, the study of the relationship 
between the NADPH oxidase functions and PTB develop
ment had an important theoretical basis.

NADPH oxidase was a multi-subunit enzyme, compris
ing gp91phox, p22phox, p47phox, p67phox, p40phox, 
encoded by CYBB, CYBA, NCF1, NCF2, NCF4 genes, 
respectively.12,13 NCF2, also known as p67phox, was an 
essential component for phagocyte ROS generation. NOX2, 
also named as gp91phox, was another important functional 
subunit of NADPH oxidase complex and stored in the 
intracellular granule and activated by other subunits under 
the stimulation of phagocytosis to produce O2

−.14 At pre
sent, many studies had been performed to explore the 
association of polymorphisms in genes of NADPH oxidase 
complex with multiple diseases including systemic lupus 
erythematosus, Crohn’s disease and TB,15–19 and the results 
demonstrated that NCF2, CYBB gene polymorphisms were 
significantly associated with TB susceptibility. However, to 
our knowledge, few studies have assessed the mRNA levels 
of NCF2, NOX2 in peripheral blood mononuclear cells 
(PBMCs) from PTB patients. To further explore the role 
of NCF2, NOX2 in PTB development, we conducted the 
present study to investigate the mRNA levels of NCF2, 
NOX2 in PBMCs of PTB patients. In addition, ROC curves 
were drawn to evaluate the role of NCF2, NOX2 mRNA 
levels in PTB diagnosis.

Materials and Methods
PTB Patients and Healthy Controls
In the present study, the unrelated ethnic Han Chinese 
were recruited from June to October 2019 as subjects. 

Among them, PTB patients came from the Department of 
Tuberculosis at Anhui Chest Hospital (Anhui Provincial 
TB Institute). The PTB patients were diagnosed by clinical 
physicians according to the following criteria: suspicious 
clinical symptoms, chest radiography, sputum and/or 
bronchoalveolar lavage fluid MTB culture, microscopy 
for acid fast bacilli, and effect of anti-TB treatment. The 
PTB patients with cancer, hepatitis, immune-compromised 
conditions and HIV infection were excluded in this study. 
The healthy volunteers, with normal chest radiographic 
results, no history of TB, were recruited from the same 
region as healthy controls.

The clinical features of PTB patients were collected 
from the medical records, such as drug resistance, chest 
radiography, and sputum smear. In addition, several 
laboratory data, including total bilirubin (TBIL), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
and erythrocyte sedimentation rate (ESR), were also col
lected. The medical ethics committee of Anhui Chest 
Hospital (K2020-005) approved this research in accor
dance with Helsinki Convention, and informed consents 
from all subjects were obtained.

Quantitative Real-Time Reverse 
Transcription Polymerase Chain Reaction 
(qRT-PCR)
We extracted 5 mL peripheral blood samples from each 
subject using EDTA anticoagulant tube and separated 
PBMC from peripheral blood using Ficoll-Hypaque den
sity gradient centrifugation. Then, the total RNA in each 
PBMC sample was extracted using TRIzol Reagent 
(Invitrogen, Carlsbad, CA, USA), and the RNA concentra
tion was determined using NanoDrop 2000 spectrophot
ometer (Thermo Scientific, USA). Finally, total RNA, 
which was treated by DNase, was reverse-transcribed 
into cDNA by PrimeScriptTM RT reagent Kit (Takara 
Bio Inc., Japan). In this study, the maximum permissible 
total RNA content was 1 μg in the 20 μL reverse transcrip
tion reaction system; hence, the required RNA content of 
each sample was determined according to the RNA 
concentration.

In order to detect mRNA expression levels of NCF2 (sense 
primer: 5′-CCCCTTTCAG AAGACAGCAT-3′, antisense pri
mer: 5-CAGGTCCTCTGGTTGGGTAG-3′), NOX2 (sense 
primer: 5′- CAAGATGCGTGGAAACTACC-3′, antisense 
primer: 5′- TTGAGAAT GGATGCGAAGG −3′), we per
formed PCR experiment with SYBR Green (SYBR Premix 
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Ex Taq II, Takara Bio Inc, Japan) on QuantStudio 12K Flex 
Real-Time PCR System (Applied Biosystems, Foster City, 
CA, USA). The relative mRNA expression levels of NCF2, 
NOX2 were calculated using 2−ΔΔCt normalized to housekeep
ing gene β-actin (sense primer: 5′- CACGAAACTAC 
CTTCAACTCC-3′, antisense primer: 5′-CATACTCCTG 
CTT GCTGATC-3′) in the same sample.20 In this study, the 
individual with both PCR success for NCF2, NOX2 was 
included for final analysis.

Statistical Analysis
The NCF2, NOX2 mRNA expression levels were shown 
as median value and interquartile range. Nonparametric 
Mann–Whitney U-test was used to compare the mRNA 
expression levels of NCF2, NOX2 between the two 
groups. The association between NCF2, NOX2 mRNA 
expression levels and some clinical features in PTB 
patients was also measured by Mann–Whitney U-test, 
and the correlation between NCF2, NOX2 mRNA levels 
and laboratory indexes in PTB patients was analyzed by 
Spearman rank correlation coefficient. The value of 
NCF2, NOX2 as a potential diagnostic marker for PTB 
was assessed with receiver operating characteristic 
(ROC) analysis and area under curve (AUC). SPSS sta
tistics version 23.0 was used for the above statistical 
analyses, and the level of statistical significance was set 
as P value <0.05.

Results
Comparison of NCF2, NOX2 mRNA 
Levels Between PTB Patients and 
Controls
The PTB group, with a mean age of 45.16 ± 17.48 years, 
consisted of 53 men and 26 women. In healthy controls, 
there were 54 men and 19 women, and the average age 
was 44.36 ± 9.86 years. PTB patients and healthy controls 
were both matched in gender and age. The NCF2, NOX2 
mRNA levels in PBMCs from PTB patients and healthy 
controls were shown in Figures 1 and 2. The NCF2 mRNA 
level was significantly increased in PTB patients [1.350 
(0.723, 2.362)] when compared to healthy controls [0.889 
(0.540, 1.274)] (P < 0.001). Similarly, the NOX2 mRNA 
level was also higher in PTB patients [1.347 (0.812, 
2.098)] than that in healthy controls [0.803 (0.443, 
1.274)] (P < 0.001).

Correlations of NCF2, NOX2 mRNA 
Levels with Clinical and Laboratory Data 
of PTB Patients
There was no significant difference regarding NCF2, 
NOX2 mRNA expression levels between treatment-naive 

Figure 1 The NCF2 mRNA level in PBMCs from PTB patients and healthy controls.

Figure 2 The NOX2 mRNA level in PBMCs from PTB patients and healthy 
controls.
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PTB patients and treatment-experienced PTB patients, as 
well as PTB patients with and without drug resistance 
(Table 1). Our results also suggested that the NCF2, 
NOX2 mRNA expression levels were not associated with 
liver injury, diabetes, sputum smear result, tuberculosis 
foci, and pulmonary cavities in PTB patients (all 
P > 0.05).

The correlations of NCF2, NOX2 mRNA levels with 
ESR, TBIL, ALT, and AST levels of PTB patients were 
also analyzed, and the result is summarized in Table 2. 
However, no significant correlation was found (all 
P > 0.05).

The Value of NCF2, NOX2 as Biomarkers 
for PTB Diagnosis
ROC curve analysis was performed to evaluate the predictive 
accuracy of NCF2, NOX2 mRNA levels for the diagnostic 
biomarkers of PTB. We found that NCF2 might be a promising 
diagnostic biomarker for PTB, with an AUC of 0.686 (95% CI: 
0.601–0.770) (Figure 3). Moreover, the optimal cut-off point of 
NCF2 level was 1.520, with a 41.67% sensitivity and 90.4% 

Table 1 The Correlation Between NCF2, NOX2 Expression Level and Some Clinical Features in PTB Patients

Group ± Number NCF2 Level P value NOX2 Level P value

Treatment-naive patients + 53 1.311 (0.715, 2.417) 0.900 1.376 (0.854, 2.133) 0.669

− 26 1.404 (0.752, 2.338) 1.216 (0.785, 2.042)

Drug-resistant patients + 17 1.149 (0.564, 2.367) 0.311 1.156 (0.619, 2.218) 0.228

− 62 1.353 (0.782, 2.364) 1.363 (0.892, 2.116)

Liver injury + 9 0.996 (0.711, 2.652) 0.793 1.347 (0.865, 1.860) 0.865

− 70 1.362 (0.719, 2.364) 1.303 (0.806, 2.122)

Diabetes + 16 1.048 (0.596, 2.330) 0.479 1.206 (0.785, 1.871) 0.457

− 63 1.355 (0.724, 2.370) 1.350 (0.856, 2.168)

Sputum smear-positivea + 31 1.419 (0.602, 2.492) 0.964 1.376 (0.791, 2.209) 0.956

− 42 1.334 (0.782, 2.250) 1.349 (0.845, 2.018)

Unilateral tuberculosis foci + 21 1.149 (0.821, 1.394) 0.340 1.105 (0.790, 1.378) 0.176

− 58 1.586 (0.702, 2.471) 1.489 (0.827, 2.204)

Pulmonary cavity + 27 1.616 (0.549, 2.520) 0.756 1.235 (0.776, 2.595) 0.556

− 52 1.264 (0.805, 2.273) 1.349 (0.823, 1.871)

Notes: ±: With/without; median (interquartile range); apart of the study subjects of data missing.

Table 2 Correlation Between NCF2, NOX2 mRNA Levels and 
ESR, TBIL, ALT, AST of PTB Patients

Clinical Parameters NCF2 Level NOX2 Level

rs P value rs P value

ESR 0.050 0.684 0.117 0.338

TBIL −0.121 0.290 −0.101 0.375
ALT −0.144 0.205 −0.146 0.198

AST −0.059 0.606 −0.025 0.827

Abbreviations: ESR, erythrocyte sedimentation rate; TBIL, total bilirubin; AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; rs, Spearman rank cor
relation coefficient. Figure 3 The diagnostic value of NCF2 and NOX2 mRNA levels in PTB.
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specificity. As for NOX2, the AUC was 0.705 (95% CI: 0.623– 
0.787) and had a 59.5% sensitivity and 69.9% specificity with 
an optimal cut-off point of 1.096 (Figure 3). We also further 
evaluated the combined diagnostic value of NCF2 and NOX2 
mRNA levels as biomarkers for PTB; however, the AUC was 
only 0.689 (95% CI: 0.607, 0.773) (Figure 3).

Discussion
ROS was known to play important roles in a variety of human 
immune processes, including host immune defense and cell 
signaling, and many studies had analyzed the roles of NADPH 
oxidase gene polymorphisms in PTB developments. In the 
present study, for the first time, we detected the expression 
levels of NCF2, NOX2 in PBMC from PTB patients and found 
that their expression levels were abnormal compared with the 
control group.

NCF2 was reported to be involved in the higher production 
of the free radicals characterising B-cell activation. During 
activation, the three cytosolic subunits, including NCF1, 
NCF2, and NCF4, colocalize and translocate to the membrane, 
together with CYBA, CYBB, and the small GTPase, constitut
ing an active NOX2 complex producing a stream of superoxide 
that was delivered to the lumen of the neutrophil 
phagosome.7,12,13 At present, the NCF2 genetic variants had 
been reported to be associated with susceptibility to multiple 
diseases. Cunninghame et al found that an intronic variant 
rs10911363 in NCF2 gene was related to SLE susceptibility 
in European population.21 Another study performed by Jiao 
et al showed that NCF2 rs10911362 variant was associated 
with a decreased TB susceptibility in Chinese population and 
was also significantly related to the decreased PTB risk.17 In 
this study, we explored the association between NCF2 mRNA 
level and PTB patients. Our results demonstrated that the 
NCF2 mRNA level was significantly increased in PBMC 
from PTB patients when compared to healthy controls. 
However, NCF2 mRNA level was not significantly correlated 
with some clinical manifestations and laboratory indicators of 
PTB. These results further confirmed the involvement of 
NCF2 in the pathogenesis of PTB. We also discussed the 
value of NCF2 in the early diagnosis of PTB by ROC curve 
analysis. The results suggested that when the optimal cut-off 
point was 1.520, the specificity could reach 90.4%, and NCF2 
level might be used for the diagnosis of PTB patients. The 
significance of the combination of NCF2 with a standard 
screening test in PTB diagnosis should be explored in an 
expanded sample.

NOX2 was encoded by CYBB gene, and the possible roles 
of CYBB variants in ROS-associated diseases had been ana
lyzed in CGD, diabetic nephropathy, inflammatory bowel dis
ease, and malaria.8,22–24 Studies had shown that CYBB was 
located on the X chromosome, and CYBB mutation account for 
about 70% of CGD patients, which could greatly increase the 
risk of suffering from TB in high endemic areas.24,25 

Therefore, the CYBB gene polymorphisms associated with 
CGD incidence might also be related to the risk of TB, and 
Liu et al found that CYBB rs5917471 was significantly asso
ciated with decreased risk of TB and PTB.18 This supported the 
hypothesis that NOX2 might play a role in the development of 
PTB. However, NOX2 mRNA expression in PBMC from PTB 
patients had not been studied. We found that the expression 
level of NOX2 mRNA in PBMC of PTB patients was elevated 
compared with that of healthy controls. Moreover, our results 
suggested that NOX2 had value as a possible, auxiliary diag
nostic marker for PTB with the AUC of 0.705 (95% CI: 0.623– 
0.787). Our study also demonstrated that the NOX2 mRNA 
level in PBMC was not associated with major clinical features, 
laboratory indicators of PTB. This is implying that NOX2 was 
stable in PBMCs and could be considered as a potential diag
nostic marker for PTB.

In summary, our results indicated that NCF2, NOX2 
mRNA levels were significantly increased in PBMC of PTB; 
moreover, ROC curve analysis demonstrated that NCF2, 
NOX2 might serve as auxiliary biomarkers for the diagnosis 
of PTB. These findings suggested that these genes might play 
a role in PTB. However, some limitations of our study should 
also be acknowledged. Firstly, we did not exclude the potential 
effect of drug therapy on the expression level of NCF2, NOX2 
mRNA in PBMC of PTB patients. Additionally, the sample 
size of this study might not be sufficient, and this could affect 
the power of this study. In addition, an experiment to explore 
the combination diagnostic value of NCF2, NOX2 and other 
diagnostic methods including T-SPOT.TB and interferon-γ 
release assay in PTB is necessary in the future. Moreover, 
further large-scale replication studies along with functional 
tests are needed to verify the exact roles of NADPH oxidase 
complex in PTB.

Data Sharing Statement
The datasets used and/or analysed during the current study are 
available from the corresponding author on reasonable request.
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