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Background: Tuberculosis infection is a major complication of silicosis, but there is no study on whether silicosis
can affect the sensitivity of QuantiFERON-TB Gold In-Tube (QFT-GIT) assays. This study will analyze the relationship
between silicosis and QFT-GIT, determine the main factor of the QFT-GIT sensitivity decrease in silicosis and explore

Methods: Silicosis patients with positive tubercle bacillus cultures were collected. The QFT-GIT, flow cytometry and

Results: The sensitivity of QFT-GIT in silicosis patients (58.46%) was significantly decreased and the expression of
PD-1onT cells and CD56"NK cells in pulmonary tuberculosis combined with silicosis were higher than normal tuber-
culosis patients and silicosis only patients. Further analysis found that the ratio of PD-1tCD4T and IFN-ywere nega-
tively correlated and blockaded the PD-1 pathway with antibodies can restore the sensitivity of QFT-GIT in silicosis.

Conclusions: This is the first study to analyze the relationship between immune exhaustion and QFT-GIT in silicosis
and found that the sensitivity of QFT-GIT was decreased by the expression of PD-1 on lymphocytes. Antibody block-
ing experiments increased the expression of IFN-y and provided a new method to improve the sensitivity of QFT in
silicosis. The study also found that silicosis can increase PD-1 expression. As PD-1 functions in infectious diseases, it will
promote immune exhaustion in silicosis and lead to tuberculosis from latent to active infection. The study provided
theoretical evidence for the diagnosis and immunotherapy of silicosis complications, and it has great value in clinical
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Introduction

Tuberculosis is a common and serious complication of
silicosis. The probability of concurrent pulmonary tuber-
culosis at the time of phase I-1I disease is 10-30%. When
silicosis enters phase III, tuberculosis occurs in 50-90%
of patients, and 45% of silicosis patients die directly
from tuberculosis [1-3]. Studies have found that with
the development of silicosis, the incidence of pulmonary
tuberculosis increases [2]. At the same time, when sili-
cosis is complicated by pulmonary tuberculosis, the two
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diseases promote each other and accelerate deterioration,
so timely detection of tuberculosis infection and targeted
treatment are particularly important for patients with
silicosis [2, 3].

The IFN-y release in vitro test (TB-IGRA) is a novel
detection method for the early diagnosis of clinical pul-
monary tuberculosis. It is an in vitro diagnostic method
that tests the release of IFN-y to help diagnose tuber-
culosis or determine whether the body is infected with
mycobacterium tuberculosis. The principle is that after
mycobacterium tuberculosis infection, the body can
produce antigen-specific T cells, and when the body
is stimulated by mycobacterium tuberculosis antigen
again, the antigen-specific T cells can be quickly acti-
vated and proliferate, releasing IFN-y and thereby aid-
ing in the diagnosis of tuberculosis [4]. Compared with
traditional detection methods, TB-IGRA has several
positive characteristics, such as rapidity, high sensitivity
and high specificity, so it is accepted by most of labora-
tories. Since TB-IGRA is a detection method based on
the host’s immune response to mycobacterium tubercu-
losis, the results of TB-IGRA are closely related to the
patient’s immune status [4]. Existing studies have con-
firmed that compared with other tests (TST, X-ray and
culture), TB-IGRA is considered to be the most sensitive
method of tuberculosis diagnostics [5]. Of the two com-
mercially available TB-IGRA, QuantiFERON-TB Gold
(QFT-GIT) assays are more commonly used in routine
clinical practice than T-SPOT.TB assays. Some research
has compared the performance between TST and TB-
IGRA in silicosis complicated by tuberculosis and found
that TB-IGRA is more suitable for tuberculosis diagnos-
tics. However, there has been no study on whether silico-
sis can affect the sensitivity of TB-IGRA [6, 7]. Therefore,
the study systematically analyzed the effect of silico-
sis on QFT-GIT assays and explored the causes of and
solutions.

Methods

Patients

The research related to human use complied with all the
relevant national regulations and institutional policies
in accordance with the tenets of the Helsinki Declara-
tion and was approved by the Ethics Committee of the
Fifth People’s Hospital of Suzhou. QFT-GIT assays and
CT were performed for fast identification of tuberculo-
sis, and all patients were tested for tuberculosis culture in
the Department of Tuberculosis at the Fifth People’s Hos-
pital of Suzhou from June 2016 to December 2020. The
total number of tuberculosis patients in this experiment
was 125 cases, all of whom were male, 108 were myco-
bacterium tuberculosis culture positive, 43 belonged
to the normal tuberculosis infection (TB) group and 65
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belonged to the tuberculosis complicated with silicosis
(TB&SILs) group; 11 silicosis patients who were QFT-
GIT negative belonged to the silicosis group (SILs), and
7 silicosis patients who were QFT-GIT positive but elimi-
nated active pulmonary tuberculosis by CT belonged to
the silicosis combined with latent tuberculosis infection
group (SILs&LTBI). According to the result of QFT-GIT
assays, the TB&SILs group was also divided into the
QFT-GIT positive (TB&SILs-P, n=38) and QFT-GIT
negative (TB&SILs-N groups, n=27). Before the QFT-
GIT test, patients with HIV infection and the use of
immunosuppressive agents were excluded.

QuantiFERON-gold in-tube assay

QuantiFERON-TB Gold (QFT) Kit (QIAGEN, Shang-
hai, China) was used for Quantiferon-Gold-In tube assay.
Blood samples were obtained after fasting and before 9
AM. Three heparin tubes were collected: (1) a negative-
control tube (NIL tube), (2) an antigen tube (AG tube;
containing a coating of specific M. tuberculosis antigens
(ESAT-6, CFP-10, TB 7.7) that came into contact with the
patient’s T cells in the blood sample), and (3) a positive-
control tube containing phytohaemagglutinin-P (PHA)
(MIT tube) and incubate for 16—24 h at 37 °C. The con-
centration of IFN-y secreted by the cells was measured
by ELISA. The results were measured in pg/mL and
interpreted in accordance with the manufacturer’s rec-
ommendations as negative, positive, or indeterminate.

Flow cytometric analysis

Monoclonal antibodies for CD8-APC (clone: HIT8a),
CD56-PerCP(clone: 5.1H11) and PD-1 PE (clone:
EH12.2H7) were purchased from Biolegend, CD4-PE-
Texas Red (clone: S3.5) was purchased from eBioscience.
50 pl of fresh heparinized whole blood from the patients
was incubated with the indicated antibodies (10 uL) for
15 min, lysed with FACSTM lysing solution (BD Bio-
sciences, San Jose, CA, USA), washed with phosphate-
buffered saline, fixed and eventually detected with a BD
FACSAria with BD FACS Diva (BD Biosciences, San
Jose, CA, USA) software support. The data were analysed
using FlowJo software (Tree Star, Ashland, OR, USA).

PD-1 antibodies blockad experiment

The PD-1 blocking antibody (Catalog#AF1086) was
purchased from R&D company. PD-1 blocking anti-
body(10 pg/mL) or IgG (10 pg/mL) combine with PBS,
tuberculosis antigens library (ESAT-6, CFP-10, TB 7.7)
or PHA to stimulate the peripheral blood of patients with
silicosis, and incubate for 16 to 24 h at 37 °C. The con-
centration of IFN-y secreted by the cells was measured
by ELISA.
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Data sharing

The datasets generated and analysed during the current
study are available in the https://doi.org/10.6084/m9.
figshare.21747248.v1 repository.

Statistical analysis

All data were analyzed using Graph Pad Prism 5.0 soft-
ware (GraphPad, San Diego, CA, USA) and are presented
as the means=standard deviations (SDs). The Mann—
Whitney U test and Student’s t test were used for contin-
uous variables such as the mean age, and the chi-square
test was used to compare categorical variables (sensitiv-
ity). A two-tailed p<0.05 was considered statistically
significant.

Results

QFT-GIT was less sensitive in patients in the TB&SILs group
than in the TB group

The background characteristics of 125 patients were
shown in Table 1. There is no difference in age and gen-
der in all groups. Using QFT-GIT to detect the patients
in the TB group and TB&SILs group, the positive rate of
QFT-GIT, which was 54.3% in the TB&SILs group, was
significantly lower than that in the TB group (93.02%)
(Table 1).
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No differences in the ratios of the peripheral blood
lymphocyte subsets in the TB group, SiLs group, SILs&LTBI
group and TB&SILs group

IFN-y mainly comes from CD4'T cells CD8'T cells
and NK cells, so this study further analyzed the expres-
sion of these lymphocyte subsets in peripheral blood of
different patients. The results of flow cytometry showed
that the proportions of CD4™T cells, CD8'T cells and
CD56"NK cells in the TB group were (33.67 +1.168)%,
(30.12+£1.916)% and (23.08 £1.650)%. The proportions
of CD4™T cells, CD8™T cells and CD561 NK cells in the
TB&SILs group were (29.78 +1.190)%, (26.70+1.195)%
and (24.97+1.544)%, respectively. Compared with the
TB group, the proportion of CD4™T cells, CD8'T cells
and CD56"NK in the TB&SILs group were no difference
(p<0.05) (Fig. 1).

Silicosis had immune exhaustion state and PD-1

expression is negatively correlated with function

of tuberculosis antigen-specific T cells

Immune exhaustion is an important factor in inhibiting
T cell activation. PD-1 is an important molecule in T cell
immune exhaustion, and its high expression can inhibit
the expression of IFN-y in CD4*T cells, CD8™T cells and
CD56"NK cells.

Table 1 Compare the positive rate of QFT-GIT between low TB group and TB&SILs group

SiLs group (n=11) SILs&LTBI group TB group (n=43) TB&SILs group (n=65) P value
(n=6)
QFT-GIT positive (n, %) 0, 0 6, 100 40, 93.02 38, 5846  <0.0001
Tuberculosis cultures positive (n, %) 0, 0 0, 0 43, 100 65, 100 <0.0001
Age (years) 66.18£2.169 65.85+2.774 68.20+£1.227 67.26 £1.002 0.3987
Male (n, %) 11, 100 6, 100 43, 100 05, 100 <0.0001

TB pulmonary tuberculosis, SILs silicosis, LTBI latent tuberculosis infection
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Fig. 1 Differences in the proportions of peripheral blood CD4T cells, CD8*T cells and CD56TNK lymphocyte subsets between the tuberculosis
(TB) group, silicosis group (SILs), silicosis combined with latent tuberculosis infection group (SILs&LTBI) and pulmonary tuberculosis combined with
silicosis (TB&SILs) group. a Statistical analysis of the proportions of CD4™T cells from the peripheral blood of patients in the TB group, SILs group,
SILs&LTBI group and TB&SILs group; b statistical analysis of the proportions of CD8*T cells from the peripheral blood of patients in the TB group, SILs
group, SILs&LTBI group and TB&SILs group; ¢ statistical analysis of the proportions of CD56*T cells from the peripheral blood of patients in the TB
group, SILs group, SILs&LTBI group and TB&SILs group *p < 0.05; **p <0.01; ***p <0.001
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Therefore, expression of PD-1 on the peripheral blood
lymphocytes in TB group, SILs group, SILs&LTBI group
and TB&SILs group were detected by flow cytometry in
this study. Compared with the TB group and the SILs
group the expression of PD-1 on CD41T cells CD8*T
cells and CD567NK cells in the TB&SILs-N group was
increased, and the differences were statistically signifi-
cant (P<0.01). Further comparisons revealed that the
expression of PD-1 on CD4"T cells and CD56"NK cells
in the TB&SILs-P group were also found to be higher
than those in the TB&SILs-N (P<0.001) (Fig. 2a—d).

Using tuberculosis antigens library (ESAT-6, CFP-10,
TB 7.7) to stimulate the peripheral blood of patients with
silicosis, and analyzed the correlation between the level
of IEN-y in the culture supernatant and PD-1 expres-
sion. The results show that PD-1 negatively associates
with IFN-gamma but only significant for CD4% T cells
(Fig. 2e-g).

PD-1 blocking antibody can increase sensitivity to QFT-GIT
in silicosis

It has been reported that PD-1 blocking antibody can
restore the IFN-y expression of antigen-specific lympho-
cytes, so we used PD-1 blocking antibody to increase the
sensitivity of QFT-GIT in silicosis. First we used dilution
experiments to find the optimal working concentration
of blocking antibody and found that 10 pg/mL antibody
can increase the expression of IFN-y of tuberculosis anti-
gen T cells (Fig. 3a). Then we used PD-1 blocking anti-
body or IgG combine with PBS, tuberculosis antigens
library (ESAT-6, CEP-10, TB 7.7) or PHA to stimulate
the peripheral blood of patients with silicosis, and found
blockading the PD-1 pathway can significantly restore
IEN-y expression of tuberculosis antigen-specific spe-
cific cells (Fig. 3b). Analyzed the QFT-GIT results of
7 TB&SILs-N patients after anti-PD-1 treatment and
found that blocking the PD-1 signal pathway can improve
the sensitivity of QFT (Table 2).

Discussion

Silicosis is the most common type of pneumoconiosis
[3]. It is caused by long-term inhalation of large amounts
of free silica dust and is mainly characterized by exten-
sive pulmonary nodular fibrosis. When severe, it affects
respiratory function, and the patient loses the ability
to work. Because silica damages phagocytic function,
affects peripheral cells, and interferes with cytokine pro-
duction, silica affects immune function and can easily
predispose patients to tuberculosis [2, 8, 9]. The CT test
of pneumoconiosis combined with pulmonary tuberculo-
sis are more complicated, lacking typical clinical manifes-
tations and being easily missed in clinical practice [10].
Existing studies have confirmed that TB-IGRA is the

Page 4 of 7

most sensitive test for the detection of patients with sili-
cosis combined with pulmonary tuberculosis [11]. It can
not only detect active tuberculosis but also prompt latent
tuberculosis infection (LTBI) to provide an important
basis for clinical treatment [5-7]. Early studies have con-
firmed that the false-negative rate of patients with low
immunity (HIV infection) will increase significantly and
other study also found that patients with silicosis have
immunodeficiency [12, 13]. However, there is no study
on whether this immunocompromised state will affect
the sensitivity of TB-IGRA. Therefore, further analysis of
the relationship between immune function and TB-IGRA
will provide clinically more accurate test reports, which
is conducive to more accurate diagnoses of tuberculosis.

The study found that the diagnostic efficiency of QFT-
GIT in the patients from the TB&SILs group was sig-
nificantly reduced but the proportion of CD4™T cells,
CD8™T cells and CD567NK in the TB&SILs group were
no difference with TB group, SILs group and SILs&LTBI
group.

Existing studies have found that PD-1/PD-L1 can
inhibit the function of T cells [14, 15]. In the study of
tumours and viruses, it has been found that high concen-
trations of antigens for a long time can induce CD4*T
cells to express PD-1, decreases the IFN-y expression of
lymphocytes and lead to immune exhaustion [16, 17].
Some studies also found that silica instillation signifi-
cantly elevated the expression of immune checkpoint
molecules such as PD-1 in mice and suggested that silica
is an important risk factor for T-cellcell exhaustion [18,
19]. Due to the negative correlation between PD-1 and
IFN-y and there is no study on T cell exhaustion in silico-
sis patients before, this study analysed the expression of
PD-1 in silicosis and found that the peripheral blood lym-
phocytes of patients with silicosis highly expressed PD-1,
and the PD-1 highly expression can inhibited the secre-
tion of IFN-y by lymphocytes (especially CD4™T cells).
Further analysis found that the ratio of PD-17CD4" T and
IFN-ywere negatively correlated and blockaded the PD-1
pathway with antibodies can restore the sensitivity of
QFT-GIT in silicosis.

Tuberculosis is the main cause of death in silicosis,
and many studies have found that cytokines (IFN-y,
IL-1B and TNF-a) that can inhibit the immune escape
of tuberculosis are decreased, but some Th2 cytokines
are increased in silicosis [20, 21]. The main reason for
the high incidence of tuberculosis in patients with sili-
cosis is still unclear, and the methods for early diagnosis
of pulmonary tuberculosis in silicosis patients are very
limited. Research has indicated that higher expression
of PD-1 inhibits the Thl immune response, which sup-
presses the anti-TB immune response. This study found
that the peripheral blood lymphocytes of patients with
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Fig. 2 The expression of PD-1 on CD4™T cells CD8*T cells and CD56"NK cells in silicosis. a Gating strategy and expression profiles of PD-1 in
peripheral CD4*T cells CD8'T cells and CD56"NK cells in TB group, SILs group, SILs&LTBI group TB&SILs-P group and TB&SILs-N group. b The
expression of PD-1 on CD4™T cells in TB group, SILs group, SILs&LTBI group TB&SILs-P group and TB&SILs-N group; ¢ The expression of PD-1 on
CD8™T cells in TB group, SILs group, SILs&LTBI group TB&SILs-P group and TB&SILs-N group; d The expression of PD-1 on CD56"NK cells in TB group,
SILs group, SILs&LTBI group TB&SILs-P group and TB&SILs-N group; e Analyzed the correlation between the level of IFN-y and expression of PD-1 on
CD4™T cells; f Analyzed the correlation between the level of IFN-y and expression of PD-1 on CD8™T cells; g Analyzed the correlation between the
level of IFN-y and expression of PD-1 on CD56"NK cells. *p < 0.05; **p < 0.01; ***p < 0.001
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Table 2 Compare the positive rate of QFT-GIT between IgG
treatment group and anti-PD-1 treatment group

functions in infectious diseases, prompting immune
exhaustion in silicosis, which may promote tuberculosis
from latent to active infection. The study provided the-

TB&SILs-N (n=7) TB&SILs-P (n=4) P value . ; - )
oretical evidence for the diagnosis and immunotherapy
QFT-GIT positive 0, 0 4 100 0.04 of silicosis complications, and it has great value in clini-
of IgG treatment . .
group (n, %) cal diagnostics and treatment.
QFT-GIT positive 6, 83.3 4, 100

of PD-1 treatment
group (n, %)

silicosis highly expressed PD-1, and the immune deple-
tion of CD4T cells and NK cells was the main reason for
the higher false negative rate of QFT. The findings of this
study suggest that patients with silicosis have immune
exhaustion, which provides a new theory for the occur-
rence of silicosis combined with pulmonary tuberculo-
sis. However, this study is not sufficiently systematic and
in depth, and we analyzed the molecular mechanism of
silicosis leading to a high incidence of tuberculosis and
used animal models to explore the role of PD-1 in silico-
sis, which will provide new targets for the treatment and
immune monitoring of silicosis.

Conclusions

This is the first study to analyze the relationship
between immune exhaustion and QFT-GIT in sili-
cosis and found that the sensitivity of QFT-GIT was
decreased by the expression of PD-1 on lymphocytes.
Antibody blocking experiments increased the expres-
sion of IFN-y and provided a new method to improve
the sensitivity of QFT in silicosis. The study also found
that silicosis can increase PD-1 expression, as PD-1

Abbreviations

TB-IGRA: IFN-y release in vitro test; QFT-GIT: QuantiFERON-TB Gold; TB: Tuber-
culosis infection; TB&SILs: Tuberculosis complicated with silicosis; TB&SILs-P:
Tuberculosis complicated with silicosis and QFT-GIT positive; TB&SILs-N: Tuber-
culosis complicated with silicosis and QFT-GIT negative; PHA: Phytohaemag-
glutinin-P; LTBI: Latent tuberculosis infection.

Acknowledgements
We thank all the patients, their families and support staff who participated in
this study.

Author contributions

XY LNH, YYS, HC, CLS, PJT, JCX, TT and YHZ conceived the study. XY LNH, YYS,

JCX and YHZ acquired and analyzed data. JCX and YHZ wrote the first draft of
the manuscript. JCX contributed to the writing of the manuscript. All authors
read and approved the final manuscript.

Funding

This work was funded by the National Natural Science Foundation, China,
Grant Number (81900577); the Science and Technology Plan of Jiangsu,
China, Grant Number (BZ2019017); and the Science and Technology Plan
of Suzhou, China, Grant Numbers (SKY2021061, SS2019074, GSWS2019067,
SZYJTD201716, GSWS2020039, KIXW2019045 and LCZX202116).

Data availability
The datasets generated and analysed during the current study are available in
the https://doi.org/10.6084/m9.figshare.21747248.v1.

Declarations

Ethics approval and consent to participate
The research related to human use has been complied with all the relevant
national regulations, institutional policies and in accordance the tenets of the


https://doi.org/10.6084/m9.figshare.21747248.v1

Yu et al. BMC Immunology (2022) 23:62

Helsinki Declaration, and got the informed consent was obtained from all
subjects and/or their legal guardian(s). The study has been approved by the
Ethics Committee of the Fifth People’s Hospital of Suzhou.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 22 March 2022 Accepted: 29 December 2022
Published online: 31 December 2022

References

1. Quail MT. Overview of silica-related clusters in the United States:
will fracking operations become the next cluster. J Environ Health.
2017;79:20-7.

2. MeloV, Baia L, Rita GA, Duarte R. Silicosis, tuberculosis time bomb. Rev
Port Pneumol. 2016;22(6):355-7. https://doi.org/10.1016/j.rppnen.2016.
07.005.

3. Leung CC, YuIT, Chen W. Silicosis. Lancet. 2012;379:2008-18. https://doi.
org/10.1016/50140-6736(12)60235-9.

4. XuJC, Li ZY,Chen XN, et al. More significance of TB-IGRA except for the
diagnose of tuberculosis. J Clin Lab Anal. 2018;32:e22183. https://doi.org/
10.1002/jcla.22183.

5. Leung CC,Yam WC, Yew WW, et al. T-Spot.TB outperforms tuberculin
skin test in predicting tuberculosis disease. Am J Respir Crit Care Med.
2010;182:834-40. https://doi.org/10.1164/rccm.200912-18750C.

6. Herndndez-Gardufo E. The positive predictive value of T-spot.TB and
tuberculin skin test in patients with silicosis. Am J Respir Crit Care Med.
2011;183:277. https://doi.org/10.1164/ajrccm.183.2.277. (author reply
277-278).

7. Leung CC,Yam WC, Yew WW, et al. Comparison of T-Spot.TB and tubercu-
lin skin test among silicotic patients. Eur Respir J. 2008;31:266-72. https://
doi.org/10.1183/09031936.00054707.

8. Ringshausen FC, Nienhaus A, Schablon A, et al. Frequent detection of
latent tuberculosis infection among aged underground hard coal miners

in the absence of recent tuberculosis exposure. PLoS ONE. 2013;8:282005.

https://doi.org/10.1371/journal.pone.0082005.

9. HayashiH, Miura Y, Maeda M, et al. Reductive alteration of the regulatory
function of the CD4(+)CD25(+) T cell fraction in silicosis patients. Int J
Immunopathol Pharmacol. 2010;23:1099-109. https://doi.org/10.1177/
039463201002300414.

10. Jfg A, Dpn B, Scm C, et al. An algorithmic approach to the interpretation
of diffuse lung disease on chest CT imaging. Chest. 2020;157(3):612-35.
https://doi.org/10.1016/j.chest.2019.10.017.

11. Barboza CE, Winter DH, Seiscento M, et al. Tuberculosis and silicosis:
epidemiology, diagnosis and chemoprophylaxis. J Bras Pneumol.
2008;34(11):959-66. https://doi.org/10.1590/51806-37132008001100012.

12. Singh DD, Vogel M, Muller-Stover |, et al. TB or not TB? Difficulties in the
diagnosis of tuberculosis in HIV-negative immigrants to Germany. Eur J
Med Res. 2011;16(9):381-4. https://doi.org/10.1186/2047-783x-16-9-381.

13. Jonnalagadda S, Lohman Payne B, Brown E, et al. Latent tuberculosis
detection by interferon y release assay during pregnancy predicts active
tuberculosis and mortality in human immunodeficiency virus type
1-infected women and their children. J Infect Dis. 2010;202(12):1826-35.
https://doi.org/10.1086/657411.

14. Ribas A. Tumor immunotherapy directed at PD-1. N Engl J Med. 2012.
https://doi.org/10.1056/NEJMe1205943.

15. Woo S-R, Turnis ME, Goldberg MV, et al. Immune inhibitory molecules
LAG-3 and PD-1 synergistically regulate T-cell function to promote
tumoral immune escape. Cancer Res. 2012;72(4):917-27. https://doi.org/
10.1158/0008-5472.CAN-11-1620.

16. Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and immune cor-
relates of anti-PD-1 antibody in cancer. N Engl J Med. 2012;366(26):2443—
54. https://doi.org/10.1056/NEJMoa1200690.

17. Blank C, Mackensen A. Contribution of the PD-L1/PD-1 pathway to T-cell
exhaustion: an update on implications for chronic infections and tumor

Page 7 of 7

evasion. Cancer Immunol Immunother. 2007;56(5):739-45. https://doi.
0rg/10.1007/500262-006-0272-1.

18. ZhaoY,Hao C, Li M, et al. PD-1/PD-L1 inhibitor ameliorates silica-induced
pulmonary fibrosis by maintaining systemic immune homeostasis.
Biomed Pharmacother. 2022;148:112768. https://doi.org/10.1016/j.
biopha.2022.112768.

19. Celada LJ, Kropski JA, Herazo-Maya JD, et al. PD-1 up-regulation on CD4+
T cells promotes pulmonary fibrosis through STAT3-mediated IL-17A and
TGF-31 production. Sci Transl Med. 2018;10(460):eaar8356. https://doi.
0rg/10.1126/scitransimed.aar8356.

20. Polatli M, Tuna HT, Yenisey C, et al. Lung function and IFN-gamma
levels in the sera of silica-exposed workers. J Interferon Cytokine Res.
2008;28(5):311-6. https://doi.org/10.1089/jir.2007.0093.

21. Tripathi SS, Mishra V, Shukla M, et al. IL-6 receptor-mediated lung Th2
cytokine networking in silica-induced pulmonary fibrosis. Arch Toxicol.
2010;84(12):947-55. https://doi.org/10.1007/500204-010-0559-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.rppnen.2016.07.005
https://doi.org/10.1016/j.rppnen.2016.07.005
https://doi.org/10.1016/S0140-6736(12)60235-9
https://doi.org/10.1016/S0140-6736(12)60235-9
https://doi.org/10.1002/jcla.22183
https://doi.org/10.1002/jcla.22183
https://doi.org/10.1164/rccm.200912-1875OC
https://doi.org/10.1164/ajrccm.183.2.277
https://doi.org/10.1183/09031936.00054707
https://doi.org/10.1183/09031936.00054707
https://doi.org/10.1371/journal.pone.0082005
https://doi.org/10.1177/039463201002300414
https://doi.org/10.1177/039463201002300414
https://doi.org/10.1016/j.chest.2019.10.017
https://doi.org/10.1590/s1806-37132008001100012
https://doi.org/10.1186/2047-783x-16-9-381
https://doi.org/10.1086/657411
https://doi.org/10.1056/NEJMe1205943
https://doi.org/10.1158/0008-5472.CAN-11-1620
https://doi.org/10.1158/0008-5472.CAN-11-1620
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1007/s00262-006-0272-1
https://doi.org/10.1007/s00262-006-0272-1
https://doi.org/10.1016/j.biopha.2022.112768
https://doi.org/10.1016/j.biopha.2022.112768
https://doi.org/10.1126/scitranslmed.aar8356
https://doi.org/10.1126/scitranslmed.aar8356
https://doi.org/10.1089/jir.2007.0093
https://doi.org/10.1007/s00204-010-0559-z

	The exhaustion of lymphocytes is the main factor that decreases the sensitivity of QFT-GIT detection in silicosis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Patients
	QuantiFERON-gold in-tube assay
	Flow cytometric analysis
	PD-1 antibodies blockad experiment
	Data sharing
	Statistical analysis

	Results
	QFT-GIT was less sensitive in patients in the TB&SILs group than in the TB group
	No differences in the ratios of the peripheral blood lymphocyte subsets in the TB group, SILs group, SILs&LTBI group and TB&SILs group
	Silicosis had immune exhaustion state and PD-1 expression is negatively correlated with function of tuberculosis antigen-specific T cells
	PD-1 blocking antibody can increase sensitivity to QFT-GIT in silicosis

	Discussion
	Conclusions
	Acknowledgements
	References


