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Abstract
Background: Tracheobronchial stenosis due to tuberculosis (TSTB) seriously threatens the 
health of tuberculosis patients. The inflammation and autophagy of fibroblasts affect the 
development of TSTB. Triamcinolone acetonide (TA) can regulate the autophagy of fibroblasts. 
Nevertheless, the impact of TA on TSTB and underlying mechanism has remained unclear.
Objective: To study the impact of TA on TSTB and underlying mechanism.
Material and Methods: In order to simulate the TSTB-like model in vitro, WI-38 cells were 
exposed to Ag85B protein. In addition, the cell counting kit (CCK)-8 assay was applied to assess 
the function of TA in Ag85B-treated WI-38 cells. Quantitative real-time polymerase chain reac-
tion was applied to detect the mRNA level of sirtuin 1 (SIRT1) and forkhead box O3 (FOXO3a), 
and autophagy-related proteins were evaluated by Western blot analysis. Vascular endothelial 
growth factor (VEGF) level was investigated by immunohistochemical staining. Enzyme-linked 
immunosorbent serologic assay was applied to detect the secretion of inflammatory cyto-
kines. Furthermore, hematoxylin and eosin staining was applied to observe tissue injuries.
Results: Ag85B affected WI-38 cell viability in a limited manner, while TA notably suppressed 
Ag85B-treated WI-38 cell viability. TA induced the apoptosis of Ag85B-treated WI-38 cells in a 
dose-dependent manner. In addition, Ag85B-treated WI-38 cells demonstrated the upregulation 
of interleukin (IL)-6, tumor necrosis factor-α (TNF-α), interferon gamma (IFN-γ), and fibrotic 
proteins (transforming growth factor-beta [TGF-β] and vascular endothelial growth factor 
[VEGF]), which can be significantly destroyed by the TA. Meanwhile, TA reversed Ag85-induced 
inhibition of cell autophagy by mediation of p62, LC3, and Beclin1. Furthermore, silencing of 
SIRT1/FOXO3a pathway could reverse the effect of TA on the autophagy of Ag85B-treated cells.
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were obtained from Hunan Chest Hospital between August 
2020 and September 2021. Clinical and pathological data 
of these patients were collected after having their writ-
ten informed consent. This research was approved by the 
Institutional Ethical Committee of Hunan Chest Hospital. 
The tissues were stored at −80°C.

Cell culture and treatment

Human embryonic lung fibroblasts (WI-38 and CL-0243; 
Pricella, China) were cultured in Dulbecco’s modified eagle 
medium (DMEM, 11965092; Thermo Fisher Scientific, MA, 
USA) containing 10% fetal bovine serum (FBS, 04-001-1ACS; 
Gibco, USA) and 1% streptomycin–penicillin (15140122; 
Thermo Fisher) at 37°C and 5% CO2. WI-38 cells were 
exposed to 0.5-, 1-, 2-, 4-, or 8-μg/mL recombinant myco-
bacterium TB major secretory protein antigen 85B (Ag85B, 
ab83471; Abcam, Cambridge, UK) to simulate a TSTB-like 
model in vitro. In addition, to assess the function of TA 
in the TSTB-like model, cells were exposed to 0-, 5-, 10-, 
or 20-μM TA (T6376; Sigma, USA) for 24 h. Meanwhile, to 
investigate the role of autophagy in TA-mediated TSTB pro-
gression, cells were treated with 3-methyladenine (3-MA) 
autophagy inhibitor (189490; Sigma).

Cell transfection

WI-38 cells (3×105 cells/well) were cultured. When cells 
reached 70% confluence, they were transfected with Sirtuin 
1 (SIRT1) small interfering RNA (siRNA) or negative control 
(NC, GenePharma, Shanghai, China) for 48 h using lipofect-
amine 2000 (Invitrogen, MA, USA) according to manufactur-
er’s protocol to silence SIRT1 (si-SIRT1).

To overexpress SIRT1 (oe-SIRT1), glioma cells were 
exposed to plasmid cloning (pc)DNA3.1 vector or pcD-
NA3.1-SIRT1 using lipofectamine 2000. Both pcDNA3.1-SIRT1 
and pcDNA3.1 were obtained from GenePharma.

Cell counting kit (CCK-8) assay

WI-38 cells (5×103 per well) were seeded overnight. 
Thereafter, cells were exposed to different concentrations 
of TA for 24 h. CCK-8 10% (NU679; Dojindo Laboratories, 
Japan) was added to the cells at 37°C for 2 h. Finally, a 
microplate reader (MB-530; Huisong, China) was used to 
assess optical density (OD450 nm).

Western blot analysis

Radioimmunoprecipitation assay (RIPA; Beyotime 
Biotechnology, Shanghai, China) buffer was applied to 

Introduction

Tracheobronchial stenosis due to tuberculosis (TSTB) is one 
of the frequent complications of tuberculosis (TB). It was 
estimated that about 90% of patients with tracheobron-
chial TB could have some degree of tracheal or bronchial 
stenosis.1,2 The components of mycobacterium TB, immune 
response against mycobacterium TB, and genetic factors 
cause excessive proliferation of fibroblasts, granulation 
tissue hyperplasia, increased collagen fiber synthesis, cell 
proliferation, and extracellular matrix (ECM) deposition, 
which results in narrowing of the airway.3,4 Meanwhile, mul-
tiple inflammatory cytokines are involved in the defense 
mechanism against mycobacterium TB infection,5 and 
inflammatory cytokines could promote the proliferation 
of fibroblasts, which further narrows down the airway.6 At 
present, only few studies have discussed TSTB.

Autophagy is a subtype of cellular process through 
which proteins caused by cellular stress decline.7 Autophagy 
has played a protective role in a rabbit model of tracheal 
stenosis, and activation of autophagy could be an effective 
therapy.8 Rapamycin-induced enhancement of autophagy 
improved Bacillus of Calmette and Guérin (BCG) delivery 
to lysosomes, improved antigen expression on CD4 and 
CD8 T cells, and significantly enhanced anti-TB efficacy in 
mice.9,10 In liver fibrosis models, corresponding drugs can 
increase the clearance of ECM deposition by upregulating 
Beclin1 (core protein in autophagy)-induced autophagy.11 
Hence, autophagy could play a protective role in fibrosis. 
However, the detailed effect of autophagy in TSTB progres-
sion remains unclear.

Triamcinolone acetonide (TA) is a synthetic corticoste-
roid with anti-inflammatory properties.12 It is often used 
clinically to prevent fibrosis-related dysfunction.13 Chen et 
al. suggested that intra-injection of TA significantly induced 
keloid cell apoptosis and inhibited keloid formation.14 In 
addition, TA combined with 5-fluorouracil inhibited auto-
phagy and fibrosis in urethral scar fibroblasts by increasing 
the expression of miR-192-5p.15 Nevertheless, the effects of 
TA in TSTB are not clear.

Therefore, this study explored the effect and potential 
mechanism of TA on TSTB, and provided a new theoretical 
basis for exploring strategies against TSTB.

Materials and Methods

Clinical sample collection

The adjacent normal tissue samples of nonsmoker patients 
with lung cancer, as well as the bronchial tissue samples 
of patients with tuberculous proliferative airway stenosis 
(TPTS) or tuberculous cicatricial airway stenosis (TSTS), 

Conclusion: TA significantly induced the autophagy of fibroblasts in Ag85B-treated cells by 
mediation of SIRT1/FOXO3 pathway. This study established a new theoretical basis for explor-
ing strategies against TSTB.
© 2023 Codon Publications. Published by Codon Publications.
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Enzyme-linked immunosorbent serologic assay 
(ELISA)

Levels of tumor necrosis factor-α (TNF-α, CSB-E04740h), 
interleukin (IL)-6 (CSB-E04638h), and interferon gamma 
(IFN-γ, CSB-E04577h) in WI-38 cells supernatant were evalu-
ated by ELISA kit (CUSABIO, Wuhan, China).

Quantitative real-time polymerase chain reaction 
(RT-qPCR)

TRIzol (TaKaRa, Japan) was applied to extract total RNA 
in line with the manufacturer’s protocol. PrimeScript kit 
(TaKaRa) was applied to synthesize complementary DNA 
(cDNA) in accordance with the manufacturer’s protocol. 
ABI7500 system was applied in RT-qPCR analysis using SYBR 
Green. RT-qPCR was done in the following manner: 94°C for 
2 min, followed by 35 cycles (at 94°C for 30 s and at 55°C 
for 45 s). The primers were obtained from GenePharma. 
2-ΔΔCT was applied for data quantification, and β-actin 
was used for normalization. The following primers were 
applied: SIRT1: forward, 5’-ATTCCAAGTTCCATACCCCAT-3′ 
and reverse 5’-TGGCATATTCACCACCTAACCT-3′; FOXO3a: 
forward,  5’-GACTTTGCCTCTACCTAGTGAACCC-3′  and 
reverse  5’-TTTATTTCCCCTCGCAAGTCCT-3′;  and  β-actin: 
forward,  5’-ACCCTGAAGTACCCCATCGAG-3′  and  reverse 
5‘-AGCACAGCCTGGATAGCAAC-3′.

Cell apoptosis analysis

Cells were trypsinized, washed, and resuspended in 
Annexin V buffer. Subsequently, APC (5 μL) and propidium 
(PI, 5 μL) were applied to stain cells with no light for 15 min 
according to the apoptosis kit (KGA1030-1007; KeyGEN 
BioTECH, China). Flow cytometery (BD; Franklin Lake, NJ, 
USA) was applied to analyze apoptotic cells.

Immunocytochemistry (ICC)

Paraformaldehyde (4%) was applied to fix cells overnight. 
Subsequently, paraffin-embedded cells were cut into 5-μm-
thick sections. After rehydration, sections were heated in 
a microwave for antigen retrieval, and PBS was applied 
to wash sections for 5 min. After that, H2O2 (3%) was used 
to incubate samples for 25 min. Then, goat serum was 
employed to incubate samples for 30 min after these were 
washed with PBS. Primary antibodies (anti-VEGF, ab2349; 
Abcam) were used to stain samples at 4°C overnight, and 
secondary antibody (HRP-labeled) was applied to incubate 
the same for 30 min. Finally, 3,3′-diaminobenzidine (DAB) 
was used for color development. All the antibodies were 
obtained from Abcam. A fluorescence microscope was used 
to study positive cells.

Hematoxylin and Eosin (H&E) staining

Paraformaldehyde (4%) was applied to fix tissues for 24 h; 
then these were paraffin-embedded and sectioned (4 μm). 
Next, gradient alcohol was used to dehydrate sections, 

extract total protein. Bicinchoninic acid (BCA) assay kit 
(Beyotime) was applied for protein quantification. Sodium 
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-
PAGE 10%) was applied to separate proteins (40 μg per lane). 
Subsequently, proteins were collected on polyvinylidene 
fluoride (PVDF) membranes (Invitrogen). After 5% skimmed 
milk was applied to block membranes for 1 h, the following 
primary antibodies were applied to incubate membranes 
overnight: anti-SIRT1 (13161-1-AP, 1:3000; ProteinTech, 
IL, USA), anti-forkhead box O3 (FOXO3a) (10849-1-AP, 
1:1000; ProteinTech), anti-p65 (10745-1-AP, 1:2000; 
ProteinTech), anti-acetylated p65 (ac-p65, #12629, 1:1000; 
CST, USA), anti-transforming growth factor-beta1 (TGF-β1) 
(ab31013, 1:1000, Abcam), anti-VEGF (19003-1-AP, 1:1000; 
ProteinTech), anti-LC3 (18725-1-AP, 1:500; ProteinTech), 
anti-Beclin1 (11306-1-AP, 1:5000; ProteinTech), anti-p62 
(18420-1-AP, 1:5000; ProteinTech), and anti-β-actin (66009-
1-Ig, 1:5000; ProteinTech). Thereafter, secondary anti-
bodies (HRP-conjugated, 1:5000; Abcam) were applied to 
incubate the membranes for 1 h. Enhanced chemilumines-
cence (ECL) kit (Thermo Fisher) was applied to analyze pro-
tein bands, and β-actin was applied for data quantification.

Co-Immunoprecipitation (Co-IP)

Cells were lysed with pre-cooled RIPA lysis buffer, and a 
15-min centrifugation (at 14,000 × g, 4°C) was performed 
and the supernatant was transferred in a new tube. Anti-
FOXO3a (10849-1-AP, 1:1000; ProteinTech) was added to 
200-μL cell lysate, and immunoglobulin G (IgG) antibody 
(B900610; ProteinTech) was added to negative control 
group. The antigen–antibody mixture was slowly shaken 
overnight at 4°C or for 2 h at room temperature using a 
shaker. After that, the mixture was added to 20-μL pro-
tein A/G agarose beads (prepared in phosphate-buffered 
saline [PBS] solution with a concentration of 50%) and 
mixed at 4°C overnight or incubated for 1 h. The agarose 
beads–antigen–antibody complex was harvested after a 
5-s centrifugation and supernatant removal. Next, the 
complex was rinsed with pre-cooled RIPA buffer (800 μL) 
and suspended with 2× loading buffer (60 μL). The sample 
was boiled for 5 min and centrifuged to collect remain-
ing agarose beads, and the supernatant was boiled again 
for 5 min and electrophoresed. Western blot analysis 
was used to test ac-FOXO3a (ab190479, 1:2000; Abcam) 
expression.

Immunofluorescence

Paraform (4%) was applied to prefix cells for 30 min. 
Subsequently, pre-cold methanol was applied to fix the 
cells for 10 min. Primary antibodies were applied to 
incubate the cells at 4°C overnight: anti-LC3 (ab192890, 
1:150; Abcam), anti-SIRT1 (13161-1-AP, 1:50; ProteinTech), 
and anti-Beclin1 (14132-1-AP, 1:50; ProteinTech). Goat 
anti-rabbit IgG antibody (SA00013-2, 1:100; ProteinTech) 
was regarded as the secondary antibody. 4′,6-Diamidino- 
2-phenylindole (DAPI) was applied to stain nuclei for 
15 min. Fluorescence microscope (Olympus CX23; Olympus, 
Japan) was used to observe the sample.
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much higher in TPTS and TSTS than those in the normal 
group (Figures 1C and D). Meanwhile, Western blot analysis 
was used to detect the role of autophagy in TSTB. In both 
TPTS and TSTS tissues, the LC3B and Beclin1 expressions 
were lower than that in the normal group, while the level 
of p62 exerted opposite trend (Figure 1E). Consistently, 
the development of TSTB significantly promoted the secre-
tion of pro-inflammatory cytokines (TNF-α, IL-6, and IFN-γ; 
Figure 1F).

Triamcinolone acetonide-induced apoptosis in 
Ag85B-treated cells

To mimic a TSTB-like model in vitro, WI-38 cells were 
exposed to Ag85B. In Figure 2A, Ag85B limitedly affected 
the viability of cells. In addition, the levels of TGF-β1 and 
VEGF in WI-38 cells were upregulated by Ag85B (Figure 2B), 
and Ag85B could notably upregulate TNF-α, IL-6, and IFN-γ 
levels in WI-38 cell supernatants (Figure 2C). Since Ag85B 
(2 μg/mL) exerted the most remarkable effect on fibrosis 
and inflammation, it was selected for use in subsequent 
analysis. Then, the viability of Ag85B-treated WI-38 cells 
was inhibited by TA (Figure 2D). Furthermore, TA induced 
apoptosis in Ag85B-treated WI-38 cells in a dose-dependent 
manner (Figure 2E). Based on the above results, TA (20 μM) 
was selected in our study. Taken together, TA significantly 
induced apoptosis in Ag85-treated WI-38 cells.

and the same were cleared and mounted. H&E solution 
(Beyotime) was applied to stain mounted sections. Finally, 
tissue injury was evaluated under a light microscope.

Statistical analysis

Three independent experiments were applied in each 
group, and mean ± standard deviation (SD) was applied to 
express the data. One-way analysis of variance (ANOVA) fol-
lowed by Tukey’s test (more than two groups) or Student’s 
t-test (only two groups) was applied via Graphpad Prism7 
to analyze changes; P < 0.05 was considered as statistically 
significant.

Results

SIRT1 was downregulated in TSTB

H&E staining was performed to assess the role of SIRT1 in 
TSTB. As revealed in Figure 1A, significant fibroblasts and 
inflammatory infiltration were observed in TPTS and TSTS, 
and the data of immunofluorescence staining confirmed 
that SIRT1 was decreased in TSTB (Figure 1B). The expres-
sions of SIRT1 and FOXO3a were significantly lower in the 
TPTS and TSTS, compared to those in the normal group. In 
contrast, the levels of ac-FOXO3a, TGF-β1, and VEGF were 

Figure 1  The SIRT1 and FOXO3a levels were downregulated in TSTS and TSTS. (A) The tissue injury was observed by H&E 
staining. (B) The expression of SIRT1 in tissues was detected by immunofluorescence staining. (C and D) The protein levels of 
SIRT1, TGF-β1, VEGF, FOXO3a, and ac-FOXO3a were detected by Western blot analysis. (E) The protein levels of LC3 II/I, Beclin1, 
and p62 in tissues were investigated by Western blot analysis. (F) The concentrations of IL-6, TNF-α, IFN-γ in the serum of patients 
were assessed by ELISA. *P < 0.05, compared to normal.

(A) (B)

(C) (D)

(E) (F)
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in WI-38 cells were notably upregulated by Ag85B, which 
were significantly rescued by TA (Figures 3A and B). In addi-
tion, Ag85B notably upregulated the expression of p62 and 
inhibited the levels of LC3II/I and Beclin1, while these phe-
nomena were destroyed by TA (Figure 3C). Consistently, 
the level of LC3 in WI-38 cells was markedly decreased by 

Triamcinolone acetonide reversed Ag85B-induced 
fibrosis and inhibition of autophagy in WI-38 cells

In order to investigate the function of TA in fibrosis during 
TSTB, Western blot analysis and ICC were performed. The 
data revealed that the expressions of VEGF and TGF-β1 

Figure 2  significantly induced apoptosis in Ag85B-treated WI-38 cells. WI-38 cells were treated with 0.5-, 1-, 2-, 4-, or 8-μg/mL 
Ag85B. (A) The viability of WI-38 cells was tested by CCK-8 assay. (B) The protein levels of VEGF and TGF-β1 in WI-38 cells were 
investigated by Western blot analysis. (C) The concentrations of IL-6, TNF-α, and IFN-γ in WI-38 cell supernatants were assessed 
by ELISA. (D) WI-38 cells were treated with Ag85B (2 μg/mL), Ag85B (2 μg/mL), and TA(5 μM), Ag85B and TA (10 μM), or Ag85B  
(2 μg/mL) and TA (20 μM). The viability of WI-38 cells was tested by CCK-8 assay. (E) The apoptosis rate of WI-38 cells was 
detected by flow cytometry. *P < 0.05, compared to Ag85B(0 μg/mL). #P < 0.05, compared to Ag85B.

(A)

(D)

(B)

(E)

(C)

Figure 3  TA reversed Ag85B-induced fibrosis, inflammation, and inhibition of autophagy in WI-38 cells. (A) The protein levels of 
VEGF and TGF-β1 in WI-38 cells were investigated by Western blot analysis. (B) The level of VEGF in WI-38 cells was investigated by 
ICC staining. (C) The protein levels of LC3 II/I, Beclin1, and p62 in WI-38 cells were investigated by Western blot analysis. (D) The 
level of LC3 in WI-38 cells was investigated by immunofluorescence staining. (E) The concentrations of IL-6, TNF-α, and IFN-γ in 
WI-38 cell supernatants were assessed by ELISA. *P < 0.05, compared to control. #P < 0.05, compared to Ag85B.

(A) (B) (C)

(D) (E)
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Knockdown of SIRT1 reversed triamcinolone 
acetonide-mediated autophagy in Ag85B-treated 
WI-38 cells

In order to confirm further the relation between TA and 
SIRT1 in TSTB, RT-qPCR and Western blot analysis were per-
formed. As shown in Figures 5A and B, TA-induced upreg-
ulation of SIRT1 and FOXO3a in Ag85B-treated WI-38 cells 
was notably abolished by SIRT1 siRNA. In addition, the level 
of ac-p65 in Ag85B-treated WI-38 cells was significantly 
decreased by TA, while the effect of TA was markedly 
abolished by SIRT1 silencing (Figure 5B). Next, the effect 
of TA on LC3II/I, p62, and Beclin1 in Ag85B-treated WI-38 
cells was notably alleviated by SIRT1 siRNA (Figures 5C–E). 
Furthermore, the anti-inflammatory effect of TA on Ag85B-
treated WI-38 cells was markedly destroyed by silencing of 
SIRT1 (Figure 5F). Taken together, the inhibition of SIRT1 
reversed TA-mediated autophagy in Ag85B-treated WI-38 
cells.

Ag85B, which was restored by TA (Figure 3D). Furthermore, 
the concentrations of IL-6, IFN-γ, and TNF-α in WI-38 cell 
supernatants were significantly upregulated by Ag85B, 
while the effects of Ag85B on these cytokines were notably 
suppressed in the presence of TA (Figure 3E). To sum up, TA 
reversed Ag85B-induced fibrosis, inflammation, and inhibi-
tion of autophagy in WI-38 cells.

Triamcinolone acetonide restored Ag85B-inhibited 
SIRT1 and FOXO3a expressions in WI-38 cells

In order to detect the function of TA in the SIRT1/FOXO3a 
pathway, RT-qPCR and Western blot analysis were per-
formed. The levels of SIRT1 and FOXO3a in WI-38 cells were 
markedly inhibited by Ag85B (Figures 4A and B), which were 
significantly reversed by TA. In contrast, Ag85B-induced 
activation of ac-FOXO3a was markedly restored in the pres-
ence of TA (Figure 4C). In summary, TA restored Ag85B-
inhibited SIRT1 and FOXO3a expressions in WI-38 cells.

Figure 4  TA restored Ag85B-inhibited SIRT1 and FOXO3a levels in WI-38 cells. (A) The levels of SIRT1 and FOXO3a in WI-38 cells 
were investigated by RT-qPCR. (B and C) The protein levels of FOXO3a, ac-FOXO3a, and FOXO3a in WI-38 cells were assessed by 
Western blot analysis. *P < 0.05, compared to control. #P < 0.05, compared to Ag85B.

(A) (B) (C)

Figure 5  Knockdown of SIRT1 reversed TA-mediated autophagy in Ag85B-treated WI-38 cells. (A) The levels of SIRT1 and FOXO3a 
in WI-38 cells were investigated by RT-qPCR. (B and C) The protein levels of p65, ac-p65, FOXO3a, and ac-FOXO3a in WI-38 cells 
were investigated by Western blot analysis. (D)The protein levels of LC3 II/I, p62, and Beclin1 in WI-38 cells were investigated by 
Western blot analysis. (E) The level of Beclin1 in WI-38 cells was observed by immunofluorescence staining. (F) The concentrations 
of IL-6, TNF-α, and IFN-γ in WI-38 cell supernatants were assessed by ELISA. *P < 0.05, compared to Ag85B. #P < 0.05, compared 
to Ag85B+TA+si-NC.

(A) (B) (C)

(D) (E)
(F)
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model, suggesting that TA might act as an inhibitor in the 
progression of TSTB. Generally speaking, the function of TA 
in TSTB-like model suggested that TSTB progression could 
be closely related to the activation of autophagy, which 
provided clinicians new ideas on TSTB treatment.

Mycobacterium TB is the main pathogen of TB and an 
important cause of TSTB.3,4 The SARS-CoV-2 spike protein 
subunit S1 was used to construct a COVID-19-like model.18 
Similarly, Ag85B was utilized to build a TSTB-like model.

TGF-β1 is a key mediator of TGF-β signaling, which is 
reported to promote fibrosis.19,20 In addition, VEGF is also 
involved in the progression of fibrosis as its activation could 
promote fibrosis.21,22 Thus, it could be suggested that TA 
inhibited fibrosis by the inhibition of TGF-β1 and VEGF.

Autophagy could play an important role in cellular pro-
cesses.23,24 Despite their distinct mechanisms and functions, 
autophagy and apoptosis are closely related. More impor-
tantly, autophagy is essential for apoptosis, as it often 
regulates apoptosis.25 Hence, it could be suggested that TA 
reversed Ag85B-induced cell apoptosis by regulating auto-
phagy. The p62, LC3, and Beclin1 proteins were crucial 
players in autophagy.26,27 The present work has consistently 
verified that TA reversed Ag85B-induced inhibition of cell 
autophagy by modulating these proteins.

SIRT1 is a sirtuin (a family of signaling proteins) with 
anti-inflammatory and anti-fibrotic effects on the liver, 
kidney, and skin. SIRT1 is protective against systemic scle-
rosis-associated pulmonary fibrosis by reducing pro-inflam-
matory and pro-fibrotic processes.28 SIRT1 plays a vital 
role in NF-κB-dependent pro-inflammation in the lungs of 
smokers and chronic obstructive pulmonary disease (COPD) 
patients.29 SIRT1 also regulates the inflammatory response 
of fibroblasts by inactivating the sirtuin activity-dependent 

SIRT1 overexpression enhanced the effect  
of triamcinolone acetonide on TSTB-like model  
by inducing autophagy

In order to verify further the relation between SIRT1 and 
autophagy in TA-mediated TSTB progression, the CCK-8 assay 
was performed. The data revealed that TA slightly inhibited 
the viability of Ag85B-treated WI-38 cells, and SIRT1 over-
expression further enhanced the effect of TA (Figure 6A). 
However, this phenomenon was rescued in the presence of 
3-MA (Figure 6A). In addition, TA significantly induced the 
apoptosis of Ag85B-treated WI-38 cells, and the apoptotic 
effect was further increased by pcDNA3.1–SIRT1 (Figure 6B). 
Nevertheless, the effect of pcDNA3.1–SIRT1 was partially 
restored in the presence of 3-MA (Figure 6B). Meanwhile, 
SIRT1 overexpression further enhanced the effect of TA on 
autophagy-related and fibrotic proteins (LC3, p62, Beclin1, 
TGF-β1, and VEGF), while 3-MA reversed these phenom-
ena (Figure 6C). Consistently, the anti-inflammatory effect 
of TA was further enhanced by pcDNA3.1–SIRT1, while this 
phenomenon was partly rescued in the presence of 3-MA 
(Figure 6D). In summary, SIRT1 overexpression enhanced the 
effect of TA on TSTB by inducing autophagy.

Discussion

In mice with skin wound healing, TA inhibited myofibro-
blast tissue infiltration.13 TA is widely used in the treat-
ment of fibrosis-related diseases via TGF pathway, such 
as keloids.16,17 Consistently, this study found that TA could 
inhibit fibrosis by the downregulation of TGF-β1 and VEGF. 
Our research first explored the function of TA in TSTB-like 

Figure 6  SIRT1 overexpression enhanced the effect of TA on Ag85B-treated WI-38 cells by inducing autophagy. (A) The optical 
density (OD) of WI-38 cells was tested by CCK-8 assay. (B) The apoptosis of WI-38 cells was assessed by flow cytometry. (C) The 
protein levels of LC3 II/I, p62, VEGF, TGF-β1, and Beclin1 in WI-38 cells were investigated by Western blot analysis. (D) The 
concentrations of IL-6, TNF-α, and IFN-γ in WI-38 cell supernatants were assessed by ELISA. *P < 0.05, compared to Ag85B. 
#P < 0.05, compared to Ag85B + TA + oe-NC. &P < 0.01, compared to Ag85B + TA + oe-SIRT1.

(A)

(C) (D)

(B)
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NF-κB pathway.30 SIRT1 can deacetylate members of the 
FOXO3 family and affect downstream pathways that con-
trol autophagy.31 Activation of SIRT1/FOXO3a-mediated 
autophagy can ameliorate hepatic ischemia-reperfusion 
injury.32 In addition, SIRT1 and FOXO3 could interact with 
the subunit of RelA/p65, inhibit NF-κB activity, and partic-
ipate in inflammatory responses.33 SIRT1/FOXO3a signaling 
was  involved in the progression of fibrosis and autoph-
agy.34,35 In our study, the SIRT1/FOXO3a levels were down-
regulated in TPTA and TSTS tissues, and TA could activate 
SIRT1/FOXO3a signaling in Ag85B-treated cells. Therefore, 
it could be concluded that TA could reverse the effect 
of Ag85B on fibrosis and autophagy by mediating SIRT1/
FOXO3a signaling. Meanwhile, SIRT1/FOXO3a can regulate 
LPS-induced apoptosis in C2C12 myotube cells.36 Our study 
found that TA might induce Ag85B-treated cell apoptosis by 
regulating SIRT1/FOXO3a signaling.

Acetylation and protein levels are usually correlated 
inversely.37,38 In this study, we found that TA was able to 
decrease the acetylation of FOXO3a, increasing the protein 
levels of SIRT1 and FOXO3a. FOXO3a is a key member of 
cell growth, and its upregulation could inhibit cell prolif-
eration.39 Meanwhile, FOXO3a could be negatively regu-
lated by SIRT1.40,41 Thus, it could be suggested that TA was 
able to regulate the expression of FOXO3a through SIRT1/
FOXO3a acetylation pathway.

This research has some limitations, which are as follows: 
(1) Animal study is required to verify further the impact of 
TA in TSTB; (2) the mechanism by which TA regulated SIRT1 
remained unclear; (3) the stage of TB infection at which 
the use of TA would achieve the best therapeutic effect 
remained unclear. Hence, further exploration in animal and 
clinical experiments are essentially required in the future.

Conclusion

Triamcinolone acetonide induces the autophagy of fibro-
blasts in the TSTB-like model by mediating the SIRT1/
FOXO3 pathway. This study proposes a new theoretical 
basis for exploring strategies against TSTB. However, it 
requires further exploration whether TA can be used as a 
potential new drug against TSTB.
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