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ABSTRACT

Objective: Idiopathic pulmonary fibrosis (PF) is a chronic and life-threatening lung disease. This study aimed
to investigate the role of zinc finger and BTB domain containing 16 (Zbtb16), a transcription factor, in the
progression of PF by analyzing its expression and regulatory effects in mouse and cell models.

Material and Methods: The gene expression profiles in bleomycin-induced (BL-I) PF lung tissues of mice
were analyzed using the gene expression omnibus database. The mouse model of BL-I PF and cell model of
transforming growth factor-f1 (TGF—f1)-induced mice lung epithelial cell (LEC) fibrosis was constructed.
Zbtb16 expression was evaluated by reverse transcription quantitative polymerase chain reaction, Western
blot, or immunohistochemistry. Tissue sections were assessed by hematoxylin and eosin, Masson, and terminal
deoxynucleotidyl transferase dUTP nick-end labeling staining. The levels of protein, inflammation factors, and
albumin were measured through Western blot or enzyme-linked immunosorbent assay.

Results: Bioinformatics analysis found that Zbtb16 was the highest differentially expressed marker in BL-I
PF mice. Zbtb16 was highly expressed in the mice and cell model. Zbtb16 silencing could reduce lung tissues’
collagen deposition, pulmonary edema, and pulmonary apoptotic cells; improve vascular permeability; and
decrease fibrosis markers and inflammation factors expressed in model mice. Zbtb16 silencing could reduce
fibrosis markers and inflammation factor levels in the cell model (P < 0.05). Kyoto encyclopedia of genes and
genomes and gene set enrichment analyses suggested that Zbtb16 might regulate BL-I PF in mice through the
phosphoinositide 3-kinases (PI3K)/protein kinase B (AKT)/mammalian target of rapamycin (mTOR) pathway
(PAmT-P). Co-immunoprecipitation showed the combination of AKT and Zbtb16. PAmT-P in the mice model
and cell model was visibly activated (P < 0.05), and Zbtb16 silencing could inhibit it (P < 0.05). Moreover, the
rescue experiments showed that the AKT activator SC79 could reverse the effect of TGF-B1 + small interfere
RNA-Zbtb16 on LECs.

Conclusion: This study identified Zbtb16 as a key regulator of PF progression, mediating its effects through the
PAmT-P. Zbtb16 silencing alleviated fibrosis and inflammation in vivo and in vitro, providing a promising target
for therapeutic intervention in PE.
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INTRODUCTION

Idiopathic pulmonary fibrosis (PF) is a chronic and life-
threatening lung disease with a median survival of only
about 3-5 years.!"? The clinical symptoms of patients with
idiopathic PF primarily include decreased lung function and
hypoxia accompanied by dyspnea during exercise or at rest.
Its pathological features include abnormal accumulation
of fibrous tissue within the lung parenchyma, replacement
of healthy tissue with extracellular matrix (ECM), and
destruction of the alveolar structure.®’! During PE the
damaged lung structure irreversibly and progressively impairs
gas exchange, leading to hypoxic respiratory failure.” In the
current clinical treatment, there is a deficiency of effective
anti-PF drugs or strategies other than lung transplantation.
In addition, the precise pathologic mechanisms of idiopathic
PF remain largely unclear.”’ Thus, elucidating the underlying
molecular mechanisms of idiopathic PF and developing
new drugs or molecular targets that can delay or reverse the
development of PF is imperative and crucial.

Zinc finger and BTB domain containing 16 (Zbtb16) belongs
to the Zbtb family and is an evolutionarily conserved
transcription factor mainly involved in immune response
with metabolic regulation.®”” Moreover, Zbtb16 plays a
key regulatory role in lung adenocarcinoma progression.!
However, the potential effects of Zbtb16 on PF are limited.
Growing pathogenesis research on PF has confirmed that
alveolar epithelial injury triggers various inflammatory
responses associated with PF causing an increase in
the release of pro-fibrotic mediators and disrupting the
balance between pro-fibrotic and anti-fibrotic factors.”
Myofibroblasts are crucial in promoting ECM deposition,
releasing inflammatory mediators in response to epithelial
injury, and they are the direct contributors to lung tissue
degradation."”! Recent studies have demonstrated that the
phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)/
mammalian target of rapamycin (mTOR) pathway (PAmT-P)
is closely related to PF and its insufficient activation and
authoritarianism facilitate the onset of PE!"! By enhancing
AKT phosphorylation and activation, SC79 provides a
valuable tool for evaluating the functional consequences
of PAmT-P reactivation in fibrosis models. Nevertheless,
whether Zbtb16 acts as a regulatory factor in the occurrence
of the development of PF through PAmT-P remains to be
studied.

The bleomycin-induced (BL-I) PF mice model is the most
known animal model for the investigation of PE!2 We
processed and analyzed the chip data from GSE123293
and GSE43695 (representing wild-type control and BL-I
PF mice, respectively) from the gene expression omnibus
(GEO) database to screen differentially expressed genes
in PE The effect of Zbtb16 on the BL-I PF mice model and
transforming growth factor-pl (TGF-P1)-induced (T-f1-I)
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mice lung epithelial cell (LEC) model was evaluated in vivo
and in vitro. The potential molecular regulatory mechanism
of Zbtb16’s involvement in the pathological process of PF
through PAmT-P was verified.

MATERIAL AND METHODS
Microarray data processing

The gene expression profiles in wild-type control and BL-I PF
lung tissues of mice were analyzed using raw data obtained
from the National Center for Biotechnology Information
GEO database (https://www.ncbi.nlm.nih.gov/geo/). Two
conditions should be met for the screening of differentially
expressed genes: |Fold change| >2 and P < 0.05. A heat map,
volcano plot, and Venn diagram were constructed using
the results of differentially expressed gene analysis. Kyoto
Encyclopedia of Genes and Genomes (KEGG; https://www.
genome.jp/kegg/) enrichment analysis was performed to
evaluate the pathways associated with Zbtb16 in BL-I PF in
mice.

BL-I PF model mice and sample collected

Twenty C57BL/6 male mice (6-8 weeks, 16-20 g) were
purchased from GemPharmatech (Jiangsu, China). The mice
were given free food and water in the specific pathogen-
free laboratory, which was controlled at 23°C + 2°C, relative
humidity of 50% * 10%, and light/dark cycle for 12 h.
After adaptive feeding for 1 week, the mice were divided
into four groups (5 per group): Control group, model
group, model + short hairpin ribonucleic acid (shRNA)-
negative control (NC) group, and model +shRNA-Zbtb16
group. The mice were anesthetized with 0.3% pentobarbital
sodium (50 mg/kg) and injected with 50 uL of bleomycin
(5 mg/kg; MedChemExpress) into the trachea to construct a
PF model™ (15, model group) or equivalent normal saline
for control (5, control group). At 1 week post-modeling,
the model mice with PF were injected with shRNA-NC
lentivirus (5, shRNA-NC group) and shRNA-Zbtbl6
lentivirus (5, shRNA-Zbtb16 group), both of which were
procured from GenePharma. After 2 weeks of feeding,
the mice were euthanized by injecting 0.3% pentobarbital
sodium (150 mg/kg). The lungs of mice were isolated, and
bronchoalveolar lavage fluid (BLF) was rapidly collected. BLF
was obtained through tracheal intubation, washed 3 times
with 300 pL of normal saline each time, and stored at —80°C.
A portion of lung tissue was fixed with 4% paraformaldehyde
and embedded in paraffin. The 5 wm-thick sections were
used for hematoxylin and eosin (H&E), Masson, terminal
deoxynucleotidyl transferase dUTP nick-end labeling
(TUNEL) staining, and immunohistochemistry (IHC), and
the remaining lung tissue was stored at —80°C for subsequent
experiments.
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Reverse transcription quantitative polymerase chain
reaction (RT-qPCR)

Total ribonucleic acid (RNA) from lung tissues or cells was
extracted using TRIzol reagent (15596018CN, Invitrogen,
Thermo Fisher Scientificc, MA, USA) and then reverse-
transcribed  into  complementary  deoxyribonucleic
acid using PrimeScript RT Reagent Kit (RR037A, Takara,
Shiga, Japan). Polymerase chain reaction (PCR) reactions
were performed using SYBR Green PCR Master Mix
(4368708, Applied Biosystems, Thermo Fisher Scientific)
on an Applied Biosystems PCR system (Applied
Biosystems). The primer sequences were as follows:

Zbtbl6  forward: 5-TGGACTTCAGCACCTACGGG-3,
reverse: 5-CCGGAAGCTCGA CCCCACAC-3.
Glyceraldehyde-3-phosphate  dehydrogenase  (GAPDH)

forward: 5-GCTCATTTGCAGGGGGGAG-3’, reverse:
5-GTTGGTGGTGCAGGAGGCA-3 Data were evaluated
using the 24T method and normalized to GAPDH.

IHC

After dewaxing and hydration, the lung sections were incubated
overnight at 4°C with anti-Zbtb16 antibody (LS-C334349-
20, Vector Laboratories, CA, USA). After washing, they were
incubated at 25°C for 1 h with goat-anti mouse secondary
antibody (1:1000, ab205719, Abcam). The sections were then
stained using a 3,3’-diaminobenzidine (DAB) staining kit
(ZLI-9019, Zhongshan Jingiao Biotechnology, Beijing, China)
according to the reagent instructions. Finally, the distribution
of Zbtb16 protein was observed under a microscope (CKX41,
Olympus, Tokyo, Japan). Brown particles in the cells were
considered positive, and their area was analyzed using Image]
software (National Institutes of Health [NTH], USA).

H&E and Masson staining

After dewaxing and hydration, the lung sections were
stained using an H&E kit (G1120, Solarbio, Beijing, China)
or Masson staining kit (G1340, Solarbio) according to the
reagent instructions. The sections were stained and observed
under a microscope (Olympus). Inflammatory infiltrated
areas and percentage of collagen deposition were determined
using Image] software.

TUNEL staining

The lung sections were stained using a TUNEL staining kit
according to the reagent instructions (KGA1400, KeyGen
Biotech, Jiangsu, China). The paraffin-embedded lung
tissue sections were dewaxed in fresh xylene, hydrated with
anhydrous ethanol, 90% ethanol, 70% ethanol, and distilled
water, and incubated with protease K solution. TUNEL
detection solution was added, with staining conducted at 37°C

for 1 h in the dark to prevent dye volatilization. After washing,
the samples were stained with DAB and subjected to re-
staining with hematoxylin. The stained samples were observed
under a microscope (CKX41, Olympus) and photographed.
Tunnel-positive cell areas were analyzed using Image] software.

Wet/dry weight ratio of mouse lung tissue

After the lungs of mice were excised, a segment of the lung
tissue was obtained to absorb the blood on the lung surface
and then weighed (wet weight). The lung tissue was placed in
an oven (DHG-9140A, Huitai instrument, Shanghai, China)
at 80°C for 48 h and weighed (dry weight) using an electronic
balance (GL2202-1SCN, Huruiming, Guangzhou, China).
The wet weight/dry weight ratio was calculated.

Cell culture and treatment

Mouse LEC line MLE-12 was obtained from Shanghai
Kanglang shengwu (KL036M, Shanghai, China), which
underwent short tandem repeat and mycoplasma testing.
Cells were cultured in Dulbeccos modified eagle medium
(11965118, DMEM, Gibco, Thermo Fisher Scientific)
supplemented with 10% fetal bovine serum (A5670701,
Invitrogen) and 100 pg/mL streptomycin + 100 U/mL
penicillin (15140122, Gibco). The cells were incubated at 37°C
containing 5% CO. To simulate cell fibrosis,!"*! we treated the
cells with 10 ng/mL TGF-B1 (H8541, Sigma-Aldrich, MO,
USA) for 24 h. In experiments with SC79, we administered
SC79 (10 wmol/L; AKT activator, 123871-25MG, Sigma-
Aldrich) and TGF-B1 to the cells for stimulation. Both
small interfere RNA (siRNAs) targeting Zbtb16 (si-Zbtb16)
and its negative control (si-NC) were purchased from
GenePharma (Shanghai, China). The si-Zbtb16 sequence
was 5-CTGCAGTTAGAAGAGAATATT-3, and the si-
NC sequence was 5-GCTGCTTTGGACAAGGCUATT-3’
Cell transfection was carried out using Lipofectamine
2000 reagent (11668500, Invitrogen) according to the
manufacturer’s protocol. In brief, small interfere RNA siRNA
and Lipofectamine 2000 were diluted in Opti-Minimum
essential medium (31985070, Gibco) separately and then
mixed for 5 min at 21°C. The mixture was added dropwise to
cells in antibiotic-free DMEM, and the medium was replaced
with complete DMEM after 6 h. Cells were harvested 48 h
post-transfection for subsequent experiments.

Western blot and co-immunoprecipitation (Co-IP)

Cells were collected from tissues and lysed in radio-
immunoprecipitation assay buffer (P0013D, Beyotime,
Shanghai, China) containing protease and phosphatase
inhibitor (P1046, Beyotime). The denatured protein sample
(30 ug) was electrophoretically separated on sodium dodecyl
sulfate polyacrylamide gel electrophoresis gels (P1200,
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Solarbio) and transferred to a polyvinylidene fluoride
membrane (3010040001, Millipore, MA, USA). After
blocking with 5% skimmed milk, the blots were incubated
overnight at 4°C with the anti-Immunoglobulin G (IgG)
(#5873, Cell Signaling Technology, MA, USA) or primary
antibodies: anti-Zbtb16 antibody (1:1000, abl104854,
Abcam, Cambridge, UK), anti-collagen I antibody (1:1000,
ab270993, Abcam), anti-fibronectin (Fn) antibody (1:1000,
ab2413, Abcam), anti-a-smooth muscle actin (SMA)
antibody (1:1000, ab7817, Abcam), or anti-GAPDH antibody
(1:1,500, ab181602, Abcam). After rinsing, the membranes
were incubated with the horseradish peroxidase-labeled
secondary antibody (1:1500, ab205718, or ab6728, Abcam)
for 2 h at 25°C and then washed. The protein bands were
assessed using an ECL developer (Thermo Fisher Scientific),
and Image | software (version 1.45, NIH, USA) was used
to analyze the grayscale values. For Co-IP, cell lysates were
mixed with Zbtb16 antibody or IgG and incubated at 4°C for
12 h. Thereatfter, 5 uL of protein A and 5 UL of protein G were
added, and the mixture was gently mixed at 4°C for 3 h. The
sample was then centrifuged at 12,000 g for 1 min, and the
precipitate was retained for Western blot analysis to measure
Zbtb16 and AKT protein levels.

Enzyme-linked immunosorbent assay (ELISA)

The levels of interleukin (IL)-1f (CMEO0015-F), IL-6
(CME0006-F), and tumor necrosis factor (TNF)-o
(CMEO0004-F) in BLF or cell culture medium supernatant
were assessed using ELISA detection kits in accordance with
the protocol of the manufacturer (Sizhengbai Biotechnology,
Jiangsu, China).

Statistical analysis

The data were analyzed using Statistical Package for the Social
Sciences 22.0 (IBM, NY, USA). All values were presented
as means + Standard deviation. Statistical differences were
assessed using t-test (for two groups) or one-way analysis of
variance (for diverse groups) followed by Bonferroni post hoc
analysis. The statistical deviation was determined at P < 0.05.

RESULTS
Zbtb16 was markedly elevated in BL-I PF lungs of mice

To screen out the aberrantly expressed genes in the BL-I PF
lung tissues of mice, we initially selected the sequencing data
from the wild-type control and BL-I PF lung tissues of mice
in the GEO database. Subsequently, two datasets, GSE123293
and GSE43695, were selected, and the differentially expressed
genes in these two datasets were analyzed [Figure la and b].
Using Venn diagrams, we observed that 39 and 26 differentially
expressed genes were simultaneously downregulated
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[Figure 1c] or upregulated [Figure 1d], respectively, in the
two datasets. The overlap of highly expressed differential
genes in the GSE123293 and GSE43695 datasets is shown in
Figure le. These results confirmed that Zbtb16 had the largest
differential expression in the BL-I PF lung tissues of mice.

Zbtb16 silencing mitigated BL-I PF and inflammation in
mice

To explore the role of Zbtb16 in BL-I PF mice, we first
constructed Zbtb16-silenced lentivirus (shRNA-Zbtb16)
and shRNA-NC. One week after modeling the mice with
PE, the shRNA-NC lentivirus and shRNA-Zbtb16 lentivirus
were injected into the trachea. After 2 weeks of feeding, the
lung tissue and BLF were collected. The lung tissues were
analyzed by RT-qPCR and Western blot, which revealed that
the expression levels of Zbtb16 messenger RNA (mRNA) and
protein were markedly increased in the model mice group,
whereas shRNA-Zbtb16 lentivirus injection could visibly
decrease Zbtb16 expression in lung tissue of the model mice
group (P < 0.01) [Figure 2a and b].

Zbtb16 silencing reduces inflammation, collagen
deposition, and apoptosis in lung tissue

IHC results showed that Zbtb16 expression in the model
mice group was visibly higher than that in the control group
(P < 0.001); Zbtb16 silencing could visibly reduce Zbtb16
expression (P < 0.001) [Figure 3a]. H&E staining showed
that the alveolar septum in the model group was thicker than
that in the control group, and inflammatory cell infiltration
could be observed (P < 0.001). After treatment with sh-
Zbtb16 lentivirus, the alveolar spacing in lung tissues of
the model +shRNA-Zbtb16 group mice diminished, and
the infiltration of inflammatory cells in lung tissues also
decreased (P < 0.001) [Figure 3b]. Masson staining showed
that the lung tissue of the control group was normal without
obvious staining, whereas the lung tissue of the model group
exhibited collagen fiber deposition, indicated by blue staining
(P < 0.001). After treatment with shRNA-Zbtb16 lentivirus,
the collagen fiber deposition and blue staining in lung
tissues of the model group +shRNA-Zbtb16 mice decreased
(P < 0.01) [Figure 3c]. TUNEL staining showed that the
number of apoptotic lung cells in the model group was visibly
higher than that of the control group (P < 0.001), and the
number of apoptotic lung cells in the model +shRNA-Zbtb16
group mice was visibly reduced after treatment with shRNA-
Zbtb16 lentivirus (P < 0.001) [Figure 3d].

Zbtb16 silencing alleviates lung edema, reduces fibrosis
markers, and decreases inflammatory cytokines

The wet/dry ratio of lung tissue in the model group was
higher than that in the control group (P < 0.01), whereas the
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Figure 1: Bioinformatics analysis and screening of differentially expressed genes between wild-type control and BL-I PF lung tissues of mice
in the gene expression omnibus database. (a) The heat map and volcano plot of differentiating genes in the GSE43695 dataset. (b) The heat
map and volcano plot of differentiating genes in the GSE123293 dataset. (c) The Venn diagram illustrating the intersection of low-expression
differential genes in the GSE123293 and GSE43695 datasets. (d) The Venn diagram illustrating the intersection of high-expression differential
genes in the GSE123293 and GSE43695 datasets. (e) Intersection of highly expressed distinguishing genes in the GSE123293 and GSE43695
datasets (difference multiple >2). Zbtb16: Zinc finger and BTB domain containing 16, HPGD: 15-hydroxyprostaglandin dehydrogenase,
AOX3: Aldehyde oxidase 3, DBP: D-box binding PAR BZIP transcription factor, SI00A8: S100 calcium binding protein A8, SI00A9: S100
calcium binding protein A9, BL-I: Bleomycin-induced, PF: Pulmonary fibrosis.
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Figure 2: Zbtb16 silencing mitigated BL-I PF and inflammation in mice. (a and b) The Zbtb16 mRNA
and protein expression levels in lung tissues of mice were measured via qRT-PCR and Western blot.
n = 3; ¥*¥P < 0.01; ***P < 0.001. Zbtbl6: Zinc finger and BTB domain containing 16, NC: Negative
control, BL-I: Bleomycin-induced, RT-qPCR: Reverse transcription quantitative polymerase chain
reaction, PF: Pulmonary fibrosis.
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Figure 3: Zbtb16 silencing mitigated BL-I PF and inflammation in mice. (a) Lung tissue sections were stained with anti-Zbtb16 antibody
by IHC to evaluate Zbtb16 protein expression. The red arrows indicate Zbtb16 protein-positive expression in this region of the tissue.
(magnification: 100x) (b) Lung tissue sections were stained with H&E to examine alveolar structure and inflammatory cell infiltration.
The red arrows indicate extensive inflammatory infiltration in this region of the tissue. (magnification: 100x) (c) Lung tissue sections
were stained with Masson’s trichrome to evaluate collagen fiber deposition. The red arrows indicate significant collagen fiber deposition
in this region of the tissue. (magnification: 100) (d) Lung tissue sections were subjected to TUNEL staining to assess apoptotic cell
levels. The red arrows indicate a prominent aggregation of TUNEL-positive cells in this region of the tissue. (magnification: 100x) n = 5;
*¥*P < 0.01; ¥**P < 0.001. Zbtb16: Zinc finger and BTB domain containing 16, NC: Negative control, IHC: Immunohistochemical,
H&E: Hematoxylin and eosin, BL-I: Bleomycin-induced, TUNEL: Terminal deoxynucleotidyl transferase dUTP nick-end labeling,
PF: Pulmonary fibrosis.

wet/dry ratio of lung tissue in the model +shRNA-Zbtb16
group was lower than that in the model +shRNA-NC group
(P < 0.05) [Figure 4a]. The concentration of albumin in BLF
of the model group was higher than that in the control group
(P < 0.001), whereas the concentration of albumin in BLF
of the model +shRNA-Zbtb16 group was lower than that
in the model +shRNA-NC group (P < 0.001) [Figure 4b].
Western blot showed that the protein levels of myofibroblast
markers (collagen I and Fn with o.-SMA) in lung tissues of
the model group mice visibly increased compared with that
in the control group, and the protein levels of myofibroblast
markers in lung tissues of the model +shRNA-Zbtb16 group
mice visibly decreased compared with those in the model
+shRNA-NC group (P < 0.01) [Figure 4c and d]. ELISA
results showed that the levels of inflammatory factors (TNF-o
and IL-6 with IL-1f) in BLF of the model group mice visibly
increased compared with that in the control group, and the
levels of inflammatory factors in BLF of the model +shRNA-
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Zbtb16 group mice visibly decreased compared with that in
the model +shRNA-NC group (P < 0.001) [Figure 4e].

Zbtb16 silencing alleviated T-B1-I mice LEC fibrosis and
inflammation

This study used the T-B1-I mice LEC model to investigate the
regulatory role of Zbtb16 in mice LEC fibrosis. Subsequently,
si-Zbtb16 was transfected to silence Zbtbl6 expression
in cells, and the effect of Zbtb16 silencing on fibrosis and
inflammation T-B1-I mice LECs was verified. As expected,
Zbtbl6  mRNA and protein expression levels visibly
increased in the T-B1-I LEC group, whereas transfection with
si-Zbtb16 decreased Zbtb16 mRNA (P < 0.001) and protein
expression levels (P < 0.05) in the TGF-P1+ si-Zbtb16 group
[Figure 5a and b]. The protein expression of myofibroblast
markers visibly increased in the T-B1-I LEC group, whereas
the protein expression of myofibroblast markers decreased in
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Figure 4: Zbtb16 silencing mitigated BL-I PF and inflammation in mice. (a) The wet/dry ratio of lung tissue was measured. (b) The albumin
concentration in BLF of mice lung was assessed by ELISA. (c and d) The protein levels of collagen I, Fn, and a-SMA in lung tissues of mice
were assessed by Western blot. (e) The levels of inflammatory factors TNF-a, IL-6, and IL-1f in BLF of mice lung were assessed by ELISA.
n=3;*P <0.05; **P < 0.01; ***P < 0.001. Zbtb16: Zinc finger and BTB domain containing 16, NC: Negative control, TNF-o: Tumor necrosis
factor-a, IL-6: Interleukin 6, IL-1f: interleukin 1, Fn: Fibronectin, o.-SMA: o-smooth muscle actin, ALB: Albumin; ELISA: Enzyme-linked
immunosorbent assay, Fn: Fibronectin, BLF: Bronchoalveolar lavage fluid, PF: Pulmonary fibrosis.

the TGF-B1+ si-Zbtb16 group (P < 0.01) [Figure 5c and d]. whereas the levels of inflammatory factors decreased in the

The levels of inflammatory factors visibly increased in the  culture medium supernatant of the TGF-Pl+ si-Zbtbl6
culture medium supernatant of the T-f1-I LEC group, group (P < 0.001) [Figure 5e].
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Figure 5: Zbtb16 silencing alleviated T-B1-I mice LEC fibroblasts and inflammation. (a and b) The Zbtb16 mRNA and protein expression
levels in mice LECs were measured by qRT-PCR and Western blot. (c and d) The protein levels of collagen I, Fn, and o-SMA in mice LECs
were assessed by Western blot. (e) The levels of inflammatory factors TNF-a, IL-6, and IL-1f in cell culture medium supernatant were
assessed by ELISA. n = 3; *P < 0.05; **P < 0.01; ***P < 0.001. Zbtb16: Zinc finger and BTB domain containing 16, NC: Negative control,
TNF-o: Tumor necrosis factor-o, IL-6: Interleukin 6, IL-10: Interleukin 10, Fn: Fibronectin, o-SMA: ci-smooth muscle actin, ALB: Albumin,
ELISA: Enzyme-linked immunosorbent assay, Fn: Fibronectin, LEC: Lung epithelial cell.
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Bioinformatics predicted that Zbtb16 might be involved
in BL-I PF of mice

The above animal and cell experiments confirmed that
Zbtb16 silencing could alleviate BL-I PF in mice and T-f1-I
mice LEC fibrosis. However, the specific mechanism of
action remains unclear. Thus, by mining the data in GEO,
KEGG, and gene set enrichment analysis (GESA) predicted
that Zbtb16 might be involved in BL-I PF in mice. KEGG
and GESA predicted that Zbtb16 might regulate BL-I PF in
mice through PAmT-P [Figure 6a and b]. CO-IP showed the
combination of AKT and Zbtb16 (P < 0.001) [Figure 6c]. The
Western blot results showed that p-AKT and p-mTOR in
BL-I PF lung tissues of mice and T-f1-I fibrosis mice LECs
were visibly higher than those in the control group, whereas
Zbtb16 silencing could inhibit BL-I and T-f1-I PAmT-P
activation and reverse the rise in p-AKT/AKT and p-mTOR/
mTOR levels. However, the total expression of AKT and
mTOR did not change (P < 0.05) [Figure 6d-f].

Zbtb16 silencing alleviated T-f1-1 mice LEC fibrosis by
blocking PAmT-P

Subsequently, we investigated whether the protective effect of
Zbtb16 silencing on PF was achieved by inhibiting PAmT-P.
si-Zbtb16 was transfected into T-B1-I mice LECs, and p-AKT
activator (10 pmol/L SC79) was added. Rescue experiments
showed that adding SC79 into TGF-1 + si-Zbtb16 cells could
increase the levels of p-AKT/AKT and p-mTOR/mTOR and
reactivate PAmT-P (P < 0.001) [Figure 7a]. SC79 could reverse
the effect of TGF-P1 + si-Zbtb16 on mice LECs and increase
the expression of myofibroblast markers in TGF-B1 + si-
Zbtb16 cells and inflammatory factors in cell culture medium
supernatant (P < 0.05) [Figures 7b and c].

DISCUSSION

PF is a chronic and destructive disease that leads to reduced
quality of life and shortened life expectancy due to limited
treatment options at present.!'*!”! Therefore, the pathological
progression of PF necessitates the identification of novel
targeted markers or treatment strategies. Here, we utilized
bioinformatics to predict and confirm that ZBTB16 was
markedly elevated in a mouse model of BL-I PF and in a
cell model of T-B1-I mice LEC fibrosis. Zbtb16 silencing
in lung tissues of the BL-I PF mouse model could alleviate
lung collagen deposition, pulmonary edema, and pulmonary
vascular permeability, reduce the rate of cell apoptosis,
and decrease the expression levels of fibrotic markers and
inflammatory factors. In the T-B1-I mice LEC model, Zbtb16
silencing could reduce the levels of fibrosis markers and
inflammatory factors. Interestingly, we found that PAmT-P in
the BL-I PF mice model group and T-B1-I LEC model group
was visibly activated, whereas Zbtb16 silencing could inhibit

PAmT-P activation in the mouse and cell models. Moreover,
the rescue experiments verified that the AKT activator SC79
could reverse the effect of TGF-B1 + si-Zbtb16 on mice
LECs. These results provide theoretical evidence that Zbtb16
silencing attenuated BL-I PF in mice by inhibiting PAmT-P.

Zbtb16 functions as a transcription factor that can act as a
transcriptional inhibitor and activator, regulating many
biological processes. Zbtb16 may regulate the susceptibility
of T2DM miice to atrial fibrillation through the Txnip-Trx2
pathway.!¥! In renal interstitial fibrosis, Song et al."” reported
that treatment of HEK293 cells with renin induces Zbtb16
nuclear translocation, which then binds to the promoter
of the PRR gene, thereby inhibiting PRR transcription and
other markers of renal interstitial fibrosis expression; Zbtb16
knockdown had the opposite effect. However, the potential
effect of Zbtb16 on PF remains unclear. Here, we analyzed
the GSE123293 and GSE43695 datasets (wild-type control
and BL-I PF lung tissues of mice) through bioinformatics,
screened differentially expressed genes, and found that
Zbtbl6 had the highest expression and largest difference.
Bleomycin could induce PF and pulmonary inflammation
within a short time. Thus, the PF model constructed by
intratracheal injection of bleomycin is an important model
for investigating the pathological progression of PF and
identifying novel therapeutic agents.””! Here, the PF mouse
model of BL-I was constructed. We observed the significant
expression of mRNA and protein of Zbtb16 in lung tissues of
the BL-I PF mice model. The pathological detection of mice
model lung tissues revealed obvious PF and inflammatory
characteristics. Surprisingly, Zbtb16 silencing in the lungs of
the BL-I PF mice model suggested pathological changes in
lung tissues. Zbtb16 silencing decreased collagen deposition
in lung tissues, the rate of cell apoptosis, pulmonary edema,
and pulmonary vascular permeability. The increased
expression of collagen I and Fn served as an indicator of PF
occurrence, whereas oi-SMA suggested fibroblast activation;
the increased level resulted in the transformation of
fibroblasts into myofibroblasts, initiating PF development.['!)
In PF model mice lung tissues, the expression of collagen I,
Fn, and ai-SMA proteins markedly increased, whereas Zbtb16
silencing could reduce the expression levels of collagen I,
Fn, and o-SMA protein. We also assessed the levels of the
inflammatory cytokines TNF-c, IL-6, and IL-1P in the BLF
of mice, and we found that Zbtb16 silencing could reduce
their expression levels. TGF-B1 activates lung fibroblasts
and accelerates the process of trans-differentiation.!) We
conducted simultaneous TGF-P1 tests on mice LECs to
construct a PF cell model. Similar to the animal model of
PF in vivo, the levels of Zbtb16 expression, fibrosis marker
collagen I, Fn, 0i-SMA, and inflammatory factors TNF-q, IL-
6, and IL-1 in the PF cell model increased; Zbtb16 silencing
in PF model cells could reduce levels of fibrosis markers and
inflammatory factors.
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Figure 6: Bioinformatics predicted that Zbtb16 might be involved in BL-I PF of mice. (a) KEGG analysis
predicted that Zbtb16 might be involved. (b) GESA analysis predicted that PAmT-P of Zbtb16 might be
involved. (c) CO-IP was used to analyze the combination of AKT and Zbtb16. (d) The PAmT-P-related protein
expression levels in mice lung tissues and mice LECs were measured by Western blot. (e) p-AKT/AKT and
p-mTOR/mTOR levels were shown in BL-I PF lung tissues of mice; (f) p-AKT/AKT and p-mTOR/mTOR levels
were shown in T-f1-I fibrosis mice LECs. n = 3; *P < 0.05; **P < 0.01, ***P < 0.001. Zbtb16: Zinc finger
and BTB domain containing 16, NC: Negative control, AKT: Protein kinase B, p-AKT: Phosphorylated AKT,
mTOR: Mammalian target of rapamycin, p-mTOR: Phosphorylated mTOR, TNF-o:: Tumor necrosis factor-a,
IL-6: Interleukin 6, IL-1P: Interleukin 1, Fn: Fibronectin, o-SMA: o-smooth muscle actin, ALB: Albumin,
ELISA: Enzyme-linked immunosorbent assay, LEC: Lung epithelial cell, BL-I: Bleomycin-induced, GESA: Gene
set enrichment analysis, KEGG: Kyoto encyclopedia of genes and genomes, PAmT-P: PI3K/AKT/mTOR
pathway, PF: Pulmonary fibrosis.
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Figure 7: Zbtb16 silencing alleviated T-B1-I mice LEC fibrosis by blocking PAmT-P. (a and b) The PAmT-P-related protein and collagen
I, Fn, and o-SMA protein expression levels in mice LECs were measured through Western blot. (¢) The TNF-o, IL-6, and IL-1f
concentrations in mice LEC culture medium supernatant were detected by ELISA. n = 3; *P < 0.05; **P < 0.01; ***P < 0.001. Zbtb16: Zinc
finger and BTB domain containing 16, NC: Negative control, AKT: Protein kinase B, p-AKT: Phosphorylated AKT, mTOR: Mammalian
target of rapamycin, p-mTOR: Phosphorylated mTOR, PAmT-P: PI3K/AKT/mTOR pathway, Fn: Fibronectin, o.-SMA: o.-smooth muscle
actin, LEC: Lung epithelial cell, TNF-o:: Tumor necrosis factor-o, IL-6: Interleukin 6, IL-1f: Interleukin 1f, ELISA: Enzyme-linked
immunosorbent assay.

To understand the protective mechanism of Zbtb16 silencing
on BL-I PF mice and T-PB1-I mice LECs, we mined the data in

GEO. KEGG and GESA predicted that Zbtb16 might regulate
BL-I PF in mice through PAmT-P. PAmT-P is the main
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pathway that mediates cell survival by inhibiting apoptosis
and stimulating cell proliferation.”” Previous studies have
confirmed that PAmT-P is closely related to the development
of PEP2 Activation of PAmT-P can reduce autophagy,
increase the apoptosis of alveolar epithelial cells, promote
the expression of fibrosis markers, o-SMA expression, and
EMT, and accelerate fibrosis.”>*! Here, we assessed the
expression of PAmT-P-related proteins in BL-I PF mice and
T-B1-I mice LECs, and we found that PAmT-P in the BL-I
PF mice model and T-f1-1 LEC model was visibly activated.
By contrast, Zbtb16 silencing could block PAmT-P in the
BL-I PF mice model and T-B1-I LEC model. The results
depicted in Figures 5 and 6 further illustrate the functional
relationship between Zbtb16 silencing and PAmT-P pathway
inhibition. Specifically, the reduction in p-AKT and p-mTOR
levels in Zbtb16-silenced models highlights the direct impact
of this pathway on fibrosis progression. Moreover, the rescue
experiments with SC79, which partially restored fibrosis
markers and inflammatory cytokines, provided additional
evidence supporting the regulatory role of PAmT-P in
Zbtb16-mediated attenuation of fibrosis and inflammation.
These findings underscore the central role of this pathway
in mediating the protective effects of Zbtbl6 silencing.
SC79 could reverse the effect of TGF-f31+si-Zbtb16 on mice
LECs and increase the levels of fibrosis marker collagen I,
Fn, a-SMA, and inflammatory factors. All the above results
indicated that Zbtb16 silencing protected BL-I PF in mice by
inhibiting PAmT-P.

This study had certain limitations. First, it did not address
the association between Zbtb16 expression and clinical
characteristics in patient-derived samples. Second, although
numerous signaling pathways are involved in the progression
of PE, this study focused exclusively on the role of the PAMT-P,
particularly in the context of Zbtbl6 silencing. Finally,
the upstream signals regulating Zbtb16 expression and its
potential mechanisms were not thoroughly investigated.
These limitations represent key directions and objectives for
future research.

SUMMARY

Our research declared that ZBTB16 was dramatically
elevated in the mouse model of BL-I PF and cell model of
T-P1-I LEC fibrosis. Zbtb16 silencing mitigated BL-I PF in
mice by inhibiting PAmT-P. Zbtb16 might be a promising
biomarker for PF potential or adjuvant treatment in the
future.
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ABBREVIATIONS

BLF: Bronchoalveolar lavage fluid

BL-I: Bleomycin-induced

Co-IP: Co-immunoprecipitation

DMEM: Dulbecco’s modified eagle medium

ECM: Extracellular matrix

ELISA: Enzyme-linked immunosorbent assay

Fn: Fibronectin

GEO: Gene expression omnibus

GESA: Gene set enrichment analysis

H&E: Hematoxylin and eosin

IHC: Immunohistochemistry

IL: Interleukin 6

KEGG: Kyoto encyclopedia of genes and genomes
LECs: Lung epithelial cells

mTOR: Mammalian target of rapamycin

NC: Negative control

p-AKT: Phosphorylated AKT

PAmT-P: PI3K/AKT/mTOR pathway

PF: Pulmonary fibrosis

p-mTOR: Phosphorylated mTOR

RT-qPCR: Reverse transcription quantitative polymerase
chain reaction

SPF: Specific pathogen-free

TNF-o: Tumor necrosis factor-o

TUNEL: Terminal deoxynucleotidyl transferase dUTP nick-
end labeling

T-B1-I: TGF-P1-induced

Zbtb16: Zinc finger and BTB domain containing 16
o-SMA: o-Smooth muscle actin
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