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Background: Pulmonary fibrosis (PF) is a chronic and progressive interstitial lung disease. Histone deacetylases (HDACs) play
a crucial role in the onset and development of PF. Changes in HDACs 1–10 expression levels occur during PF development, and
their specific roles remain unclear. Therefore, we elucidated changes in the gene and protein levels of HDACs 1–10. Furthermore,
we selectively knocked downHDAC2 to explore the molecular mechanism underlying the regulatory role of HDAC2 in epithelial-
mesenchymal transition (EMT) during the development of PF.
Methods: Lewis lung carcinoma (LLC) cells were stimulatedwith transforming growth factor-β1 (TGF-β1) (5 ng/mL) to establish
a lung fibrosis cell model. Additionally, C57BL/6 mice received bleomycin through single intratracheal instillation at a 3.5 mg/kg
volume, diluted in 0.7 mL saline. Furthermore, EMT-related gene and protein expression levels were assessed using quantitative
PCR (qPCR) and Western blotting, respectively.
Results: We observed that HDAC2 expression levels were significantly increased in both the in vitro and in vivo PF models.
HDAC2 knockdown significantly decreased the expression levels of fibrosis indicators such as collagen type I (Col-I) and collagen
type IV (Col-IV), and EMT indicator α-smooth muscle actin (α-SMA) was observed. Conversely, it increased the expression
of EMT indicator E-cadherin (E-cad). Hematoxylin and eosin (H&E) and Masso staining revealed that HDAC2 knockdown
substantially reduced the degree of pulmonary fibrosis. These findings suggest that lowering HDAC2 expression inhibits EMT
and reduces PF. Moreover, in a TGF-β1-induced lung fibrosis cell model, HDAC2 knockdown significantly reduced epithelial
growth factor receptor levels, which inhibited mitogen-activated protein kinases (MAPK) signaling and decreased the protein
expression of p38 and c-Jun N-terminal kinase (JNK).
Conclusions: HDAC2 knockdown effectively impedes EMT and diminishes PF severity, impacting the JNK/p38MAPK signaling
pathway, which may serve an inhibitory function.
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Background

Pulmonary fibrosis (PF) is a progressive intersti-
tial disease of the lung tissue. PF involves epithelial-
mesenchymal transition (EMT) and the proliferation and
activation of myofibroblasts [1]. This disease has an un-
clear etiology and extremely poor prognosis, with a median
survival of less than three years after diagnosis [2]. Treat-
ing PF is challenging, and the World Health Organization
classifies it as a difficult-to-treat lung disease [3].

Histone deacetylases (HDACs), important gene regu-
latory factors in many biological processes [4], constitute a
class of proteases. In normal physiological conditions, his-

tone acetylation and deacetylation processes within the nu-
cleus are balanced through histone acetyltransferase (HAT)
and HDACs [5]. HDACs have been associated with the
onset and progression of PF [6]. The development of fi-
brosis in many organs, including heart, kidney, lung, and
liver, has been closely linked to EMT [7]. Transforming
growth factor-β1 (TGF-β1) is crucial in inducing EMT fi-
brosis site [8]. Class I and II HDACs may promote fi-
brosis progression, whereas class III may exert a nega-
tive regulatory effect. For example, significantly elevated
HDAC1-5 and HDAC8 protein expressions have been re-
ported in renal tubular epithelial cells of TGF-β1-treated
rat and a rat model of renal fibrosis, with HDAC2 ex-
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hibiting particularly substantial upregulation [9]. In TGF-
β1-treated human skin fibroblasts, silencing of HDAC1-
8 using a small interfering RNA (siRNA) technique re-
vealed impaired TGF-β1-induced α-smooth muscle actin
(α-SMA) expression when HDAC4, HDAC6, and HDAC8
were silenced [10]. Furthermore, HDAC4 silencing in the
skin fibrosis cell model has been shown to significantly
reduce α-SMA expression and inhibit TGF-β1-mediated
EMT, suggesting the strongest fibrogenic effect of HDAC4
among HDAC1-8. Sirtuin (SIRT) 6, a member of class III
HDACs, has been reported to inhibit bleomycin-induced
EMT in mouse lungs [11]. Additionally, histone deacety-
lase inhibitors (HDACi) have been reported to have poten-
tial antifibrotic effects in the liver, skin, and heart. Several
factors, including TGF-β1, activate p38/c-Jun N-terminal
kinase (JNK), and the p38/JNK mitogen-activated protein
kinases (MAPK) signaling pathway, play an important role
in stress responses such as inflammation and apoptosis [12].

Class I and II HDACs play significant roles in or-
gan fibrosis. For example, overexpression of HDAC3 has
been found to promote renal fibrosis [13], and upregulation
of HDAC6 expression has been observed in cardiac fibro-
sis [14]. However, the changes in HDACs 1–10 expres-
sion levels and their role in the development of PF have
not been investigated [15]. Additionally, the predominant
HDAC involved in the development of PF and its underly-
ing mechanisms remain undetermined [16]. Therefore, this
study aimed to explore changes in the expression levels of
HDACs 1–10 during the development of fibrosis using lung
fibrosis cell and lung fibrosis animal models. Furthermore,
we assessed changes in fibrosis and EMT markers follow-
ing relevant HDAC knockdown. Finally, we also inves-
tigated the involvement of the JNK/p38 MAPK signaling
pathway in PF.

Materials and Methods

Treatment of LLC Cells
Lewis lung carcinoma (LLC) cell line is widely used in

investigating lung diseases and EMT progression [17]. We
obtained an LLC cell line from Pricella (CL0140, Wuhan,
China). The cell line was cultured in PMI-50210 culture
medium supplemented with 1% penicillin-streptomycin
(PM150210, Pricella, Wuhan, China) and 10% fetal bovine
serum (164210-50, Pricella, Wuhan, China) and incubated
in a humidified environment at 37 °C and 5% CO2. The
cell cultures were examined for contamination using my-
coplasma testing and authenticated utilizing short tandem
repeat (STR) analysis. Moreover, EMT was induced in
these cells utilizing TGF-β1 (5 ng/mL). Cell treatment with
TGF-β1 followed a previously described protocol [18].

In Vitro Experiment
The cells were randomly divided into various

groups as follows: LLC and LLC+TGF-β1 groups, and

LLC, virus, HDAC2 virus, TGF-β1+virus, and TGF-
β1+HDAC2 virus groups. Each set of experiments was
repeated three times. Cells were exposed to 5 ng/mL of
TGF-β1 based on their respective groups. After 24 hours
of incubation, total protein was extracted from the cells and
underwent quantification. Moreover, the initial cell density
was 5 × 105, and the final collected cell density was 1 ×
106.

In Vivo Experiments
Thirty C57BL/6 mice (half males and half females),

aged 6–8 weeks and weighing 19–22 g, were randomly
divided into Normal group (NC), virus, HDAC2 virus,
bleomycin (BLM)+virus, and BLM+HDAC2 virus groups,
each comprising 6 mice. They were housed in a controlled
environment at 25 °C with a 12-hour dark/light cycle. Fur-
thermore, they were provided standard chow for 7 days be-
fore the experiments and had free access to water.

Twelve mice were randomly divided into NC and
NC+BLM groups, with equal representation of males and
females in each group. The NC received 0.7 mL of saline
through trachea instillation. However, the BLM group of
mice received bleomycin at a dose of 3.5 mg/kg per mouse,
diluted in 0.7 mL saline, and delivered through the tra-
chea instillation. After 28 days of modeling, mice were
anesthetized to death with 3% sodium pentobarbital (150
mg/kg). lung tissues were surgically excised for PCR and
WB analyses to determine changes in gene transcript and
protein levels of class I and II HDACs (HDAC1–10) ex-
pression in lung tissues of both groups. This analysis aimed
to validate whether the findings were consistent with those
observed in the in vitro experiments.

After this, C57 mice (n = 30) were randomly divided
into the following groups (each comprising 6mice): the NC
group (administered with a single tracheal instillation of 0.7
mL saline), the Virus group (received an injection of 50 µL
of control interfering virus), the HDAC2 virus group (re-
ceived an injection of 50 µL of HDAC2 control interfering
virus), the BLM+virus group (administered with 3.5 mg/kg
bleomycin diluted in 0.7 mL saline and delivered through
single intratracheal instillation followed by an injection of
50 µL control interfering virus), and the BLM+HDAC2
virus group (administered with 3.5 mg/kg bleomycin di-
luted in 0.7 mL of saline and delivered through single in-
tratracheal instillation followed by an injection of 50 µL
HDAC2 control interfering virus). After 28 days of model-
ing, mice were anesthetized to death with 3% sodium pen-
tobarbital (150 mg/kg). These lung tissues underwent var-
ious analyses, including H&E staining, Masson staining,
hydroxyproline content of mouse lung tissues, immunoflu-
orescence staining, Western blot analysis, to determine the
levels of α-SMA, E-cadherin (E-cad), CoI-Ⅰ, and CoI-Ⅳ,
and quantitative PCR (qPCR) to assess the mRNA expres-
sion of α-SMA, E-cad, CoI-Ⅰ, and CoI-Ⅳ. The success rate
of our experiment was 86%.
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All mice received proper care, following the animal
laboratory guidelines [19]. The study design was approved
by the Animal Ethics Committee of Guizhou Medical Uni-
versity, China (No. 2101491) on 8 August 2021.

Specimen Collection and Histopathological and
Immunohistochemical Examination

Tissues were collected and underwent dehydration in a
biological tissue dehydrator and subsequently washed. Af-
ter this, they were embedded in paraffin and processed for
histological examination. For this purpose, tissues were
sectioned into 3 µm thick slices to assess pulmonary fi-
brosis using hematoxylin and eosin (H&E) and Masson’s
trichrome stain [20]. Finally, the stained tissue slices were
examined utilizing a microscope (ECLIPSE Ts2, Nikon,
Tokyo, Japan) to determine the extent of fibrosis.

Quantitative PCR
The expression levels of HDAC2 and fibrogenesis-

related genes were evaluated using qPCR. β-actin was em-
ployed as an endogenous control. For this purpose, to-
tal RNA was extracted using TRIzol (15596026CN, In-
vitrogen, Shanghai, China). RNA concentration was as-
sessed using a spectrophotometer [21] and subsequently
converted into cDNA using a HiScript II reagent Kit (R223-
01, VAZYME, Nanjing, China) with a gDNA eraser. More-
over, qPCR was performed using a SYBR Green qPCR kit
(Q111-02, VAZYME, Nanjing, China) and gene-specific
primers following the manufacturer’s instructions. The ex-
pression levels of target genes were determined using the
2−∆∆Ct method [22].

The primers used in qPCR were as follows: β-actin
positive strand, CACGATGGAGGGGCCGGACTCATC;
Mus β-actin negative strand, TAAAGACCTCTATGC-
CAACACAGT; Mus HDAC2 positive strand, GATG-
GAGAAGACCCGGACAA; HDAC2 negative strand,
TGGGGTCTGTTTTCTCACCA. Mus a-SMA positive
strand, CTTCGCTGGTGATGATGCTC, Mus a-SMA neg-
ative strand, GTTGGTGATGATGCCGTGTT; Mus E-cad
positive strand, ACTTTGGTGTGGGTCAGGAA; Mus
E-Cad negative strand, CACATGCTCAGCGTCTTCTC;
Mus Col-1 (collagen I) positive strand, CCTGGCAAA-
GACGGACTCAAC; Mus collagen type I (Col-I)
negative strand, GCTGAAGTCATAACCGCCACTG;
Mus collagen type IV (Col-IV ) positive strand, AAGGA-
CAAATCGGACCCACT; Mus Col-IV negative strand,
AAGCCCATTCCTCCAACTGA.

Western Blotting
Following TGF-β1 stimulation and BLM induction,

total protein was extracted from the cells and mice tis-
sues. After centrifugation (12,000 rpm) at 4 °C for 10
minutes, protein content was quantified in the resultant su-
pernatant utilizing a BCA kit (P0011, Beyotime, Shang-
hai, China) [23]. A 40 µg protein sample was resolved

on Tris-Base 5% protein gels (17296, Invitrogen, Shang-
hai, China) and subsequently transferred onto polyvinyli-
dene difluoride (PVDF) membranes. The membrane was
blocked with 5% skimmed milk at room temperature for 1
hour and washed with TBST. After this, membrane was in-
cubated overnight with primary antibodies, including anti-
β-actin (1:500, BM0627, Boster, Wuhan, China), anti-α-
SMA (1:1000, AF1032, Affinity, Liyang, China), anti-
E-cad (1:1000, AF0131, Affinity, Liyang, China), anti-
collagen-I (1:1000, AF7001, Affinity, Liyang, China), anti-
collagen-IV (1:1000, AF0510, Affinity, Liyang, China), or
anti-HDAC2 (1:1000, AF6470, Affinity, Liyang, China) at
4 °C. The next day, the membrane was incubated with HRP-
labeled sheep anti-rabbit secondary antibody (1:10,000,
AF0131, Affinity, Liyang, China) [24]. After washing,
protein bands on the membranes were visualized utiliz-
ing chemiluminescent reagents and observed using a UVP
imaging system (Gelodoc-it2310, Thermo Fisher Scientific
Inc., Upland, CA, USA). Finally, protein bands were quan-
tified and analyzed using Image J software (version 1.48 v;
National Institutes of Health, Bethesda, MD, USA). Impor-
tantly, each immunoblot experiment was replicated three
times.

Virus Target Screening
Three siRNA plasmids targeting HDAC2 mRNA,

including Hdac2-mus-231, Hdac2-mus-1021, and Hdac2-
mus-1428, were designed and constructed. These
expression vectors were transfected into LLC cells, and
fluorescence was observed with a fluorescence microscope
after 48 hours [25]. LLC cells were seeded into 6-well
plates and incubated overnight. The cells were allowed to
adhere to the culture plate walls and were infected with
siRNA plasmids. The culture medium was changed 2
hours before infection, and the virus was added at a ratio
of 1:50 of the multiplicity of infections (MOI). Reverse
transcription qPCR was performed 48 hours after infection.
Each experiment was repeated three times [26]. The
primers used in qPCR were as follows: HDAC2 positive
strand, 5′-GATGGAGAAGACCCGGACAA-3′; HDAC2
negative strand, 5′-TGGGGGTCTGTTTTCTCACCA-3′
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
positive strand, 5′-ATGGGTGTGAACCACGAGA-
3′; and GAPDH negative strand, 5′-
CAGGGGATGATGTTCTGGGGCA-3′.

Finally, the constructed adenoviral vector was trans-
fected into cells at an MOI of 50. After this, 50 µL of the
transfected cells were injected into each mouse for HDAC2
knockdown.

Statistical Analyses
Statistical analyses were performed using GraphPad

Prism 9.0 (GraphPad Software, San Diego, CA, USA). The
differences between the two groups were compared using
a t-test, and multiple group comparisons were conducted
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using a one-way analysis of variance (ANOVA) [27]. Sta-
tistical significance was defined as *p < 0.05, **p < 0.01,
***p < 0.001, and ****p < 0.0001.

Results

TGF-β1 and BLM-Induced EMT Leading to
Pulmonary Fibrosis

The induction of EMT and pulmonary fibrosis by
TGF-β1 and BLM was verified through in vivo and in vitro
experiments utilizing LLC cells and C57BL/6mice, respec-
tively. Markers of EMT and fibrosis were assessed in cells
and lung tissues. After TGF-β1 treatment, the protein ex-
pression level of the epithelial cell marker E-cad was signif-
icantly reduced in LLC cells during the EMT transition of
pulmonary fibrosis. In contrast, the protein expression level
of the mesenchymal cell marker α-SMA was significantly
increased (Fig. 1A, p < 0.0001). The protein expression
levels of Col-I and Col-IV were increased in LLC cells after

TGF-β1 stimulation (Fig. 1B,C, p < 0.0001 for Col-I and
p < 0.01 for Col-Ⅳ). These findings suggest that TGF-β1
markedly promotes EMT in LLC cells. Additionally, BLM
treatment facilitated changes in EMT and pulmonary fibro-
sis markers in mice (Fig. 1D–F).

Effects of Pulmonary Fibrosis on the Expression of
HDAC1-10

The expression levels of HDACs were compared be-
tween TGF-β1-treated and untreated LLC cells. HDAC2
gene expression was found to be significantly higher than
the other HDACs (Fig. 2A). To validate whether HDAC2
is the target gene, we compared mRNA and protein expres-
sion levels of HDACs between control (untreated) mice and
those treated with BLM (3.5 mg/kg) for 28 days. We ob-
served a significant reduction inHDAC4, HDAC5, HDAC7,
and HDAC9 mRNA and protein levels in BLM-treated
mice compared to the control group. In contrast, HDAC1,
HDAC2, HDAC3, HDAC6, HDAC8, and HDAC10 mRNA

Fig. 1. The cell model of pulmonary fibrosis was established by treating LLC cells with TGF-β1 (5 ng/mL). C57BL/6 mice were
intratracheally instilled with bleomycin to induce pulmonary fibrosis. (A) Protein levels of the EMT indicators, E-cad, and α-SMA were
observed using WB. Expression levels of target genes were normalized to β-actin. (B,C) Protein levels of type I and type II collagens,
which are indicators of fibrosis, were assessed usingWB. (D–F) C57 mice were intratracheally instilled with bleomycin (3.5 mg/kg), and
their lung tissues were collected after 28 days to evaluate the gene and protein expressions of EMT indicators and pulmonary fibrosis.
Each experiment was independently replicated three times and the data were presented as means± SD; n = 3/group; **p< 0.01, ****p<
0.0001. EMT, epithelial-mesenchymal transition; LLC, lewis lung carcinoma; TGF-β1, transforming growth factor-β1; Col-I, collagen
type I; Col-IV, collagen type IV; NC, Normal group; E-cad, E-cadherin; α-SMA, α-smooth muscle actin; WB, Western blotting; SD,
standard deviation.
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Fig. 2. Changes in histone deacetylases (HDACs) 1–10 during the epithelial-mesenchymal transition in pulmonary fibrosis. (A)
Changes inHDAC1–10mRNA levels (assessed using qPCR) induced by TGF-β in LLC cells. (B–D)HDAC 1–10mRNA levels (assessed
using qPCR) and protein levels in control and bleomycin (BLM)-treated mice detected by qPCR (B) and Western blot analysis (C,D).
The data were presented as means± SD, n = 3/group, *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001, ns stands for no significant
difference. qPCR, quantitative PCR.

and protein expression levels were increased. Importantly,
the expression level of HDAC2 was comparatively higher
than the other HDACs (Fig. 2B–D). Hence, HDAC2 was
selected as the target for subsequent analysis.

Efficiency of Adenovirus Interference with HDAC2
after Infection of LLC Cells

The impact of HDAC2 on pulmonary fibrosis was as-
sessed by three specific interference fragments: Hdac2-
mus-231, Hdac2-mus-1021, and Hdac2-mus-1428. Each
interference fragment was individually transfected into
LLC cells. After 48 hours, green fluorescent protein ex-
pression was detected in LLC cells, accompanied by cellu-
lar rounding and partial fusion, indicating successful infec-
tion (Fig. 3A). The efficiency of adenovirus interference on
HDAC2 expression in LLC cells was analyzed using qPCR.
HDAC expression levels in Hdac2-mus-231-infected LLC
cells were significantly lower than those in Hdac2-mus-
1021 or Hdac2-mus-1428 infected cells or non-transfected
control LLC cells (Fig. 3B). These results indicate the suc-
cessful suppression of HDAC2 expression in LLC cells by
Hdac2-mus-231 interference fragment.

Effects of Changes in HDAC2 on EMT and PF

After stimulation of LLC cells with TGF-β1, a sig-
nificant reduction in HDAC2 expression was observed due
to gene disruption. Subsequently, we evaluated the mRNA
and protein levels of EMT and fibrosis markers. Knock-
down of HDAC2 expression attenuated the changes in EMT
and fibrosis markers induced by TGF-β1 in LLC cells. Par-
ticularly, the increased expression levels of α-SMA, Col-
I, and Col-IV stimulated by TGF-β1 were significantly re-
duced in cells infected with Hdac2-mus-231, while the de-
creased expression of E-cadherin induced by TGF-β1 was
significantly increased in cells infected with Hdac2-mus-
231 (Fig. 4A–C).

The results of H&E staining from BLM-treated C57
mice are shown in Fig. 4G. Lung tissues ofmice treatedwith
BLM showed elevated presence of myofibroblasts and col-
lagen fibroblasts compared to the control group. Moreover,
disruption of alveolar structure, fusion of alveoli, widening
and thickening of alveolar septa, and significant peri-airway
changes were detected in the BLM-treated mice but not in
the control group. Reducing the expression of HDAC2 ef-
fectively attenuated the signs of pulmonary fibrosis. Mas-
son trichrome staining (Fig. 4G) showed fibrotic tissue in
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Fig. 3. The construction of an interfering virus targeting HDAC2 and infection of LLC cells for target screening. (A) LLC cells
were infected with Hdac2-mus-231, Hdac2-mus-1021, and Hdac2-mus-1428 interfering fragments. After 48 hours, the expression levels
of green fluorescent protein were observed through fluorescence microscopy, indicating pathological effects. (B) Infection with Hdac2-
mus-231, Hdac2-mus-1021, and Hdac2-mus-1428 interfering fragments significantly decreased HDAC2 gene expression in LLC cells.
Comparatively, Hdac2-mus-231 infection resulted in a more pronounced decrease in HDAC gene expression. ****p < 0.0001.

the lungs of BLM-treated mice, characterized by the for-
mation of continuous fibrotic septa and deposition of blue
collagen fiber. Moreover, after knocking down HDAC2 ex-
pression, a significant reduction in the area of fibrotic fibers
was found.

These findings indicate that reducing HDAC2 signif-
icantly inhibits EMT and reduces the degree of pulmonary
fibrosis. Therefore, we inferred that HDAC2 plays a neg-
ative regulatory role in EMT and pulmonary fibrosis. Fur-
thermore, the expression levels of α-SMA, E-Cad, Col-I,
and Col-IV in lung tissues after HDAC2 knockdown were
analyzed using qPCR and WB. The findings from in vivo
experiment were consistent with those from in vitro analy-
sis (Fig. 4D–F). These findings indicate that HDAC2 pro-
motes EMT, and inhibiting the expression of HDAC2 can
impede EMT and suppress the development of pulmonary
fibrosis.

The changes in hydroxyproline levels in cells and lung
tissue are shown in Fig. 4H,I. After stimulation with TGF-
β1, the content of hydroxyproline in cells and mice signif-
icantly increased compared to the Virus group. Knocking
down the expression of HDC2 can reduce the content of
hydroxyproline in LLC cells and mouse lung tissue, and al-
leviate the degree of pulmonary fibrosis.

Knockdown of HDAC2 Reduced EGFR Synthesis
and Inhibited p38/JNK MAPK Signaling

We explored the regulatory role of HDACs in the
p38/JNK signaling pathway during pulmonary fibrosis de-
velopment. Our findings showed that diminishing HDAC2
expression led to a decrease in the upregulation of epider-
mal growth factor receptor (EGFR), JNK, and p38, which
was initially induced by TGF-β1 in LLC cells (refer to
Fig. 5A,B). Additionally, HDAC2 knockdown resulted in
a reduction of the elevated levels of phosphorylated JNK
and p38, also induced by TGF-β1 in LLC cells (refer to
Fig. 5C,D).

Discussion

The study investigated the role of class I and II
HDACs in organ fibrosis [28]. For example, the overex-
pression of HDAC3 has been shown to promote renal fibro-
sis [29], and the upregulation of HDAC6 is linked to cardiac
fibrosis [30]. However, the changes and underlying molec-
ular mechanisms of HDACs 1–10 in the pathogenesis of
pulmonary fibrosis remain unclear. We identified HDAC2
as the predominant HDAC involved in the development of
pulmonary fibrosis. This study aimed to investigate the role
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Fig. 4. Decreased HDAC2 expression suppresses pulmonary fibrosis induced by TGF-β1 or BLM. (A–C) In a cell model of pul-
monary fibrosis induced by TGF-β1, knocking down HDAC2 expression suppresses EMT and inhibits the development of fibrosis.
(D–F) Reduced HDAC expression attenuated the changes in EMT and fibrosis-associated markers induced by BLM. (G) Lung tissue
sections were stained using hematoxylin and eosin (H&E) and Masson’s trichrome stain, and images were captured using a light micro-
scope. The original magnification was ×200. Hematoxylin and eosin staining showed significant muscle and collagen fibroblasts in the
lung tissue of BLM-treated mice but not in the control groups. Knocking down HDAC2 expression attenuated the alveolar thickening and
pulmonary fibrosis development induced by BLM. Masson staining showed significant pulmonary fibrosis induced by BLM, indicating
continuous fibrosis intervals. Knocking down HDAC2 expression significantly reduced the fibrotic area. Changes in hydroxyproline
levels in cells and lung tissue (H,I). The data were presented as means ± SD, n = 3/group, *p < 0.05, **p < 0.01, ***p < 0.001, ****p
< 0.0001, ns indicates no significant difference.

of HDAC2 in the development of lung fibrosis and deter-
mine the underlying mechanisms.

Among HDACs 1–10, HDAC2 exhibited the most
pronounced change in expression following TGF-β1 stim-
ulation in LLC cells. The role of HDAC2 in the develop-
ment of fibrosis was confirmed by a mouse model of BLM-

induced lung fibrosis. Furthermore, reducing HDAC2 ex-
pression inhibited the development of pulmonary fibrosis.
Reducing HDAC2 expression attenuated EMT and fibrosis
markers induced by TGF-β1 and BLM in cell and mouse
models of pulmonary fibrosis, respectively. SMA was re-
duced, the expression of E-cad was increased, and the ex-
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Fig. 5. Knocking down the expression of HDAC2 suppressed EGFR synthesis induced by TGF-β1 in vitro, thereby inhibiting
the JNK/p38 MAPK signaling pathway. (A,B) Changes in EGFR, JNK, and p38 proteins in response to knockdown of HDAC2 after
TGF-β1 stimulation in LLC cells. (C,D) Changes in phosphorylated JNK and p38 levels in response to knockdown of HDAC2 after
TGF-β1 stimulation in LLC cells. The data were presented as means ± SD, n = 3/group, *p < 0.05, **p < 0.01, ****p < 0.0001,
ns indicates no significant difference. EGFR, epidermal growth factor receptor; MAPK, mitogen-activated protein kinases; JNK, c-Jun
N-terminal kinase.

pressions of Col-I and Col-IV were reduced by HDAC
knockdown. These findings indicate that HDAC knock-
down reduces the synthesis of fibrotic collagen, thereby in-
hibiting lung fibrosis.

Mechanistically, there is a positive correlation be-
tween EGFR expression and the degree of lung fibrosis
[31]. Xiaochen Li et al. [32] demonstrated that TGF-β1
induces EGFR expression, stimulating fibroblast or my-
ofibroblast transformation through theMAPK/extracellular
regulated protein kinases (ERK) signaling pathway [29].
Recent studies have shown that HDAC2 knockdown in-
hibits EGFR synthesis and prevents downstream signaling
by downregulating JNK and p38 expression. Therefore, our
results indicate that TGF-β1 stimulates EGFR synthesis in
LLC cells, and HDAC2 knockdown inhibits EGFR synthe-
sis, thereby mitigating pulmonary fibrosis mediated by the
JNK/p38 MAPK signaling pathway. These novel findings
provide the basis for potential new treatments targeting pul-
monary fibrosis interstitial lung disease.

This study has several limitations that must be ad-
dressed in subsequent investigations. Although reduc-
ing HDC2 expression attenuates epithelial-mesenchymal
transition in pulmonary fibrosis and inhibits the JNK/p38

MAPK signaling pathway, additional aspects need com-
prehensive elucidation. For example, it remains unclear
whether the expression of HDAC2 affects the expression
of other HDACs, which may potentially impact pulmonary
fibrosis. Furthermore, this study only observed the ef-
fect of reducing HDAC2 expression on pulmonary fibrosis,
while it is unclear whether exogenous supplementation of
HDAC2 affects the progression of pulmonary fibrosis, and
the impact of abnormally elevated HDAC2 on pulmonary
fibrosis remains unclear. Our research group plans to ad-
dress all these questions in our future investigation to fur-
ther enhance our understanding.

Conclusions

We observed significant changes in HDAC expression
during the development of PF and identified the most pro-
nounced changes in HDAC2. Furthermore, our findings
demonstrate that HDAC2 knockdown can effectively in-
hibit EMT and attenuate PF. These findings highlight the
significance of HDAC2 as a novel therapeutic target for in-
terstitial lung disease associated with PF.
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