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Background
Pulmonary fibrosis is a chronic lung disease character-
ized by defective pulmonary structural remodeling [1]. 
This remodeling includes excessive irregular fibrous tis-
sue deposition in the extracellular matrix, increased 
numbers of senescent cells, and loss of normal gas 
exchange function [2]. Pulmonary fibrosis affects approx-
imately 5  million patients worldwide, and its incidence 
has sharply increased in recent years due to the COVID-
19 pandemic [3]. A meta-analysis revealed that patients 
who survive severe COVID-19 infection are at risk of 
developing pulmonary fibrosis disease [4]. Moreover, 
severe pulmonary fibrosis disease cases have a mortal-
ity rate of 50% annually, with a median survival rate of 3 
years after diagnosis.
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Abstract
Background  Pulmonary fibrosis is characterized by the destruction of normal lung tissue and then replacement 
by abnormal fibrous tissue, leading to an overall decrease in gas exchange function. The effective treatment for 
pulmonary fibrosis remains unknown. The upstream pathogenesis of pulmonary fibrosis may involve cellular 
senescence of the lung tissue. Previously, a new gene therapy technology using Box A of the HMGB1 plasmid (Box A) 
was used to reverse cellular senescence and cure liver fibrosis in aged rats.

Methods  Here, we show that Box A is a promising medicine for the treatment of lung fibrosis. In a bleomycin-
induced pulmonary fibrosis model in the male Wistar rats, Student’s t-test and one-way ANOVA were used to compare 
groups of samples.

Results  Box A effectively lowered fibrous tissue deposits (from 18.74 ± 0.62 to 3.45 ± 1.19%) and senescent cells (from 
3.74 ± 0.40% to 0.89 ± 0.18%) to levels comparable to those of the negative control group. Moreover, after eight weeks, 
Box A also increased the production of the surfactant protein C (from 3.60 ± 1.68% to 6.82 ± 0.65%).

Conclusions  Our results demonstrate that Box A is a promising therapeutic approach for pulmonary fibrosis and 
other senescence-promoted fibrotic lesions.

Keywords  Idiopathic pulmonary fibrosis, DNA damage, DNA stability, DNA protection, Box a of HMGB1, Youth-DNA-
gap, Senescence, Rejuvenation, Gene therapy
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Currently, scientists can identify many pathways 
responsible for developing pulmonary fibrosis [5]. Cellu-
lar senescence has been identified as a common cause of 
pulmonary fibrosis [6–8]. The accumulation of senescent 
cells of various cell types in the tissue leads to dysfunc-
tion of multiple normal tissue functions and results in 
excessive production of fibrous tissue, impaired fibrous 
tissue clearance, decreased proliferation of alveolar cells 
and/or endothelial cells, and prolonged aggregation of 
inflammatory cells. Ultimately, pulmonary fibrosis can 
develop [9, 10]. Currently, the pharmacological targets 
for pulmonary fibrosis include epigenetic alterations, 
antifibrogenic agents, fibrolysis agents, and senolytic 
agents [11–13]. However, effective treatments for pulmo-
nary fibrosis are lacking.

For the last decade, our group has studied a new gene 
therapy for aging, the Box A portion of the high mobility 
group Box 1 (Box A of HMGB1 or Box A) protein. Box A 
provides DNA protection and increases genomic stability 
[14]. Having functions as molecular scissors, Box A pro-
duces youth-DNA-gaps to relieve DNA torsional stress 
due to DNA double helix denaturation during replication 
and transcription. Our group has already utilized Box 
A to treat liver fibrosis in two animal models. We found 
that administering Box A significantly reduced not only 
senescent cells but also liver fibrosis to a level comparable 
to that of the control group [14].

Therefore, Box A could be a novel therapeutic agent 
for treating pulmonary fibrosis. In this study, we investi-
gated the ability of Box A to alleviate bleomycin-induced 
pulmonary fibrosis in a rat model. We used this model 
because the rat that received bleomycin had been shown 
to develop the pulmonary fibrosis with the pathogen-
esis and histopathology that mirror those of its human 
counterpart. These findings demonstrate the potential of 
Box A for treating pulmonary fibrosis and can be devel-
oped into a new treatment for other senescence-induced 
fibrotic diseases.

Methods
Plasmid construction and preparation
In this study, we used the full-length human Box A 
sequence of HMGB1 and a scrambled sequence for the 
plasmid control (PC). The plasmids were subsequently 
transformed into Escherichia coli (DH5α) (Invitrogen), 
specifically, NEB® 5-alpha competent E. coli (New Eng-
land BioLabs). Transformed cells were grown on LB agar 
supplemented with ampicillin or chloramphenicol for 
all plasmid selection. The selected colony was then cul-
tured in LB broth supplemented with 100  µg/ml ampi-
cillin and incubated on an incubator shaker at 37  °C for 
16  h. The plasmids were then extracted via a GeneJET 
Plasmid Maxiprep Kit (Thermo Fisher Scientific) accord-
ing to the manufacturer’s instructions. Sequence fidelity 

was confirmed by Sanger sequencing. The full length of 
human HMGB1 DNA sequence used during the current 
study is available in the GenBank Nucleotide Repository, 
accession number: BT020159.

Nanoparticle construction and preparation
To deliver the plasmids into the rat model, each type of 
plasmid was coated with a Calcium-Phosphate (Ca-P) 
nanoparticle mixture before administration. Our team 
prepared the solution at the maximal effective concen-
tration [14–15]. The highest effective plasmid to Ca-P 
nanoparticle solution ratio for transfection was 5  µg 
of plasmid in 100  µl of Ca‐P nanoparticle solution. The 
Ca‐P nanoparticle solution was composed of a mixture 
of 0.5 M calcium chloride (CaCl2) solution (Merck Mil-
lipore), 0.01  M sodium carbonate (Na2CO3) solution 
(Merck Millipore), and 0.01 M sodium dihydrogen phos-
phate monohydrate (NaH2PO4·H2O) solution (Merck 
Millipore). The final molar ratio of the CO3

2−/PO4
3− 

nanoparticle solution was 31:1. We followed these steps 
to mix the solutions. First, the plasmid DNA‐calcium 
complex was prepared by mixing 16 µl of CaCl2 solution 
and 5 µg of plasmid DNA, with the final volume adjusted 
to 50 µl via sterile dH2O, and the mixture was maintained 
at room temperature. Second, the plasmid DNA‐calcium 
complex was added to 50 µl of a mixture of Na2CO3 and 
NaH2PO4·H2O solution (16 µl) and sterile dH2O (34 µl). 
The final solution contained CaPO4/plasmid DNA 
nanoparticles as intended. For the rat model, each plas-
mid type was calculated based on the rat body weight 
(100 µg of plasmid DNA per kg of rat body weight). After 
calculating the solution, the plasmid DNA was coated 
with the Ca‐P nanoparticle solution described above. 
Finally, the plasmid DNA‐Ca‐P nanoparticle mixture was 
freshly prepared before intraperitoneal administration.

Animal disease models and therapeutic diagram
All animal procedures were reviewed and approved 
by the Animal Care and Use Committee, Medical Fac-
ulty, Chulalongkorn University, Thailand, Approval No. 
032/2564. We use G*Power program version 3.1.9.7 to 
calculate the sample size for this study [16]. We reference 
the results from recent studies to calculate an appropriate 
sample size [14, 17–20]. The effect size from the equation 
[effect size = (Mean1-Mean2)/SDpooled]. The effect size 
equals 0.36 [14]. The result from the G*Power program 
suggests that we use at least 36 rats for the total sample 
size. Then we divided into six equal groups of 6 rats for 
this experiment.

Thirty-six male Wistar rats (6–8 weeks of age) were 
purchased from Nomura Siam International, Bangkok, 
Thailand. After one week of acclimatization, all the ani-
mals were housed in a temperature-controlled cham-
ber (25 ± 0.5  °C) with a 12:12‐hour light/dark cycle with 
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a standard diet, and sterilized water was provided ad 
libitum. All the rats were monitored daily and weighed 
weekly until they reached the desired weight and age. 
The rats were included in this study and given the indi-
vidual code only when they reached the desired weight 
of 300–350 g. The rats of the desired weights were ran-
domly assigned using random number generator to sub-
groups by a laboratory technician who was blinded to 
the characteristics of the rats. Thirty-six male Wistar rats 
were used in this study and were randomly assigned to 
six subgroups (Fig. 1). For the use of Bleomycin injection, 
we studied the previously published experiment using 
Bleomycin as the agent for inducing the pulmonary fibro-
sis in the rat [21–23].

For the blinding procedure, the first investigator, who 
labels the rat and gives the individual code, is the only 
one who knows the treatment allocation, the second 
investigator assists with the anesthetic procedure, and 
the third investigator helps with blood collection and 
organ collection.

After acclimatization and the animal coding, normal 
saline solution (NSS) or bleomycin was intraperitone-
ally administered on Day 0, thrice weekly, and stopped on 

Day 21 or after nine doses into the vehicle control or the 
disease model group, respectively. 

1.	 6-week Vehicle Control group: six rats were given 
NSS as mentioned earlier. Fourteen days later, the 
PC-calcium phosphate (100 µg/kg) was administered 
intraperitoneally (i.p.) once every week for six weeks 
(Day 35, 42, 49, 56, 63, and 70, the injections being 
designated at the same time points as groups 2–3).

2.	 6-week Disease Model group: As mentioned above, 
six rats were given bleomycin (15 mg/kg). Fourteen 
days later, we intraperitoneally administered the 
PC-calcium Phosphate (100 µg/kg) once every week 
for six weeks.

3.	 6-week Treatment Group: six bleomycin-given 
rats were intraperitoneally administered with Box 
A-calcium phosphate (100 µg/kg) once every week 
for six weeks.

4.	 8-week Vehicle Control group: six NSS-injected 
rats were intraperitoneally given the PC-calcium 
phosphate (100 µg/kg) once every week for 8 
weeks (Day 35, 42, 49, 56, 63, 70, 77, and 84, the 

Fig. 1  Schematic diagrams of bleomycin-induced pulmonary fibrosis treatment in a rat model. The rats were given either bleomycin (15 mg/kg/dose, 
i.p.) or normal saline solution (NSS) at 3 doses/week for 3 weeks, allowed to rest for 2 weeks, and then given either Box A plasmid-calcium-phosphate 
nanoparticles (Box A) (100 µg/kg/week, i.p.) or plasmid control (PC)-calcium-phosphate nanoparticles (100 µg/kg/week, i.p.), and the injections were 
continued for either 6 or 8 weeks
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administrations being designated at the same time 
points as groups 5–6).

5.	 8-week Disease Model group: six bleomycin-induced 
rats were intraperitoneally given the PC-calcium 
phosphate (100 µg/kg) once every week for 8 weeks.

6.	 8-week Treatment Group: six bleomycin-induced 
rats were intraperitoneally given the Box A-calcium 
phosphate (100 µg/kg) once every week for 8 weeks.

All rats in groups 1–3 and 4–6 were euthanized on Days 
77 and 91, respectively.

Detection of blood chemistry and complete blood count
Blood samples from all the rats were collected at the 
beginning of the acclimatization period, before bleo-
mycin/normal saline was administered, before plas-
mid/treatment was administered, and just after 
euthanization. The blood samples were collected and 
shipped to the Pathology Laboratory Department, 
Small Animal Hospital, Faculty of Veterinary Medi-
cine, Chulalongkorn University, for analysis of the 
complete blood count and glucose, creatinine, total 
protein, albumin, globulin, alanine transaminase, alka-
line phosphatase, C-reactive protein, and blood urea 
nitrogen (BUN) levels. All the blood samples for the 
complete blood count were measured via a ProCyte Dx 
analyzer (IDEXX, USA. All blood samples for blood 
chemistry were measured via a Catalyst One Chemis-
try analyzer (IDEXX, USA).

Animal euthanization method
The euthanization method is reviewed and approved 
by the CHULALONGKORN UNIVERSITY ANIMAL 
CARE AND USE PROTOCOL (CU-ACUP) commit-
tee. Detailed euthanization procedure is as follow. At 
the time point of interest, the appointed rat is sedated 
first by carefully masked with isoflurane (5% mixed 
with room air) until observed relaxed muscle tone then 
continue using an Isoflurane (5% mixed with room air) 
exposure at a flow rate of 3.5 L/min until one minute 
after observed that the breathing had stopped. Anes-
thetic depth is monitored and assessed every minute 
by observed respiration, muscle tone, pupil, and reflex 
(such as tail pinch). Then, verify death by an absence of 
cardio-vascular function for one minute continuously.

SA-β‐Gal staining
After euthanization, the rat tissues were immediately 
dissected and fixed in a fresh fixative buffer; for the 
SA-β‐Gal (senescence-associated- beta-galactosidase) 
staining method, lungs were fixed in 4% paraformalde-
hyde (PFA) before being embedded in optimal cutting 
temperature (OCT) compound (Sakura, Tissue‐Tek) 
and cryosectioned at a thickness of 10  μm. After 

rehydration of the lung sections in PBS for 10 min, the 
sections were subjected to SA‐β‐gal staining via a Cell 
Signaling Kit (9860, Beverly, MA, USA) with 15‐min of 
fixation followed by incubation at 37 °C in the staining 
solution for at least 12 h. Images of the sections were 
captured via a Leica DM1000 inverted microscope 
with a color camera. SA‐β‐gal in lung sections was 
quantified. The images were analyzed via densitome-
try. ImageJ software (open source) was used to analyze 
the area with SA‐β‐Gal staining.

Histopathological analysis
After euthanization, the rat tissues were immediately 
dissected and fixed in the fresh fixative buffer. For 
Masson’s trichrome staining, lungs were fixed in 10% 
neutral buffered formalin for less than 48 h, processed 
into paraffin blocks, and cut into 5-µm sections. The 
slides were subjected to Masson’s trichrome staining 
according to standard procedures for histopathologi-
cal analysis. The Masson trichrome-stained slides were 
captured via a Leica DM1000 inverted microscope 
with a color camera. The images were evaluated for 
fibrous tissue accumulation and degree of fibrosis in 
the lung according to the standard histopathological 
analysis of pulmonary fibrosis. ImageJ software (open 
source) was used to analyze the densitometry of the 
fibrotic tissue.

Immunohistochemistry (IHC) staining
After euthanization, the rat tissues were immediately 
dissected and fixed in the fresh fixative buffer. For IHC 
staining, lungs were fixed in 10% neutral buffered for-
malin for less than 48 h, processed into paraffin blocks, 
and cut into 5-µm sections. The immunohistochem-
istry (IHC) procedure was as follows: deparaffinized 
at 65  °C for 15  min, rehydrate in descending alcohol 
series, rinse with hydrogen peroxide, rest for antigen 
retrieval in 10 mM sodium citrate buffer (pH 6.0) at 
100 °C for 20 min, rinse with PBS, and then block with 
2% FBS. Then, the sections were incubated with either 
(1:50) rabbit anti-SFTPC antibody (ABC99, Abcam®) 
or (1:500) rabbit anti-DYKDDDDK tag (FLAG) anti-
body (#14793, Cell Signaling) at room temperature 
overnight. Afterwards, the slides were rinsed with 
PBS and incubated with an HRP-linked anti-rabbit 
IgG antibody (7074 V, Cell Signaling®) at 30 °C for 1 h. 
Then, the slides were washed with PBS and incubated 
with ABC solution at 30 °C for 30 min. The slides were 
then washed in PBS, incubated with DAB substrate 
(Merck®) at room temperature for 10  min, and then 
rinsed with tap water. Moreover, hematoxylin was used 
to counterstain slides with an anti-DYKDDDDK tag. 
However, none of the anti-SFTPC slides were counter-
stained. Finally, the sections were captured via a Leica 
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DM1000 inverted microscope with a color camera. 
The images were analysed via densitometry to quan-
tify immunohistochemical staining in lung sections. 
ImageJ software (open source) was used to analyze the 
area with positive staining.

Statistics
The data were analyzed for their distribution before 
the appropriate analysis tools were selected. Stu-
dent’s t-test was used to compare two sets of samples 
and one‐way ANOVA was used to compare multiple 
groups of samples. Statistical analyses were performed 
with GraphPad Prism V9.5 for Windows (GraphPad 
Software, Inc.).

Results
Effectiveness of Box A in reducing senescence in 
bleomycin-induced pulmonary fibrosis
Thirty-six male Wistar rats were included and random-
ized in this experiment. After treating rats with bleo-
mycin-induced pulmonary fibrosis with Box A protein 
following our experimental protocol (Fig.  1), we eutha-
nized the rats, harvested the lung tissue for senescence-
associated beta-galactosidase staining, and analyzed the 
area of staining. We calculated the area of senescence for 
each group (Fig. 2). The groups that received NSS + plas-
mid control, bleomycin + plasmid control, or bleomy-
cin + Box A for 6 weeks exhibited senescence areas 
encompassing 0.36 ± 0.04%, 3.8 ± 0.19%, and 1.04 ± 0.21% 
(mean ± SD) of the total tissue area, respectively. The 

Fig. 2  The effect of Box A on cellular senescence in bleomycin-induced pulmonary fibrosis rats (n = 6). (2 A) SA-β-gal staining of rat lung sections. (2B) 
Quantitative analysis of images of SA-β-gal-stained rat lungs. The values represent the means ± SDs. ****p ≤ 0.0001 t-test

 



Page 6 of 10Patarat et al. BMC Pulmonary Medicine           (2025) 25:52 

groups that received NSS + plasmid control, bleomy-
cin + plasmid control, or bleomycin + Box A for 8 weeks 
exhibited senescence areas encompassing 0.35 ± 0.05%, 
3.74 ± 0.40%, and 0.89 ± 0.18% (mean ± SD) of the total tis-
sue area, respectively.

The calculated p-value of the differences between the 
groups treated with bleomycin + plasmid control for 6 
weeks and with bleomycin + Box A for 6 weeks were less 
than 0.01% (p-value < 0.0001). The calculated p-value of 
the differences between the groups treated with bleo-
mycin + plasmid control for 8 weeks and with bleo-
mycin + Box A for 8 weeks were also less than 0.01% 
(p-value < 0.0001).

We also collected blood samples from the rats after 
Box A was administered to treat the induced pulmo-
nary fibrosis (Supplemental Fig. 1). The Ca-P-coated Box 
A-producing plasmid was proved to reach the lung tis-
sue, enter the cells, and produce Box A as intended (Sup-
plemental Fig. 2).

Effectiveness of Box A in reducing fibrosis in bleomycin-
induced pulmonary fibrosis
We harvested the lung tissue for histopathological stain-
ing via Masson-Trichrome staining and analyzed the area 
of fibrous tissue deposits. We subsequently calculated the 
area of fibrosis for each group (Fig. 3). The fibrotic tissue 
areas of the rats in the NSS + plasmid control, bleomy-
cin + plasmid control, and bleomycin + Box A groups after 
6 weeks were 3.25 ± 0.97%, 18.60 ± 1.49%, and 3.58 ± 1.11% 
(mean ± SD) of the total area, respectively. For the groups 
that received NSS + plasmid control, bleomycin + plasmid 
control, or bleomycin + Box A for 8 weeks, the fibrotic 
areas were 3.05 ± 0.52%, 18.74 ± 1.66%, and 4.11 ± 1.36% 
(mean ± SD), respectively.

The calculated p-value of the differences between 
the groups treated with bleomycin + plasmid control 
for 6 weeks and with bleomycin + Box A for 6 weeks 
were less than 0.01% (p-value < 0.0001). The calcu-
lated p-value of the differences between the groups 
treated with bleomycin + plasmid control for 8 weeks 
and with bleomycin + Box A for 8 weeks were less than 
0.01%(p-value < 0.0001).

Effectiveness of Box A on surfactant protein C production 
in bleomycin-induced pulmonary fibrosis
After our treatment of bleomycin-induced pulmonary 
fibrosis in the rats with Box A protein following our 
experimental protocol, we sacrificed the rats and har-
vested the lung tissue for anti-sftpc (anti-surfactant pro-
tein C) immunohistostaining and analyzed the area of 
staining (Fig. 4). We calculated the area of surfactant pro-
tein C for each group as follows. The groups that received 
NSS + plasmid control, bleomycin + plasmid control, 
or bleomycin + plasmid control for 6 weeks exhibited 

surfactant protein C areas representing 13.71 ± 2.64%, 
3.44 ± 0.96%, and 2.52 ± 1.38% (mean ± SD) of the total 
tissue area, respectively. The groups that received 
NSS + plasmid control, bleomycin + plasmid control, 
or bleomycin + plasmid control for 8 weeks exhibited 
surfactant protein C areas representing 13.01 ± 1.55%, 
3.60 ± 1.68%, and 6.82 ± 0.65% (mean ± SD) of the total tis-
sue area, respectively.

The calculated p-value of the differences between 
the groups treated with bleomycin + plasmid control 
for 6 weeks and bleomycin + Box A for 6 weeks were 
26.06%(p-value = 0.2606). The calculated p-value of 
the differences between the groups treated with bleo-
mycin + plasmid control for 8 weeks and with bleomy-
cin + Box A for 8 weeks were 0.39%(p-value = 0.0039).

Discussion
Our research demonstrated that administering the Box 
A-producing plasmid to rats with bleomycin-induced 
pulmonary fibrosis significantly reduced the number 
of senescent cells and fibrotic deposit areas in the rat 
lung tissue within 6 to 8 weeks compared with those in 
the control group. The results also revealed a significant 
improvement in surfactant protein production, although 
this was seen at only the 8-week time point and did not 
ultimately return to baseline levels.

Regarding how Box A helps reduce senescence, our 
team has recently published research findings about the 
mechanism involved [14, 24–26]. To summarize, the 
administered plasmid produces a Box A portion of the 
HMGB1 protein, and these Box A proteins then spread 
throughout the cells. Some Box A transfers into the cell 
nucleus, promoting DNA stabilization, DNA stress relief, 
and DNA protection by DNA gap production. Once 
senescent cells or pre-senescent cells have received suf-
ficient Box A and achieved DNA stabilization, these cells 
reduce the DNA damage response and consequently 
emerge from the senescent state and return to normal.

Box A clearing fibrosis may be due to a reduction in 
the number of senescent cells. After Box A reversed 
the senescent phenotype, these cells began function-
ing normally. These rejuvenated cells include fibrocytes, 
fibroblasts, and tissue-specific macrophages. These 
cells create, organize, retain, and destroy fibrotic tissue 
[27–29]. The fibroblasts and fibrocytes usually create 
and re-arrange fibers into regular configurations when 
these cells function correctly. Senescent cells, how-
ever, organize connective tissue in the wrong direction, 
causing fibrosis. After the fibroblasts rejuvenate, they 
now produce only the correctly re-arranged fibers. The 
fibrous material degrades through normal cellular func-
tion. For example, fibrous is destroyed by tissue-specific 
macrophages. Senescent macrophages, on the other 
hand, cannot get rid of the fibrous properly. Therefore, 
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rejuvenating fibrocytes, fibroblasts, and tissue-specific 
macrophages would produce corrected connective tissue 
and abolish fibrosis.

With respect to the ability of Box A to promote surfac-
tant protein production, the rejuvenated cells include not 
only fibroblasts and macrophages inside the tissue, Box 
A also affects all cells, including epithelial cells and tissue 
progenitor cells [30–31]. When senescent epithelial cells 
rejuvenate, their protein-producing function returns to 

normal. Therefore, epithelial cells can re-produce normal 
surfactant protein [32–33]. Additionally, as progenitor 
cells return to normal, they enter the cell cycle and dif-
ferentiate to replace destroyed epithelial cells in the tissue 
[34]. Because cell division and cell differentiation require 
time, surfactant protein production is slower than rejuve-
nation and fibrosis clearance.

Regarding translating Box A as the treatment from 
the rat animal model to the treatment for human 

Fig. 3  Effect of Box A on fibrotic tissue deposits in bleomycin-induced pulmonary fibrosis rats (n = 6). Masson-Trichrome staining of rat lung sections 
(3 A). Quantitative analysis of pictures of Masson-Trichrome-stained rat lungs (3B). The values represent the means ± SDs. ****p ≤ 0.0001 t-test
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pulmonary fibrosis, we need to consider the pathogen-
esis of the disease so that Box A can offer an adequate 
treatment. The pulmonary fibrosis type that would ben-
efit from Box A would be the disease whose pathogen-
esis involves HMGB1-produced DNA gap reduction, 
such as prolonged DNA damages by drug or radiation or 
any cellular environments promoting HMGB1 release. 

If pathogenesis bypasses HMGB1-produced DNA gap 
reduction, Box A should not provide long-term ben-
efits. Nevertheless, Box A can be used to test a variety 
of etiologic factors, such as genetic defects of surfactant 
protein, an autoimmune disease, or idiopathic, or Post-
COVID-19 syndrome [35], and determine whether or not 

Fig. 4  The effect of Box A on surfactant protein C production in bleomycin-induced pulmonary fibrosis rats (n = 6). (4 A) Immunohistostaining with an 
anti-sftpc antibody in rat lung sections. (4B) Quantitative analysis of the images of immunohistostaining in the rat lung. The positive staining is the area 
with brown hue with some are clump up to form a darker brown spot (pointed by the black arrow). While the negative staining would be the area with 
transparent white as shown very prominent in the Bleomycin + PC group of both 6 and 8 week. The values represent the means ± SDs. *p ≤ 0.05
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youth-DNA-gap reduction is involved in the pathogen-
esis of the diseases.

Conclusions
As pulmonary fibrosis continues to be an incurable dis-
ease, finding or developing novel and effective treat-
ment is essential. Pulmonary fibrosis in humans has 
multiple etiologies. An examination of the effect of Box 
A gene therapy in treating bleomycin-induced pulmo-
nary fibrosis in a rat model revealed that Box A gene 
therapy could treat pulmonary fibrosis by reducing the 
number of senescent cells in the diseased tissue, reduc-
ing the fibrotic tissue area and increasing surfactant pro-
tein production and the abolishment of fibrous tissue 
due to rejuvenation confirmed that HMGB1-produced-
DNA-gap reduction-DNA damage-cellular senescence 
cascade is mainstream pathogenesis of the pulmonary 
fibrosis model. Also, this experiment shows that Box A is 
as effective as the previous two age-induced liver fibrosis 
experiments. Future clinical trials should test each type 
of pulmonary fibrosis disease and determine whether or 
not Box A will be a helpful remedy. Moreover, the abil-
ity of Box A to help rejuvenate senescent cells and help 
cure pulmonary fibrosis should be an example for future 
research and the development of new treatments for 
other pathogenesis driven by cellular senescence.
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