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Background: Qingre Sanjie Jiaonang (QRSJ) is a single herbal preparation from Senecio scandens Buch.-Ham.ex D. Don which has
been proved to have anti-inflammatory and antioxidant effects. QRSJ has been used in treating upper respiratory tract inflammation
and acute bronchitis in China for nearly twenty years.

Purpose: This study aims to explore the potential effects of QRSJ in alleviating pulmonary fibrosis (PF) and its mechanisms.
Study Design and Method: A mouse model of PF was induced by intratracheal injection of Bleomycin (BLM, 5 mg/kg), followed
by different doses of QRSJ administration (0.5 g/kg, 1.0 g/kg) for 28 days. The lung tissues were collected and prepared for
Hematoxylin-Eosin (H&E) staining to observe the pathological changes, while Masson staining was for determining collagen
production. RNA sequencing (RNA-seq), flow cytometry and immunofluorescence experiments were employed to investigate the
impact of QRSJ on the immune microenvironment. The expression levels of IL-1f, IL-6, CXCL15 (mouse homologue of human IL-8),
and TNF-a in the bronchoalveolar lavage fluid (BALF) and serum of mice were observed. Besides, the levels of high mobility group
protein B1 (HMGBI1), an inflammatory and profibrotic mediator, in the BALF, serum and lung tissues of mice were also detected.
Results: The mouse model of PF was successfully established by checking the pathological examinations. With QRSJ intervention,
BLM-induced destruction of alveolar structure and inflammatory cell infiltration were alleviated. H&E results further revealed that the
administration of BLM and QRSJ had no impact on kidney histological structure of mice. Meanwhile, QRSJ inhibited the deposition
of collagen, decreased the expression of fibronectin and lumican. Next, QRSJ treatment improved immune cell infiltration in the lung,
along with the down-regulation of CD45 and Ly6G, and led to a decrease in the immune cell count in BALF. Furthermore, QRSJ
alleviated the release of inflammatory factors, including NE, IL-1p, IL-6, CXCL15, and TNF-a. Besides, QRSJ significantly reduced
the level of proinflammatory cytokine HMGBI.

Conclusion: This study demonstrated the benefits of QRSJ in improving the pathological abnormalities in a PF model, revealing the
new potential of the old drug. It should be attributed to the regulation of abnormal immune microenvironment and HMGBI release.
Future efforts should focus on its specific pharmacological mechanisms and clinical outcomes.
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Introduction
Pulmonary fibrosis (PF) is characterized by excessive deposition of extracellular matrix (ECM), superabundant prolif-
eration of myofibroblasts, and exorbitant remodeling of lung tissue structure.' Several decades of research have
contributed to a better understanding of its pathogenesis, though only two drugs, Nintedanib and Pirfenidone, thus far
have shown treatment efficacy by slowing the decline of lung function.*” Emerging efforts continue to explore new
agents for treating PF, most notably the use of old drugs.

Traditional Chinese medicine is a medical treasure that Chinese people have used for thousands of years, and it has
played an important role in preventing and treating serious lung diseases.® ® Qingre Sanjie Jiaonang (QRSJ) is a single
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herbal preparation extracted from Senecio scandens Buch.-Ham.ex D. Don, which contains a large number of valuable
compounds, including flavonoids, alkaloids, phenolic acids, terpenes, and polysaccharides.”'® QRSJ has been clinically
used in the treatment of upper respiratory tract inflammation and acute bronchitis in China for nearly two decades. Its
herbal composition, Senecio scandens Buch.-Ham.ex D. Don, has been proved to have anti-inflammatory and antioxidant
effects.'”

Chronic inflammation is the key feature of PF and is driven by both innate and adaptive immune responses.
During the PF development, various immune cells and activated fibroblasts secrete various pro-inflammatory cytokines

11-13

and chemokines, thereby perpetuating the inflammatory response and contributing to the recruitment and activation of
more immune cells and fibroblasts.'*'> The balance between pro-inflammatory and regulatory immune cell subsets, as
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well as the interactions between immune cell types and resident cells within the lung microenvironment, ultimately
determines the extent of fibrosis and the potential for resolution.'®!¢!”7

High mobility group protein B1 (HMGBI) is a recognized mediator and culprit of cascade inflammatory damage and
fibrosis.'®2° It is a nonhistone nuclear protein that has multiple functions according to its subcellular location. After its
active secretion or passive release, extracellular HMGBI1 usually acts as a damage-associated molecular pattern (DAMP)
molecule, regulating inflammation and immune responses through different receptors or direct uptake.?'* In recent
years, we found that HMGB1 was a potential therapeutic target for PF, down-regulated expression of which was
associated with inhibited proliferation of profibrotic myofibroblasts and reduced protein levels of ECM.** ¢ Other
researchers have also confirmed the key role of HMGBI in renal fibrosis, liver fibrosis, and myocardial fibrosis.?’ >
These results all support that HMGBI is a key regulator in fibrotic diseases. However, it is unclear whether QRSJ can
affect the process of lung injury and PF, and the role of HMGBI1 during QRSJ treatment is also a mystery to be
discovered. To explore the effects of QRSJ in PF, we conducted the first study to investigate its role in pathologic

changes of lungs and HMGBI1 level in a PF mouse model.

Materials and Methods

Materials

Bleomycin was purchased from Laiboten Pharmaceutical (Haerbin, China). Enzyme-linked immunosorbent assay
(ELISA) Kits for tumor necrosis factor (TNF)-a (Cat # E-EL-M3063), IL-6 (Cat # E-EL-M0044), CXCL15 (mouse
homologue of human IL-8, Cat # E-EL-M0269), HMGBI1 (Cat # E-EL-M0676), IL-1B (Cat # E-EL-M0037) and NE
(Cat # E-EL-M3025) were purchased from Elabscience (Wuhan, China). Qingre Sanjie Jiaonang was purchased from
Hunan Tianji Caotang Pharmaceutical Co. Anti-CD45 (Cat # ab40763), and anti-Neutrophil elastase (NE, Cat #
ab131260) were purchased from Abcam (Cambridge, USA). Anti-HMGBI1 (Cat # bs-0664R) was purchased from
Bioss Biotechnology (Beijing, China). Anti-Ly6G (Cat # 65078) and anti-Lumican (Cat # 10677-1-AP) were
purchased from Proteintech (Wuhan, China). Alexa Fluor 488 Goat anti-mouse IgG (H+L) Secondary Antibody
(Cat # A11001) and Alexa Fluor 594 Goat anti-Rabbit IgG (H+L) Secondary Antibody (Cat # A11037) were
purchased from ThermoFisher Scientific (Waltham, MA). Hematoxylin-Eosin (H&E) stain kit (Cat # G1120) and
Masson’s trichrome stain kit (Cat # G1340) were purchased from Solarbio Science & Technology Co., Ltd (Beijing,
China).

Establishment of PF Model

Eight-week-old male C57BL/6 mice were placed in a pathogen-free environment, and adaptively fed for one week
before the in vivo experiments. The mice were randomly divided into five groups: normal group, Bleomycin (BLM,
5 mg/kg) group, QRSJ 0.5 g/kg group, QRSJ 1 g/kg group, and Nintedanib (50 mg/kg) group, with 5 mice in each
group. BLM group, QRSJ 0.5 g/kg group, QRSJ 1 g/kg group and Nintedanib group were injected with BLM into
the trachea at one time to reproduce the PF model. BLM was dissolved in 0.9% sodium chloride injection with
a volume of 1.6 mL just before use. The normal group was given 0.9% sodium chloride instead. All mice injected
with BLM or saline were rotated upright immediately after BLM injection so that the liquid could be evenly
distributed in the whole lungs. Since the next day of modeling, mice in QRSJ 0.5 g/kg group, QRSJ 1 g/kg group,
and Nintedanib group were given 0.5 g/kg, 1 g/kg QRSJ and 50 mg/kg Nintedanib by intragastric administration,
respectively. The mouse dose of QRSJ 0.5 g/kg group is translated from the recommended daily dose for adults
according to “equivalent dose ratio table of human and animal body surface area”. The animal experimental protocol
was in accordance with the Guidelines for the Care and Use of Experimental Animals issued by the National
Institute of Health, and approved by Zhejiang University Laboratory Animal Welfare and Ethics Review Committee
(No. ZJU20240288).

All intragastric drugs were prepared in suspension of experimental concentration in 0.5% sodium carboxymethyl
cellulose. Mice in normal group and BLM group were given 0.5% sodium carboxymethyl cellulose in the same way
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every day. On the 28th day after modeling, the lung tissues, bronchoalveolar lavage fluid (BALF), serum and kidney
tissues of the mice were collected, while other tissues were not.

H&E Staining

The left lobes of lung tissues and kidney tissues of the mice were collected and fixed in 10% formaldehyde solution for
two days, then dehydrated, embedded in paraffin, and cut into 5 pm thick slices using a microtome, and stained with the
H&E kit. The slices were dewaxed in xylene twice for 5-10 min each time. A series of ethanol (100%, 95%, 85%, 75%)
was used to rehydrate the slices with 3 min per gradient. Then, the slices were soaked in distilled water for 2 min, stained
nucleus with Hematoxylin Solution for 2—10 min and rinsed in running tap water. Subsequently, the slices were
differentiated with Differentiation Solution for 10—-60s, rinsed with tap water twice for 3—5 min each, and re - dyed
with Eosin Solution for 10s to 2 min. Finally, the slices underwent dehydration, clearing and sealed with resin. The
images were observed and collected under an optical microscope. The Ashcroft score®® was applied to assess the fibrosis
of the lungs.

Masson Staining

The paraffin-embedded lung tissues were cut into 5 um thick slices using a microtome, and stained with the Masson’s
trichrome stain kit. The slices were dewaxed to distilled water, stained with Weigert’s Iron Hematoxylin Solution for
5-10 min, washed with distilled water to remove excess stain, differentiated with Acid Differentiation for 5-10s, and
washed with distilled water for 30s again. Then, the slices were stained with Bluing Solution for 3—5 min, rinsed in
distilled water for 30s, stained with Ponceau-Acid Fuchsin Solution for 5-10 min and rinsed with Weak Acid Working
Solution for 30s. Subsequently, the slices were differentiated in Phosphomolybdic Acid Solution for 1-2 min and stained
with Aniline Blue Solution for 1-2 min. Finally, the slices underwent dehydration, clearing and sealed with resin. The
images were observed and collected under an optical microscope. The staining results were that collagen fibers were
dyed blue, while muscle and elastic fibers were dyed red.

Enzyme-Linked Immunosorbent Assay (ELISA)

BALF and serum were extracted from the mice. All of the samples were centrifuged at 3000 rpm for 10 min, and then the
liquid supernatant was collected to detect the level of TNF-a, IL-6, CXCLI15, IL-1B, NE and HMGBI1 by using ELISA
kits according to the kit instruction.

Immunofluorescence Staining

Immunofluorescence staining for CD45 (1:100), Ly6G (1:100), NE (1:70), Lumican (1:200), and HMGBI1 (1:100) was
carried out. The slices were deparaffinized and rehydrated. Antigen retrieval was conducted in a pH 9.0 EDTA buffer,
utilizing a water bath maintained at 100 °C for 20 min. The slices were incubated in 3% hydrogen peroxide solution at
room temperature for 15 min away from light. Subsequently, slices were blocked with 3% goat serum for 30 min at room
temperature, and then incubated with the primary antibody overnight at 4 °C. Sections were washed thrice with PBS and
subsequently incubated with poly-HRP secondary antibody of the corresponding species at room temperature for 20 min
away from light. Cell nuclei were stained with DAPI for 10 min. Finally, the tissue sections were sealed, and the images
were observed and collected by fluorescence microscope.

BALF Analysis by Flow Cytometry

The lung tissues of mice were infused with ice-cold PBS and washed three times. The total number of BALF cells was
detected, and the BALF cells were incubated with anti-mouse CD45-AF700 and Ly6G-PE/Cy7 in PBS. The number of
immune cells was determined by Fluorescence-activated cell sorting (FACS) analysis.

Realtime-Quantitative Polymerase Chain Reaction (RT-qPCR)
The lung tissues were subjected to mRNA extraction using Trizol reagent. Subsequently, the extracted mRNA was reverse
transcribed into cDNA and amplified using Hi Script ® Il qRT Super Mix (Vazyme, China). Real-time fluorescent quantitative
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PCR analysis was conducted on a Bio-Rad sequence detection system using Taq Pro Universal SYBR qPCR Master Mix
(Vazyme, China). The Nanjing GenScript Company synthesized the primers (mouse Collagen-1 (Colla): forward 5'-
GCTCCTCTTAGGGGCCACT-3" and reverse 5-ATTGGGGACCCTTAGGCCAT-3"; mouse Hmgbl: forward 5'-
GCTGACAAGGCTCGTTATGAA-3"and reverse 5-CCTTTGATTTTGGGGCGGTA-3’; mouse Fibronectin (Fnl): forward
5'-ATGTGGACCCCTCCTGATAGT-3'and reverse 5'-GCCCAGTGATTTCAGCAAAGG-3'; mouse GAPDH: forward 5'-
AGGTCGGTGTGAACGGATTTG-3"and reverse 5-GGGGTCGTTGATGGCAACA-3") according to the GenBank serial
number. PCR reaction conditions were strictly followed: 95 °C for 5 min initially, then 55 cycles. Each cycle included 95 °C
for 10s and 60 °C for 30s. In order to compare the relative gene expression levels, the Ct value of the gene was calculated through
the 274" method.

RNA Sequencing (RNA-Seq) Analysis

Total RNA was obtained from mouse lung tissue by employing Trizol, chloroform, and isopropanol, and subsequently
quantified by Nanodrop (Thermo, USA) with 1 uL. The construction of an RNA library involves several steps: purifying
and fragmenting mRNA, synthesizing the first strand of cDNA, synthesizing the second strand of cDNA, performing end
repair, adenylating the 3’ ends, ligating adapters, and enriching DNA fragments. NovaSeq 6000 (Illumina, USA) was
used to sequence. The RNA-seq data has been uploaded to the NCBI website (www.ncbi.nlm.nih.gov), and the
BioProject number is PRINA1209374.

Statistical Analyses

All data were shown as the mean + standard deviation (SD). Statistical analysis was performed by SPSS 26.0 software.
The difference among multiple groups was performed by one-way analysis of variance (ANOVA), followed by using
a post hoc LSD test or Games-Howell test. Column graphs were drawn using RStudio. Statistical significance was set at
*p < 0.05, **p < 0.01, and ***p < 0.001.

Results
Effects of QRS] on the Pathological Changes of PF

In order to investigate the intervention effects of QRSJ on PF, we used QRSJ to intervene in BLM-induced mice
(Figure 1A), and observed the effects of QRSJ on BLM-induced pathological changes in lung tissues. In the BLM
induced mice, it was confirmed that the alveolar structure was obviously destroyed at 28 days after BLM modeling.
Meanwhile, the inflammatory cells were infiltrated, and the alveolar intervals were significantly thickened. These
pathological features suggest the success of PF model. After different doses of QRSJ intervention, BLM-induced
abnormal changes were reversed (Figure 1B and C). In addition, we have collected mice kidney tissues of each group.
H&E results revealed that the administration of BLM and QRSJ had no impact on kidney histological structure of mice
(Figure 1D). It indicated that QRSJ improved the pathological changes of experimental PF without affecting the kidney.

Effects of QRS) on Collagen Production

Collagen deposition is one of the main characteristics of fibrotic diseases.’'* In order to investigate the effect of QRSJ
on collagen secretion (one of the main components of the ECM), Masson staining was used to observe its effects on
BLM-induced mice. In the BLM-induced groups, different degrees of alveolar structure destruction and collagen
expression (blue regions) were observed in mice. Compared with the BLM group, collagen expression in the QRSJ
groups was significantly reduced, and the degree of PF was alleviated (Figure 2A and B). Besides, RT-qPCR was used to
observe the mRNA expression of Col/la and Fnl. Immunofluorescence staining was employed to observe the expression
of lumican, as another marker protein of ECM deposition. The results showed that after administration of QRSJ, the
expression levels of Colla, Fnl, and lumican were significantly decreased compared with the BLM group (Figure 2C—F).
It indicated that QRSJ could inhibit the production of collagen and reduce the degree of fibrotic injury.
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Figure | Effects of QRS] on the pathological changes in mice with PF. (A) Schematic diagram of in vivo experimental modeling and grouping. (B) Image of H&E staining of the
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QRSYJ Alleviated PF Through Affecting Immune Microenvironment

RNA-seq is a recently developed approach to transcriptome profiling that uses deep-sequencing technologies.™ In this study,
RNA-seq was further performed on the lung tissues of mice in normal group, BLM group and BLM + 1 g/kg QRSJ group.
Compared with normal group, there were a total of 30273 differential mRNAs, of which 16238 were up-regulated and 12666
were down-regulated in BLM group (Figure 3A). Compared with BLM group, there were a total of 30273 differential mRNAs,
of which 13107 were up-regulated and 15594 were down-regulated in BLM-+QRSJ group (Figure 3B). A total of 77 differential
mRNAs were disturbed in BLM group and were reverted after the intervention of QRSJ, which were shown in the venn diagram
and cluster analysis (Figure 3C). GSEA enrichment analysis was further performed on differential genes from BLM + QRSJ
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group vs BLM group. It was found that pathways closely related to immune response and inflammatory response were widely
enriched in TOP pathways (Figure 3D). These results indicated that QRSJ alleviates PF by affecting the immune
microenvironment.
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differential MRNAs from BLM+QRSJ group vs BLM group.
In fibrotic lung tissue, there is usually an infiltration of immune cells, particularly neutrophils.'’>* To investigate whether

attenuated BLM-induced immune cell infiltration in a dose-dependent manner (Figure 4A). Similar to these results, we

indicating an inflammatory response to BLM. QRSJ administration significantly inhibited the expression of CD45 and

Figure 3 QRS] alleviated PF through affecting immune microenvironment. (A and B) Volcano plot of differential mRNAs of group BLM group vs normal group or BLM+QRS]

QRSJ improves immune cell infiltration in lung tissue, we conducted immunofluorescence experiments to observe the
expression of CD45 and Ly6G. Mice in the BLM group showed high levels of immune cell infiltration into lung tissues,

QRSJ Improved Immune Cell Infiltration Induced by BLM
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Figure 4 QRSJ improved immune cell infiltration induced by BLM. (A) Immunofluorescence staining was performed, with imaging for CD45 (green), and staining with DAPI
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also found that compared with the normal group, BLM significantly increased the expression of Ly6G and induced
neutrophil infiltration in lung tissues; whereas compared with the BLM group, the expression of Ly6G in the QRSJ+BLM
group was reduced (Figure 4B). Besides, The number of immune cells in the BALF of the PF mice increased
dramatically, while those of the 0.5 g/kg and 1 g/kg QRSJ group decreased (Figure 4C and D). The QRSJ down-
regulated the number of neutrophils (Figure 4E and F). Moreover, the total cells in the BALF of the PF mice increased
markedly, and it was reduced in the QRSJ group (Figure 4G). These data suggested that QRSJ improves immune cell
infiltration induced by BLM.

QRSYJ Alleviated the Release of Inflammatory Factors During the Progression of PF
NE is a major inflammatory protease released by neutrophils and is present in the airways of patients with cystic fibrosis,
chronic obstructive pulmonary disease, non-cystic fibrosis bronchiectasis, and bronchopulmonary dysplasia.’
Considering that QRSJ inhibited the infiltration of neutrophils in lung tissue, we next evaluated the effect of QRSJ on
NE. Immunofluorescence experiments confirmed that QRSJ improved the distribution of NE in lung tissue during the
progression of PF (Figure 5A and B). Similarly, QRSJ down-regulated the level of NE in serum of mice (Figure 5C).
These results further confirmed the potential impact of QRSJ on neutrophils. To explore the impacts of QRSJ on
inflammatory cytokines, we detected typical cytokines in the BALF and serum of mice, such as IL-1f, IL-6, TNF-a, and
CXCL15. The BLM group showed significantly high levels of inflammatory cytokines. However, administration of QRSJ
effectively reduced the levels of cytokines contrasted with the BLM group (Figure SD-I). These results indicated that
QRSJ alleviated the release of inflammatory factors during the progression of PF.

Effect of QRSJ on HMGBI Expression

As a danger signal molecule, HMGBI has the function of proinflammation and is closely involved in diverse fibrotic
diseases, including renal fibrosis, liver fibrosis, and PF. Besides, different intervention approaches to inhibit HMGB1
release or its related signaling can reverse the experimental models of fibrotic diseases. Here, we found that the
expression of HMGB1 in BLM group was markedly increased when compare to normal group (Figure 6A and B).
Whereas QRSJ could significantly reduce the expression levels of HMGBI1 in BALF, serum, and lung tissues when
compare to BLM group (Figure 6C—E). It suggests that the protective effect of QRSJ may be due to the regulation of
HMGBI release and its pro-fibrotic process.

Discussion

PF occurs in a variety of clinical settings, constitutes a major cause of morbidity and mortality, and represents an enormous
unmet medical need. It is characterized by abnormal multi-source proliferation of fibroblasts, as well as the overproduction,
deposition, and disorganized degradation of collagen and other ECM. It remains a refractory and complex lung disease that
can eventually lead to fatal lung failure, has a poor prognosis, and still lacks effective treatment strategies. Pirfenidone and
nintedanib are approved for the treatment of PF based on their ability to slow functional decline and disease progression.>®~
3% However, they do not offer a cure and are associated with tolerability issues.

Traditional Chinese medicines are generally used clinically to treat various diseases and have a significant effect. In
this study, BLM was injected into the trachea to replicate the mouse model of PF, and the potential effects and potential
mechanism of QRSJ on PF were elucidated. QRSJ was then demonstrated to alleviate the pathological changes and
inhibit abnormal collagen production. These results confirm that QRSJ may be a therapeutic drug for PF. However, due to
the complexity of the components in traditional Chinese medicine formulas, the anti-PF effects of QRSJ are very likely
the result of synergistic actions through multiple targets and pathways.

Many studies have reported that cytokine and growth factor signaling pathways play important roles in fibroblast
accumulation, differentiation and collagen production. Fibroblast and immune cell crosstalk has emerged as a critical process
in promoting an efficient wound healing response.®* Wound healing is regulated via overlapping immune responses associated
with migration and proliferation of various cell types, the deposition of ECM and tissue remodeling.***! In this study, we
found that QRSJ significantly affected the immune microenvironment of lung tissue, particularly by inhibiting neutrophil
infiltration. Furthermore, QRSJ inhibited the expression of IL-1p, IL-6, CXCL15 and TNF-a in the BALF and serum of mice.
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Figure 5 QRS alleviated the release of inflammatory factors during the progression of PF. (A) Immunofluorescence staining was performed, with imaging for NE (red), and
staining with DAPI for nucleus (blue). Scale bar, 50 um or 20 um (Zoom). (B) Quantitative analysis of the mean fluorescence intensity of NE (n = 3). (C) The effect of QRS)
on the levels of NE in serum in different groups using ELISA (n = 5). (D-F) The effect of QRS] on the levels of CXCLI5, IL-1 and TNF-a in BALF in different groups using
ELISA (n = 3). (G) The effect of QRS on the levels of IL-6 in serum in different groups using ELISA (n = 5). (H) The effect of QRSJ on the levels of CXCLI5 in serum in
different groups using ELISA (n = 4). (I) The effect of QRSJ on the levels of TNF-a in serum in different groups using ELISA (n = 5). The data is presented as mean * SD, *p <
0.05, **p < 0.0l and ***p < 0.00] by one-way ANOVA. ns represents no significant difference.
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These results indicate that QRSJ primarily improves PF by affecting the immune microenvironment in the lung tissue. Many
studies show that neutrophils play an important role in the continuous progression of both acute and chronic respiratory
diseases.*” ™ Particularly, NE is a major inflammatory protease released by neutrophils and is present in the airways of
patients with cystic fibrosis, chronic obstructive pulmonary disease, non- cystic fibrosis bronchiectasis, and bronchopulmon-
ary dysplasia.’ Interestingly, we found that QRSJ significantly reduced the proportion of neutrophils in lung tissue, as well as
the content of NE. This suggests to some extent that QRSJ may primarily exert its role in regulating the immune

microenvironment by affecting the function of neutrophils.
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To our knowledge, HMGBI, an injury-related model molecule, is essential for predicting disease progression in many
diseases.***® HMGBI also plays an important role in the occurrence and development of PF.?° Thus, inhibition of
HMGBI should represent a possible intervention strategy for PF. QRSJ has been clinically used for upper respiratory
tract inflammation, acute bronchitis and other diseases.'® There is no evidence to clarify whether QRSJ has a protective
effect on PF and whether it plays a role in regulating the release of HMGBI, a mediator of lung injury and PF. In this
study, QRSJ was then demonstrated to reduce the release of HMGB1 in the BALF, serum and lung tissues in mice with
PF. We confirmed for the first time that QRSJ has ameliorative effects on PF, and its mechanism may be related to
inhibiting collagen secretion and regulating excessive release of inflammatory factor HMGBI1 (Figure 7). This study
provides certain theoretical value and clinical significance to elucidate the lung protection role of QRSJ and gives full
play to the advantages of traditional Chinese medicine in treating PF.

However, there are many other interesting points to address. First of all, this pilot study only explored that QRSJ may
improve PF by regulating the release of HMGB1, and whether other mediators and downstream signals of HMGBI1 are
involved in the regulatory mechanism is unclear. Further in vitro researches focusing on the mechanism and drug efficacy
are needed. Secondly, in order to further verify its role, it is intended to collect cases of PF in the clinic and adopt the
treatment scheme of combined QRSJ to explore its improvement effects on the symptoms and indicators of PF. Thirdly,
as glucocorticoids are still the main drugs in the clinical treatment of PF, whether QRSJ combined with glucocorticoids is
better than the effects of glucocorticoids in the treatment of PF is still unclear. Fourthly, HMGB1 may be used as
a therapeutic protein for PF, and the future exploration and development of new monoclonal antibodies or inhibitors of
HMGBI1 may provide novel ideas for the diagnosis and treatment of the fibrotic diseases.

Conclusion

In summary, this study demonstrated the benefits of QRSJ in improving the pathological abnormalities in a PF model,
revealing the new potential of the old drug. It should be attributed to the regulation of abnormal immune microenviron-
ment and HMGBI1 release. Future efforts should focus on its specific pharmacological mechanisms and clinical

outcomes.
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