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Abstract
Introduction: Radiation-induced lung fibrosis (RILF) is a common complication of thoracic radiotherapy. Metformin has been
suggested to have a radioprotective effect.Objective: This study explored the radioprotective effects of metformin on RILF and
its mechanisms. Methods: C57BL/6J mice were randomly divided into control, ionizing radiation (IR), low-dose metformin
(L-Met), and high-dose metformin (H-Met) groups. The IR, L-Met, and H-Met groups received 15 Gy chest irradiation. The L-Met
and H-Met groups were administrated 100 or 200 mg/kg metformin from 3 days before irradiation and continued for 6 months.
The mice were then sacrificed, and samples were collected for further analysis. Results: RILF was induced in the irradiated mice.
Metformin improved lung pathology, inhibited collagen deposition, and reduced inflammatory factors such as high mobility group
box 1 (HMGB1), interleukin-1 beta, interleukin-6, tumor necrosis factor alpha in lung tissue, lavage fluid, and serum.Western blot
and quantitative real-time PCR analyses revealed that metformin downregulated HMGB1, toll-like receptor 4 (TLR4), and nuclear
factor kappaB (NF-κB) expression. Additionally, metformin reversed the irradiation-induced reduction in the abundance of
Lactobacillus and Lachnospiraceae at the genus level. Conclusion: Our findings indicated that metformin ameliorates RILF by
downregulating the inflammatory-related HMGB1/TLR4/NF-κB pathway and improving intestinal flora disorder.
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Introduction

Lung cancer is the leading cause of cancer-related death
worldwide, with an estimated 1.8 million deaths.1 Thoracic

radiotherapy plays a major role in the management of lung
cancer, with over 65% of patients receiving this modality at
some point during their cancer course.2 While radiotherapy
continues to be a major treatment option, it is associated with
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dose-limiting side effects that can severely impact patients’
quality of life. Radiation-induced lung fibrosis (RILF) is a
common complications of thoracic radiotherapy, with no ef-
fective treatment currently available.2-4 Symptoms of RILF
occurs several months after radiotherapy and may persist for
up to two years.3 The main clinical symptoms of RILF include
inflammatory infiltration of interstitial fluid, nonproductive
cough, progressive dyspnea, and deterioration of pulmonary
function, ultimately leading to respiratory failure.2-5

High-mobility group box 1 (HMGB1) is an inflammatory
factor released passively by necrotic and damaged cells, as
well as actively by immune cell activation.6 It can directly
bind to toll-like receptor 4 (TLR4), triggering the release of
proinflammatory cytokines.7 Recent studies have shown that
HMGB1 is closely involved in fibrotic disorders, including
cystic fibrosis, liver fibrosis, and lung fibrosis, and inhibiting
HMGB1 signaling can protect against fibrotic diseases in
experimental models.8 While it have been reported that ra-
diation may induce the release of HMGB1, its specific role in
RILF remains unclear.9

Gut microbiota dysbiosis not only modulates the function
of the gastrointestinal tract but also impacts distal organs,
including the lungs. Several studies have found that gut mi-
crobiota composition was altered in pulmonary fibrosis as-
sociated with systemic sclerosis and silicosis.10 Although
direct evidence linking gut microbiota to the development of
RILF is lacking, studies suggest that radiation-induced
pneumonia can alter gut bacterial taxonomic proportions,
which were reversed by fecal microbiota transplantation.11

Thus, it is plausible that gut microbiota is involved in RILF
characterized by inflammatory infiltration.

Metformin is widely used as the first-line treatment for type
2 diabetes. In addition to its glucose-lowering effects, met-
formin has other potential health benefits, including anti-
inflammatory, anti-oxidant, anti-tumor, immune-regulating,
and gut microbiota-regulating properties.12,13 Previous studies
have observed the beneficial effects of metformin on lung
fibrosis in murine models established by silica, bleomycin, or
radiation.14-17 However, the exact mechanisms by which
metformin benefits RILF are still unclear. Therefore, we in-
vestigated the potential radioprotective effects and mecha-
nisms of metformin in RILF, focusing on the HMGB1/
TLR4 pathway and gut microbiota regulation.

Materials and Methods

Mouse Grouping and Treatments

A total of 48 six-to-eight-week-old C57BL/6 J mice (20 ± 2 g
body weight) were obtained from Shanghai Shrek Company and
housed under 12 h/12 h light/dark cycle at a constant temperature
of 22 ± 2°C and 60 ± 5% relative humidity. After a one-week of
acclimatization period, mice were assigned randomly to the
following 4 groups: control group (n = 12), IR group (n = 12),
L-Met group (n = 12), and H-Met group (n = 12). Before

irradiation, the mice in the L-Met and H-Met groups received
daily oral administration of 100 and 200 mg/kg body weight of
metformin (TCI Chemical, Shanghai, China), respectively.
Metformin were dissolved in the drinking water and dosage used
in the study was decided besed on the previous animal
studies.18,19 After 3 days of the administration, themice in the IR,
L-Met, and H-Met groups were anesthetized using chloral hy-
drate (0.06 mL/10 g), and the whole chest (the rest of the body
parts were adequately shielded) was exposed to a single dose of
15 Gy in the supine position using a medical linear accelerator
with 6 MeV at a dose rate of 300 cGy/min. The source skin
distance was 100 cm, and the irradiation field was 2 cm × 40 cm.
The mice in the control group exposed to sham radiation. After
irradiation, the mice in the L-Met and H-Met groups were
gavaged metformin solution 5 days a week for 6 months. The
mice in the control and IR groups were orally administered
saline. The mice were monitored daily for any sign of mortality
(if any) and weekly for body weight (BW) throughout the ex-
perimental period. The care and use of laboratory animals fol-
lowed to the guidelines for Animal Experiments of Soochow
University and adhered to the recommendations of International
Council for Laboratory Animal Science.

Sample Collection

The experiment was ended after 6 months of radiation ex-
posure. After an overnight fasting, the mice were anesthetized
and peripheral blood was obtained from the orbital sinus to
obtain serum. Then, a tracheotomy was performed. The tra-
chea was inserted and lavaged twice with 1 mL of sterile
saline. The recovered fluids were filtered through a single
layer of gauze to remove the mucus, and bronchoalveolar
lavage fluid (BALF) was collected.20 The serum and BALF
were frozen at�80°C for later use. Lung tissues were removed
and lung wet weight (LWW) was recorded.21 The right lung
was frozen immediately at�80°C, and the left parts were fixed
in 10% neutral buffered formalin. The intestinal contents were
collected for the detection of gut microbiota.

Determination of Inflammatory Cytokines of Lung
Tissue, BALF, and Serum

The frozen lung tissue samples were homogenized for 10 min
and centrifuged for 10 min at 3000 r/min at 4°C to get the
supernatants. The levels of inflammatory cytokines HMGB1,
interleukin-1 beta (IL-1β), interleukin-6 (IL-6), and tumor
necrosis factor alpha (TNF-α) in the supernatants of lung
tissue, BALF, and serum were quantified using enzyme-linked
immunosorbent assay (ELISA) according to the kit instruc-
tions (ColorfulGene, Wuhan, China).

Histopathological Examination of Lung

Formalin-fixed lung was embedded in paraffin and cut into
5 μm slices. After deparaffinized, sections were assessed by
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routine hematoxylin-eosin (HE) staining. The pathological
score was performed using a semiquantitative scoring system
under a Leica DMi8 light microscope (Leica, Weztlar, Ger-
many).22 Masson staining was performed on the deparaffi-
nized sections using Masson dye solution, and the degree of
fibrosis was evaluated according to Ashcroft fibrosis score.23

Immunohistochemistry Assay of Lung

Deparaffinized lung tissue sections were rehydrated through a
graded series of ethanol and treated with 3% H2O2 to quench
endogenous peroxidase activity. They were incubated over-
night at 4°C with rabbit polyclonal antibody against Collagen-
_ (1:1000; Proteintech, IL, USA), Samd2 (1:500; Servicebio,
Wuhan, China), and TGF-β1 (1:200; Proteintech, IL, USA),
and then with goat anti-rabbit secondary antibody (1:50;
Beyotime Institute of Biotechnology, Haimen, China). Dia-
minobenzidine was used as the chromogen to observe im-
munohistochemical positive cells in randomly selected 5 fields
of view. The images are quantitatively calculated with Image
Pro Plus image analysis software.

Quantitative Real-Time Polymerase Chain Reaction
(qPCR) Analysis in Lung Tissues

According to the manufacturer’s protocol, RNAwas extracted
from the homogenized left lung tissue using the TRIzol re-
agent (Tiangen Biotech, Beijing, China). The quantification
and qualitative ratiometric analysis of RNA were performed
using a Nanodrop 2000 (Thermo Fisher Scientific, MA, USA).
For each sample, 1 μg of total RNA was reverse-transcribed
with a High-Capacity cDNA Reverse Transcription kit
(Thermo Fisher Scientific, MA, USA). The qPCR primers
were designed using primer BLAST, and the sequences are
shown in Table 1. The target genes were identified using a
ChamQ™ Universal SYBR green PCR master mix (Vazyme
Biotech, Nanjing, China) on a QuantStudio™ 6 Flex system
(Thermo Fisher Scientific, MA, USA). The levels of mRNA
were normalized to GAPDH transcripts using the 2�ΔΔCt

method.

Western Blot Analysis in Lung Tissues

Frozen lung tissues were homogenized in ice-cold lysis buffer.
The supernatants were collected after centrifugation. Protein
concentration was measured according to the bicinchoninic
acid protein assay kit (Beyotime Institute of Biotechnology,
Haimen, China). After denaturation, an equal amount of
protein (50 μg) was separated by 10% SDS-PAGE and
transferred to a PVDF membrane. The membranes were
blocked with 5% skim milk in Tris-buffered saline Tween-20
solution for 1 h and then were incubated overnight with
appropriate primary antibodies at 4°C. The antibodies in-
cluded HMGB1 (1:1000), TLR4 (1:1000), NF-κB (1:2000),

myeloid differential protein-88 (MyD88, 1:1000), inhibitor of
kappa B kinase β (IKKβ, 1:1000), and IL-1β (1:1000). The
first 3 antibodies were obtained from Proteintech (IL, USA)
and the last 3 from Cell Signaling Technology (MA, USA).
After being washed 3 times in phosphate buffered saline with
Tween-20 and incubated with appropriate secondary anti-
bodies. Membranes were developed by chemiluminescence
using Superstar ECL Western Blotting Substrate reagents
(Beyotime Institute of Biotechnology, Haimen, China). The
band intensities were quantified using Image J software
(https://imagej.net/).

Bacterial Diversity Analysis

Gut microbiota was analyzed using 16S rRNA gene se-
quencing in an Illumina NovaSeq platform (Lc-Bio Tech-
nologies, Hangzhou, China).

Statistical Analysis

All data are expressed as the mean ± standard deviation (SD).
Differences among the groups were tested by one-way
analysis of variance (ANOVA) followed by the LSD post
hoc test. Statistical analysis was performed with IBM SPSS
Statistics for Windows, version 24 (IBM Corp., Armonk, NY,
USA). The differences were considered statistically significant
when P < 0.05.

Results

Effects of Metformin on Body and Lung Weights

No mortality was observed during the experiment. After ra-
diation, mice appeared listless and transient reduction in food
intake and body weight, which gradually recovered within

Table 1. Primers Used in This Study.

Target Primer Sequence (50 to 30)

TLR4 F GTTGCAGAAAATGCCAGGATG
TLR4 R CAGGGATTCAAGCTTCCTGGT
NF-κB F ACGACATTGAGGTTCGGTTC
NF-κB R ATCTTGTGATAGGGCGGTGT
HMGB1 F CAGCCATTGCAGTACATTGAGC
HMGB1 R TCTCCTTTGCCCATGTTTAGTTG
IL-6 F TAGTCCTTCCTACCCCAATTTCC
IL-6 R TTGGTCCTTAGCCACTCCTTC
TNF-α F CCTGTAGCCCACGTCGTAG
TNF-α R GGGAGTAGACAAGGTACAACCC
IL-1β F GCAACTGTTCCTGAACTCAACT
IL-1β R ATCTTTTGGGGTCCGTCAACT
GAPDH F TGGATTTGGACGCATTGGTC
GAPDH R TTTGCACTGGTACGTGTTGAT
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3 days. No significant differences in body weights were ob-
served among the groups. After 3 months, the mice in the IR
group appeared to have albinism of hair and hair loss, which
were not such obvious in both metformin treatment groups
(Figure 1A and B). LWW/BW reflects the severity of lung
vascular permeability and lung edema. Compared with the
control group, LWW/BWwas significantly increased in the IR
group and was reduced in the metformin treatment groups
(Figure 1C and D).

Metformin Protected Mice from Radiation-Induced
Lung Fibrosis

HE staining observed normal structure of lung tissue in the
control group. While the IR group exhibited significant
pathological changes including thickened alveolar walls and
fused fibrous tissues in the alveolar space. Pulmonary inter-
stitial was broadened with visible muscle fibroblast hyper-
plasia. Bronchi and blood vessels were surrounded by fibrous
tissues and infiltrated with inflammatory cells. These changes
were improved in both metformin treatment groups, which
were further supported by the pathological scores of lung
tissue (Figure 2A). Compared with the control group, Masson
staining showed that collagen deposition, an important indi-
cator of lung fibrosis, was more pronounced in the IR group. In
contrast, collagen deposition was ameliorated in metformin
treatment groups. Quantitatively, the fibrosis scores were
significantly lower in the L-Met (4.20 ± 0.84) and H-Met
(3.00 ± 1.00) groups than in the IR group (6.40 ± 1.14), and
further significantly decreased in the H-Met group compared
with the L-Met group (Figure 2B).

Immunohistochemical staining identified strong positive
cells of collagen-I, Samd2, and TGF-β1 in the IR group,

whereas relatively fewer positive cells were observed in the
metformin treatment groups. Semiquantitative analysis
showed that Samd2 positive cells in the L-Met group and
positive cells of all 3 markers in the H-Met group were
significantly decreased compared with the IR
group. Additionally, Samd2 and TGF-β1 positive cells were
significantly lower in the H-Met group than in the L-Met
group (Figure 3A-C). Similar results were observed in the
Western blot analyses. The protein expression of all
3 markers was upregulated in the IR group compared with the
control group. The protein expressions of Samd2 (in the
L-Met group) and all 3 markers (in the H-Met group) were
significantly downregulated compared with the IR group
(Figure 3D).

Metformin Suppressed Radiation-Induced
Inflammation Response

In lung tissues, the levels of inflammatory factors (HMGB1,
IL-1β, IL-6, and TNF-α) were significantly increased by ir-
radiation. Compared with the IR group, TNF-α levels in the
L-Met group and HMGB1, IL-1β, and TNF-α levels in the
H-Met group were significantly decreased. Furthermore,
HMGB1 levels were significantly lower in the H-Met group
than in the L-Met group (Figure 4A). In BALF, irradiation
significantly increased HMGB1 and IL-6 levels. Compared
with the IR group, TNF-α levels in the L-Met group and
HMGB1 and IL-6 levels in the H-MET group were signifi-
cantly decreased (Figure 4B). In serum, the levels of all in-
flammatory factors were increased by irradiation. Compared
with the IR group, HMGB1 levels in the L-Met group and
HMGB1, IL-6, and TNF-α levels in the H-Met group were
significantly decreased (Figure 3C).

Figure 1. Metformin effects on body and lung weights. (A) Mice appearance and chest albinism, red arrow: white fur; (B) The curve of body
weight during the experiments; (C) The anatomy of lung tissue; (D) The lung wet weight to body weight ratio (LWW/BW) among the
groups. The results are presented as mean ± SD. bP < 0.01 vs Control group, dP < 0.01 vs IR group.
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Figure 2. Metformin improved radiation-induced pathological changes in the lungs. (A) Representative images of hematoxylin-eosin staining
and the comparison of pathological scores, a: alveolus, as: alveolar septa, red arrow: alveolar hemorrhage; (B) Representative images of
Masson’s Trichrome staining and the comparison of fibrotic scores, black arrow: thickening of alveolar septa. The results are presented as
mean ± SD. aP < 0.05 vs Control group, bP < 0.01 vs Control group, cP < 0.05 vs IR group, dP < 0.01 vs IR group, eP < 0.05 vs L-Met group.

Figure 3. Metformin mitigated radiation-induced lung fibrosis. (A)-(C) Representative images (40×) of immunohistochemical staining of
Collagen-I, Samd2, and TGF-β1 and the percentages of their positive cells, black arrow: Collagen-I, Samd2, and TGF-β1 posotive cells. (D)
Representative images of western blot of Collagen-I, Samd2, and TGF-β1 and their quantified calculation of protein expression. The results
are presented as mean ± SD. aP < 0.05 vs Control group, bP < 0.01 vs Control group, cP < 0.05 vs IR group, dP < 0.01 vs IR group, eP < 0.05 vs
L-Met group, fP < 0.01 vs L-Met group.
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Metformin Reduced Inflammation Response via
HMGB1/TLR4/NF-κB Pathway

The protein expression levels of HMGB1, TLR4, IKKβ, NF-
κB, MyD88, and IL-1β were significantly upregulated by
irradiation. Compared with the IR group, the protein ex-
pression levels were significantly downregulated in the
metformin treatment groups (Figure 5A). Similarly, the
mRNA expression levels of HMGB1, TLR4, and NF-κB were
significantly upregulated by irradiation. Compared with the IR
group, the mRNA expression levels of HMGB1 and NF-κB
were significantly downregulated in the metformin treatment
groups (Figure 5B).

Metformin Improved Intestinal Bacterial
Flora Structures

The observed species and Chao1 index were used to estimate
the operational taxonomic unit (OUT) numbers, and the
Shannon index was used to evaluate the microbial diversity.
No significant differences were observed among the four
groups (Figure 6A-C). Principal coordinate analysis (PCA)
showed that intestinal bacterial flora structures were sub-
stantially changed after irradiation (Figure 6D). Unweighted

Principal component analysis (PCoA) analysis indicated that
intestinal bacterial flora structures in the metformin treatment
groups were close to the control group (Figure 6E). At the
genus level, IR significantly reduced the relative abundance of
Lactobacillus and Lachnospiraceae- NK4A136 group bacte-
ria. Compared with the IR group, Lactobacillus was signifi-
cantly increased in the H-Met group, and Lachnospirace was
significantly increased in both metformin treatment groups.
Lactobacillus was further significantly increased in the H-Met
group compared with the L-Met group (Figure 6F–I).

Discussion

RILF is a chronic, progressive lung disease with limited
treatment options that severely affect patients’ quality of life.3

Lung fibrosis is characterized by fibroblast proliferation and
the abnormal accumulation of fibrillar collagens promoted by
TGF-β1 activation. After binding to the TGF-β receptor, TGF-
β1 phosphorylates Smad proteins, promoting collagen syn-
thesis and inducing myofibroblast formation.24,25 We moni-
tered that the production of collagen-I, Samd2, and TGF-β1 in
RILF was significantly inhibited by metformin. Wang et al.
observed that metformin treatment for 12 weeks significantly
decreased collagen-1a, TGF-β, and p-Smad2 expression in

Figure 4. Metformin suppressed radiation-induced inflammation response in lung tissue, bronchoalveolar lavage fluid (BALF) , and serum. (A)
The production of cytokines high-mobility group box 1 (HMGB1), interleukin-1 beta (IL-β1), interleukin-6 (IL-6), and tumor necrosis factor
alpha (TNF-α) in the lung tissue. (B) Cytokines levels in bronchoalveolar lavage fluid (BALF). (C) Cytokines levels in serum. The results are
presented as mean ± SD. aP < 0.05 vs Control group, bP < 0.01 vs Control group, cP < 0.05 vs IR group, dP < 0.01 vs IR group, eP < 0.05 vs L-Met
group.
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rats received whole lung 20 Gy irradiation.17 Thus, metformin
can alleviate radiation-induced lung fibrosis by inhibiting
collagen deposition and ameliorating pathological changes.

Radiation-induced lung injury involves several mecha-
nisms, with the primary one being an increased inflammatory
response. Proinflammatory cytokine HMGB1 significantly
enhances collagen deposition, stimulates fibroblast prolifer-
ation, and participates in fibrogenesis.26 Hamada et al. found
that HMGB1 levels in BALF and lung tissues were signifi-
cantly higher in pulmonary fibrosis patients than in normal
ones.20 We found that irradiation increased HMGB1 levels in
lung tissue, BALF, and serum, indicating its involvement in
the early inflammatory process of RILF. However, metformin
treatment, especially at high doses, inhibited the production of
HMGB1. Cytokines play multiple roles in the process of
RILF.27 Anti-HMGB1 antibody treatment significantly de-
creased the expression levels of TNF-α, IL-6, and IL-17 in
BALF of irradiated mice.28 Additionally, we found that
metformin reduced the release of inflammatory factors IL-
1β, IL-6, and TNF-α in irradiated mice. Gamad et al also

found that metformin treatment inhibited inflammatory
cells and inflammatory mediators (TNF-α and IL-6) in
BALF and improved bleomycin-induced pulmonary fi-
brosis in rats.16

Several studies have shown that HMGB1 can bind to
TLR4 receptors and activate NF-κB nuclear translocation to
induce lung fibrosis.29-31 Wang et al found that
HMGB1 activated NF-κB and released TGF-β1, α-SMA, and
collagen-I in human lung fibroblasts in vitro. These HMGB1-
induced expressions of TGF-β1, α-SMA, and collagen-I in
lung fibroblasts were blocked by inhibiting NF-κB activa-
tion.31 Furthermore, radiation-exposed macrophages have
been shown to secrete HMGB1 to activate NF-κB through
binding to TLR4, leading to an inflammatory response.32

These studies suggested that HMGB1 plays a crucial role
in mediating RILF and HMGB1/TLR4/NF-κB pathway is a
key signaling pathway to mediate RILF.33 As expected, ra-
diation exposure significantly upregulated the expression of
HMGB1, TLR4, and NF-κB at both protein and gene levels.
Metformin significantly inhibited the HMGB1/TLR4/NF-κB

Figure 5. Metformin reduced inflammation response via high-mobility group box 1(HMGB1)/toll-like receptor 4 (TLR4)/nuclear factor
kappa B (NF-κB) pathway in the lung tissue. (A) Representative images of western blot of HMGB1, TLR4, myeloid differentiation primary
response protein 88 (MyD88), NF-κB, and interleukin-1 beta in the lung tissues and their quantified calculation of protein expression. (B)
mRNA expression levels of HMGB1, TLR4, andNF-κB in lung tissues. The results are presented as mean ± SD. aP < 0.05 vs Control group, bP <
0.01 vs Control group, cP < 0.05 vs IR group, dP < 0.01 vs IR group.
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pathway and TLR4 downstream of MyD88 expression and
subsequently proinflammatory cytokine IL-1β. These findings
were also supported by changes in inflammatory factors de-
tected in the lung tissue, BALF, and serum. Collectively, these
results suggest that metformin may inhibit inflammation to
alleviate RILF via the HMGB1/TLR4/NF-κB pathway in
irradiated mice.

Clinical trials and animal experiments have shown a
complex response in radiation-induced RILF.2,4,34 Intesti-
nal microbial disturbance can also affect the efficacy of
radiotherapy.35 Preclinical studies has indicated that met-
formin play an important role in gut microbiome modu-
lation, including increasing the proportion of parts of the
microbiome.36 We found that intestinal flora community
structures by metformin treatment was close to the control

group. Furthermore, metformin reversed the reduction in
the abundance of Lactobacillus and Lachnospiraceae.
Chioma et al. found that Lactobacilli supernatant reduced
collagen-1 production in IL-17A-and TGFβ1-stimulated
human lung fibroblasts.37 In CCl4-treated mice, metfor-
min treatment increased Lactobacillus sp. MF-1 in the
feces, while daily gavage of Lactobacillus maintained gut
integrity and reduced liver fibrosis.38 Lachnospiraceae are
obligate anaerobes abundant in the human intestine, which
affect host health by producing short-chain fatty acids and
promoting colonization resistance to intestinal pathogens.39

Lachnospiraceae is associated with the recovery of hema-
topoietic function and gastrointestinal repair and can pro-
tect against radiation-induced damage in mice.40 Thus,
metformin may exert radioprotective effects via gut

Figure 6. The effects of metformin on intestinal gut microbiota. (A)-(C) The indexes of the abundance and diversity of intestinal gut
microbiota bacterial, including the observed species number, Chao1 index, and Shannon index. (D) Principal coordinate analysis (PCA) of
gut microbiomes. (E) Principal component analysis (PCoA) of gut microbiomes. (F) The differences in intestinal bacterial structure at the
genus level among the groups (G) The relative abundance of bacterial flora at the genus level. (H) The relative abundance of lactobacillus. (I)
The relative abundance of Lachnospiraceae-NK4A136. The results are presented as mean ± SD. aP < 0.05 vs Control group, bP < 0.01 vs
Control group, cP < 0.05 vs IR group, eP < 0.05 vs L-Met group.
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microbiome modulation, particularly by regulating the
relative abundance of Lactobacillus and Lachnospiraceae in
the intestinal tract.

There are some limitations in this animal study. Fisrt, the
metformin dose we used was based on the other animal
studies. It exceed clinically relevant levels, which may cast
doubt on the actual effects of metformin on RILF in clinical
practice.41,42 Second, the sample size was not calculated and
justiciaed before the experiment. Third, the favorable effects
of metformin were somewhat stronger in the H-Met group
than in the L-Met group. However, further robust evidence is
needed to determine whether metformin may affect RILF in a
dose-dependent manner.

Conclusion

Metformin treatment improves RILF in mice, potentially
through the inhibition of fibrosis factor activity, down-
regulation of inflammatory-related HMGB1/TLR4/NF-κB
pathway, and modulation of gut microbiota (Figure 7). This
suggests metformin may offer a novel strategy fore-
nhancinging therapeutic effects in RILF.

Appendix

Abbreviations

RILF Radiation-induced lung fibrosis
IR Ionizing radiation

L-Met Low dose metformin
H-Met High dose metformin

HMGB1 High-mobility group box 1
TLR4 Toll-like receptor 4
BALF Bronchoalveolar lavage fluid
LWW Lung wet weight
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