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Purpose: This study was designed to evaluate the effects of PD-1 inhibitor on lung tissue morphology and the immune system in a
mouse model of radiation-induced lung injury (RILI) and to assess interactions between radiation therapy and PD-1 inhibition.
Methods: Twenty C57BL/6 mice were divided randomly into four groups of five mice each. Mice were treated with an anti-mouse
PD-1 monoclonal antibody, whole thorax irradiation, both or neither. Lung tissue morphology and pathological changes were assessed
by hematoxylin-eosin staining; lung fibrosis was assessed by Masson staining and analysis of hydroxyproline; CD3+, CD4+, and CD8
+ T lymphocytes in lung tissues were detected immunohistochemically; and the concentrations of transforming growth factor-β1
(TGF-β1) and interleukin-6 (IL-6) in lung tissue were evaluated by cytokine multiplex analysis.
Results: Lung injury scores and indicators of pulmonary fibrosis were higher in mice administration whole thorax irradiation than in
control mice. Inflammatory infiltrate scores, alveoli deformation scores, collagen volume fractions and hydroxyproline contents in lung
tissues were all significantly higher in mice administered PD-1 inhibitor plus irradiation than in the other three groups. Similarly, the
percentages of CD3+ and CD8+T cells and the concentrations of IL-6 and TGF-β1 in lung tissue were significantly higher in mice
treated with radiation and PD-1 inhibitor than in the other groups. However, PD-1 inhibitor and irradiation interacted significantly only
in the elevation of TGF-β1 level.
Conclusion: Whole thorax X-ray irradiation in mice can cause pulmonary injury and fibrosis, which could be exacerbated by PD-1
inhibitors. Radiotherapy combined with PD-1 inhibitors may aggravate RILI by synergistically upregulating TGF-β1 expression,
thereby affecting the immune-inflammatory microenvironment in the lungs.
Keywords: PD-1 inhibitors, radiotherapy, radiation fibrosis, lung injury, transforming growth factor-β1

Introduction
More than 26% of malignant tumors are thoracic malignancies, including lung, breast, and esophageal.1 Although
programmed death 1 (PD-1) inhibitors, which exert anti-tumor effects by activating T lymphocytes, are frequently used
to treat thoracic malignancies, PD-1 inhibitors alone are not sufficient to activate the anti-tumor activities of the immune
system, having an effective rate of only about 30%.2–4 Radiotherapy is one of the main treatments for malignant thoracic
tumors. Radiotherapy may synergize with PD-1 inhibitors to enhance their respective anti-tumor activities, especially in
patients with advanced tumors.5
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Radiation-induced lung injury (RILI) is the main dose-limiting toxicity of thoracic radiotherapy. Radiation treatment
has been shown to increase the population of infiltrating lymphocytes in lung tissue, resulting in lymphocytic alveolitis,
which is closely related to lymphocyte-mediated immune responses.6,7 Activation of T lymphocytes by PD-1 inhibitors
can mediate immune pneumonitis, with an incidence of about 20%.8,9 Because lung injuries caused by both radiotherapy
and PD-1 inhibitors are associated with T-cell-mediated immune-inflammatory responses, the combination of radio-
therapy and PD-1 inhibitors may exacerbate lung injury. The ability of PD-1 inhibitors to aggravate RILI has not been
consistently reported, either in clinical studies10–13 or in animal models.14,15 For example, although anti-PD-antibody 1
plus lung radiation did not significantly increase the risk of pneumonitis in CBA mice,14 a PD-1 inhibitor combined with
radiation led to significant lung injury in orthotopic tumor-bearing C57BL/6 mice.15 Because of the difficulty obtain lung
tissues from patients to assess the effects of PD-1 inhibitors on RILI, the present study utilized a mouse model to evaluate
the effects of PD-1 inhibitor on RILI and to investigate the potential mechanism of action.

Materials and Methods
Animal Grouping and Treatment
Care of animals followed the Laboratory Animals-Guidelines for ethical review of animal welfare of China (GB/T
35892–2018), and all animal experiments were approved by the Animal Experimental Ethics Committee of Guizhou
Medical University (No. 1901009). Twenty healthy specific pathogen free female C57BL/6 mice, aged 6–8 weeks,
weighing 20–25 g and with normal reflexes, were housed in a clean animal facility (temperature: 23–25°C, relative
humidity: 45–55%) and provided free access to food and water.

Main Instruments, Equipment, and Reagents
The Precise medical linear accelerator was from Elekta, Co. Ltd. (Stockholm, Sweden); the Navios flow cytometer was
from Guangzhou Flow Biotechnology Co. Ltd. (Guangzhou, China); and the multifunctional microplate reader was from
BioTek Co. Ltd. (Winooski, VT, USA). The anti-mouse PD1 monoclonal antibody (catalogue number BE0146) was from
BioXcell Co. Ltd. (West Lebanon, NH, USA); and the anti-mouse CD3 and CD4 polyclonal antibodies and anti-mouse
CD8 monoclonal antibody were from Servicebio Biotechnology Co. Ltd. (Wuhan, China). The multifactor detection kit
was from BioLegend (San Diego, CA, USA); the hydroxyproline kit was from Jiancheng Bioengineering Institute Co.
Ltd. (Nanjing, China); and the HE staining and Masson staining kits were from Servicebio Biotechnology Co. Ltd.

Irradiation and PD-1 Inhibitor Treatment
The 20 mice were randomly divided into four groups of five mice each group. Mice were treated with whole thorax
irradiation plus saline (irradiation group), anti-PD-1 antibody plus mock thoracic irradiation (PD-1 inhibitor group), anti-
PD-1 antibody plus whole thorax irradiation (combined group), or neither treatment (control group). Mice in the
irradiation and combined groups were anesthetized by intraperitoneal injection of 6% chloral hydrate and fixed under
a linear accelerator, with a 1-cm thick wax mold on the chest. The thoraxes of these mice underwent a vertical 0-degree
single-field irradiation of the chest with 6 MV X-rays, at a dose of 15 Gy. The irradiation field was 2.5×3.5 cm; the
source to skin distance was 100 cm, and the dose rate was 600 cGy/min. The irradiation dose was based on previous
research assessing pneumonitis and fibrosis in various strains of mice.16,17 The mice were allowed to recover sponta-
neously. Mice in the PD-1 inhibitor and combined groups were intraperitoneally injected with 200 µg of anti-PD-1
antibody 1 week and 30 minutes before irradiation, and 100 µg of anti-PD-1 antibody 1, 2, and 3 weeks after irradiation.
Mice in the irradiation and control groups were intraperitoneally injected with the same volume of saline at the same time
points.

Sample Collection and Processing
One month after irradiation, the mice in each group were sacrificed after anesthetization with 6% chloral hydrate. Their
lungs were removed, and each left lung was divided into two parts: One part was fixed in 10% formalin solution;
routinely embedded in paraffin; and sectioned at 3-μm thickness for hematoxylin-eosin (HE), Masson, and
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immunohistochemical staining, and the second part was lysed in lysis buffer, homogenized using an ultrasonic homo-
genizer, and centrifuged. The supernatant of each sample was withdrawn and stored at −80°C, along with the remaining
lung tissue.

HE Staining
Paraffin sections were deparaffinized in water and stained with HE as described by the manufacturer. The morphology
and pathological changes in the lung tissues were evaluated by light microscopy; five fields per specimen were randomly
selected and examined by two pathologists, blinded to the treatment groups. The grade of damage was assessed by
evaluating inflammatory infiltrates and alveolar inflammation.18 Inflammatory infiltrates were evaluated on a four-point
scale, with 0 indicating no or occasional inflammatory cells; 1 indicating a few loosely arranged inflammatory cells; 2
indicating many cells in the intrastitial and intra-alveolar spaces; and 3 indicating numerous inflammatory cells in the
perivascular space. (2) The four-point scoring scale of Alveolar deformation also evaluated on a four-point scale, with 0
indicating a normal appearance; and 1, 2, and 3 indicating mild thickening (little distortion), moderate thickening
(increased distortion), and 3: severe thickening (maximal distortion), respectively.

Masson Staining
Masson staining was performed according to the manufacturer’s instructions. Mouse alveolar epithelial cells were stained
red, and collagen fibers were stained blue. Five fields per specimen were randomly selected, and the sections were
viewed under an optical microscope. Semi-quantitative analysis was performed using ImageJ software, and the collagen
volume fraction (CVF) of each specimen was calculated as the collagen area of the field/total area of the field.

Hydroxyproline Assay
Hydroxyproline was assayed using a kit purchased from Nanjing Jiancheng Bioengineering Institute Co. Ltd. Mouse lung
tissue (30 mg wet weight) was placed in a test tube and cut into pieces. Hydrolysate (1 mL) was added and the tube was
incubated in a water bath for 20 min. The optical density (OD) value was obtained by measuring absorbance at a
wavelength of 550 nm, according to the manufacturer's instructions. Hydroxyproline content was calculated using the
formula: hydroxyproline content (μg/mg wet weight) = [(measured OD value - blank OD value)/(standard OD value -
blank OD value)] × standard content (5 μg/mL) × (total volume of hydrolysate 10 mL/mg tissue wet weight).

Immunohistochemical Staining
Routine paraffin sections were deparaffinized in water and microwaved for antigen retrieval. The sections were placed in
a 3% hydrogen peroxide solution, incubated at room temperature in the dark for 25 min, and washed with PBS three
times for 5 min each. For blocking, each tissue section was covered evenly by dropping 3% BSA into the enclosure,
followed by incubation at room temperature for 30 min. The blocking solution was gently shaken off, and primary
antibodies (rabbit anti-mouse CD3, CD4, and CD8 antibodies) were added dropwise followed by incubation overnight at
4°C. The sections were washed with PBS three times for 5 min each, followed by incubation with HRP-labeled
secondary antibody for 50 min at room temperature. The sections were again washed with PBS three times for 5 min
each. DAB was visualized, dehydrated, made transparent, and mounted in neutral gum. The average optical densities
(AOD) of CD3, CD4, and CD8, calculated as integrated optical density/positive expression area, were determined semi-
quantitatively using ImageJ software.

Cytokine Levels in Lung Tissue
Cytokine levels in lung tissue were evaluated using LEGENDplex multi-analyte flow assay kits (Biolegend), according to
the manufacturer’s protocol. Mouse lung tissue was weighed (wet weight: 20 mg), cut into pieces on ice, homogenized
for 3 min, and centrifuged at 1000 × g for 5 min. A 25 μL aliquot of each supernatant was mixed with 25 μL of
Chemokine Capture Beads and 25 μL of assay buffer were added. The samples were shaken, washed, incubated in the
dark for 2 h, and centrifuged at 1000 × g for 5 min. The supernatant was discarded, 200 μL wash buffer were added, and
the tube was shaken and centrifuged at 1000 × g for 5 min. After discarding the supernatant, 25 μL of detecting antibody
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were added; and the tube was shaken and incubated at room temperature in the dark for 1 h. A 25 μL aliquot of SAPE
was added, and the tube was shaken, incubated at room temperature for 30 min in the dark, and centrifuged at 1000 g for
5 min. The supernatant was discarded, and the beads were washed once with 200 μL wash buffer and centrifuged at 1000
g for 5 min. After discarding the supernatant, 300 μL of 1x wash buffer were added to each tube, and the samples loaded
onto the column. Concentrations of detect TGF-β1, IL-6, interferon-gamma (IFN-γ), tumor necrosis factor-α (TNF-α),
IL-4 and IL-17A were measured, with the data analyzed using LEGENDplex v8.0 software.

Statistical Analysis
Results were expressed as mean±standard deviation (SD). Interactions between PD-1 inhibitor and irradiation were
analyzed by two-way factorial ANOVA, followed by Bonferroni post-hoc tests. All statistical analyses were performed
using IBM SPSS Statistics for Windows, Version 23.0, with P<0.05 considered statistically significant. All graphs were
created using GraphPad version 8.0.

Results
Pathological Characteristics of Lung Tissue
HE Staining
Examination of lung tissue samples from control group mice showed that the alveolar walls were slender, tissue structure
was clear, and capillary walls were relatively intact, with no significant alveolar wall breakage or hemorrhage. In the PD-
1 inhibitor group, the lung tissue was mildly congested and edematous, with a few inflammatory cell infiltrates. In the
irradiation group, the alveolar septa were thickened, pulmonary interstitial congestion and edema were significant, the
alveolar spaces were smaller, the weave structure was disordered, and more inflammatory cell infiltrates were observed.
In the combined group, the alveolar septa were diffusely thickened and edematous, alveolar spaces were significantly
reduced or even disappeared, normal structure was significantly destroyed, and large numbers of inflammatory cell
infiltrates were observed (Figure 1). The combined group had the highest histological scores for both inflammatory
infiltrates (Figure 2A) and alveoli deformation (Figure 2B), suggesting that lung injury was most severe in mice treated
with both PD-1 inhibitor plus irradiation. Two-way ANOVA revealed that treatment with PD-1 inhibitor (F1,16=24.242,
P<0.001) and irradiation (F1,16=47.515, P<0.0001) significantly affected histological scores, but the interaction between
PD-1 inhibitor and irradiation was not significant (F1,16=0.970, P=0.339).

Masson Staining
Masson staining of control lung tissues showed that their structure was intact, with no significant collagen fiber
deposition in the lung interstitium. A small amount of collagen fiber was observed in the PD-1 inhibitor group; with
higher amounts of collagen fiber deposition in the lung interstitium of the irradiated than in the PD-1 inhibitor group.
Normal lung tissue structure was significantly destroyed in mice treated with both irradiation and PD-1 inhibitor, with
significant collagen fiber deposition in the alveolar septum (Figure 3).

Semi-quantitative analysis of lung tissue collagen showed that the CVFs of the control, PD-1 inhibitor, irradiation and
combined groups were 4.30±1.06%, 10.70±2.83%, 13.30±2.50%, and 21.00±3.23%, respectively. Two-way ANOVA
showed that treatment with PD-1 inhibitor (F1,16=41.588, P<0.0001) and irradiation (F1,16=75.745, P<0.0001) sig-
nificantly increased collagen fiber deposition, whereas there was no significant interaction between PD-1 inhibitor and
irradiation (F1,16=0.681 P=0.421). Post-hoc analysis showed that CVF was significantly higher in the combined
treatment group than in the other three groups (Figure 4), indicating that lung fibrosis is more severe in mice treated
with PD-1 inhibitor and irradiation than in mice treated with either alone.

Determination of Hydroxyproline Content
Hydroxyproline content is an important indicator of lung fibrosis. The hydroxyproline contents of the control, PD-1
inhibitor, irradiation and combined groups were found to be 0.116±0.009, 0.150±0.008, 0.173±0.010, and 0.191±0.020
μg/mg, respectively. Two-way ANOVA showed that treatment with PD-1 inhibitor (F1,16=24.582, P<0.001) and
irradiation (F1,16=83.782, P<0.0001) significantly increased hydroxyproline contents, but there was no significant
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interaction between PD-1 inhibitor and irradiation (F1,16=2.327, P=0.147). Post-hoc analysis showed that hydroxypro-
line contents were significantly higher in the combined treatment group than in the other three groups (Figure 5).

Lymphocyte Infiltration into Mouse Lung Tissue
Immunohistochemical staining showed that CD3+, CD4+, and CD8+ T lymphocytes were present in lung tissue samples
(Figure 6). CD3+ T lymphocyte infiltration was greater in mice treated with PD-1 inhibitor plus irradiation than in
control mice, with this increase likely due to an increase in the number of CD8+ lymphocytes (Table 1). Infiltration of
CD4+ lymphocytes was not affected by PD-1 inhibitor and/or irradiation (P>0.05). Two-way ANOVA showed that
treatment with PD-1 inhibitor (P < 0.001) and irradiation (P < 0.001) had significant effects on the infiltration of CD3 + T
and CD8 + T lymphocytes, but not CD4 + T lymphocytes (P>0.05) into lung tissue, There were no significant
interactions (P>0.05) between PD-1 inhibitor and irradiation on CD3+, CD4+ and CD8+ T lymphocytes.

Cytokine Expression in Lung Tissue
IL-6 Expression
IL-6 concentrations in the lungs of mice in the control, PD-1 inhibitor, irradiation and combined groups were 13.55±3.45,
37.85±9.33, 62.24±14.11, and 90.77±8.51 pg/mL, respectively. Two-way ANOVA showed that treatment with PD-1
inhibitor (F1,16=37.692, P<0.0001) and irradiation (F1,16=139.479, P<0.0001) significantly increased IL-6 expression,

Figure 1 HE staining of lung tissue 1 month after irradiation and/or anti-PD-1 treatment in each group.
Notes: (A) Control; (B) PD-1 inhibitor alone; (C) Irradiation alone; (D) PD-1 inhibitor + irradiation.
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but there was no significant interaction between PD-1 inhibitor and irradiation (F1,16=0.241, P=0.630). Post-hoc analysis
showed that IL-6 levels were significantly higher in the combination group than in the other three groups (P<0.0001).

TGF-β1 Expression
TGF-β1 concentrations in the lungs of mice in the control, PD-1 inhibitor, irradiation and combined groups were 326.5
±23.43, 1359.77±464.74, 2734.19±691.73, and 7966.11±1074.97 pg/mL, respectively. Two-way ANOVA showed that
treatment with PD-1 inhibitor (F1,16=106.55, P<0.0001) and irradiation (F1,16=219.534, P<0.0001) significantly
increased TGF-β1 expression and that there was a significant interaction effect between PD-1 inhibitor and irradiation
(F1,16=47.630, P<0.0001). These results suggest that PD-1 inhibitor and irradiation synergistically increase TGF-β1
levels in lung tissue.

The levels of expression of IL-4, IL-17A, TNF-α, and IFN-γ in each group were below the range of detection, of 4.05
pg mL−1, 6.21 pg mL−1, 4.35 pg mL−1, and 5.74 pg mL−1, respectively.

Discussion
The primary characteristic of RILI is lymphocytic alveolitis, which is closely associated with lymphocyte-mediated
immune responses.19 PD-1 inhibitors can activate T lymphocytes, with the risk of aggravating RILI. There are two
clinical manifestations of RILI: early radiation pneumonitis (RP) and late radiation pulmonary fibrosis (RILF), with the
latter being irreversible and could eventually lead to respiratory failure. Thus, early treatment with glucocorticoids can
result in improvement or recovery in patients with RP, whereas no specific drug has been found to prevent or reverse
RILF.

Treatment of mice with PD-1 inhibitor alone resulted in mild lung injury and fibrosis, whereas thorax irradiation with
15 Gy led to severe lung injury and fibrosis. The highest degrees of lung injury and fibrosis observed in the present study
were induced by PD-1 inhibitor plus irradiation. Thus, despite PD-1 inhibitor having only mild effects on lung injury and
fibrosis, it exacerbated RILI and fibrotic response when combined with irradiation. In clinical practice, the entire lung is
usually not irradiated at high doses. Although our experimental model cannot completely reflect the situation of patients
with thoracic cancer undergoing radiotherapy, our findings suggest the need to consider the pulmonary toxicity of PD-1
inhibitors when combined with radiotherapy in patients with thoracic malignancies.

We observed no significant interactions between the effects of PD-1 inhibitor and radiotherapy on lung injury scores,
CVF, hydroxyproline contents, T lymphocyte infiltration, and IL-6 levels. In contrast, there was a significant interaction
between the effects of PD-1 inhibitor and radiotherapy on TGF-β1 levels in lung tissue. Taken together, these findings

Figure 2 Lung injury scores in the four groups of mice. (A) Inflammatory infiltrate score, (B) Alveoli deformation score. *P<0.05, **P<0.01, ***P<0.001, ns>0.05.
Abbreviation: RT, radiation therapy.
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suggest that the combined effects of PD-1 inhibitor and radiotherapy are additive for most parameters but synergistic for
others.

The present study found that infiltration of CD8+ T lymphocytes, rather than CD4+ T lymphocytes, plays an
important role in lung injury induced by the combination of radiotherapy and PD-1 inhibitor. The efficient infiltration
into lung tissue by CD8+ T cells is important during pathogenesis of lung injury.20 Moreover, the infiltration of CD3+ T
lymphocytes, especially CD8+ T cells, was closely associated with myocardial injury induced by radiation combined with
PD-1 inhibitor.21 This injury was reduced by anti-CD8+ antibodies, but not by anti-CD4+ antibodies,21 suggesting that
CD8+ T lymphocytes play a key role in normal tissue injury induced by radiation combined with PD-1 inhibitors. Despite
the ability of CD3+ or CD8+ T cell inhibition to reduce this damage to normal lung tissue,21 the therapeutic effects of
both radiotherapy and PD-1 inhibitors on tumors require the infiltration of CD8 + T cells into the tumor
microenvironment,4,22 suggesting that blocking T lymphocytes is likely to reduce these anti-tumor effects.23

Identifying the key cytokines associated with lung injury induced by radiation plus PD-1 inhibitors can provide clues
to prevent and treat RILI without reducing their anti-tumor effects. IL-6 is a proinflammatory factor that plays an
important role in PD-1 inhibitor-associated inflammation, autoimmune inflammation, and radiation-induced injury.
Significantly elevated serum IL-6 levels in patients with RP could be used as a marker to predict RILI,24 and blocking
the IL-6 signaling pathway was shown to inhibit lung fibroblast activation and improve the degree of radiation-induced

Figure 3 Masson staining of lung tissue 1 month after irradiation and/or anti-PD-1 treatment in each group.
Notes: (A) Control; (B) PD-1 inhibitor alone; (C) Irradiation alone; (D) PD-1 inhibitor + irradiation. Black Arrow: alveolar fibrosis.
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fibrosis in mice.25 IL-6 inhibition can also alleviate the inflammatory syndrome resulting from immunotherapy in patients
with cancer.26

TGF-β1 is an important profibrotic factor, which is closely associated with the occurrence and development of
radiation-induced pulmonary fibrosis.27 TGF-β1 expression levels can also be used to predict RILI.28–30 Although the

Figure 4 Collagen volume fraction (%) in lung tissue in the four groups of mice. *P<0.05, ***P<0.001. Abbreviation: RT, radiation therapy.

Figure 5 Hydroxyproline content (µg/mg) in lung tissue in the four groups of mice. **P<0.01, ***P<0.001. Abbreviation:RT, radiation therapy.
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mechanisms by which radiation induces TGF-β activation are incompletely understood, several hypothesis have been
suggested. For example, radiation-induced reactive oxygen species (ROS) can activate TGF-β, with TGF-β also inducing
ROS production.31 Radiation also increases the expression of lactate dehydrogenase-A, which can lead to further
activation of TGF-β to drive the fibrotic process.32 Type II pneumocytes and fibroblasts may play a role in increasing
TGF-β expression after lung irradiation.33 For example, radiation was found to increase the expression of LncRNA-
RP11, which may regulate the process of TGF-β1 induced fibrosis.34

Blocking TGF-β1-mediated signaling pathways may reduce radiation-induced pulmonary fibrosis. The pathological
processes of idiopathic pulmonary fibrosis (IPF) and RILF are very similar.35 Pirfenidone is an orally active small
molecule that has been shown to inhibit the progression of fibrosis in patients with IPF by inhibiting the TGF-β pathway.
Pirfenidone was found to inhibit the TGF-β-induced phosphorylation of Smad3, p38, and Akt, key factors in the TGF-β

Figure 6 Immunohistochemistry of lymphocyte infiltration in lung tissue 1 month after irradiation and/or anti-PD-1 treatment in each group. (A) Control; (B) PD-1 inhibitor
alone; (C) irradiation alone; (D) PD-1 inhibitor + irradiation.

Table 1 Populations of CD3+, CD4+ and CD8+ T-Lymphocytes in Each Group of Mice (%, Mean±SD)

Groups CD3+ CD4+ CD8+

Control 32.20±3.58 17.70±2.98 14.40±2.63

PD-1 inhibitor alone 40.10±1.91 17.80±1.32 21.10±2.23

Irradiation alone 44.20±3.36 17.70±1.34 22.50±2.27
PD-1 inhibitor + irradiation 48.00±3.97 15.90±1.37 28.20±3.39
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pathway36 and to regulate macrophage polarization and reduce radiation-induced pulmonary fibrosis by inhibiting the
TGF-β1/Smad3 pathway.37 LY2109761 is a novel selective TGF-β inhibitor that inhibits on the phosphorylation of
Smad2, attenuating radiation-induced pulmonary fibrosis in mice by inhibiting the TGF-β1/Smad2 pathway.38 These
results suggest that inhibiting TGF-β1 attenuates lung injury.36–38 Interestingly, TGF-β may also be a major obstacle to
the optimal activation of anti-tumor T cell responses by radiation therapy.39 Radiation induces TGF-β activation, which,
in turn, inhibits radiation-induced T cell priming. Thus, TGF-β blockade can affect multiple populations of immune cells
that contribute to tumor control.40

The present study found that the levels of expression of IL-6 and TGF-β1 in lung tissue were increased significantly
after radiation combined with a PD-1 inhibitor, with these two treatment methods having a significant interaction effect
only on TGF-β expression, indicating that TGF-β1 plays an important role in lung injury induced by this combination.
Blocking TGF-β when treated patients with radiation plus PD-1 inhibitors may: enhance their therapeutic efficacy while
alleviating RILI.

This study had several limitations. Although this study found that CD8 + T cell infiltration into lung tissue and IL-6
and TGF-β1 signaling are involved in the pathogenesis of lung injury and fibrosis in mice treated with a PD-1 inhibitor
and irradiation, evaluation of the mechanisms underlying lung injury is inadequate. Further investigations of the
mechanisms by which combination therapy increases the expression of IL-6 and TGF-β1 and determination of the
effects of inhibiting the IL-6 and/or TGF-β1 signal transduction pathway on lung injury are warranted.

Conclusion
In summary, although PD-1 inhibitor alone induced mild lung injury, its combination with radiation exacerbated RILI by
affecting the immune-inflammatory microenvironment. CD8+ lymphocytes, as well as IL-6 and TGF-β1, may play key
roles in this process. Further research is needed to determine the regulatory mechanism by which PD-1 inhibitors
aggravate the immune microenvironment of RILI, as it may provide clues to the prevention and treatment of lung injury
caused by radiation combined with PD-1 inhibitors.
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