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[Abstract] Objective To investigate the critical role of macrophage M1 polarization in mediating the effect of
periodontitis on the progression of chronic obstructive pulmonary disease (COPD). Methods Alveolar lavage fluid
samples were collected from COPD patients with comorbid periodontitis, and gene expression analysis was performed to
validate the changes in the expression of M1 polarization-related genes. A mouse model of COPD, with experimentally
induced periodontitis, were established. Hematoxylin and eosin (HE) staining of pathological sections was performed to
observe the effect of periodontitis on COPD progression. Flow cytometry, immunofluorescence staining, and reverse
transcription quantitative polymerase chain reaction (RT-qPCR) were performed to analyze the effect of periodontitis on
macrophage M1 polarization and the expression of relevant genes in the alveolar lavage fluid and lung tissues. Results In
clinical samples of alveolar lavage fluid from COPD patients with periodontitis, the expression of macrophage M1
polarization-related genes, including CD86, inducible nitric oxide synthase (iNOS), interleukin (IL)-1f, tumor necrosis
factor (TNF)-a, IL-23, and IL-6, was upregulated compared with that of COPD patients without periodontitis. Analysis of
a mouse disease model revealed that periodontitis affected the growth of COPD mice, with the final body mass of mice in

the periodontitis and COPD comorbid group ([21.3 £ 0.52] g, day 34) lower than that of the COPD group ([23.93 + 0.45]
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g, day 34). Pathological sections of the lung tissue showed that periodontitis exacerbated COPD progression, with more

pronounced alveolar expansion and alveolar wall destruction observed in the periodontitis and COPD comorbid group.

Flow cytometry revealed a higher proportion of M1-polarized macrophages in alveolar lavage fluid from COPD and

periodontitis comorbid mice ([31.36 + 2.51]%) compared with the COPD mice ([23.19 + 1.07]%). Immunofluorescence

assays indicated that periodontitis also promoted macrophage M1 polarization in the lung tissue of COPD mice. Gene

expression analysis demonstrated that M1 polarization-related gene expression was significantly upregulated in both the

alveolar lavage fluid and lung tissue of mice in the COPD and periodontitis co-morbid group compared to the COPD

group. Conclusion

Periodontitis exacerbates COPD progression by promoting macrophage M1 polarization in the

lungs. Enhancing oral hygiene management and targeting the inhibition of macrophage M1 polarization may represent

new therapeutic strategies for the clinical prevention and control of COPD.
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Table1 Primer sequences of target genes used for clinical patient

samples
Primers Sequences (5'-3’)
GAPDH-F ACAACTTTGGTATCGTGGAAGG
GAPDH-R GCCATCACGCCACAGTTTC
CD86-F CTGCTCATCTATACACGGTTACC
CD86-R GGAAACGTCGTACAGTTCTGTG
iNOS -F TTCAGTATCACAACCTCAGCAAG
iNOS -R TGGACCTGCAAGTTAAAATCCC
IL-1B-F ATGATGGCTTATTACAGTGGCAA
IL-1B8-R GTCGGAGATTCGTAGCTGGA
IL-23-F CTCAGGGACAACAGTCAGTTC
IL-23-R ACAGGGCTATCAGGGAGCA
IL-6-F ACTCACCTCTTCAGAACGAATTG
IL-6-R CCATCTTTGGAAGGTTCAGGTTG
TNF-a-F GAAAACAACCCTCAGACGCC
TNF-a-R CGATCACTCCAAAGTGCAGC

iNOS: inducible nitric oxide synthase; IL-1f: interleukin 1f; IL-23:
interleukin 23; IL-6: interleukin 6; TNF-a: tumor necrosis factor a.
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Table 2 Primer sequences of target genes used for mouse samples

Primers Sequences (5-3’)
GAPDH-F AGGTTGTCTCCTGCGACTTCA
GAPDH-R CCAGGAAATGAGCTTGACAAA
CD86-F TGTTTCCGTGGAGACGCAAG
CD86-R TTGAGCCTTTGTAAATGGGCA
iNOS -F GTTCTCAGCCCAACAATACAAGA
iNOS -R GTGGACGGGTCGATGTCAC
IL-1B-F CAACCAACAAGTGATATTCTCCATG
IL-1B-R ATCCACACTCTCCAGCTGCA
IL-23-F ATGCTGGATTGCAGAGCAGTA
IL-23-R ACGGGGCACATTATTTTTAGTCT
IL-6-F GAGGATACCACTCCCAACAGACC
IL-6-R AAGTGCATCATCGTTGTTCATACA
TNF-a-F GACGTGGAACTGGCAGAAGAG
TNF-a-R TTGGTGGTTTGTGAGTGTGAG

The abbreviations are explained in the note to Table 1.
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"p< 0.05, vs. control group; * P<0.05, vs. COPD group.
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Fig 3 HE-stained lung tissue samples of mice

A, Control group; B, COPD group; C, COPD + PD group.
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Fig 4 M1 polarization of macrophages in bronchoalveolar lavage fluid from mice

A, Representative flow cytometry plots of bronchoalveolar lavage fluid from mice in different groups; B, quantitative analysis of M1-polarized macrophages in

bronchoalveolar lavage fluid from mice. ” P<0.01; "~ P<0.001.n=3.
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Fig 5 Expression of M1 polarization-related genes in bronchoalveolar lavage fluid from mice
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Fig 7 Periodontitis promotes the expression of M1 polarization-related genes in the lung tissues of COPD mice

"P<0.05  P<0.0L;" P<0.005 " P<0.001.n=3.
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