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[ABSTRACT]

(PVM) were used to establish an animal model of viral pneumonia, and the changes in the pro-inflammatory

Objective In this study, inbred BALB/c mice infected with the pneumonia virus of mice

alarmin molecule, high mobility group box 1 protein (HMGB1), during PVM infection were observed, as well
as the in vivo intervention effects of the HMGBT inhibitor, glycyrrhizic acid (GA), on PVM-induced lung injury.
Methods Three-week-old female BALB/c mice were randomly divided into three groups, each consisting of
6 mice. One group, uninfected by PVM, served as the control group (Control). The other two groups were
inoculated intranasally with PVM at a dose of 1x10* 50% tissue culture infective dose (TCID,,)/25 pL, and
subsequently treated with GA saline solution (GA group) or plain saline solution (normal saline, NS group)
via gavage for 15 consecutive days. During this period, changes in body weight and appearance were
monitored in each group. At the end of the experiment, lung tissue samples were collected from all groups.
The distribution of PVYM and HMGBT proteins in the lung tissues was analyzed using hematoxylin-eosin
staining and immunohistochemistry. The expression levels of HMGB1 and its Toll-like receptor 4 (TLR-4),
advanced glycosylation end-product-specific receptor (AGER), and inflammatory cytokines such as
interleukin (IL)-1B, IL-2, and tumor necrosis factor-a (TNF-a) in lung tissues of mice were measured using
real time fluorescence quantitative PCR. Results Compared with the Control group, the NS group showed a
significant weight loss after 6 days (P<0.05). Histopathological tests revealed pronounced inflammatory
lesions in their lungs. Immunohistochemistry results showed that HMGB1 was released from the nucleus to
the cytoplasm, and real time fluorescence quantitative PCR results indicated that the expression levels of
HMGBT, IL-18, and IL-2 were significantly upregulated (P<0.05). In the GA group, there was no significant
change in the clinical symptoms or body weight. However, compared with the NS group, the pathological
damages of lung tissuesin the GA group were significantly reduced, and the expression levels of HMGB1, IL-1B,
IL-2, and interferon-+v (IFN-+v) in lung tissues were also significantly decreased (P<0.05), although the
expression level of AGER was significantly increased (P<0.05). Conclusion PVM infection can cause
significant inflammatory pathological lung damages in mice, and GA can effectively alleviate the damages.
Its therapeutic effect may be related to the activation of HMGB1 signaling pathway.
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Note: Three days before pneumonia virus of mice (PVM) infection,
all mice were transferred to the ABSL-2 facility. On Day 0, the body
weights of mice were measured, PVM intranasal inoculation
was performed, and glycyrrhizic acid (GA) or normal saline
(NS) was administered via gavage. Subsequently, GA or NS
treatment was given daily and body weights were measured every
3 days. Each group consisted of 6 mice. The endpoint of the
experiment was set at 15 dpi (day post infection).
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Figure 1 Animal experiment timeline
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Table1 Primer Sequence
BHOER L£irF514(5°-3") TiEs14(5°-3")

Target gene Forward primer Reverse primer
PVM GCCTGCATCAACACAGTGTGT GCCTGATGTGGCAGTGCTT
TLR-4 ATGGCATGGCTTACACCACC GAGGCCAATTTTGTCTCCACA
AGER ACATGTGTGTCTGAGGGAAGC AGCTCTGACCGCAGTGTAAAG
HMGB1 CTTCGGCCTTCTTCTTGTTCT GGCAGCTTTCTTCTCATAGGG
IL-2 CCCAAGCAGGCCACAGAATTGAAA AGTCAAATCCAGAACATGCCGCAG
IFN-y AGAGGATGGTTTGCATCTGGGTCA ACAACGCTATGCAGCTTGTTCGTG
CCL2 GGCTCAGCCAGATGCAGTTAA CCTACTCATTGGGATCATCTTGCT
TNF-a GACAAGGCTGCCCCGACTA TTTCTCCTGGTATGAGATAGCAAATC
IL-1B ATGAGGACATGAGCACCTTC CATTGAGTTGGAGAGCTTTC
IL-6 GACTTCCATCCAGTTGCCTTCTT TCCACGATTTCCCAGAGAACA

X PVM, NREERES; TLR4, Toll 2k 4; AGER, MEBMEEMEFYERMZMA, HMGB!, SEBXKRELB! L2, BRBNE2;

IFN-y, F#Z=-y; CCL2, BHEFEML2; TNFo, MERTEEF oo

Note: PVM, pneumonia virus of mice; TLR-4, toll-like receptor 4; AGER, advanced glycosylation end-product-specific receptor; HMGBI, high
mobility group box 1; IL-2, interleukin-2; IFN-y, interferon-y; CCL2, C-C motif chemokine ligand 2; TNF-o, tumor necrosis factor-a.
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Note: The body weights of mice in the three groups were expressed
as mean value+SD (n=6). Compared with the Control group, the
NS group experienced weight loss at 3 and 6 dpi. Although weight
gain in the NS group could be detected after 9 dpi, there were
significant differences compared to the Control group (P<0.05).
There were no significant weight differences in GA group compared
to the Control group (P>0.05). Control: uninfected control group;
NS: group treated with normal saline (NS) after infection;
GA: group treated with glycyrrhizic acid (GA) after infection.
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Figure 2 Body weight curves of mice after PVM infection
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Note: A-C, Histopathological analysis showed the pulmonary tissue pathological changes after PVM infection (HE staining, x10). Compared
with the Control group, thickened alveolar septa, hemorrhage in alveolar cavities, and vascular hyperemia were detected in the NS group;
No significant pathological symptom was observed in the GA group. D-F, Immunohistochemical analysis demonstrated lower PVM viral load
in pulmonary tissues in the GA group compared to the NS group (TMB staining, x40). G-I, Immunohistochemical analysis showed the
HMGBT expression in pulmonary tissues (TMB staining, x100). In the Control group, the cell nucleus locations of HMIGB1 were indicated by
arrows; in the NS group, HMGB1 was overexpressed and distributed in the cytoplasm. Control: uninfected control group; NS: group treated
with normal saline(0.9%NaCl) after PVYM infection; GA: group treated with glycyrrhizic acid after PVM infection. PVM: pneumonia virus of mice.
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Figure 3 Pathological changes in the lungs of mice after PVM infection in three groups
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Note: Real-time fluorescence quantitative PCR was performed on the pulmonary tissues from mice in three groups. The expression of high
mobility group box 1 (HMGBT1), advanced glycosylation end-product-specific receptor (AGER), Toll-like receptor 4 (TLR4), interleukin-18
(IL-1B), tumor necrosis factor-a (TNF-a), C-C motif chemokine ligand 2 (CCL2), IL-6, interferon-vy (IFN-v), and IL-2 were shown as ratios to
GAPDH. n=6, "P<0.05. Control: uninfected control group; NS: group treated with normal saline (0.9%NaCl) after PVM infection; GA: group
treated with glycyrrhizic acid after PVM infection. PVM: pneumonia virus of mice.
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Figure 4 Expression of inflammatory factors and the alarmin HMIGB1 and its receptor AGER after PVM infection in

pulmonary tissue
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