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[Abstract] Objective To investigate the characteristics of immune exhaustion in sepsis and analyze

its association with gut microbiota translocation. Methods A total of 130 mice were randomly divided into a
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cecal ligation and puncture (CLP) group (n=100) and a Sham group (n=30) Mouse model of sepsis was
established with CLP procedure. Flow cytometry was used to analyze the proportions of peripheral blood
CD4"T and CD8'T cells and programmed cell death protein 1 (PD-1) positive T cell subsets in mice. Bacterial
colonization in organs such as the heart, liver and kidneys was quantified by plating homogenates of the
organs. Pathological changes in immune organs were observed with HE staining. The expression and
localization of CD4*, CD8*, and PD-1"cells in immune organs were detected with immunohistochemical
staining, and Image J software was employed for subsequent quantification of the number of the positive cells.
Results HE staining demonstrated that immune organs exhibited varying degrees of pathological damages
with disease progression. Compared with the Sham mice, the CLP mice exhibited significantly increased
bacterial colonization in parenchymal organs and peripheral blood (P<0.05), notably in the liver, which
showed the most severe infection. In the CLP group, the proportion of CD4" T lymphocytes in peripheral blood
at days 1, 3, and 5 postoperatively was decreased by 56%, 70.57%, and 87.42%, respectively, when
compared with the Sham group (P<0. 001). The proportion of CD8" T lymphocytes was decreased by 48. 33%
relative to the Sham group only at day 5 (P<0.001). In contrast, the proportion of CD4" T cell subsets
expressing PD-1 was increased to 673. 08, 423. 08, and 600 times that of the Sham group, respectively, at the
same postoperative time points (P<0. 001). Immunohistochemical results showed that, in the CLP group, the
proportion of CD4" T cells in the thymus, spleen, and mesenteric lymph nodes was increased to 7. 65, 2. 66,
and 3.7 times that of the Sham group, respectively, at the early-stage peak (P<0.001), and then these
proportions were decreased by 82. 8% (P<0. 001), 41. 9% (P<0. 01), and 60. 15% (P<0. 001), respectively, at
the late-stage trough when compared with the early-stage peak in the corresponding organs. The proportion of
CD8" positive cells was increased in the early stage and then decreased insignificantly, while the proportion of
PD-1" positive cells was increased continuously, and reached 6. 24, 13. 9, and 20. 96 times that of the Sham
group at the peak in the thymus, spleen, and mesenteric lymph nodes respectively (P<0.001), with their
expression regions showing a rough overlap with those of CD4" cells. Conclusion During sepsis, the
inflammatory response can cause severe damage to immune organs and persistent exhaustion of CD4*T

lymphocytes, leading to declined defenses against infection, which may be the main causes for exacerbated gut

microbiota translocation and then systemic infection.
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A': Mice in the sham group receiving no treatment after cecum exposure; B: Mice in the CLP group undergoing ligation and

puncture of the distal 1/3 of the cecum; C: Necrosis of the ligated cecum at day 1 post-CLP; D: Ligated cecum showing

encapsulation and adhesion at day 3 post-CLP; E: An abscess in the ligated segment of the cecum with adhesion to

surrounding tissues at day 5 post-CLP; F: Survival curve of mice in different groups. CLP: cecal ligation and puncture. a: P<

0.01, compared with the Sham group
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Figure 1 Post-CLP infection status and 7-day survival rate in mice
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A~F: Histograms of bacterial colonization in the heart (A), liver (B), spleen (C), lungs (D), kidneys (E), and peripheral

blood (F) from mice in the Sham group and the CLP group at 24 h after modeling. CLP: cecal ligation and puncture. a: P<

0.05, b: P<0.01, compared with the Sham group

B2 /NRSME IR A B A R 4B B RE AR (n=3, s )

Figure 2 Bacterial colonization counts in peripheral blood and various organs of mice
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Pathological changes of the heart, liver, lungs, and kidneys in mice from the Sham group and the CLP group at 1, 3, and 5 d

after modeling; Red arrows indicate pathological changes. CLP: cecal ligation and puncture
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Figure 3 Pathological changes of major parenchymal organs in septic mice (HEX200)
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Pathological changes of the spleen, thymus, and mesenteric lymph nodes in mice from the Sham group and the CLP group at 1, 3,

and 5 d after modeling; Red arrows indicate pathological changes. CLP: cecal ligation and puncture
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Figure 4 Pathological changes of immune organs in septic mice (HEx200)
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A: Flow cytometry results of the proportions of CD4™T and CD8'T cells, respectively, in the peripheral blood sample collected

from mice in the Sham group and the CLP group at 1, 3, and 5 d after modeling; B and C: Histograms showing the proportions

of CD4'T (B) and CD8'T (C) cells in peripheral blood samples from each group of mice. CLP: cecal ligation and puncture.
a: P<0.001, compared with the Sham group; b: P<0. 001, compared with the CLP D1 group; c: P<0.01, compared with the

CLP D3 group
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Figure 5 Temporal changes in the proportion of T lymphocytes in peripheral blood of septic mice
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A Flow cytometry results of the proportion of PD-1 expression in CD3"T, CD3'CD4"T, and CD3"CD8'T cells, respectively,
in the peripheral blood samples collected from mice in the Sham group and the CLP group at 1, 3, and 5 d after modeling;
B~D: Histograms showing the proportion of PD-1 expression in CD3"T (B), CD3'CD4"T (C), and CD3'CDS8™T (D) cells in
each time group, respectively. CLP: cecal ligation and puncture. a: P<0.001, compared with the Sham group; b: P<
0. 001, compared with the CLP D1 group; c¢: P<0.01, compared with the CLP D3 group
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Figure 6 Changes in the proportion of PD-1 expression on T lymphocytes in peripheral blood of septic mice
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A': Immunohistochemical staining results of CD4, CD8, and PD-1 in the thymus of mice from the Sham group and the CLP

group at 1, 3, and 5 d after modeling; B~D: Histograms showing changes in the percentages of CD4" (B), CD8" (C), and

PD-1" (D) cells in the thymus. CLP: cecal ligation and puncture. a: P<0.05, b: P<0.01, c¢: P<0.001, compared with the

Sham group; d: P<0. 001, compared with the CLP D1 group
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Figure 7 Changes in CD4", CD8’, and PD-1" cells in the thymus of septic mice
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A': Immunohistochemical staining results of CD4, CD8, and PD-1 in the spleen of mice from the Sham group and the CLP group

at 1, 3, and 5 d after modeling. Red A indicates the splenic artery, and Black PALS represents the periarteriolar lymphoid

sheath. Scale bar: 100 wm; B~D: Histograms showing changes in the percentages of CD4" (B), CD8" (C), and PD-17 (D)

cells in the spleen. CLP: cecal ligation and puncture. a: P<0.001, compared with the Sham group; b: P<0.01, ¢: P<0. 001,

compared with the CLP D3 group
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Figure 8 Changes in CD4", CD8’, and PD-1" cells in the spleen of septic mice
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A': Immunohistochemical staining results of CD4, CD8, and PD-1 in mesenteric lymph nodes of mice from the Sham group and

the CLP group at 1, 3, and 5 d after modeling; B~D: Histograms showing changes in the percentages of CD4", CD8", and PD-1"

cells in mesenteric lymph nodes. CLP: cecal ligation and puncture. a: P<0.05, b: P<0.01, c: P<0.001, compared with the

Sham group; d: P<0. 001, compared with the CLP D1 group
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Figure 9 Changes in CD4", CD8’, and PD-1" positive cells in mesenteric lymph nodes of septic mice
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