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ABSTRACT: Background: Transcription factor Kriippel-like factor 3 (KLF3) may be involved in regulating
inflammation and lymphocyte function. Immune dysfunction in sepsis involves both hyper-inflammation and
immunosuppression. However, studies on T-lymphocyte KLF3 expression in sepsis are lacking. Methods: We induced
sepsis in mice via cecal ligation and puncture (CLP), and their survival rate over 7 days was evaluated. To identify
the immune status of these mice, we assessed their cytokine levels, organ damage scores, and splenic T-lymphocyte
phenotype. Finally, T-lymphocyte KLF3 expression was detected through flow cytometry. Results: Over the 7 days
of observation, septic mice demonstrated 64.7% mortality. In the early stages after CLP, the proinflammatory and
anti-inflammatory cytokine levels increased rapidly, multiple organ damage occurred, and splenic T lymphocytes
became activated. However, the proportion of KLF3" T lymphocytes decreased. Subsequently, cytokine levels and
lymphocyte activation decreased. An increase in cell apoptosis led to a substantial loss of T lymphocytes. Combined
with the continual elevations in serum interleukin levels and worsening severe organ damage, septic mice may have
entered a state of persistent inflammation and immunosuppression, with a simultaneous increase in KLF3 expression
in T lymphocytes. Notably, KLF3 expression was negatively correlated with T-lymphocyte activation and apoptosis.
Conclusions: In our septic mice, splenic T-lymphocyte KLF3 expression decreased in the early stage when the mice
exhibited a systemic inflammatory response and T-lymphocyte activation. In contrast, it increased in the later stage,
when persistent inflammation and immunosuppression occurred. Dynamic monitoring of KLF3 expression levels may
provide aid in identifying the immune status of sepsis.
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1 Introduction

The transcription factor Kriippel-like factor (KLF) 3 (KLF3), a member of the KLF family, is char-
acterized by the presence of three highly conserved C-terminal C,H, zinc fingers, which allow for their
sequence-specific binding onto CACCC boxes and GC-rich motifs in the promoters and control regions of
its target genes [1,2]. KLF3 has been implicated in numerous biological roles, spanning from the regulation
of B-lymphocyte development and erythropoiesis to that of adipogenesis and muscle cell biology [3-6].
Moreover, in a study on the gene expression profiles of mouse primary T lymphocytes, stimulation greatly
compromised the expression of KLF family genes, with the strongest repressive effect being on KLF3 [7]. A
human clinical study reported that KLF3 expression is also repressed in lymphocytic leukemia cells [8]. KLF3
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is required for widespread repression of the inflammatory modulator galectin-3, and Lgals3 is a direct target
for KLF3 binding and repression [9]. In addition, KLF3 can directly bind and repress nuclear factor-kappa
B (NF-xB) expression via a simple feedback inhibition mechanism [10]. As such, KLF3 is a potential factor
related to regulating T-lymphocyte function and inflammatory responses.

Sepsis is life-threatening organ dysfunction caused by a dysregulated host response to infec-
tion [11]. During sepsis occurrence and development, immune dysfunction may present with both
hyper-inflammatory and immunosuppressive responses [12]. In sepsis-induced immunosuppression, lym-
phopenia is a hallmark of impairments in acquired immune responses [13-15], involving mechanisms that
include enhanced apoptosis and dysfunction of acquired immune cells, as evidenced by decreases in the
number of T lymphocytes and abnormal distribution of T-lymphocyte subsets [12,16]. This, in addition to
the relationship of KLF3 with the regulation of inflammation and lymphocyte function, suggests potential
involvement of KLF3 in sepsis occurrence and development. Research on KLF3 expression in T lymphocytes
involved in sepsis is currently lacking.

Elucidating the expression patterns and functional roles of KLF3 during the pathogenesis of sepsis may
reveal novel immunoregulatory strategies. In this study, we assessed the expression characteristics of KLF3 in
splenic T lymphocytes in septic mice and provided a basis for further exploration of its role in septic immune
monitoring and regulation.

2 Materials and Methods
2.1 Mice

All the animal experiments and procedures were approved by the Laboratory Animal Ethics Committee
of Peking University First Hospital (approval number: J2022041, 20 May 2022). Male C57BL/6 ] mice
(age, 8-12 weeks) were purchased from SPF (Beijing, China) Biotechnology Corporation Ltd. [License No.
SCXK(Jing) 2019-0010]. The mice were randomly assigned to the sham group (n = 3-5) and the septic
group (n = 3-5 at each time point) for the detection of cytokine levels, organ damage scores, and splenic
T-lymphocyte phenotype. They were housed in the specific pathogen-free environment of our laboratory
animal facility (12-h day/night cycle at 25°C) with free access to food and water. Before use, the animals were
allowed to acclimate to laboratory conditions for at least 1 week.

2.2 Cecal Ligation and Puncture

Sepsis was induced through cecal ligation and puncture (CLP), as described previously [17]. In brief,
the mice were anesthetized with 0.5% pentobarbital sodium (50-60 mg/kg) intraperitoneally. Each mouse
was placed in the supine position on an operating pad; then, its abdomen was shaved and sterilized with 75%
alcohol. A 0.5-1.0-cm vertical midline incision was created through the abdominal wall, and the cecum was
externalized. Next, 75% of the cecum was ligated (via distal ligation) with a 4-0 silk suture and penetrated
completely with a 21-gauge needle. Two drops of feces were gently squeezed from penetration holes, and
the cecum was re-placed into the peritoneal cavity. The abdominal incision was closed in two layers with
5-0 silk sutures and sterilized with iodine. Sham-operated mice underwent the aforementioned procedure
but without cecum ligation or puncture. Finally, 1.0 mL of prewarmed saline was injected subcutaneously to
resuscitate each mouse. The survival rate was assessed every 6-8 h, and all mice were observed until the end
of post-CLP day 7.
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2.3 Enzyme-Linked Immunosorbent Assay

A whole blood sample was collected via cardiac puncture and placed at room temperature for 4 h.
Serum was separated from the blood through centrifugation at 4000 rpm at 4°C for 20 min (Centrifuge
5425 R, Eppendorf, Hamburg, Germany). Serum interleukin-6 (IL-6) and interleukin-10 (IL-10) levels were
then determined using an enzyme-linked immunosorbent assay (ELISA) kits (Elabscience, E-EL-M0044c
and E-MSEL-M0031, Wuhan, China), according to the manufacturer’s instructions.

2.4 Quantitative Reverse Transcription Polymerase Chain Reaction

Total RNA was extracted using TRIzol reagent (Invitrogen, 15596018, Waltham, MA, USA) and sub-
jected to purity and concentration measurement using a Nanodrop2000 (Thermo Fisher Scientific, ND-1000
spectrophotometer, Wilmington, DE, USA). An A260/A280 ratio between 1.8-2.0 was considered qualified
for purity. Complementary DNA was synthesized from 2 pg of total RNA using FastKing RT Enzyme
(Tiangen Biotech, KRI118, Beijing, China). Quantitative reverse transcription polymerase chain reaction
(qRT-PCR) reagents were prepared using the PowerUp SYBR Green Master Mix (Thermo, A25742, Waltham,
MA, USA). qRT-PCRs were performed on an ABI ViiA7 system (Applied Biosystems, CA, USA). The
results were normalized to the glyceraldehyde-3-phosphate dehydrogenase (Gapdh). All qRT-PCR primer
sequences are listed in Supplementary Table S1. Relative mRNA expression was analyzed using the 2742t

method on Excel 2019MS0 (version 2501Build 16.0.18429.20132, Microsoft, Washington, DC, USA).

2.5 Hematoxylin and Eosin Staining

Kidney, liver, heart, and lung tissues were fixed in 10% formaldehyde (Leagene, DF0118, Beijing, China)
for at least 24 h. After dehydration in a series of ascending concentrations of ethanol (Mreda, M042753-
500 mL, Beijing, China), samples were embedded in paraffin (Leica, 39601006, Wetzlar, Germany). The
tissue blocks were then sectioned at 4-ym thickness using a microtome (Leica, RM2235), and the slices
were stained with hematoxylin and eosin (H&E) (Solarbio, G1120, Beijing, China) for observation under
a light microscope (Eclipse Ci-L, Nikon, Japan) in a high-power field (magnification, 400x). The degree
of histopathological damage was scored by a pathologist blind to experimental groupings on a 0-4 scale
(Supplementary Table S2) [18,19]. For each mouse, six randomly selected nonoverlapping fields were scored,
and a mean score was calculated for each group.

2.6 Flow Cytometry

Spleens were harvested from all mice after they were sacrificed. The spleens were then placed in a 10-mL
culture dish containing 5 mL PBS and broken down using the rubber end of a sterile 3-mL syringe. Cells were
passed through a 70-ym mesh filter (Biosharp, BS-70-CS, Anhui, China), and the single-cell suspensions
were centrifuged and resuspended in PBS. After red cell lysis (Tiangen Biotech, RT122-01), each splenocyte
suspension was adjusted to a concentration of 1 x 107 cells/mL, and live cells were counted using trypan blue
(Solarbio, C0040-50 mL) exclusion staining. The suspensions were preincubated with monoclonal antibodies
(mAbs) against CD16/CD32 (1:200, Biolegend, 156603, San Diego, CA, USA) for 10 min on ice for Fc receptor
blocking. This was followed by incubation for 20 min with the fluorochrome-conjugated mAbs against the
following antigens: CD3 (AF700) (1:250, Biolegend, 100216), CD8 (BV421) (1:200, Biolegend, 100737), CD69
(APC) (1:100, Biolegend, 104513), and CD71 (PE) (1:250, Biolegend, 113807). Apoptosis was assessed using
7AAD (Percp) (1:20, Biolegend, 420403) and Apotracker Green (FITC) (1:200, Biolegend, 427401).

Next, we stained the splenocytes for KLF3. In brief, the splenocytes were fixed and permeabilized
with a fixation/permeability working buffer (Invitrogen, 00-5523-00). They were incubated with anti-KLF3
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goat primary antibody (10 pg/mL, Invitrogen, PA5-18030) for 45 min and then with Alexa Fluor 488-
conjugated donkey anti-goat immunoglobulin G (1 pg/mL, Invitrogen, A-11055). Goat immunoglobulin G
(Beyotime, A7007, Beijing, China) was used as the isotype control for the primary antibody. Flow cytometry
was performed on a BD LSRFortessa X-20 (BD Biosciences, CA, USA). Finally, flow cytometric data were
analyzed using Flow]o (version 10.8.1, Becton Dickinson, USA). Fig. 1 illustrates the gating strategy used for
flow cytometry.
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Figure 1: Gating method for flow cytometry

2.7 Statistical Analysis

All data are presented as means + standard deviations. Data from three or more groups were compared
using one-way analysis of variance. Differences between CD4" and CD8" T-lymphocyte subpopulations
were evaluated using Students ¢ test. Correlation between independent data was assessed with Spearman’s
correlation test. Survival rates in each group, presented using Kaplan-Meier curves, were evaluated using
the log-rank test. GraphPad Prism (version 9.5; GraphPad, San Diego, CA, USA) was used for graphic and
statistical analyses. A p-value of <0.05 was considered to indicate statistical significance.

3 Results

3.1 Whole-Body Status Scores and Survival Rates of Septic Mice

CLP in rodents has become the most widely used model for experimental sepsis [17]. Here, we induced
severe sepsis in our mice by ligating 75% of the cecum. To mimic the natural progression of sepsis, we did
not administer any antimicrobials to the mice.
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At around 12 h after CLP, all operated mice began demonstrating signs including malaise, chills, pilo-
erection, generalized weakness, and reduced gross motor activity. Using our scoring system (Supplementary
Table S3), we scored the whole-body status of septic mice at 18 h after CLP in terms of their mental
state, autonomous motor activity, and myodynamia. As shown in Fig. 2A, the septic mice demonstrated a
significantly lower whole-body status score than the sham-operated mice. Lethality was noted beginning at
24 h after CLP, and the 7-day mortality rate was 64.7% (Fig. 2B).
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Figure 2: Establishment of the CLP-induced sepsis mouse model. (A) Assessment of mouse status scores at 18 h after
CLP. (B) Survival rate after sepsis induction through CLP in mice. Differences between groups are significant: ***p <
0.001, ***p < 0.0001 vs. sham mice. CLP, cecal ligation and puncture

3.2 Systemic Inflammatory Response and Organ Injury in Septic Mice

In the early stage after CLP, the septic mice demonstrated considerable increases in spleen 1110, Il6,
Il1b, Ifng, and Tnfa mRNA levels (Fig. 3A) and serum IL-10 and IL-6 levels (Fig. 3B), which suggested that
their systemic inflammatory responses had increased significantly. In contrast, spleen KIf3 mRNA levels
decreased, and they were the lowest on post-CLP day 3 (Fig. 3C). Over the 7 days after CLP, the expression of
the aforementioned proinflammatory and anti-inflammatory mediators in the spleen and serum decreased
gradually, but serum IL-10 and IL-6 levels remained higher in the septic mice than in the sham-operated
mice until the post-CLP day 7 (Fig. 3B). These results indicated that inflammatory response remained
persistent in the septic mice. In the late stage after CLP, KIf3 mRNA expression increased gradually (Fig. 3C).
Furthermore, significant negative correlations were observed in mRNA relative expression levels between
KIf3 and cytokines Il10 (r = —0.7523, p = 0.0003) and II6 (r = —0.7765, p < 0.0001) (Fig. 3D). Therefore,
in the septic mice, changes in KLF3 expression demonstrated a trend opposite to changes in the systemic
inflammatory response.

The severity of CLP-induced organ damage was also determined through histological analysis (Fig. 4).
The H&E staining results demonstrated that severe kidney damage, including Bowman’s capsule expansion,
tubular epithelial vacuolization, and brush border loss, occurred in the early stage after CLP surgery. The
histological analysis also revealed that liver, heart, and lung injury became increasingly severe over the course
of sepsis development.
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Figure 3: Changes in inflammation indicators and KLF3 in mice after CLP. (A) Inflammatory mediator mRNA
expression in the spleen (1 = 5 per group on days 1-5; n = 4 per group on day 7). (B) Serum IL-6 and IL-10 levels (n = 5
in sham mice; #n = 4 on days 1-5 in septic mice; # = 3 on day 7 in septic mice). (C) KIf3 mRNA expression in the spleen
(n =5 per group on days 1-5; n = 4 per group on day 7). (D) Correlation analysis of mRNA expression between KIf3 and
cytokines. Differences between groups are significant: **p < 0.01, ***p < 0.001, ****p < 0.0001. IL-10, interleukin-10; IL-6,
interleukin-6; IL-1f, interleukin-1f3; IFN-y, interferon-y; TNF-a, tumor necrosis factor-a; KLF3, Kriippel-like factor 3
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Figure 4: Evaluation of the histopathology damage in the kidney, liver, heart, and lung tissues of septic mice.
Representative micrographs from each group are shown; the blue arrowhead indicates Bowman’s capsule expansion, the
blue asterisk the vacuolization of hepatocyte cytoplasm, the blue octothorpe the edema and vacuolization of myocardial
cells, and the red triangle the alveolar congestion and hemorrhage. Tissue damage scores represent the degree of lesion
damage at each time point after CLP (n = 4 in sham mice; n = 3 on days 1-7 in septic mice). Scale bar = 50 pm. Differences
between groups are significant: **p < 0.01, ***p < 0.001. CLP, cecal ligation and puncture

3.3 Splenic T-Lymphocyte Phenotypes and Numbers

Next, we employed flow cytometry to evaluate the phenotypes and proportions of splenic T lympho-
cytes. We identified CD3" cells as T lymphocytes and then used CD8 to differentiate CD4" and CD8"
T-lymphocyte subpopulations (Fig. 1).

As illustrated in Fig. 5A, in the early stage, CLP increased the proportion of CD69" cells and the mean
fluorescence intensity (MFI) of the transferrin receptor CD71 considerably, suggesting that CLP induced the
activation of T lymphocytes. Subsequently, these indicators gradually decreased in the later stage. CD4" and
CD8" cell subpopulations exhibited a temporal behavior similar to the overall T lymphocytes. Moreover, the
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changes in CD8" cell activation were more pronounced than those in CD4" cell activation, whereas cellular
metabolism levels were higher in CD4" cells than in CD8" cells on post-CLP day 3 (Fig. 5B).
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In immune responses, the activation and apoptosis of T lymphocytes are tightly regulated pro-
cesses [20,21]. Sustained activation induces activation-induced cell death (AICD), thereby balancing effector
function with immune homeostasis [22]. Moreover, stimulation via the T-cell receptor can activate apop-
totic pathways [23]. In the current study, while CLP led to splenic T-lymphocyte activation (Fig. 5A),
it significantly increased the proportion of apoptotic cells on post-CLP day 1 (Fig. 5C). Subsequently,
apoptosis was downregulated in parallel to the significant decrease in T-lymphocyte activation on post-
CLP days 3-5 (Fig. 5A). Finally, apoptosis increased again on post-CLP day 7, indicating a shift toward
immunosuppression. These findings highlight the dynamic regulation of T-lymphocyte activation and
apoptosis in response to sepsis induced by CLP, underscoring the complex interplay between these processes
in modulating immune responses.

In T lymphocytes, apoptosis was accompanied by a gradual decrease in the proportion of splenic T
lymphocytes to less than one-tenth of that in the sham-operated mice on post-CLP day 7 (Fig. 5C). Combined
with the continual increases in serum inflammatory cytokine levels and sustained organ damage until the late
stage after CLP (Figs. 3B and 4), a state of persistent inflammation and immunosuppression was supposed
to be induced in the septic mice. In addition, over the 7-day period, the apoptosis proportions of CD4* cells
remained higher than those of CD8" cells, resulting in an imbalance of the CD4*/CD8" ratio (Fig. 5D)—
another indicator of an acquired immune disorder associated with sepsis [16].

Supplementary Figs. S1 and S2 present all representative dot-plot data for the aforementioned analyses.

3.4 KLF3 Expression in T Lymphocytes of the Spleen

Flow cytometry was used to assess KLF3 expression in splenic T lymphocytes. Fig. 6A exhibits the
histogram of isotype control in flow cytometry. As shown in Fig. 6B,C, in the sham group, the proportion
of KLF3* subset in T lymphocytes was 92.73 + 1.27%. Concomitant with a considerable increase in systemic
inflammatory response and T-lymphocyte activation on post-CLP day 1, the proportion of KLF3* subset
decreased to 78.03 + 3.29%. When the CLP mice entered the persistent inflammation and immunosuppres-
sion stage, as illustrated in Figs. 3-5, the proportion of KLF3" subset gradually increased to 96.27 + 1.61%
on post-CLP day 5. The relative decrease in KLF3 expression observed on post-CLP day 7 may be attributed
to the excessive decrease in T lymphocyte count, however, the trend of increasing KLF3 expression on post-
CLP days 3-5 was significant. Finally, while CD4" and CD8" lymphocytes exhibited differential expression
of CD69 and CD71 (Fig. 5B), no significant differences in KLF3 expression levels were observed between
these two subpopulations (Fig. 6D).

Notably, as detailed in Fig. 6E, an inverse correlation was observed in the proportions between the
KLF3* and CD69" subsets of T lymphocytes (r = —0.7246, p = 0.0021) during the dynamic immune
alterations. Moreover, KLF3 expression was negatively correlated with the proportion of apoptosis (r =
-0.8683, p < 0.0001). Thus, KLF3 might be a suppressor of early T-lymphocyte hyperactivation and a
prosurvival regulator in lymphocyte homeostasis.



902 BIOCELL. 2025;49(5)

(A) (B)
A Isotype N Sham Day 1 Day 5
250K+ 250K+ 250K
5004
4004 200K+ 200K+ 200K
KLF3+ subset KLF3+ subset KLF3+ subset
€ | 3004 <L | rsorq 94.3 150K+ 744 150K 95.6
> (0]
2 (9]
© KLF3- subset 2]
2004 96.0 100K 100K 100K
100 50K 50K 50K <
[ o - v T v v LR . . v ¢
10! 10% 10° 10? 10° 10! 102 10° 10° 10° 10' 102 10° ot oS 10 10 10° 10 10°
KLF3 - KLF3
(c) (D) =
[ 13
& Fkk  kokk * § ns ns ns ns ns
g1woq 11 30T e e e Y e
oy s CD4+ lymphocytes
I}
£ 90+ g. Bl CD8+ lymphocytes
£ &
> a
- 80 T o
[ +
3 3
2 £
@ g
3 & N > 5 A o
R P R >
]
4
(E)
S -
< X
§ 807 = -0.7246 @ 207 r=-0.8683
g L] p =0.0021 ‘5 ° p <0.0001
S 60 S 15+ °
£ d S °
> . £ .
= 40+ = 10- °
£ =
® s
7]
o 20+ £ 54 o Sony
- o’ o%e 2 ® o
b 00 o s
20 T T ¥ T T 1 g_ 0 T T T T T 1
8 70 80 90 100 < 70 80 90 100
KLF3+ subset in T lymphocytes (%) KLF3+ subset in T lymphocytes (%)

Figure 6: KLF3 in splenic T lymphocytes in septic mice. (A) Histogram of isotype control in flow cytometry.
(B) Representative zebra plot of KLF3 expression in T lymphocytes. (C) Proportions of KLF3* subset in T lymphocytes.
(D) Proportions of KLE3* subsets in CD4* and CD8" cells. (E) Correlation analyses showing the relationship between
the proportion of KLF3" subset and the proportion of CD69" subset (left), as well as between the proportion of KLF3*
subset and the proportion of apoptotic T lymphocytes (right). (n = 4 in sham mice; n = 3 on days 1-7 in septic mice)
Differences between groups are significant: *p < 0.05, ***p < 0.001. KLF3, Kriippel-like factor 3; ns, not significant

4 Discussion

In this study, a CLP-induced sepsis mouse model was established, and the immune status of sepsis from
the perspectives of both inflammatory responses and cellular immunity was investigated. To the best of our
knowledge, this is the first study investigating sepsis-related KLF3 expression in splenic T lymphocytes.
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The inability to eliminate pathogens in the early stages of infection could result in an immune regulation
imbalance. Excessive release of proinflammatory and anti-inflammatory molecules may lead to organ
failure, tissue damage, and immunodeficiency [16]. CLP is currently considered the gold standard for sepsis
induction [17]. In CLP, cecum perforation results in bacterial peritonitis, followed by translocation of mixed
enteric bacteria into the blood compartment, and triggers systemic activation of the inflammatory response
and multiorgan dysfunction [17]. In the current study, the mice demonstrated signs of sepsis in the early
stage after CLP, which was accompanied by an abrupt release of proinflammatory and anti-inflammatory
factors in massive amounts. In addition to the systemic inflammatory response, the mice also demonstrated
multiple organ damage. Because the kidneys are more susceptible to changes in pressure and perfusion than
other organs [24], kidney damage occurred in the early stage after CLP and persisted thereafter; in contrast,
liver, heart, and lung damage gradually intensified as sepsis progressed after CLP.

In our septic mice, changes in KLF3 expression and those in overall cytokine levels demonstrated
inversely related trends. Similar results were noted in studies using lipopolysaccharide (LPS)-treated bone
marrow-derived macrophages and KIf3~/~ mice [10]. The KIf3~~ mice demonstrated a heightened, prolonged
inflammatory response to LPS treatment; KLF3, in turn, was found to directly repress expression of the
NF-«B family member RelA/p65, which plays a key role in driving the inflammatory response under
physiological and pathophysiological conditions [10]. Notably, in a study on the programming of marginal
zone B-lymphocyte fates, KLF3 was suggested to act as a downstream target of NF-xB signaling [4]. In
another study, KLF3 was also a specific target isolated in microarray screening of NF-xB target genes in pre-B
lymphocytes [25]. Taken together, these results revealed that KLF3 is possibly a fundamental suppressor of
inflammation, which cooperates with NF-xB signaling.

When sepsis occurs, the functions and numbers of immune cells demonstrate dynamic alterations. In a
persistent state of sepsis, irreversible immunosuppression occurs systemically. During sepsis development,
increases in apoptosis and inhibitory immune checkpoint molecule expression lead to significant reductions
in T-lymphocyte numbers, which is particularly noteworthy because it occurs during life-threatening
infection when clonal expansion of lymphocytes should be occurring [26]. Despite the administration of
broad-spectrum antibiotics and implementation of aggressive source control measures, invading pathogens
cannot be eradicated in many patients with sepsis, making them more susceptible to nosocomial organ-
isms [27]. In this study, an immunosuppressive state was induced in CLP mice, characterized by a severe
depletion of T lymphocytes and an imbalance in the CD4*/CD8" ratio. Moreover, the mice demonstrated
downregulation of cellular activation and cytokine secretion. Similar results were reported by a clinical study
of rapid postmortem. LPS-stimulated splenocytes demonstrated severely suppressed cytokine production in
patients who died of sepsis than in patients without sepsis. The patient’s spleens displayed upregulation of
selected inhibitory receptors with concomitant downregulation of activation pathways [28]. This is possibly a
state of T-lymphocyte exhaustion occurring with chronic antigenic stimulation [20,26]. KLF3 was previously
believed to be a regulator of lymphocyte quiescence [7,29]. Both T-lymphocyte exhaustion and quiescence
indicate decreased T-lymphocyte activation; however, quiescence is distinct from anergy in that quiescent
cells are responsive to activating stimuli [29]. Notably, in the current study, KLF3 expression increased
gradually during the immunosuppression phase, and it was negatively correlated with T-lymphocyte apop-
tosis; thus, KLF3 may mitigate sepsis-induced T-lymphocyte exhaustion primarily through anti-apoptotic
mechanisms. As such, the potential role of KLF3 in the regulation of T-lymphocyte function appears to vary
depending on the pathophysiological context. Further research on the roles of KLF3 and underlying mech-
anisms is warranted. Nevertheless, alterations in KLF3 expression may provide information for dynamic
immune status monitoring in sepsis, thereby guiding individualized immunomodulatory therapy.
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Although the overall trend of KIf3 mRNA in splenocytes (Fig. 3C) and KLF3* subset in splenic T
lymphocytes (Figs. 6B,C) was consistent, there were differences in the results on post-CLP days 3-7. The
discrepancy may have arisen from post-transcriptional and translational regulation [30,31]. It may have also
been associated with alterations in splenic cellular composition during sepsis [32,33]. In the current study,
the progressive decrease in T-lymphocyte proportion within the spleens may have resulted in discordance
between total splenic KLF3 and T-lymphocyte-specific KLF3 levels. As such, future studies should focus on
KLEF3 expression in splenocyte subpopulations.

This study has several limitations. First, we primarily characterized KLF3 expression during the
progression of sepsis in mice; however, the roles of KLF3 in sepsis pathogenesis and development, as well as
the underlying mechanisms, were not clarified, warranting further investigation. Second, we did not monitor
KLF3 expression in peripheral blood; additional studies detecting analogous KLF3 dynamics in circulation
may aid in comprehensively evaluating the immune status of sepsis. Finally, because of the constraints of the
current experimental design, time-course data of the sham-operated group were not collected beyond the
baseline, which resulted in a lack of sufficient covariates to perform a complete multivariate analysis.

5 Conclusion

The current results provided unique insights into the immune status during sepsis and the potential
roles of KLF3 in sepsis development. Detecting KLF3 expression changes may provide clues for dynamic
monitoring of the immune status in sepsis.
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KLF3 Kriippel-Like Factor 3

KLF Kriippel-Like Factor

NF-«B Nuclear Factor-kappa B
CLP Cecal Ligation and Puncture

ELISA Enzyme-Linked Immunosorbent Assay
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IL-6 Interleukin-6
IL-10 Interleukin-10
H&E Hematoxylin and Eosin

qRT-PCR  Quantitative Reverse Transcription Polymerase Chain Reaction
mRNA Messenger RNA
GAPDH  Glyceraldehyde-3-phosphate dehydrogenase

mAbs Monoclonal antibodies

IL-18 Interleukin-1/3

IFN-y Interferon-y

TNF-a Tumor Necrosis Factor-a

MFI Mean Fluorescence Intensity

LPS Lipopolysaccharide

ns Not significant

AICD Activation-Induced Cell Death
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