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Aim: Sepsis is a potentially fatal condition characterized by organ failure resulting from an abnormal host response to infection, often 
leading to liver and kidney damage. Timely recognition and intervention of these dysfunctions have the potential to significantly 
reduce sepsis mortality rates. Recent studies have emphasized the critical role of serum exosomes and their miRNA content in 
mediating sepsis-induced organ dysfunction. The objective of this study is to elucidate the mechanism underlying the impact of miR- 
122-5p on sepsis-associated liver and kidney injury using inhibitors for miR-122-5p as well as GW4869, an inhibitor targeting 
exosome release.
Materials and Methods: Exosomes were isolated from serum samples of septic rats, sepsis patients, and control groups, while liver 
and kidney tissues were collected for subsequent analysis. The levels of miR-122-5p, inflammation indices, and organ damage were 
assessed using PCR, ELISA, and pathological identification techniques. Immunohistochemistry and Western blotting methods were 
employed to investigate the activation of inflammatory pathways. Furthermore, big data analysis was utilized to screen potential targets 
of miR-122-5p in vivo.
Key Findings: Serum exosomal levels of miR-122-5p were significantly elevated in septic patients as well as in LPS-induced septic 
rats. Inhibition of miR-122-5p reduced serum pro-inflammatory factors and ameliorated liver and kidney damage in septic rats. 
Mechanistically, miR-122-5p upregulated TAK1, downregulated SIRT1, and facilitated NF-κB activation.
Conclusion: Serum exosomal miR-122-5p promotes inflammation and induces liver/kidney injury in LPS-induced septic rats by 
modulating the TAK1/SIRT1/NF-κB pathway, highlighting potential therapeutic targets for sepsis management.
Keywords: sepsis, exosome, miR-122-5p, NF-κB signaling pathway, sepsis-related liver and kidney injury

Introduction
Sepsis has emerged as a prominent global cause of mortality, with an estimated annual incidence of approximately 11 
million sepsis-related deaths, accounting for 19.7% of all global fatalities.1 Currently, the management of sepsis 
encompasses fluid resuscitation, infection control, and tissue perfusion maintenance as part of a comprehensive 
therapeutic approach; however, there has been limited reduction in mortality rates. The pathogenesis of sepsis involves 
the accumulation of diverse pro-inflammatory factors during the course of inflammatory response and immune 
dysfunction.2 The inflammatory cascade during sepsis is a critical event, with NF-κB serving as the pivotal mediator. 
The activation of NF-κB is regulated by upstream signaling molecules, including TGF-activated Kinase 1 (TAK1) and 
silencing regulatory protein 1 (Sirtuin 1).

Exosomes are derived from multivesicular bodies (MVBs), a type of extracellular vesicles (EVs). Under an electron 
microscope, exosomes exhibit a cup-like morphology and are naturally released by various types of living cells, 
including macrophages, mesenchymal stem cells, epithelial cells, and dendritic cells. These exosomes can be detected 
in different bodily fluids such as blood, saliva,3 urine, ascites, semen, broncho-alveolar lavage fluid, breast milk,4 airway 
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secretions,5 and cerebral spinal fluid.6–8 Their diverse contents encompass nucleic acids, proteins, lipids, amino acids, 
and metabolites, thereby serving as indicative markers of the parental cell’s physiological state.9 Moreover, exosomes 
possess remarkable stability that prevents them from rupturing, allowing them to travel long distances in the bloodstream 
and evade proteolysis and phagocytosis. This characteristic suggests that exosomes hold potential value for diagnosis and 
treatment (as drug delivery vehicles) of clinical diseases.10 The functional roles of exosomes have been studied in various 
diseases, such as inflammation,11,12 cancer,13 diabetes,14 and renal disorders.15 Circulating exosomes have been linked to 
cytokine storm, complement and coagulation cascades,16,17 the endothelium barrier, protein degradation, and vitamin 
metabolism in sepsis patients.18

The effects of exosomes on immune cells are predominantly mediated by non-coding RNAs, including microRNAs 
(miRNAs), long non-coding RNAs (lncRNAs), and circular RNAs (circRNAs). Among these non-coding RNAs, miRNA 
is the most abundant in exosomes. MiRNAs are approximately 21 nucleotides in length and play crucial roles in the 
cellular metabolism of eukaryotic organisms. Moreover, miRNA exhibits remarkable stability in body fluids due to its 
resistance to degradation by RNA enzymes.19,20 Additionally, miRNAs are highly conserved across species and have 
been implicated in numerous diseases.21–23 It has been confirmed that miRNAs possess the capability to regulate the 
transcription and translation of inflammatory genes during the induction of LPS tolerance.24 Additionally, the exosomal 
miRNAs and mRNAs from patients with septic shock related to pathogenic pathways like inflammation, oxidative stress, 
and cell cycle control.25 Previous studies have shown that miR-122-5p may be related to the polarization of 
macrophages,26 at the same time, miR-122-5p also participates in inflammatory response by targeting TAK1,27 and 
plays an important role in the body’s inflammatory response. Microarray analysis has identified miR-122-5p in serum- 
derived exosomes,28,29 and miR-122-5p is one of the miRNAs with the highest content in serum exosomes. However, the 
precise mechanism by which serum exosome miR-122-5p may impact liver and kidney injury in sepsis remains to be 
elucidated, and no relevant research findings have been obtained thus far.

LPS, a prevalent irritant in sepsis, has been employed as a model to simulate the inflammatory pathophysiology 
associated with sepsis-induced liver and kidney damage. In this study, an animal model of sepsis was established using 
LPS. Prior to modeling, some rats were treated with miR-122-5p inhibitor, exosome inhibitor (GW4869), and combined 
inhibitor. Afterward, exosomes were isolated from the animals’ serum. The aim was to assess liver and kidney injury by 
measuring pro-inflammatory cytokine levels, indicators of organ damage, and NF-κB expression in liver and kidney 
tissues. Furthermore, the effects of miR-122-5p intervention and exosome production on these outcomes were evaluated 
to confirm the hypothesis that serum exosome miR-122-5p may cause liver and kidney injury through TAK1 up- 
regulation, SIRT1 down-regulation, ultimately leading to NF-kB activation. This could provide a scientific foundation 
for identifying new therapeutic targets for managing sepsis.

Materials and Methods
Animals
The find out about protocol was approved by the Ethics Committee of Lanzhou University Second Hospital. Wistar male 
rats weighing an average of 200 ± 20 g were obtained from the Animal Experimental Research Centre of Lanzhou 
University. All procedures pertaining to the handling of animals were conducted in accordance with the guidelines set 
forth in the Guide for the Care and Use of Laboratory Animals. All animal experimental procedures and protocols were 
approved by the Experimental Animal Welfare Ethics Committee of Lanzhou University Second Hospital (ethics 
number: D2024-012).

Patients
The study population consisted of sepsis patients admitted to the Department of Intensive Care Medicine at the Second 
Hospital of Lanzhou University from 1 January 2024 onwards, who met the diagnostic criteria for Sepsis 3.0. Non-sepsis 
patients were selected as the control group. After obtaining informed consent from either the patient or their family 
members, blood samples were collected to isolate serum exosomes. Non-sepsis patients were chosen as controls. Our 
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study complies with the Declaration of Helsinki. All clinical testing methods and protocols were approved by the 
Medical Ethics Committee of Lanzhou University Second Hospital (ethics number: 2024A-047).

Drugs, Kits, and Antibodies
LPS was purchased from Solarbio (China), and GW4869 was purchased form KKL Med (China). miR-122-5p inhibitor 
(miR-122-5p IN) and negative control (miR-122-5p NC) both constructed by Gemma Shanghai (China). All antibodies 
were purchased from Proteintech (China), and all ELISA kits were purchased from mlbio (China). All additional reagents 
are obtained from trusted suppliers.

LPS-Treated Rats and Pretreated with miR122-5p Inhibitor and GW4869 in the LPS- 
Rat Model
LPS endotoxemia model: LPS derived from Escherichia coli (Solarbio, China) was injected into male mice. Rats were 
randomly divided into seven groups: Control, LPS, miR122-5p inhibitor+LPS, miR122-5p NC+LPS, GW4869+LPS, 
GW4869, miR122-5p inhibitor+ GW4869+LPS.

Rats were pre-injected with PBS, GW4869, miR122-5p inhibitor, miR122-5p NC and miR122-5p inhibitor+ 
GW4869, respectively 2h before intraperitoneal injection of LPS to establish the PBS+LPS group, miR122-5p inhibi-
tor+LPS, miR122-5p NC+LPS, GW4869+LPS group, miR122-5p inhibitor+ GW4869+LPS. The GW4869 crew used to 
be solely injected intraperitoneally with the exosome inhibitor GW4869 and the LPS team was once solely injected LPS, 
whilst the Control team obtained the identical quantity of PBS injection. The animals were euthanized 24h later using a 
high-dose intraperitoneal injection of pentobarbital (1%, mg/kg), and blood, liver and kidney tissues were collected 
immediately.

Exosome Isolation and Characterization
The rat blood samples were collected by centrifugation at 3,000 × g for 15 min at 4°C after being left at room 
temperature for two hours. The supernatant was then taken to obtain the serum, which was stored at −20°C or −80°C. 
Exosomes were isolated using differential centrifugation (all procedures performed at 4°C). Initially, equal volumes of 
serum samples were centrifuged at 2,000 × g for five min at 4°C. The resulting supernatant was transferred to a new tube 
and further centrifuged at 3,500 × g for 15–20 min. Subsequently, the supernatant was transferred to an ultra-high-speed 
centrifuge tube and subjected to centrifugation at 120,000 × g for one hundred twenty min in a Beckman ultracentrifuge 
(BECKMAN Optima L-100 XP). After discarding the supernatant, the pellet was resuspended in a solution of 1× 
phosphate buffer (PBS) and filtered through a 0.22 μm filter; the filtrate was collected and subjected to another round of 
centrifugation at 120,000 × g for one hundred twenty min. Again, the supernatant was discarded and the pellet 
resuspended in a solution of 1× PBS. For morphological transmission electron microscopy (TEM) analysis, exosome 
samples (10 μL) were dropped onto a copper grid and allowed to stand for three minutes before excess liquid was 
removed from the edges with filter paper. Then they were negatively stained with phosphotungstic acid (1%,10 μL) for 
five minutes followed by gentle aspiration of excess liquid with filter paper before placing them under a transmission 
electron microscope (HT7800, Japan) for observation and photography purposes. Exosomal protein quantification 
utilized dicinchoninic acid (BCA) assay kit(Biosharp, China), while Western blot analysis assessed expression levels 
of exosomal markers CD9, CD63, and CD81.

Total RNA Extraction, cDNA Synthesis, and Quantitative Real-Time Polymerase 
Chain Reaction (qRT-PCR)
The total RNA was extracted from the tissues using a rapid-pure RNA kit (AG RNAex Rro Reagent, China) according to 
the manufacturer’s instructions. The integrity of RNA was assessed on 1% agarose gels, and the concentration and purity 
were determined using the Nano-Drop 2000 spectrophotometer (DENOVIX DS-11). Subsequently, cDNA synthesis was 
performed using the PrimeScript ™ RT reagent Kit (AG11705, ACCURATE BIOTECHNOLOGY, HUNAN) following 
the manufacturer’s protocol. The cDNA templates were stored at −80°C until further analysis. The qRT-PCR assay was 

Infection and Drug Resistance 2025:18                                                                                             https://doi.org/10.2147/IDR.S499643                                                                                                                                                                                                                                                                                                                                                                                                    187

Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



conducted on a Rotor-Gene Q instrument (QIAGEN Rotor-Gene Q) with SYBR Premix Ex TaqTM (AG11701, 
ACCURATE BIOTECHNOLOGY, HUNAN). Each reaction mixture had a total volume of 20 μL containing two μL 
of diluted cDNA template (10-fold dilution in ddH2O), 10 μL SYBR Premix Ex TaqTM (AG11701, ACCURATE 
BIOTECHNOLOGY, HUNAN), 0.8 μL each of forward and reverse primers (10 mM), and 6.4 μL of ddH2O. The real- 
time PCR program consisted of an initial denaturation step at 95°C for 30s followed by forty cycles at 95°C for five s and 
then annealing/extension at 60°C for 30s. Melting curve analysis was performed after amplification to ensure product 
homogeneity across all reactions while non-template reactions served as negative controls showing no amplification 
signal when water instead of cDNA was used as template DNA source. Amplification efficiencies were calculated based 
on standard curves generated from serial dilutions (1:10) of cDNA samples. The primer sequences used were as follows: 
miR122-5p: forward - CGGCTGGAGTGTGACAATGG −3′; reverse - ACTGCAGGGTCCGAGGTATT-3′; U6 primer: 
forward - GGAACGATACAGAGAAGATTAGC-3′; reverse - GGAACGATACAGAGA AGATT AGC −3′. All qRT- 
PCRs were performed in triplicate with repeated assays. The mRNA levels of each target gene were quantified using the 
real-time PCR Ct (2–ΔΔCT) relative quantitative method, with U6 as the reference gene for normalization.

Elisa
Rat serum was collected 24 hours post-surgery, and the levels of tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), 
lactate dehydrogenase (LDH), and interleukin-1β (IL-1β) in the serum were quantified using an enzyme-linked immu-
nosorbent assay (ELISA) kit from Mlbio, China, following the manufacturer’s instructions.

Serum Indicators of Liver and Kidney Injury
The serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea, creatinine, and uric acid 
(UA) in each group were quantified using computerized biochemical analysis.

Histopathology/H&E Staining
The liver or kidney tissues of rats were fixed in 4% paraformaldehyde for 24 hours, dehydrated using an alcohol gradient, 
embedded in paraffin, and then prepared as 4 μm tissue sections. These sections were stained with a hematoxylin eosin 
(H&E) staining kit (Beyotime, China), observed and photographed using an optical microscope (TissueFAXS Plus). 
Histologic scoring was conducted on a scale of 0–5, with scoring parameters including interstitial edema, hemorrhage, 
and neutrophil infiltration.

Immunofluorescence
After dewaxing the paraffin sections, antigen retrieval was performed. Endogenous peroxidase activity was blocked and 
serum was incubated at room temperature for 30 minutes. The primary antibody was then incubated overnight at 4°C. 
Subsequently, the secondary antibody was incubated at room temperature for 50 minutes. After washing, the slices were 
gently dried and a freshly prepared DAB color development solution was added to each section. The color development 
time was carefully controlled under a microscope. A desirable brown and yellow coloration indicated successful staining, 
followed by termination of the reaction with tap water washes. Hematoxylin counterstaining of nuclei lasted approxi-
mately three minutes before rinsing with tap water. Sequential dehydration steps included immersion in 75% alcohol for 
five minutes, followed by 85% alcohol for another five minutes, anhydrous ethanol I and II each for five minutes 
respectively, n-butanol for five minutes, and xylene for five more minutes until transparency achieved. Finally, the 
sections were air-dried after removal from xylene and sealed with adhesive glue prior to imaging using an optical 
microscope (TissueFAXS Plus).

Western Blotting (WB)
The liver and kidney tissues were homogenized using a tissue homogenizer. Subsequently, the exosomes and liver and 
kidney tissue homogenates were lysed with RIPA cleavage buffer containing a protease inhibitor mixture (Solarbio, 
China). Total protein quantification was performed using a BCA kit (Biosharp, China), followed by denaturation through 
boiling. Equal amounts of protein were loaded onto an SDS-PAGE gel for electrophoretic separation. The separated 
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proteins were then transferred to a polyvinylidene fluoride (PVDF) membrane and sealed with 5% skim milk solution at 
room temperature for 2 hours. Next, incubation with Proteintech antibodies (China) was carried out overnight at 4°C. 
Afterward, the membranes were incubated with secondary antibodies (Proteintech, China; diluted 1:2000) at room 
temperature for 1 hour before being developed using a hypersensitive ECL chemiluminescence kit (NCM Biotech, 
China). Finally, detection was performed using a multifunctional imaging system (T Tanon 5200 Multi, China).

Statistical Analysis
The statistical data were analyzed using GraphPad Prism eight software and SPSS 20.0. Measurements were expressed as 
mean ± standard deviation (SD). Kolmogorov–Smirnov tests were employed to assess the normal distribution of the data. 
For normally distributed data, a two-sample t-test was used for comparison between two groups, while analysis of 
variance (ANOVA) was utilized for comparison among multiple groups. Non-parametric Kruskal–Wallis test and Dunn’s 
multiple comparison test were applied for non-normally distributed data, such as histological results. A p-value less than 
0.05 was considered statistically significant. Data from in vivoexperiments were presented as mean ± standard error of 
the mean (SEM), and one-way analysis of variance (ANOVA) followed by Tukey’s test was performed for multiple 
comparisons. All procedures were repeated three times with a significance level set at p < 0.05.

Results
LPS Modeling in Rats
In comparison to the control group, the LPS group exhibited numerous punctate necrotic lesions on the liver surface, 
along with observed kidney hyperemia and swelling due to LPS administration. Histopathological examination using HE 
staining revealed that the control group displayed normal liver tissue structure with orderly cell arrangement and absence 
of pathological phenomena. Conversely, the model group exhibited evident liver tissue lesions characterized by edema, 
degeneration, and necrosis of hepatocytes, as well as infiltration of inflammatory cells. The kidneys in the control group 
showed intact structure without bleeding or inflammatory infiltration; however, in the LPS group, tubular epithelial cells 
demonstrated edema with increased cell volume, disordered glomerular structure, narrowed tubular lumen, significant 
bleeding within interstitium accompanied by a large number of infiltrating inflammatory cells. Treatment with miR-122- 
5p inhibitor+LPS or GW4869+LPS or miR122-5p inhibitor+GW4869+LPS effectively alleviated inflammation and 
improved acute organ injury in septic mice.

Characterization and Analysis of Exosomes
We isolated exosomes from rat serum using ultrafast centrifugation and characterized their size and concentration 
through particle size analysis. The majority of particles (over 80%) had a diameter ranging from 30 to 120 nm, with 
an average size of 101 nm, consistent with the typical size range of exosomes. Additionally, intact cup-shaped membrane 
vesicles were observed under transmission electron microscopy (TEM), and the expression levels of three common 
exosome markers - CD9, CD63, and CD81 - were confirmed by Western blotting (Figure 1).

The Content of miR-122-5p in Exosomes and Liver and Kidney Tissues Was 
Determined by PCR
The PCR results revealed that the expression of miR-122-5p in serum exosomes was significantly elevated in septic 
patients compared to non-septic individuals, and there was a marked increase in the levels of miR-122-5p observed in 
serum exosomes, liver tissues, and kidney tissues of septic rats when compared to controls (p<0.05) (Figure 2).

Circulating Pro-Inflammatory Cytokines
The levels of pro-inflammatory cytokines (TNF-α, IL-1β, LDH, and IL-6) in the serum of LPS-treated rats were 
significantly elevated. In contrast, pretreatment with GW4869, a miR122-5p inhibitor, or their combination markedly 
attenuated the production of pro-inflammatory cytokines in response to endotoxin stimulation. (The levels of serum 
inflammatory factors in each group were compared in the Supplementary Tables 1–4).
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Liver and Kidney Function
After 24 hours of modeling, tissue samples were collected and subjected to constant and HE staining. The morphological 
changes in the kidney were observed using light microscopy. Histomorphological alterations in the liver were examined 
under a light microscope. The hepatocyte morphology in the control and GW4869 groups appeared normal and well- 
organized. In the LPS group, disruption of liver lobule structure, hepatocyte swelling and necrosis, as well as infiltration 
of inflammatory cells were observed. However, compared to the LPS group, these liver pathological changes were 
partially alleviated in the miR-122-5p inhibitor+LPS, GW4869+LPS, and miR-122-5p inhibitor+GW4869+LPS groups. 
Regarding renal function index changes, serum AST and ALT levels significantly increased in rats from the LPS group. 
Conversely, serum AST and ALT levels significantly decreased in the miR-122-5p inhibitor+LPS, GW4869+LPS, and 
miR-122-5p inhibitor+GW4869+LPS groups when compared with the LPS group (P<0.05).

The renal morphology of the control and GW4869 groups remained intact, with no evidence of inflammatory cell 
infiltration or tissue edema in the renal tissue. In contrast, the LPS group exhibited blurred renal morphology, evident 
tissue edema, and increased inflammatory cell infiltration. This was accompanied by glomerular deformation and 
enlargement, as well as dilatation of renal tubules. Epithelial cell swelling, brush border detachment, and apparent 
vacuolar degeneration were also observed along with sporadic bleeding.

The pathological changes in glomeruli, renal interstitium, and renal tubules were significantly reduced in the miR122- 
5p inhibitor+LPS group, GW4869+LPS group, and miR122-5p inhibitor+GW4869+LPS group compared to the LPS 
group. Furthermore, alterations in serum UREA (urea nitrogen), CREA (creatinine), UA (uric acid), AST (aspartate 
aminotransferase), and ALT (alanine aminotransferase) levels were consistent with these histological findings (P < 0.05) 
(Figure 3).

Immunohistochemistry
Compared to the control group, the expression level of TAK1 was upregulated in liver and kidney tissues of rats in the 
LPS group. However, co-administration of miR-122-5p inhibitor with LPS, GW4869 with LPS, or miR-122-5p inhibitor 
with GW4869 and LPS effectively attenuated the upregulation of TAK1 expression in liver and kidney tissues. SIRT1 
expression levels were downregulated in liver and kidney tissues of the LPS group. Nevertheless, co-treatment with 

Figure 1 Results of serum exosome identification (A) morphology of Serum-EXOs under transmission electron microscopy. Exosomes photographed by electron 
microscopy at two angles are shown in Figure A1-A2. All size bar is 500 nm. (B) Range of concentration of ion diameter of Serum-EXOs detected by zeta potential 
particle size analyzer; (C) Detection of the surface marker proteins of CD9, CD63, and CD81 on Serum-Exos by Western blot.
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miR122-5p inhibitor and LPS, GW4869 and LPS, or miR122-5p inhibitor with GW4869 and LPS significantly enhanced 
SIRT1 expression in liver and kidney tissues (compared to both control group and LPS group) (Figure 4).

Serum Exosome Activates NF-κB Signaling Pathway in Liver and Kidney Tissues via 
miR-122-5p
Compared to the control group, the LPS group exhibited upregulated expression of NF-κB pp65 protein in both liver and 
kidney of rats. However, treatment with miR122-5p inhibitor+LPS, GW4869+LPS, or miR122-5p inhibitor+GW4869 
+LPS effectively attenuated this upregulation of NF-κB pp65 protein expression in both liver and kidney (compared to 
the control and LPS groups) (Figure 5).

Discussion
Given its high mortality rate, sepsis poses a significant global health challenge and imposes substantial economic 
burdens. The grave implications of sepsis necessitate the development of more efficacious treatment strategies to enhance 
clinical outcomes.30 The intricate pathophysiology of sepsis, characterized by multi-organ dysfunction, has impeded the 
development of efficacious therapeutic drugs for its treatment. Among sepsis patients, the most prevalent organ failures 
occur in the kidney (56.9%), cardiovascular system (24.3%), central nervous system (20.7%), respiratory system 

Figure 2 The results of the PCR demonstrated notable discrepancies. (A) Comparison of miR-122-5p levels in serum exosomes between septic and non-septic patients. (B) 
Comparison of miR-122-5p levels in serum exosomes between LPS-induced rats and control rats. (C) Comparison of miR-122-5p levels in liver tissues between LPS-induced 
rats and control rats. (D) Comparison of miR-122-5p levels in kidney tissues between LPS-induced rats and control rats. The data are presented as means ± standard error 
(n=3). All data are expressed as mean ± standard deviation. *P < 0.05; **P < 0.01, ***P < 0.001, ****P < 0.0001, compared to the control group.
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(15.2%), and blood system (10.3%). Notably, sepsis patients are particularly susceptible to kidney impairment, with acute 
kidney injury (AKI) frequently observed at disease onset or during treatment. A 2019 study examining over 20,000 sepsis 
patients using 29 early clinical indicators identified four distinct phenotypes: alpha, beta, gamma, and delta; among these 
phenotypes, delta exhibited the highest mortality rate and a heightened propensity for liver dysfunction and shock.31 The 
liver is seen as the “guardian, regulator, and target” of sepsis and is central to immune regulation in response to systemic 
infections32. Consistent with the results of this study, reduced ALT, AST and TNF-α levels are considered biomarkers of 
protective effects in LPS-induced animal models.33 It has also been found that injecting exosomes produced by LPS- 
stimulated macrophages into mice causes damage to kidney endothelial cells.34 The serum levels of UREA, CREA, and 

Figure 3 Significant differences were observed in the levels of liver and kidney injury and inflammation among all groups. (A) Comparison of liver and kidney morphology 
between the control and LPS groups revealed distinct differences. The LPS group exhibited evident punctate necrotic foci on the surface of the liver (Necrotic lesions on the 
liver surface are indicated by the black arrow), while congestion was observed in the kidneys. (B) H&E staining analysis demonstrated that pathological alterations in the liver 
and kidneys were partially ameliorated in miR-122-5p IN+LPS, GW+LPS, and miR-122-5p IN+GW+LPS groups compared to the LPS group. All size bar is 50 μm. (C) 
Inhibitor treatment significantly reduced serum levels of tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), lactate dehydrogenase (LDH), and interleukin-1 beta (IL- 
1β) compared to those in the LPS group. Data are presented as means ± SE (n=3). All data are mean ± SD. **P < 0.01, ***P < 0.001, ****P < 0.0001, compared with control 
group.
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UA in rats from the miR-122-5p inhibitor+LPS, GW4869+LPS, and miR-122-5p inhibitor+GW4869+LPS groups were 
significantly lower compared to those in the LPS group. These findings suggest that exosome-derived miR-122-5p can 
induce kidney damage while miR-122-5p inhibitors can alleviate sepsis-induced kidney injury. Furthermore, pretreatment 
not only attenuated the elevation of liver and kidney injury markers caused by LPS stimulation but also reduced serum 
inflammatory cytokine levels and NF-kB signaling pathway activation in liver and kidney tissues, ultimately mitigating 
sepsis-induced liver and kidney injury. Although this study primarily focused on liver and kidney tissue, other studies 
have demonstrated a strong association between exosomes and sepsis-related cardiopulmonary damage.35,36

The exosomes derived from sepsis also alleviate the condition by inducing macrophage polarization, characterized by 
a significant shift from the pro-inflammatory M1 phenotype to the anti-inflammatory M2 phenotype.37–39 Previous 
studies have shown that miR-122-5p may be related to the polarization of macrophages,26 and some other studies have 
found: Interleukin-1β (IL-1β) pretreated mouse mesenchymal stem cell (MSCs) exosomes can effectively induce M2-like 
polarization of macrophages in vitro and in vivo, reducing TNF-α, interleukin-6 (IL-6), and interleukin-1β (IL-1β).40 

Other studies have shown that exosomes can worsen the disease:41,42 In sepsis associated acute lung injury, exosomes 
induce M1 macrophage polarization and macrophage pyrodeath by activating NF-κB. Some studies have found that 
exosomes induce M1 macrophage polarization and induce macrophage pyroptosis by activating NF-κB in sepsis related 
acute lung injury.43 Based on these findings, our team hypothesized that the presence of miR-122-5p in exosomes is 
closely associated with macrophage proliferative polarization during the onset and progression of sepsis. Moving 

Figure 4 The expression level of the upstream protein was determined through immunohistochemical analysis. (A) The serum levels of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), urea, creatinine, and uric acid in rats were measured in each experimental group. (B and C) Immunohistochemical analysis was performed to 
compare the expression of TAK1 and SIRT1 in the liver and kidney tissues of rats from each group. Statistical significance was determined using one-way ANOVA followed 
by Tukey’s post hoc test, revealing significant differences between LPS-treated group vs control group (p < 0.05), IN+LPS-treated group vs LPS-treated group (p < 0.05), GW 
+LPS-treated group vs LPS-treated group, and IN +GW+LPS-treated group vs LPS-treated group (p < 0.05). **P < 0.01, ***P < 0.001, ****P < 0.0001, compared with control 
group. All size bar is 50 μm.

Infection and Drug Resistance 2025:18                                                                                             https://doi.org/10.2147/IDR.S499643                                                                                                                                                                                                                                                                                                                                                                                                    193

Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Figure 5 The activation of the NF-κB pathway was confirmed through Western blot analysis. Expression of P65 and P-P65 protein was determined by Western blot analysis. 
Data are represented as means ± SE (n=3). Multiple comparisons by one-way ANOVA and Tukey’s-post hoc showed statistical significance at: LPS vs control group (p < 
0.05), IN+LPS vs LPS group (p < 0.05), GW+LPS vs LPS and IN +GW+LPS vs LPS group (p < 0.05). * P < 0.05; **P < 0.01, ***P < 0.001, ****P < 0.0001, compared with 
control group.

Figure 6 Mechanism of exosomal miR-122-5p regulation of hepatic and renal injury in sepsis. Serum exosome miR-122-5p can promote the levels of serum inflammatory 
factors and liver and kidney injury indices in rats induced by LPS, up-regulate TAK1, down-regulate SIRT1, and ultimately promote the activation of NF-κB, leading to liver 
and kidney injury. (By Figdraw.).
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forward, our team will focus on investigating the correlation between serum exosome levels and macrophage prolif-
erative polarization in sepsis. In our study, we observed that serum exosomal miR-122-5p can impact the NF-κB 
pathway; however, specific effects were not included in the experimental content. Therefore, we utilized big data 
analysis to screen potential targets of miR-122-5p and identified a total of 5 genes which were further analyzed through 
co-expression pathways to explore possible downstream targets. This approach provides a foundation for future studies 
examining the relationship between serum exosomal miR-122-5p and the NF-κB pathway (Supplementary Figure 1).

However, there are several limitations in this study that need to be addressed. Firstly, the use of only one modelling 
method (LPS stimulation) to simulate rat sepsis may not fully capture the complexity of the disease. Secondly, a 
quantitative standard for assessing the progression of sepsis patients was lacking, which could have affected the accuracy 
and reliability of the results. Additionally, the absence of concentration gradient administration limited our understanding 
of dose-dependent effects. Future studies should consider incorporating both LPS and CLP models simultaneously to 
enhance their validity and explore multi-group drug concentration gradients for comprehensive analysis. The objective of 
this study was to investigate the potential of miR-122-5p inclusion in serum exosomes for mitigating sepsis-induced liver 
and kidney damage. Based on the experimental data, it was observed that elevated levels of serum exosome miR-122-5p 
were closely associated with sepsis-induced liver and kidney damage as well as systemic inflammation. Furthermore, it 
was discovered that serum exosome miR-122-5p upregulated TAK1, downregulated SIRT1, ultimately leading to NF-κB 
activation and subsequent liver and kidney injury. These findings offer promising therapeutic strategies for addressing 
severe inflammatory storms and organ dysfunction in sepsis at a cellular level.

Conclusion
Based on our findings, it can be inferred that the regulatory effects of Serum exosomes miR-122-5P play a pivotal role in 
sepsis-induced liver and kidney injury. The utilization of miR122-5p and GW4869 inhibitors mitigates hepatic and renal 
injury by modulating serum hepatic and renal injury indexes, inhibiting TAK1 activation, promoting SIRT1 expression, 
and ultimately suppressing pathway activation to attenuate hepatic and renal injury. Consequently, Serum exosome miR- 
122-5p facilitates the elevation of serum inflammatory factors as well as liver and kidney injury indices in LPS-induced 
rats, upregulates TAK1 expression while downregulating SIRT1 levels, thereby facilitating NF-κB activation leading to 
liver and kidney injury (Figure 6).
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