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Abstract 

Background Translocation of intestinal flora can cause liver 

abscesses.The epidemiological data were mainly Kebsiella 

pneumoniae infection.It is usually associated with changes in 

mucosal autophagy and oxidative stress. 

Objective The aim of this study was to investigate the 

correlation between autophagy and oxidative stress on the 

intestinal mucosal barrier of hypervirulent Klebsiella 

pneumoniae-caused liver abscesses(hvKp-cla) mice model. And 

the genes that might be involved. 

Methods C57BL/6J mice were used as study subjects to induce 

liver abscesses model by hypervirulent Klebsiella pneumoniae 

gavage. Bacterial translocation (BT) was detected by 16S rDNA 

sequencing analysis.Morphological alterations in the liver and 

gut were assessed by hematoxylin–eosin staining.Oxidative 



stress status was determined by measuring the level of intestinal 

malondialdehyde (MDA),superoxide dismutase (SOD) and 

glutathione peroxidase (GPx).In situ hybridization was used to 

determine whether the bacteria had migrated to the liver.Western 

blot, RT-PCR,and immunofuorescent staining were preformed to 

analyze the expression of tight junction and autophagy proteins. 

The ultrastructural changes of liver were examined by electron 

microscopy.RNA-seq was used to detect the possible involved 

genes. 

Results According to the sequencing analysis, mice were 

divided into BT (+) group (n = 7) and BT (-) group(n = 7).The 

damage of intestinal mucosa and liver in BT(+) group was more 

serious than that in BT(-) group. The translocated Klebsiella 

pneumoniae was observed in the intestinal mucosa lamina 

propria and liver.The content of MDA was clearly elevated, and 

SOD as well as GPx activities were decreased in BT (+) group 

as compared with BT (-) group.The expression of LC3II and 

Beclin1 in BT (-) group was higher than that observed in BT (+). 

In contrast, BT (+)group had a lower level of Zonulin-1 (ZO-1) 

and claudin-2. RNA-seq found 1912 genes were up-regulated 

and 1,911 genes down-regulated. Those genes of mTOR,Atg4b 

and SERPINA3 were involved. 



Conclusion Autophagy reduces intestinal hypervirulent 

Klebsiella pneumoniae translocation by reducing oxidative 

stress levels. Those genes of mTOR,Atg4b and SERPINA3 were 

involved. 

Keywords Autophagy · Oxidative stress · Bacterial 

translocation · Tight junction · Hypervirulent Klebsiella 

pneumoniae  

Background   

In the past few decades, Klebsiella pneumoniae has become the 

single major cause of pyogenic liver abscess in East Asian 

countries, especially in Taiwan[1-3].Previous studies have 

shown that liver abscess infection can be caused by a variety of 

pathogens, and Klebsiella pneumoniae causes less than 10% of 

liver infections [4]. Klebsiella pneumoniae-caused pyogenic 

liver abscess(KLA)infection have risen sharply in recent years, 

reaching as high as 70% in some regions[5]. These data are 

consistent with other studies, which generally suggest that 

Klebsiella pneumoniae infection is due to initial intestinal 

colonization [6,7]. However, the pathogenesis of KLA remains 

unclear.In addition, transmission and colonization of hvKp 

genes in the gastrointestinal tract have been identified through 

mouse models.This suggests that hvKp may use specific toxicity 



determinants to enter the liver[8]. In sum,hvKp is adept at 

colonizing the gastrointestinal tract, which helps it spread from 

during disease. 

Gut-derived infection is usually caused by pathological 

translocations of intestinal bacteria or endotoxins,caused by 

intestinal barrier dysfunction. A large number of studies have 

proved that the change of tight junction (TJ) protein of intestinal 

mucosal cells is the main factor that increases intestinal 

permeability [9]. A large number of proteins are thought to be 

involved in the formation of the selective permeable TJ barrier 

[10].It is well known that sepsis can cause intestinal barrier 

dysfunction and increase permeability [11,12]. In addition, 

activation of intestinal immune cells leads to further increase of 

intestinal permeability by changing TJs[13]. Sepsis leads to a 

redistribution of the TJ proteins occludin and claudin-1, 3, 4, 5, 

and 8 (68).Consistent with this, endotoxemia in mice leads to 

disruption of ultrastructure in the intestinal epithelium [14], 

occludin and ZO-1.Recent studies have shown that autophagy 

[15] can remove intracellular microorganisms and bacterial 

toxins from intestinal epithelial cells. 

Autophagy is a highly conserved mechanism that occurs in all 

eukaryotic cells and participates in the maintenance of normal 



physiology [16]. This process is essential in maintaining 

intestinal barrier integrity, anti-microbial defense, and mucosal 

immune response [17]. Oxidative stress (OS) is mainly caused 

by excessive production of reactive oxygen species, which 

destroys cell components.The accumulation of Reactive oxygen 

species (ROS) will lead to the dysfunction of the intestinal 

mucosal barrier.Normal autophagy may be an effective 

protective mechanism for cell survival against ROS-mediated 

necrosis [18].ROS has been shown to be a trigger for autophagy 

[19]. 

To our knowledge,this is the first study to explore the 

association between autophagy and oxidative stress of BT in 

hvKp-cla and discuss the potential relationship between 

autophagy and oxidative stress in intestinal epithelial cells. 

 

Results 

Mortality Rates and BT Ratio 

At the end of the experiment,two mice died in the gavage 

group(mortality rate of 10%).There were no deaths in the CO 

group.Bacteria were detected in the peripheral blood from seven 

samples, and the BT ratio was about 50%.The mice of the 



gavage group were divided into 2 groups:BT (+) group (n = 7) 

and BT (−) group (n =7). 

Liver and Intestinal Histopathology 

The morphology of the liver and gut mucosa was evaluated by 

light microscopy.No obvious pathological changes were found 

in the liver and intestinal epithelium of the CO group.BT(+) and 

BT(-)group:a lot of infammatory cells infltrated in the thinning 

intestinal wall with local bleeding and necrosis,mucosal glands 

reduced and sparsely lined.Liver tissue have disordered structure 

of liver plate,infiltration of inflammatory cells,focal bleeding 

and necrosis of liver cells。(Fig.1) 

 

 

 

Fig.1 Hematoxylin and eosin staining sections of the liver and gut mucosa.Intestinal tissue: a CO group: there were 

no remarkable pathologic injury changes;b BT (− ) group and c BT (+) group:a lot of infammatory cells infltrated 

in the thinning intestinal wall, with local bleeding and necrosis, mucosal glands reduced and sparsely lined;Liver 

tissue: d CO group: there were no remarkable pathologic injury changes;e BT (− ) group and f BT (+) 
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group:disordered structure of liver plate,infiltration of inflammatory cells,focal bleeding and necrosis of liver 

cells;(original magnifcation,× 200). 

Determine bacterial translocation 

In order to prove that the hypervirulent Klebsiella pneumoniae 

was transported to the liver by intestinal feeding, we performed 

in situ hybridization of liver and intestine.Our results 

demonstrated that Klebsiella pneumoniae was observed in the 

intestine and liver at 5 days after intestinal feeding.(Fig.2) 

 

 
Fig.2 In situ hybridization of intestine and liver. Intestinal tissue: a CO group: translocated Klebsiella pneumoniae 

bacteria were not observed.b hypervirulent Klebsiella pneumoniae can be seen in the intestinal mucosa lamina 

propria.Liver tissue: c CO group: translocated Klebsiella pneumoniae bacteria were not observed.d the displaced 

Klebsiella pneumoniae can be seen in liver tissue. 

Intestinal SOD, GPx Activity, and MDA Content  

To explore the relationship between autophagy and oxidative 

stress in hvkp-cla, we measured the MDA content and the 

activity of SOD and GPx in the intestines.SOD and GPx activity 

A 

D C 

B 



of the hvkp-cla group was lower than the CO group (P < 0.05). 

Compared with CO group, MDA concentration in BT(+) group 

was significantly increased(P < 0.01).SOD and GPx activities 

and MDA contents in BT(− ) and BT(+) groups were 

significantly different(P < 0.05, Fig. 3).  

 
Fig.3 SOD, GPX activity and MDA content in intestinal tract. SOD and GPx activities in intestinal were 

down-regulated, and MDA evels in intestinal tissues were significantly increased. **P < 0.01, *P < 0.05. 

Activation of Autophagy in Intestinal Epithelium 



To confirm that hvkp-cla activated intestinal mucosal autophagy, 

Western blot was used to detect Beclin1 protein expression and 

LC3 transformation.An obvious growth in LC3II and Beclin1 

was seen in gavage groups compared with CO groups (P < 0.01 

and P < 0.05). The expression of LC3II and Beclin1 in BT (−) 

group was signifcantly higher than that of BT (+) group (P < 

0.05, Fig. 4a-b). Autophagic lysosomes were found in the liver 

and secondary lysosomes in the intestinal mucosa(Fig. 4c-d). 

    CO  BT(+) BT(-) 
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Fig. 4 Activation of autophagy in intestinal epithelial cells.Western blot analysis of 

LC3 P62 and Beclin1 in small intestinal epithelium.The relative expressions of LC3 

and Beclin1 were determined by optical density methods.Compared with the CO 

group, autophagy level of gavage group was significantly up-regulated. *P < 0.05，

**P < 0.01. 

TJ mRNA and Protein Expression in Intestinal Epithelium 

To confrm the possible relationship of autophagy and TJ 

proteins expression in hvkp-cla, the expression of TJ mRNA 

was determined by RT-PCR.Our results suggest that BT(+) 

signifcantly attenuates expression of ZO-1 and claudin-2 

compared with the CO group (P < 0.01, Fig. 6). The expression 

of ZO-1 and claudin-2 in BT (+) group were also signifcantly 

decreased compared with BT (−) group (P < 0.05 and P < 

0.01,Fig.5). 

C D 



 

Fig.5 Representative Western blot analysis of TJ proteins and RT-PCR of TJ mRNA in intestinal 

epithelium.Relative mRNA levels of ZO-1 andclaudin-2 in intestinal epithelium. Data are presented as mean ± SD. 

*P < 0.05,**P < 0.01 . 

Detection of TJ Proteins and LC3II by Confocal Laser 

Scanning Microscopy 

To detect the expression of LC3II and TJ proteins in mice 

intestinal epithelium, immunofuorescent double staining was 

performed.ZO-1 (red), claudin-2 (green),Beclin-1(green) and 

LC3II (red) were detected at the junctions of intestinal epithelial 

cells.As seen in Fig.6,BT groups had a massive accumulation of 

LC3II (red) in the cytoplasm of intestinal epithelial 

cells,indicating induction of autophagy in intestinal 

epithelium.The concentration of LC3II in BT(−) group was 

significantly higher than that in BT(+) groups.The different 

distribution of TJ protein indirectly reflects the degree of 



intestinal mucosal damage.The expression of ZO-1 and 

occluding-2 in BT(+) intestinal epithelial cells was very weak. 

ZO-1       claudin-2     DAPI     Merge 

CO   

BT(-)  

BT(+)  

LC3II      Beclin-1     DAPI       Merge 

CO   

BT(+)  

BT(-)  

Fig.6 Confocal laser scanning microscopy. Representative intestinal sections from CO, BT (−), and BT (+) groups 

were double stained with mouse anti-LC3 (red) or rabbit anti-ZO-1 (red),Beclin-1(green) and rabbit anti-claudin-2 

(green). Cell nuclei were stained with DAPI (blue). Original magnifcation, × 20. Scale bar = 100 μm 

RNA sequencing 

**

**



To understand the possible genes involved in Klebsiella 

pneumoniae induced liver abscess and its effects on the body, 

RNA sequencing was performed.It was found that 1912 genes 

were up-regulated and 1911 genes were down-regulated（Fig.7）, 

in which SERPINA3,mTOR and Atg4b genes may be 

involved(Fig.8).At the same time, they affect the inflammation 

immunity and coagulation function of the body(Fig.9). 

 
Fig.7 In the figure, the x-coordinate is log2FoldChange value, and the y-coordinate is -log10padj or -log10pvalue. 

The blue dotted line represents the threshold line of the differential gene screening criteria 



 

 

Fig.8 The genes involved in the translocation of intestinal flora.In the figure, the x-coordinate is the sample name, 

and the y-coordinate is the normalized value of the differential gene FPKM ;The redder the color, the higher the 

expression, and the more green, the lower the expression, *P < 0.05，**P < 0.01. 



 

Fig.9 The effect of bacterial translocation on the organism.The abscess of the figure is the ratio of the number of 

differentially expressed genes annotated to the GO Term to the total number of differentially expressed genes, and 

the ordinate is the GO Term. 

 

Discussion 

In the past decades, the incidence of Klebsiella pneumoniae 

causing liver abscess has increased year by year and is now the 

main bacterium.Severe cases with sepsis,septic shock and 



multiple organ function damage and even multiple organ 

function failure, causing serious medical burden, but now the 

intestinal Klebsiella pneumoniae translocate to liver mechanism 

is still unclear, this study aims to research autophagy, oxidative 

stress and intestinal hypervirulent Klebsiella pneumoniae 

possible mechanism, provide the possible interventions for 

clinical treatment. 

According to the sequencing analysis, mice were divided into 

BT (+) group (n = 7) and BT (-) group(n = 7).The damage of 

intestinal mucosa and liver in BT(+) group was more serious 

than that in BT(-) group. The translocated Klebsiella 

pneumoniae was observed in the intestinal mucosa lamina 

propria and liver.The content of MDA was clearly elevated, and 

SOD as well as GPx activities were decreased in BT (+) group 

as compared with BT (-) group.The expression of LC3II and 

Beclin1 in BT (-) group was higher than that observed in BT (+). 

In contrast, BT (+)group had a lower level of Zonulin-1 (ZO-1) 

and claudin-2. RNA-seq found 1912 genes were up-regulated 

and 1,911 genes down-regulated. Those genes of mTOR,Atg4b 

and SERPINA3 were involved. 

Normally scavengers and antioxidants interact to inhibit the 

production of ROS in mitochondria.Once this balance is broken, 



the main defense enzymes, SOD and GPx are 

activated.Excessive accumulation of ROS leads to the 

degradation of polyunsaturated fatty acids in cell membranes, 

resulting in membrane damage,formation of MDA and 

ultimately oxidative stress.Reduced blood flow leads to 

decreased tissue oxygenation and activation of free oxygen 

radicals, which destroys mucosal cytoskeleton and leads to 

increased intestinal mucosal permeability [20].This development 

leads to intestinal mucosal destruction and bacterial 

translocation [21].Mitochondria can increase intracellular 

oxidative stress, mainly due to the damage of reactive oxygen 

species (ROS) clearance system, and mitochondrial autophagy 

defects can elevates ROS levels [22].Intestinal autophagy 

protects the stability of the intestinal environment by reducing 

ROS levels and supporting the cellular stress response [23].The 

induction of autophagy enhances the clearance of ROS, and 

thereby removes damaged mitochondria, thus alleviating 

oxidative stress [24]. 

Autophagy is a major intracellular degradation pathway, 

including dysfunctional organelles and protein aggregates 

[25].Autophagy is considered as an important cellular 

catabolism pathway.This process occurs through a series of 



signaling pathways in response to specific pressures.Mammalian 

rapamycin complex 1 target (mTORC1) is considered to be a 

key regulator of autophagy initiation [26].Autophagy is an 

important means to maintain the survival of intestinal cells and 

respond to intestinal injury and repair.The dysfunctional 

autophagy mechanism can cause intestinal inflammation, ROS 

accumulation, and even lead to the pathogenesis of intestinal 

diseases such as inflammatory bowel disease(IBD) and 

colorectal cancer [27].In IBD, previous studies have reported 

that knocking out autophagy-related key genes, including 

Atg4b/autophagin-1,Atg16L1, and activating transcription factor 

4 (ATF4) signifificantly deteriorated the severity of IBD in 

animal models, suggesting that baseline autophagy was crucial 

for maintaining intestinal homeostasis and the function of the 

intestinal defensive barrier[28].The serine protease inhibitor, 

alpha-1 antichymotrypsin (SERPINA3),are inhibitors of several 

serine proteases involved in a wide range of biological processes 

[29].SERPINA3 is a typical acute phase protein with 

significantly increased circulating protein levels in inflammatory 

responses, and its gene expression is stimulated by hepatocytes, 

macrophages, endothelial cells and epithelial cells, as well as by 

various cytokines IL-6 and TNF-α[30].Its primary target is the 



cathepsin family, a pro-inflammatory enzyme released at the site 

of inflammation that contributes to the activation of 

inflammatory cytokines, the degradation of pathogens, and the 

remodeling of tissues [31].Therefore,by inhibiting cathepsin 

G,SERPINA3 should limit iIts primary target is the cathepsin 

family, a pro-inflammatory enzyme released at the site of 

inflammation that contributes to the activation of inflammatory 

cytokines, the degradation of pathogens, and the remodeling of 

tissues [31].Thus,SERPINA3 inhibits inflammation, coagulation, 

extracellular matrix remodeling, and apoptosis by inhibiting 

cathepsin G [32].In addition, the liver abscess caused by the 

Klebsiella pneumoniae in the intestinal tract caused some 

functional changes,including:reactive oxygen species metabolic 

process,Inflammatory mediator regulation of TRP 

channels,Cholesterol metabolism and so on. 

This study is the first to emphasize autophagy as an enhancer of 

intestinal mucosal barrier function by preventing and reducing 

oxidative stress in hvKp-cla. Understanding the role of 

autophagy and oxidative stress in hvKp-cla is critical to 

developing new therapeutic strategies. 

 

Conclusion  



Autophagy reduces intestinal hypervirulent Klebsiella 

pneumoniae translocation by reducing oxidative stress levels. 

Those genes of mTOR,Atg4b and SERPINA3 were involved. 

 

Materials and Methods 

Animal Models and Procedures 

All experimental animal protocols were approved by Nankai 

university ethics committee,Tianjin, China.Twenty 

five-week-old C57BL/6J mice were obtained from Sibeifu 

Biological Technology co., LTD(Beijing,China). 

All mice were acclimated to our animal laboratory for more than 

24h and randomly divided into two groups: the lavage group (n 

= 16) and the control group(CO) (n = 4).With four kinds of 

antibiotics lavage treatment for seven days in a row, the gut 

microbes were decreased by 99%, namely artificial germ-free 

mice, then poured the Klebsiella pneumoniae to stomach, after 

lavage for five days in a row, 200μ L a day, density of 

10
9
CUF/ml,the control group with sterile saline 200μ L and 

tested related indicators.During the experiments, the mice were 

anesthetized with phenobarbital sodium (60 mg/kg, i.p.) and 

were euthanized using cervical dislocation under anesthesia. The 

blood portion was collected in EDTA microtubes and also stored 



at - 20 °C for the detection of bacterial DNA.The terminal ileum 

adjacent to the cecum was harvested and divided into two 

segments; one section was fixed in 4% paraformaldehyde for 

tissue section preparation. The other section was stored at - 

80 °C for subsequent assay. 

Bacteria 16S rDNA Sequence Detection 

With Power Soil DNA Isolation Kit (MOBIO Laboratories) Kit 

for total bacterial DNA from the sample.By 260 nm / 280 nm 

and 230 nm / 230 nm ratio evaluation DNA quality and 

quantity.And then stored in the DNA - 80 ℃ until further 

treatment.Use primer amplification bacterial 16 s rRNA genes 

V3, V4 area.Forward primer, 5 '- 

ACTCCTACGGGAGGCAGCA - 3';Reverse primer, 5 '- 

GGACTACHVGGGTWTCTAAT - 3'.For PCR amplification 

and the product purification, homogenization and quantitatively 

form the sequencing library, built library to library quality 

inspection, quality inspection qualified library with Illumina 

HiSeq 2500 sequencing. 

Histopathological Evaluation 

Liver and gut samples were fixed in a paraformaldehyde 

solution and embedded in paraffin.Sections(5 µm)were routinely 



stained with hematoxylin and eosin (HE) dye for morphologic 

analysis by light microscopy.  

Electron microscopic analysis. 

Samples were fixed with 2% PFA, and 2% glutaraldehyde in 

0.1M phosphate bufer, pH 7.4, at 4 °C overnight. Afer fixation 

and dehydration, 60-80 nm sections were prepared with a 

diamond blade, using an ultramicrotome (ULTRACUT UCT; 

Leica) and mounted on metal grids.2% uranium acetate 

saturated alcohol solution avoid light staining for 8 min, rinsed 

in 70% ethanol for 3 times and then rinsed in ultra pure water 

for 3 times.2.6% Lead citrate avoid CO2 staining for 8 min, and 

then rinsed with ultra pure water for 3 times.After dried by the 

filer paper, the cuprum grids were put into the grids board and 

dried overnight at room temperature.The cuprum grids 

areobserved under TEM(HT7800/HT7700;HITACHI) and take 

images. 

Superoxide Dismutase (SOD), Glutathione Peroxidase (GPx), 

and Malondialdehyde (MDA) Determination 

Part of the intestinal mucosa was ground in precooled mortar, 

and then the cold buffer was added to the cryogenic 

homogenizer for tissue homogenization.Malondialdehyde 

(MDA) levels were immediately measured with a portion of the 



homogenate.The residual tissue homogenate was centrifuged, 

the supernatant was collected, and the activities of SOD and 

GPx were measured.The activities of SOD and GPx and the 

content of MDA in intestinal mucosa were detected by the 

detection kit (Nanjing Jiancheng Institute of Biotechnology). 

Western Blot Analysis 

Total protein was extracted from mice in lysis bufer. Protein 

concentrations were determined using a BCA Protein Assay kit. 

Extracted protein (50 mg) were subjected to 10 or 15% sodium 

dodecyl sulfate–polyacrylamide gel electrophoresis (SDS 

PAGE),then transferred to a polyvinylidene fuoride (PVDF) 

membrane in Tris-bufered saline containing 0.1% Tween-20 

(TBST) and 5% skim milk blocked for 1 h at room temperature. 

The membrane was incubated overnight at 4 °C with the 

following primary antibodies: rabbit anti-Beclin1(Servicebio), 

rabbit anti-occludin(Servicebio) , rabbit anti-ZO-1(Servicebio), 

rabbit anti-claudin-2(Servicebio),mouse anti-LC3(Servicebio). 

β-actin was used as a loading control.Finally the membrane was 

incubated with corresponding secondary antibodies for 1 h at 

room temperature. Scan the film,Organize and desaturate by 

using Photoshop. Use Alpha processing system to analyze the 

optical density value of the target band. 



Real-Time PCR 

Total RNA was extracted from intestinal tissues.Total RNA (5 

μg) was reverse transcribed into cDNA using oligo dT primer. 

Primers Were shown in Table 1.The next step is PCR 

amplification2−ΔΔCt method was used to compare the relative 

expression levels. 

Table 1Primers used for RT-PCR 

Gene Sequence （5'-3') 

M-Cldn2（1）-S ACTTCTACTCGCCGCTGGTT 

M-Cldn2（1）-A CTCTTGGCTTTGGGCTGTTG 

  

M-P62 （1）-S CACTACCGCGATGAGGATGG 

M-P62 （1）-A CTGCACTTATAGCGAGTTCCCAC 

  

M-LC3B(1)-S CGAGAAGACCTTCAAGCAGCG 

M-LC3B(1)-A TGCCCCTTTTCCCTCTGC 

Immunofuorescent Detection of the Distribution of Intestinal 

TJs and LC3II 

The protein concentration was measured with BCA protein 

detection kit.The extracted protein (50 mg) was subjected to 10 or 

15% sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS PAGE) and then transferred to polyvinylidene polyvinylidene 

(PVDF) membrane and sealed at room temperature for 1 h in trI 

buffered saline containing 0.1% Tween-20 (TBST) and 5% skim 

milk.The membrane was incubated overnight at 4℃with the 

following primary antibodies:rabbit anti-Beclin1(Servicebio),rabbit 

anti-ZO-1(Servicebio),rabbit anti-claudin-2(Servicebio), mouse 



anti-LC3(Servicebio). Confocal images of the fixed ileums were 

obtained with a TCS SP5-II confocal laser microscope (Leica, 

Wetzlar, Germany).DAPI counterstain in nucleus:incubate with 

DAPI solution at room temperature for 10 min, kept in dark 

place.Microscopy detection and collect images by Fluorescent 

Microscopy(NIKON ECLIPSE C1;Japan). 

Paraffin-fluorescence probe-FISH 

After the tissue is taken out and washed, it is immediately fixed 

in the fixing solution (DEPC water preparation) for more than 

12h，and then dehydrate and slice.The enzyme K(20ug/ mL) was 

added for digestion at 37℃for 18 min.After rinsing with pure 

water, wash with PBS for 3 times×5min.The prehybrid solution 

was poured, and the probe CONTAINING KPN (Klebsiella) 

hybrid solution was dripped, with a concentration of 1uM, and 

the hybridization was conducted overnight at 42 degrees in an 

incubator.The prehybrid solution was poured, and the probe 

CONTAINING KPN (Klebsiella) hybrid solution was dripped, 

with a concentration of 1uM, and the hybridization was 

conducted overnight at 42 degrees in an incubator.The slices 

were observed under nikon normal fluorescence microscope and 

the images were collected.KPN probe:5'-CY3- CCT ACA CAC 

CAG CGT GCC–CY3-3'. 



RNA sequencing 

Transcriptome sequencing is based on Illumina sequencing 

platform to study all mRNA transcribed from BT(+) mouse liver 

at a certain period, and then to conduct library building 

sequencing and bioinformatics analysis. 

Statistical analysis 

SPSS 17.0 software was used to analyze the data.Data were 

expressed as mean ± standard deviation (SD) of at least three 

independent experiments.Categorical variables are expressed as 

percentages or frequencies.The difference between groups was 

analyzed by chi-square test.T test was used to analyze the 

significant differences among the three groups.P < 0.05 was 

considered statistically signifcant. 
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hvKp-cla:Hypervirulent Klebsiella pneumoniae-caused liver 
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TJ:Tight junction. 
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Figures

Figure 1

Hematoxylin and eosin staining sections of the liver and gut mucosa.Intestinal tissue: a CO group: there
were no remarkable pathologic injury changes;b BT (−) group and c BT (+) group:a lot of infammatory
cells in�trated in the thinning intestinal wall, with local bleeding and necrosis, mucosal glands reduced
and sparsely lined;Liver tissue: d CO group: there were no remarkable pathologic injury changes;e BT (−)
group and f BT (+) group:disordered structure of liver plate,in�ltration of in�ammatory cells,focal bleeding
and necrosis of liver cells;(original magnifcation,× 200).



Figure 2

In situ hybridization of intestine and liver. Intestinal tissue: a CO group: translocated Klebsiella
pneumoniae bacteria were not observed.b hypervirulent Klebsiella pneumoniae can be seen in the
intestinal mucosa lamina propria.Liver tissue: c CO group: translocated Klebsiella pneumoniae bacteria
were not observed.d the displaced Klebsiella pneumoniae can be seen in liver tissue.



Figure 3

SOD, GPX activity and MDA content in intestinal tract. SOD and GPx activities in intestinal were down-
regulated, and MDA evels in intestinal tissues were signi�cantly increased. **P < 0.01, *P < 0.05.



Figure 4

Activation of autophagy in intestinal epithelial cells.Western blot analysis of LC3 P62 and Beclin1 in
small intestinal epithelium.The relative expressions of LC3 and Beclin1 were determined by optical
density methods.Compared with the CO group, autophagy level of gavage group was signi�cantly up-
regulated. *P < 0.05**P < 0.01.



Figure 5

Representative Western blot analysis of TJ proteins and RT-PCR of TJ mRNA in intestinal
epithelium.Relative mRNA levels of ZO-1 andclaudin-2 in intestinal epithelium. Data are presented as
mean ± SD. *P < 0.05,**P < 0.01 .



Figure 6

Confocal laser scanning microscopy. Representative intestinal sections from CO, BT (−), and BT (+)
groups were double stained with mouse anti-LC3 (red) or rabbit anti-ZO-1 (red),Beclin-1(green) and rabbit
anti-claudin-2 (green). Cell nuclei were stained with DAPI (blue). Original magnifcation, × 20. Scale bar =
100 μm



Figure 7

In the �gure, the x-coordinate is log2FoldChange value, and the y-coordinate is -log10padj or -
log10pvalue. The blue dotted line represents the threshold line of the differential gene screening criteria



Figure 8

The genes involved in the translocation of intestinal �ora.In the �gure, the x-coordinate is the sample
name, and the y-coordinate is the normalized value of the differential gene FPKM ;The redder the color,
the higher the expression, and the more green, the lower the expression, *P < 0.05**P < 0.01.



Figure 9

The effect of bacterial translocation on the organism.The abscess of the �gure is the ratio of the number
of differentially expressed genes annotated to the GO Term to the total number of differentially expressed
genes, and the ordinate is the GO Term.


