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Abstract
Background

Salmonella typhimurium is a pathogenic gram-negative bacterium, which is found primarily in the
intestinal lumen. It often causes diarrhea in infants and young children and leads to food poisoning, as
well as septicemia and septic shock. In this study, we investigated the phenomenon and mechanism of
vascular endothelial cells apoptosis induced by Salmonella typhimurium L forms, in order to recognize
and control Salmonella typhimurium L-form infection.

Methods

The apoptosis of vascular endothelial cells at 8 hours after infection with Salmonella typhimurium L
forms was determined by �ow cytometric assay and �uoroscopy of Annexin V-FITC/PI staining. Caspase-
9 was detected by spectrophotometer.

Results Salmonella typhimurium L forms can induce apoptosis of vascular endothelial cells, with
signi�cant difference in the apoptosis rate compared with the control. Caspase-9 expression is higher
than that of the control.

Conclusion The ability to induce cell apoptosis of vascular endothelial cells by Salmonella typhimurium L
forms may be related to mitochondria apoptosis pathway depending on Caspase-9. 

Introduction
Vascular endothelial cells, lining the inner wall of blood vessels, are the main structure that constitutes
the vascular permeability barrier and play an important role in the body's blood circulation and immune
defense [1]. Vascular endothelial cells participate in many physiological and pathological processes in
the body, and play an important role in the coagulation process and immune defense system. The system
is a set of things working together as parts of a mechanism or an interconnecting network. In this
experiment, Salmonella typhimurium L forms were used to stimulate human vascular endothelial cells
cultured in vitro. The Annexin V-FITC/PI double staining �uorescence method and �ow cytometry were
used to detect cell apoptosis, and spectrophotometric detection of Caspase-9 activation is cultivated. We
explored the mechanism of vascular endothelial cell damage during Salmonella typhimurium L-form
sepsis, in order to guide clinical infection prevention and treatment of Salmonella typhimurium L forms.

Materials And Methods
1.1 Bacterial Strain Salmonella typhimurium Standard strain CMCC 50115 was purchased from the
National Institute for the Control of Pharmaceutical and Biological Products. Using the �at paper method,
piperacillin drug paper was used to induce Salmonella typhimurium into L forms [2]. Subculture to obtain
fresh culture of Salmonella typhimurium L forms, and use sterile 3% NaCl hypertonic saline to make 108
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CFU/ml bacterial solution. Counting adopts McDonald's turbidimetric method. Because bacterial L forms
have no cell wall, they can pass through the sterile �lter. While the bacterial prototype has a cell wall, they
cannot pass through the sterile �lter. The bacterial liquid passed through the sterilizing �lter to ensure
that the bacterial L form liquid was obtained for subsequent experiments.

1.2 Cell line According to the reference methods [3,4], Human umbilical vein endothelial cells were used
as vascular endothelial cells in the experiment.

1.3 Main reagents Annexin V-FITC/PI double staining cell apoptosis detection kit was purchased from
Nanjing KaiGi Bioengineering Co., Ltd.; Caspase-9 activity detection kit was purchased from Shanghai
Beibo Biological Company.

1.4 Main instruments Fluorescence inverted microscope, Nikon, Japan; �ow cytometer, BD company;
microplate reader, Bio-Rad Model 550.

1.5 Cell culture Place the vascular endothelial cells in fresh RPMI-1640+10% FBS culture medium, and
place them in a 37℃, 5% CO2 incubator, and harvest the cells at a concentration of 105/ml. Inoculate a 6-
well cell culture plate with 2 ml cell suspension per well. After 12 hours of regular culture, discard the old
culture medium and replace it with fresh RPMI-1640 culture medium without calf serum for testing.

1.6 Experimental grouping and induction

The experimental groups were as follows: group A: L-form induction group, 100μl of Salmonella
typhimurium L forms bacterial solution made by adding sterile hypertonic saline to each hole of the cell
culture plate; group B: 3% NaCl hypertonic saline control group, adding 100μl of sterile 3% NaCl
hypertonic saline to the control well; group C : Normal saline control group, adding 100μl of sterile normal
saline to the control well. The cells of each group were collected 8 hours after the inducing factors were
added, and the Annexin V-FITC/PI double staining �ow cytometry was performed to detect the apoptosis
of vascular endothelial cells induced by Salmonella typhimurium L-form, and the level of Caspase-9
activation was detected by spectrophotometry. Make another cell slide, pre-place clean sterile small slides
in each well of the cell culture plate, and then perform the experiment. After 8 hours of induction, the cell
slides were taken out for Annexin V-FITC/PI double staining �uorescence microscopy.

1.7 Apoptosis detection

1.7.1 Annexin V staining �ow cytometry AnnexinV-FITC/PI double staining �ow cytometry was used to
detect apoptotic cells. Collect the cell suspension and operate according to the instructions. After the cells
are double-stained with AnnexinV-FITC/PI, they are washed twice with PBS, and tested and analyzed on
the machine.

1.7.2 Direct �uorescence method Use AnnexinV-FITC/PI double stain �uorescence method to detect
apoptotic cells. Take cell slides, double stain with AnnexinV-FITC/PI, wash twice with PBS, observe and
take pictures with inverted �uorescence microscope.
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1.7.3 Spectrophotometry Caspase-9 activity detection kit is based on Caspase-9 which can catalyze the
substrate Ac-LEHD-pNA to produce yellow pNA. The activity of Caspase-9 can be detected by measuring
the absorbance of the reaction solution. Operate according to the kit instructions, collect the cell
suspension, lyse the cells to collect the protein, add detection reagents, measure the absorbance value of
A405 with a microplate reader, and subtract the absorbance value of A405 of the blank control without
pNA to calculate the actual absorbance produced by pNA, Then to calculate the ratio of the experimental
group and the control group to determine the activity of Caspase-9.

1.8 Statistical methods to use t test and SPSS10.0 statistical analysis software for data processing.

Results
2.1 Annexin V-FITC/PI double staining �ow cytometry to detect apoptosis results Seeing Figure 1a,
Salmonella typhimurium L forms are Gram stain negative and �lamentous .Seeing Figure 1b, in the lower
right quadrant of the scatter diagram, only Annexin V-FITC stained cells are apoptotic. In the experimental
group Salmonella typhimurium L forms can induce vascular vascular endothelial cell apoptosis. Seeing
Figure 2, the apoptosis rate was higher than those of the 3% NaCl hypertonic saline and normal saline
control groups, and the results were statistically signi�cant P<0.05.

2.2 Cell apoptosis results detected by Annexin V-FITC/PI double staining �uorescence method Figure 3,
apoptotic cells only cell membrane stained green, no staining of the nucleus; necrotic cell nucleus stained
red, cell membrane stained green; in Salmonella typhimurium L forms group, it can be seen that there are
more apoptotic cells than the 3% NaCl hypertonic saline or normal saline control groups.

2.3 The results of spectrophotometric detection of Caspase-9 activity As shown in Figure 4, the degree of
Caspase-9 activation in the experimental group was higher than that in the 3% NaCl hypertonic saline or
normal saline control group, and the ratio of the two activities was 1.9 compared with the normal saline
control group. The result was statistically signi�cant, P<0.05.

Discussion
This experiment studies the effect of Salmonella typhimurium L forms vascular endothelial cells cultured
in vitro, and explores the mechanism of bacterial damage to vascular endothelial cells when Salmonella
typhimurium L forms cause sepsis and septic shock. Vascular endothelial cells lining the inner wall of
blood vessels are the main structure that constitutes the vascular permeability barrier, participate in many
physiological and pathological processes in the body, and play an important role in the coagulation
process and immune defense [5,6]. Bacteria can induce apoptosis of vascular endothelial cells through
toxins, leading to the loss and shedding of endothelial cells, causing vascular endothelial damage to
increase the permeability of the vascular barrier and the dysfunction of endothelial cells, and induce
microcirculation disorders to cause diffuse intravascular coagulation and septic shock. Salmonella
typhimurium L forms are a common form of the bacterium in the infected host[7,8], and it can also cause
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sepsis. Whether it can induce apoptosis of vascular endothelial cells and its mechanism is the focus of
this research. The prevention and treatment of the disease is of great signi�cance.

Apoptosis is different from the cell death form of necrosis. It is regulated by the genetic material in the
cell and the extracellular microenvironment. It is involved in regulating the renewal of normal cells and the
removal of abnormal cells in the body under physiological conditions. It is also related to multiple
systems under pathological conditions. The occurrence and development of diseases are closely related.
In normal cells, phosphatidylserine is only distributed inside the lipid bilayer of the cell membrane. In the
early stage of apoptosis, the phosphatidylserine in the cell membrane turns from the inside of the lipid
membrane to the outside. Annexin V has a high a�nity for phosphatidylserine and can bind to the cell
membrane of cells in the early stage of apoptosis through the phosphatidylserine exposed on the outside
of the cell. The Annex in V is labeled with �uorescein, and the occurrence of apoptosis can be detected by
�ow cytometry or �uorescence microscope. Propidium iodide PI is a nucleic acid dye and cannot
penetrate the complete cell membrane. However, PI can penetrate the cell membrane to stain the nucleus
red for cells in the middle and late stages of apoptosis and necrotic cells with incomplete cell
membranes. The combination of Annexin V and PI can accurately detect apoptotic cells with intact cell
membranes.

In the experiment, Salmonella typhimurium L forms were co-cultured with vascular endothelial cells, and
the apoptosis of vascular endothelial cells was detected by �uorescence microscope and �ow cytometer
after Annexin V-FITC/PI double staining. Caspase-9 activation was detected. When Salmonella
typhimurium L forms was co-cultured with vascular endothelial cells, it can induce apoptosis, due to the
cells producing a large amount of reactive oxygen species and the cells themselves cannot tolerate
[9,10,11]. Bacterial endotoxin can activate vascular endothelial cells to induce high-e�ciency expression
of NO synthase to produce NO and induce cell apoptosis. NO-mediated apoptosis is related to the
induced expression of p53 and Bax genes. p53 regulates the transcription of Bcl-2 related pro-apoptotic
gene Bax. Increased expression of Bax can form pores across the outer mitochondrial membrane, leading
to a decrease in membrane potential and cytochrome C As well as the out�ow of apoptosis-inducing
factors, cytochrome C forms an apoptotic complex with Apaf-1 and pro-Caspase-9 and causes the
activation of Caspase-9 to cause apoptosis in the mitochondrial pathway [12]. The Salmonella
typhimurium L forms also produce toxins such as endotoxin, but the content is less than that of the
original bacteria, so the virulence inducing apoptosis is weaker than that of the original bacteria [13].

In conclusion, the pathogenic mechanism of L form injury of vascular endothelial cells caused by
Salmonella typhimurium may be related to the induction of vascular endothelial cell apoptosis. Apoptosis
of vascular endothelial cells leads to enlargement of endothelial �ssures and increased vascular
permeability. Abnormal intravascular coagulation can cause circulatory disorders and aggravate
infections[14,15,16]. We look forward to the in-depth study of the damage mechanism, which will help
prevent and treat infectious diseases caused by the bacteria.
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Figure 1

Salmonella typhimurium L forms staining and apoptosis �ow cytogram a Salmonella typhimurium L
forms (Gram stain, magni�cation: 1000×); b Scatter plot of apoptosis detection by �ow cytometry.
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Figure 2

Flow cytometry analysis of cell apoptosis rate Note: Compared with the control group, * P<0.05
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Figure 3

Detection of apoptotic cells by �uorescence microscopy Note: A: apoptotic cells only cell membrane
stained green, no staining of the nucleus; B: necrotic cell nucleus stained red, cell membrane stained
green.
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Figure 4

Detection of Caspase-9 activity by spectrophotometry Note: Compared with the control group, * P <0.05


