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Abstract
Background: One of the common adverse reactions in patients with pressure ulcers (PU) is 
sepsis, which is mainly related to microbial infections caused by pathogenic organisms. The 
activation of nuclear factor kappa-B (NF-κB) frequently occurs in conjunction with pathogenic 
microbial infections. Proline-serine-threonine-phosphatase-interacting protein 2 (PSTPIP2) 
is closely related to inflammatory disorders. The role and mechanism of PSTPIP2 in sepsis 
because of pressure ulcers is unclear. In this study, we discovered that PSTPIP2 was lowly 
expressed in peripheral blood of patients with sepsis induced by pressure ulcers.
Methods: Peripheral blood was collected from 20 patients with sepsis due to pressure ulcers 
and 10 healthy controls, and the expression of PSTPIP2 in peripheral blood was discovered by 
polymerase chain reaction and Western blot analysis. Information on the clinical characteris-
tics of patients was summarized, and the expression data of PSTPIP2 were correlated with the 
patients’ acute physiology and chronic health evaluation (APACHE) II score, sequential organ 
failure assessment (SOFA) score, and C-reactive protein (CRP) and procalcitonin (PCT) scores 
by Spearman’s correlation analysis. One of the main mediators of Gram-negative sepsis is lipo-
polysaccharide (LPS). In order to establish an in vitro sepsis model, THP-1 cells were treated 
with LPS, and the cells were transfected with PSTPIP2. Contents of interleukin 6 (IL-6), inter-
leukin 1β (IL-1β), and tumor necrosis factor-α (TNF-α) in each group of cells were detected by 
enzyme-linked-immunosorbent serologic assay, and NF-κB-related proteins were detected by 
Western blot analysis.
Results: When compared to healthy controls, the peripheral blood of patients with pressure 
sepsis had lower PSTPIP2 expression, which had a negative correlation with the APACHE II, 
SOFA, CRP, and PCT scores. LPS-induced THP-1 cells expressed less PSTPIP2 than the untreated 
control cells, and PSTPIP2 transfection decreased IL-6, IL-1β, and TNF-α levels and inhibited 
the activation of NF-κB pathway.
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has not yet been reported. To study the role of PSTPIP2 in 
sepsis, we first checked its expression level. We found that 
PSTPIP2 was lowly expressed in the peripheral blood of sep-
tic patients and had a negative correlation with patients’ 
acute physiology and chronic health evaluation II (APACHE 
II), sequential organ failure assessment (SOFA), C-reactive 
protein (CRP), and procalcitonin (PCT) scores. According 
to in vitro tests, PSTPIP2 had a low level of expression in 
lipopolysaccharide (LPS)-induced cells, and its overexpres-
sion suppressed the NF-κB signaling pathway and inflam-
matory factors. Therefore, PSTPIP2 has the potential to be 
explored as a therapeutic target for sepsis.

Materials and methods

Patients

In all, 20 patients with pressure ulcer sepsis were enrolled 
for the study from the 903rd Hospital of the Joint Logistics 
Support Force of the Chinese People’s Liberation Army. 
According to international guidelines for the diagnosis 
of sepsis, patients diagnosed with pressure ulcer sepsis 
and aged more than 18 years were included in the study. 
Patients who had a malignant tumor or an autoimmune 
deficiency disease, or had recently undergone treatment 
with immunosuppressive drugs, and pregnant and nursing 
females were excluded. In addition, 10 healthy controls of 
comparable age from a hospital medical examination cen-
ter with normal manifestations were also included in the 
study. Ethical approval was obtained from the Medical 
Research Ethics Committee of the 903rd Hospital of the 
Joint Logistics Support Force of the Chinese People’s 
Liberation Army (Approval No. 202206240601001). The 
study was conducted according to the Declaration of 
Helsinki. All participants provided their informed consent, 
and written informed permission was obtained from legally 
authorized representative(s) for anonymized patient infor-
mation to be published in this article.

Data collection

Blood samples were collected from septic patients and 
healthy controls within 24 h of admission. Septic patients 
were evaluated for SOFA and APACHE II scores, with higher 
scores denoting more severe disease. Clinical character-
istics, including age, gender, plasma CRP, and PCT, were 
observed.

Acquisition of peripheral blood mononuclear cells

Peripheral venous blood samples were collected in heparin-
ized tubes, and peripheral blood mononuclear cells (PBMC) 

Introduction

Pressure ulcers (PU) are a form of skin damage primarily 
caused by prolonged pressure on the skin and subcutane-
ous tissues. Pressure ulcers are a common complication 
in patients with loss of motor function, such as those who 
have suffered spinal cord or brain injuries and are unable to 
move on their own. This prolonged immobility causes blood 
flow to become stagnated, which in turn causes pressure 
ulcers. Sepsis is the most prevalent complication linked 
with pressure sores because the process is accompanied by 
pathogenic microbial infections.1–4

Sepsis is a life-threatening organ dysfunction syndrome, 
and despite advances in intensive care medicine, mortality 
rate remains high due to complex pathophysiology of sep-
sis. Therefore, it is crucial to find sepsis-related specific 
targets at the molecular level.5

The most important finding for pathogenesis of sep-
sis is inflammatory imbalance, which persists throughout 
the course of the disease. Pathogens that cause reactions 
include bacterial, fungal, parasitic, and viral species. The 
phagocytosis of the pathogen by macrophages during the 
initial acute host response to an invading pathogen typically 
results in the generation of a variety of pro-inflammatory 
cytokines, which triggers a cytokine storm and activates 
the innate immune system.6 Initiating a series of activa-
tions in immune cells by damage-associated molecular pat-
terns (DAMP) or pathogen-associated molecular patterns 
(PAMP), pattern recognition receptors (PRRs) appear to be 
a key player in the activation of the innate immune system. 
As a result, they increase the expression of genes related 
to inflammation.7,8

Proline-serine-threonine-phosphatase-interacting pro-
tein 2 (PSTPIP2) is a member of Pombe Cdc15 homology 
(PCH) family of proteins, and is located on chromosome 18. 
PSTPIP2 has been implicated in immunological and auto-
inflammatory diseases. It is expressed not only in several 
tissues and organs, such as the heart, liver and lungs but 
also expressed in monocytes, mast cells, lymphocytes, 
granulocytes.9 It has been demonstrated that PSTPIP2 plays 
a significant role in inflammatory disorders. PSTPIP2 sup-
presses osteoarthritis in rats by lowering cartilage degrada-
tion and synovial inflammation.10 In mice, PSTPIP2 inhibits 
inflammation and ameliorates liver fibrosis.11 PSTPIP2 is 
closely associated with nuclear factor kappa-B (NF-κB) sig-
naling pathway and suppresses synovial fibroblast growth 
and inflammation.12

Activation of NF-κB signaling pathway is closely asso-
ciated with pathogenic microbial infections,13 and studies 
have shown that NF-κB activity was significantly higher in 
patients who died of sepsis than in surviving patients.14 
Inhibition of the NF-κB signaling pathway was able to 
improve mortality in septic animals.15

Analyzing PSTPIP2 and the mechanisms at play in sepsis 
are critical, because the involvement of PSTPIP2 in sepsis 
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kit (Abcam). Proteins were separated using 10% sodium 
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene fluoride (PVDF) 
membranes, which were placed in 5% skimmed milk pow-
der for 2 h, washed thrice with tris buffered saline with 
tween (TBST) and incubated overnight at 4°C in primary 
antibodies (Abcam).17 Antibody dilution ratios were as fol-
lows: PSTPIP2 (ab155543, 1:2000), p65 (ab32536, 1:1000), 
p-p65 (ab76302, 1:1000), inhibitor of nuclear factor kappa-B 
kinase subunit beta (IκBα; ab32518, 1:5000), p-IκBα 
(ab133462, 1:1000), and β-actin (ab8227, 1:5000). After 
incubation, PVDF membranes were washed thrice with 
TBST and incubated with horseradish peroxidase (HRP)-
labeled secondary antibody (ab6721, 1:10,000) for 2 h. 
Final development was performed by enhanced chemilumi-
nescence (ECL) kit (Thermo Scientific).

Statistical analysis

Statistical analysis was performed using SPSS 22.0. 
Continuous values with normal distribution were expressed 
as mean ± standard Deviation (SD) and analyzed by 
Student’s t-test or analysis of variance (ANOVA) followed by 
Dunn’s post hoc test for multiple groups. Differences were 
considered statistically significant at P < 0.05.

Results

Low expression of PSTPIP2 in patients with pres-
sure ulcer sepsis

In all, 30 participants were enrolled in this study, includ-
ing 20 patients with pressure ulcer sepsis and 10 healthy 
controls, whose clinical information is shown in Table 1 for 
comparison. We examined PSTPIP2 expression in PBMC of 
pressure ulcer sepsis patients and healthy controls by PCR 
and Western blot assays to investigate its potential rele-
vance as a biomarker in patients with pressure ulcer sep-
sis. The findings demonstrated that PBMC in pressure ulcer 
sepsis patients had lower levels of PSTPIP2 messenger RNA 

were isolated by density gradient centrifugation as follows: 
the blood sample was mixed with balanced salt solution 
(BSS) in equal volumes at a ratio of 1:1, spread on Ficoll–
Paque solution (Cedarlane, Burlington, NC, USA) and cen-
trifuged at 400× g for 30 min at 20°C. The PBMC layer 
obtained was transferred in a centrifuge tube The PBMC 
was obtained by washing with BSS, centrifuging again, and 
removing the supernatant.

THP-1 cell culture and transfection

THP-1 cells were acquired from ATCC (Manassas, VA, USA) 
and kept in Roswell Park Memorial Institute (RPMI) 1640 
medium (Thermo Fisher Scientific, MA, USA) supplemented 
with 10-µ/mL penicillin-streptomycin, 2-mM L-glutamine, 
and 10% fetal bovine serum (FBS) at 37°C and 5% CO2. For 
the experiments, cells in the logarithmic growth phase 
were utilized. THP-1 cells were treated with 1-µg/mL LPS 
for 24 h.16 Following LPS treatment. A PSTPIP2 overexpres-
sion plasmid/vector was transfected into THP-1 cells using 
lipofectamine 3000 (Invitrogen, CA, USA).

Enzyme-linked-immunosorbent serologic assay 
(ELISA) assay

ELISA assay was applied according to the manufactur-
er’s instructions for IL-6 (Abcam, Cambridge, UK), IL-1β 
(Abcam), and TNF-α (Abcam). The cell culture medium was 
centrifuged at 2000× g for 10 min to remove debris, and the 
supernatant was collected. Supernatant or standard, 50 µL, 
was added to 96-well plates, and 50-µL corresponding anti-
body was added to each well. The plates were sealed, and 
the plate shaker was set to 400 rpm at room temperature. 
After each well was washed and dried, 100-µL tetrameth-
ylbenzidine (TMB) developer was added, incubated for 10 
min, and 100-µL stop solution was added to each well and 
optical density (OD) was recorded at 450 nm.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

Following the manufacturer’s instructions, PrimeScriptTM 
RT kit (Takara, Shiga, Japan) was used to complete reverse 
transcription process after total RNA was isolated from 
PBMC using TRIzol reagent (Invitrogen). qRT-PCR was accom-
plished using SYBR Green™ Premix Ex Taq™ (Takara) on 
LightCycler 480 II (Roche, South San Francisco, USA). Primer 
sequences (Sangon Biotech, Shanghai, China) were as fol-
lows: PSTPIP2: 5′-TAAGGTCCGAGAAGAGTGGCAGAG-3′, (for-
ward) and 5′-GATGGGTGCTGGTGGAATCTGTC-3′ (reverse); 
β-actin: 5′-TGGCACCCAGCACAATGAA-3′ (forward) and  
5’′-CTAAGTCATAGTCCGCCTAGAAGCA-3′ (reverse). Quantifi
cation was performed by the 2−ΔΔCt method.

Western blot analysis

Proteins in PBMCs were extracted with radioimmunoprecip-
itation assay (RIPA) lysis buffer (Beyotime Biotechnology, 
China), and quantified with Bicinchoninic acid assay (BCA) 

Table 1  Clinical characteristic of participants.

Parameter
Control  
(N = 10)

Patients  
(N = 20) P value

Age (years) 65 ± 5.64 69.35 ± 10.01 0.2144
Gender 
  Male
  Female

6
4

11
9

0.794

APACHE II score 20.55 ± 6.95
SOFA score 7.15 ± 2.66
CRP (mg/L) 5.09 ± 1.90 104.49 ± 16.44 <0.001***
PCT (ng/mL) 0.04 ± 0.02 16.01 ± 0.32 <0.001***

SOFA: sequential organ failure assessment; CRP: C-reactive 
protein; PCT: procalcitonin; APACHE II: acute physiology and 
chronic health evaluation; N: number; Y: year.
Data are presented as mean ± standard error of mean (SEM). 
*P < 0.05, **P < 0.01, ***P < 0.001
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(mRNA; Figure 1A) and protein (Figures 1B and 1C) expres-
sions than healthy controls.

PSTPIP2 levels correlate with disease severity and 
sepsis biomarkers

Spearman’s correlation analysis was carried out between 
PSTPIP2 mRNA expression data and APACHE II, SOFA, CRP, 
and PCT scores in sepsis patients to elaborate the clinical 
significance of PSTPIP2 expression in sepsis. The findings 
revealed a negative correlation between PSTPIP2 and the 
APACHE II (Figure 2A) and SOFA scores (Figure 2B), which 
measure the severity of sepsis. The sepsis biomarkers PCT 
(Figure 2C) and CRP (Figure 2D) were also negatively cor-
related with PSTPIP2.

PSTPIP2 inhibits LPS-induced inflammatory 
responses in vitro

We treated THP-1 cells with LPS to create a sepsis cell 
model to investigate further the function of PSTPIP2 in 
sepsis. The findings demonstrated that PSTPIP2 expression 
was reduced in LPS-induced cells (Figure 3A), and the con-
tents of IL-6, IL-1, and TNF-α were elevated, compared to 
the control group, and decreased following transfection 
with PSTPIP2 (Figure 3B). This suggests that PSTPIP2 inhib-
its the production of inflammatory factors.

PSTPIP2 inhibits NF-κB signaling pathway

In order to explore the mechanisms associated with the 
inhibition of inflammation by PSTPIP2, we examined the 
NF-κB signaling pathway-related proteins. LPS treatment 
resulted in increased expression of p-p65 and p-IκBα, com-
pared to controls, whereas p-p65 and p-IκBα expressions 

Figure 1  Low expression of PSTPIP2 in patients with pressure 
ulcer sepsis. (A) PSTPIP2 mRNA expression in peripheral blood 
mononuclear cells from healthy controls and patients with 
pressure sepsis. (B) PSTPIP2 protein expression in peripheral 
blood mononuclear cells from healthy controls and patients 
with pressure sepsis. (C) Relative quantification of PSTPIP2 
protein expression. ***P < 0.001.

(A) (C)

(B)

Figure 2  PSTPIP2 levels correlate with disease severity and 
sepsis biomarkers. (A) Correlation analysis of PSTPIP2 mRNA 
expression levels with APACHE II scores. (B) Correlation 
analysis of PSTPIP2 mRNA expression levels with SOFA scores. 
(C) Correlation analysis of PSTPIP2 mRNA expression levels 
with CRP. (D) Correlation analysis of PSTPIP2 mRNA expression 
levels with PCT.

(A) (B)

(D)(C)

were decreased after transfection with PSTPIP2 (Figure 4). 
Thus, these results indicated that regulation of inflamma-
tory factors by PSTPIP2 could be closely related to the 
NF-κB pathway.

Discussion

Patients who are bedridden for extended periods fre-
quently experience pressure ulcers, which could lead to 
sepsis in severe cases. Patients with sepsis experience var-
ious tissue and organ failure, and their prognosis is poor. 
There is an urgent requirement to search for novel bio-
markers to enhance the prognosis of sepsis. It has been 
demonstrated that PSTPIP2 is involved in the activation 
of macrophages and neutrophils, and lack of PSTPIP2 in 
inflammatory diseases.18

In the present study, we investigated the association 
between pressure ulcer sepsis and PSTPIP2. We discov-
ered that PSTPIP2the expression of PSTPIP2 was decreased 
in PBMC cells of the patients with pressure ulcer sepsis 
and negatively related to APACHE II, SOFA, CRP, and PCT 
scores. Therefore, it was speculated that PSTPIP2 could 
have a protective role in pressure ulcer sepsis.

In sepsis, an invasive pathogen triggers an immune 
response that ultimately results in prolonged hyperin-
flammation and immunosuppression by failing to return 
to equilibrium in vivo. Activated macrophages play a cru-
cial part in host defense during sepsis by releasing huge 
amounts of pro-inflammatory cytokines, such as TNF-α,  
IL-1β, and IL-6 in response to invasive infections and 
injured tissues. In addition, excessive pro-inflammatory 
cytokines lead to multiple organs failure and cardiovascu-
lar collapse, which is one of the key factors contributing 
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PSTPIP2 had an inhibitory effect on the NF-κB pathway, as 
it was able to reduce the production of p-p65 and p-IκBα 
proteins in LPS-stimulated THP-1 cells.

In conclusion, our findings suggest that PSTPIP2 is 
associated with sepsis and can control inflammatory fac-
tor expression by modifying the NF-κB pathway. However, 
there are still some limitations to our study. Our sample 
size was small, and the research direction was not compre-
hensive enough, but our results can still serve as a refer-
ence for the molecular targets of sepsis. The future study 
would focus on the association between PSTPIP2 and pres-
sure ulcer patient prognosis.

Competing interests

The authors stated that they had no conflict of interest to 
declare.

to sepsis’ high fatality rate.19 In this study, we established 
an inflammation model with LPS-treated THP-1 cells and 
determined that PSTPIP2 reduced TNF-α, IL-1β, and IL-6 
levels, suggesting that inflammation in sepsis is inhibited 
by PSTPIP2.

TNF-α, IL-1β, and IL-6 are pro-inflammatory factors 
that can be controlled through a number of signaling path-
ways, including the NF-κB pathway. This makes NF-κB an 
appropriate target for developing novel anti-inflammatory 
drugs.20 In unstimulated cells, NF-κB protein is present 
in the cytoplasm and when cells are exposed to LPS, the 
NF-κB pathway is activated. Upon activation of NF-κB, 
degradation of IκB phosphorylation leads to phosphoryla-
tion of NF-κB p65 subunit and translocation from the cyto-
plasm to the nucleus to increase transcription of various 
inflammation-related genes, including TNF-α, IL-6, and 
other factors.21,22 In order to further understand the anti-
inflammatory mechanism of PSTPIP2, we examined how 
it affected the NF-κB pathway. The results revealed that 

Figure 3  PSTPIP2 inhibits LPS-induced inflammatory responses in vitro. (A) Expression of PSTPIP2 in each group of cells. 
(B) Levels of IL-6, TNF-α, and IL-1β in each group of cells. *P < 0.05, **P < 0.01, ***P < 0.001.

Figure 4  PSTPIP2 inhibits the NF-κB pathway. Expression levels of p65, p-p65, IκBα, and p-IκBα proteins in each group of cells.

(A)

(B)
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