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Abstract 

Background:  The early diagnosis of sepsis is beneficial to put forward a reasonable clinical treatment plan as soon as 
possible. This study was to explore the expression of Tripartite Motif 7 (TRIM7) in peripheral blood mononuclear cells 
(PBMCs) of patients with sepsis and its diagnostic value.

Methods:  This is a cross-sectional study. A total of 69 patients with infectious diseases were enrolled in the emer-
gency room. They were divided into the sepsis group (34 cases) and the non-sepsis infection group (35 cases). There 
were 25 healthy subjects who were selected as the control group. The expression of TRIM7 in PBMCs was observed 
by immunofluorescence staining. The correlation between the expression of TRIM7 mRNA and acute physiology 
and chronic health evaluation II (APACHE II) score, sequential organ failure assessment (SOFA) score, white blood cell 
(WBC), C-reactive protein (CRP), procalcitonin (PCT), tumor necrosis factor (TNF)-α and interleukin (IL)-6 was discussed. 
The receiver operating characteristic (ROC) curve was utilized for evaluating the value of TRIM7 expression for the 
early diagnosis of sepsis.

Results:  The fluorescence intensity representing the expression level of TRIM7 in PBMCs of patients in the sepsis 
group was the lowest among three groups. The TRIM7 mRNA expression in PBMCs of the sepsis group was greatly 
decreased in comparison with that of the non-sepsis infection group and control group (P < 0.05). Spearman correla-
tion analysis indicated that TRIM7 mRNA expression was negatively correlated with APACHE II score, SOFA score, WBC, 
CRP, PCT, TNF-α and IL-6. ROC curve analysis revealed that the area under curve (AUC) of TRIM7 mRNA expression in 
PBMCs for the diagnosis of sepsis was 0.798, with a 95% confidence interval of 0.691- 0.905, a sensitivity of 73.5%, and 
a specificity of 77.1%.

Conclusion:  The expression of TRIM7 in PBMCs of patients with sepsis is significantly down-regulated, which has 
certain clinical value for early diagnosis of sepsis.
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Background
Sepsis is a life-threatening organ dysfunction caused by 
uncontrolled response to infection [1]. Annually, more 
than 19  million sepsis cases are reported in the world, 
of which about 6  million patients die, and about 3  mil-
lion people survive with different degrees of dysfunction 
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[2–4]. Early identification of whether patients with infec-
tion may progress to sepsis or even septic shock is very 
important for guiding clinical treatment [5]. Commonly 
used indicators for evaluating the severity of infec-
tion and inflammation include white blood cell (WBC), 
C-reactive protein (CRP), procalcitonin (PCT) [6], tumor 
necrosis factor (TNF)-α and interleukin (IL)-6 [7], etc. 
Clinical studies have shown that the above indicators 
have some defects in sensitivity or specificity. As a sup-
plement to these indicators, some new markers may have 
positive significance in the prediction and early diagnosis 
of sepsis.

Recently, increasing studies have reported proteins 
with a role in the regulation of inflammation mediated 
by the Toll-like receptor 4 (TLR4) signaling pathway. The 
variations in the expression level of these proteins reflect 
the degree of the body’s inflammatory response to some 
extent [8, 9]. TRIM7 protein belongs to the E3 ubiqui-
tin ligase family. Studies have found that by activating 
the TLR4 signaling pathway, TRIM7 can promote the 
release of inflammatory factors under the action of infec-
tious factors, and its expression level is down-regulated 
in mouse peritoneal macrophages stimulated by LPS [10]. 
This study detected the expression of TRIM7 in periph-
eral blood mononuclear cells (PBMCs) of patients with 
sepsis at an early stage and analyzed its value in the early 
diagnosis of sepsis.

Methods
Research design
In this cross-sectional study, a total of 34 patients with 
sepsis (sepsis group) and 35 patients with non-septic 
infectious diseases (non-septic infection group) were 
enrolled from the emergency room of Northern Jiangsu 
People’s Hospital from January to December 2020. 
Twenty-five healthy people were selected as the control 
group. The patients with sepsis met the sepsis 3.0 diag-
nostic criteria issued by the Society of Critical Care Med-
icine (SCCM) and the European Society of Intensive Care 
Medicine (ESICM) in 2016 [1].

Inclusion and exclusion criteria
The inclusion criteria of sepsis group and non-septic 
infection group: ① Age > 18 years; ② The sepsis group 
met the diagnostic criteria of sepsis [1]; ③ Newly diag-
nosed patients who were untreated or treated with anti-
biotics less than 48  h [11]; ④ Patients with complete 
clinical data. The exclusion criteria: ① Patients with 
autoimmune diseases; ② Patients with potential immu-
nosuppression (such as AIDS, malignant tumors under 
treatment, organ or bone marrow transplantation, drug-
induced leucopenia); ③ Pregnant women. The inclu-
sion criteria for the control group: ① Age > 18 years; 

Exclusion criteria: ① Patients who had bacterial or viral 
infection within 1 month before enrollment; ② Patients 
who were treated with antibiotics within 1 month before 
enrollment.

Collection of clinical data
The baseline clinical data at admission were recorded, 
including age, sex, comorbid conditions, and infection 
site. Acute physiology and chronic health evaluation II 
(APACHE II) and sequential organ failure assessment 
(SOFA) scores were performed on all subjects. On the 
day of admission, a blood routine examination was per-
formed by the automatic analyzer, WBC count was 
recorded, CRP concentration in plasma was detected 
by rate turbidimetry, and procalcitonin (PCT) level was 
detected by chemiluminescence.

Detection of TNF‑α and IL‑6 in plasma
The concentration of TNF-α in plasma was detected by 
the human cytokine ELISA kit (ehc103a.96, NeoBio-
science), and the concentration of IL-6 in plasma was 
detected by the human cytokine ELISA kit (ehc007.96, 
NeoBioscience). All samples were measured twice to 
obtain the mean value.

The expression of TRIM7 in PBMCs
The separation of PBMCs
When patients were admitted to the hospital, a total of 
5mL venous blood was drawn and placed into antico-
agulation tubes. PBMCs were extracted from the blood 
sample by gradient centrifugation with Ficoll Paque 
(71101900-EH, GE Healthcare Bio-Sciences). The cells 
were re-suspended in PBS solution for immunofluores-
cence and Real-time Quantitative PCR (qPCR) detection 
of TRIM7.

The expression of TRIM7 protein in PBMCs detected 
by immunofluorescence
The concentration of PBMCs suspension was adjusted 
to 5 × 106/mL with PBS, and 20 µL of PBMCs suspen-
sion for each sample was dripped onto glass slides, 
fixed with 4% paraformaldehyde, and sealed with 0.1% 
TritonX-100 and 1% bovine serum albumin (BSA). 
Rabbit polyclonal antibody to TRIM7 (LS-C146201, 
LifeSpan Biosciences) was used for the primary anti-
body, Goat anti-Rabbit IgG-FITC antibody (HA1004, 
Hangzhou HuaAn Biotechnology) was used for the sec-
ondary antibody, and 4′,6-diamidino-2-phenylindole 
(DAPI) staining solution (C1002, Beyotime) was used 
for staining cell nucleus. After sealing by Prolong, the 
slides were observed and photographed under a laser 
confocal fluorescence microscope (LSM710, Zeiss). We 
used ImageJ software to analyze the brightness of the 
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cells in the immunofluorescence maps, and randomly 
selected 20 cells in each group for quantitative detec-
tion and took their mean values for comparison.

Detection of the expression level of TRIM7 mRNA
The TRIM7 mRNA in PBMCs was isolated from the 
same sample for the fluorescence experiment of TRIM7 
protein. RNA was extracted from PBMCs with the RNA 
extraction kit (CW0584S, cwbio) and eluted with 30 µL 
elusion buffer, which is dedicated for RNA extraction. 
To prevent RNA degradation, the RNA extraction 
experiment was carried out immediately after separa-
tion of PBMCs. All equipment including pipetting tips, 
EP tubes and experimental reagents were RNase-free. 
The gloves were changed in time during the experi-
ment. cDNA was produced from RNA through reverse 
transcription. Real-time PCR was performed on Roche 
Light Cycler 2.0 fluorescent quantitative PCR instru-
ment by employing the SYBR Green Real-time PCR 
Master Mix kit (E096-01A, Novoprotein). The data 
were processed with Light Cycle Software 4.1, and the 
Ct value of the target genes was standardized with the 
Ct value of human GAPDH. The 2−△△Ct method was 
used to calculate the variation of the amplification mul-
tiple of the sample. The quantitative primer sequences 
were as follows:

GAPDH sense 5′GGA​GCG​AGA​TCC​CTC​CAA​
AAT 3′,
GAPDH antisense 5′GGC​TGT​TGT​CAT​ACT​TCT​
CATGG 3′;
TRIM7 sense 5′TCC​ATG​TTC​AAG​TCC​CTC​TCC 
3′,
TRIM7 antisense 5′GGC​CAG​GTT​CTC​ATT​CTG​
CT 3′.

Statistical methods
Statistical Product and Service Solutions (SPSS) 26.0 
was utilized for statistical analysis. Continuous vari-
ables with normal distribution were presented as 
mean ± SD. Variables with abnormal distribution 
were presented as median (Inter quartile range, IQR). 
ANOVA or Kruskal Wallis was employed for analyz-
ing the comparison among the three groups. The chi-
square test or Fisher’s exact test was used to compare 
categorical variables. The spearman analysis method 
was used for correlation analysis. The ROC curve was 
applied for evaluating the early diagnostic value of 
TRIM7 expression in PBMCs in sepsis. All statistics 
were two-sided, only a p-value of 0.05 or less was con-
sidered statistically significant.

Results
Demographic characteristics and clinical parameters 
of patients in each group
In this study, 34 patients in sepsis group, 35 patients 
in non-septic infection group and 25 healthy controls 
were collected. The pathogens of all patients infected 
in the experiment were considered as bacteria. There 
was no significant difference in age, sex, comorbid 
conditions, or infection site among the three groups 
(p > 0.05). Organ function scores including APACHE 
II, SOFA scores, and inflammatory indexes including 
CRP, PCT, TNF-α and IL-6 were significantly different 
among the three groups. These parameters of the sepsis 
group were considerably elevated in comparison with 
those of the non-septic infection group and control 
group (p < 0.05); WBC levels in the sepsis group and 
non-septic infection group were higher than those in 
control group (p < 0.05), but no notable difference was 
observed between the sepsis group and the non-septic 
infection group (Table 1).

The expression level of TRIM7 protein in PBMCs of each 
group detected by immunofluorescence
DAPI was used to label the nucleus (blue), fluorescein 
isothiocyanate (FITC) was used to label TRIM7 protein 
(green), and a laser confocal microscope was employed 
for fluorescence detection. The outcomes revealed that 
the positive TRIM7 protein expression was mainly 
located in the nucleus, showing green fluorescence. The 
green fluorescence intensity representing the expres-
sion level of TRIM7 in PBMCs of patients in the sepsis 
group was the lowest among three groups. The fluores-
cence intensity of TRIM7 in non-septic infection group 
was also down-regulated than that of the control group 
(Fig. 1).

The expression level of TRIM7 mRNA in PBMCs of each 
group and its correlation with inflammatory indexes 
and organ function scores
The expression of TRIM7 mRNA in PBMCs of the 
non-septic infection group was substantially down-
regulated than that of control group (p < 0.05). The 
expression of TRIM7 mRNA in PBMCs of the sep-
sis group was significantly reduced to the lowest level 
comparing to that of non-septic infection group and 
control group (p < 0.05) (Table  1). Spearman correla-
tion analysis highlighted that the expression level of 
TRIM7 mRNA in PBMCs was negatively associated 
with APACHE II score, SOFA score, WBC, CRP, PCT, 
TNF-α, and IL-6 (Table 2).
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Diagnostic value of the expression level of TRIM7 in PBMCs 
for sepsis
ROC curve analysis revealed that the AUC of TRIM7 
mRNA expression in PBMCs for the diagnosis of sep-
sis was 0.798, with a 95% confidence interval of 0.691-
0.905, a sensitivity of 73.5%, and a specificity of 77.1% 
(Table 3). Figure 2 showed the comparison of the diag-
nostic value for sepsis between TRIM7 and other com-
monly used clinical indicators.

Discussion
With the rapid development of molecular biology and 
laboratory testing technology, increasing researches have 
been devoted to explore the new biomarkers in diagnosis 
and severity evaluation for sepsis [12]. Toll-like receptors 

(TLRs) play an important role in sepsis [13], among 
which TLR4 has been widely studied and considered as a 
key molecule in the innate immune system, participating 
in the occurrence and development of sepsis [14]. TLR4 
is a crucial transmembrane receptor that can mediate 
both the inflammatory response to exogenous ligands 
like lipopolysaccharide (LPS) and the endogenous danger 
signals generated at the time of inflammatory response 
[15]. In LPS-induced sepsis, activation of TLR4 causes 
downstream NF-κB and MAPKs pathways to be acti-
vated in a MyD88-dependent manner, thereby enhancing 
pro-inflammatory cytokines including TNF-α and IL-6 
[16]. Many proteins that regulate the TLR4 pathway have 
come to the attention of researchers. On one hand, the 
expression level of these protein molecules is related to 

Table 1  Demographic characteristics, organ function scores, inflammatory indexes and TRIM7 mRNA level of the subjects in three 
groups

Continuous variables with normal distribution were presented as mean ± SD. Variables with abnormal distribution were presented as median (IQR). ANOVA or Kruskal 
Wallis was employed for analyzing the comparison among the three groups. The chi-square test or Fisher’s exact test was used to compare categorical variables

APACHE II  acute physiology and chronic health evaluation II, SOFA sequential organ failure assessment, WBC white blood cell, CRP C-reactive protein, 
PCT procalcitonin, TNF-α tumor necrosis factor-α, IL-6 interleukin-6
a Compared to control group
b Compared to non-septic group

Characteristic Health control Non-septic infection Sepsis p value

Demographics

 N 25 35 34

 Age (years) 63.3 ± 14.67 68.6 ± 14.22 68.2 ± 13.14 0.297

 Gender, male (%) 14 15 20 0.374

Comorbid conditions N (%)

 Diabetes mellitus 6 10 12 0.632

 Cardiac insufficiency 5 15 15 0.114

 Chronic obstructive pulmonary disease 1 4 3 0.594

 Chronic renal insufficency 2 2 3 0.879

 Chronic liver disease 1 2 3 0.740

 Malignancy 3 1 5 0.220

Site of infection N (%)

 Respiratory 10 15 0.209

 Urinary 9 8 0.833

 Abdominal 7 8 0.722

 Musculoskeletal, skin and soft tissue 5 5 0.950

 Bloodstream 7 6 0.803

 Others 3 1 0.317

Organ function indices and inflammatory biomarkers

 APACHE II 5 (2, 6) 9 (7, 12)a 20 (14, 25)a,b 0.000

 SOFA 0 (0, 0) 2 (1, 3)a 7 (6, 10)a,b 0.000

 WBC (109/L) 6.7 ± 2.72 13.7 ± 4.49a 14.2 ± 6.77a 0.000

 CRP (mg/L) 2.6 ± 3.14 64.2 ± 42.37a 114.0 ± 78.10a,b 0.000

 PCT (µg/L) 0.16 (0.05, 0.26) 1.19 (0.12, 8.21)a 10.10 (3.80, 62.36)a,b 0.000

 TNF-α (ng/L) 24.34 (19.17, 43.09) 36.98 (25.12, 68.23)a 67.48 (28.95, 92.29)a,b 0.000

 IL-6 (ng/L) 13.30 (6.90, 35.64) 43.05 (23.45, 81.90)a 115.33 (60.78, 246.31)a,b 0.000

 TRIM7 mRNA (2−△△Ct) 8.06 (5.28, 13.38) 2.86 (1.88, 3.97)a 1.10 (0.83, 2.00)a,b 0.000



Page 5 of 8Lu et al. BMC Infectious Diseases          (2022) 22:865 	

Fig. 1  The expression level of TRIM7 protein in PBMCs of each group detected by immunofluorescence. A Immunofluorescence images showing 
staining of PBMCs of individuals from sepsis group, non-septic infection group and health control group with DAPI (blue), or antibodies against 
TRIM7 (green). Images were taken at the magnification of 400. Scale bar represents 20 μm. B The quantitative analysis with ImageJ software 
revealed that the expression level of TRIM7 in PBMCs of patients in the sepsis group was the lowest among three groups. The fluorescence intensity 
of TRIM7 in non-septic infection group was also down-regulated than that of the control group. The expression level of DAPI in PBMCs among the 
three groups showed no significant difference.
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the TLR4-activated inflammatory response, which can 
be used to evaluate the severity of the infection and pre-
dict the occurrence of sepsis [17–19]. On the other hand, 
these protein molecules may become potential targets for 
the early diagnosis and treatment of sepsis [20, 21].

As an E3 ubiquitin ligase, TRIM7 participates in some 
important biological processes, such as glycogen metab-
olism and tumor cell proliferation [22, 23]. Studies have 
suggested that TRIM7 may play an antiviral role against 
norovirus [24]. Our previous research also found that 
TRIM7 can participate in the regulation of innate immu-
nity through the TLR4 signaling pathway, which posi-
tively regulates the activation of downstream NF-κB and 
MAPKs pathways. Our previous cell experiments showed 
that the expression level of TRIM7 was down-regulated 
immediately in mouse peritoneal macrophages after LPS 
stimulation, then recovered to the initial level after 24 h 
[10]. According to the above research results, the expres-
sion level of TRIM7 may reflect the severity of infectious 
diseases and may predict the occurrence of sepsis in the 
early stage of infection.

PBMCs can contact with pathogens and interact with 
infected cells through secreted signal molecules. They 
have a recognized role in monitoring infection [25]. 
For example, Zhang et al. discovered that the decreased 
expression of miR-23b in PBMCs of patients with sep-
sis was negatively correlated with the inflammatory 

response, which could reduce the release of inflamma-
tory cytokines stimulated by LPS [26]. Our research 
found that the expression level of TRIM7 in PBMCs of 
patients with non-septic-infection was lower than that 
of normal controls, while the expression level of TRIM7 
in PBMCs of patients with sepsis was lower than that 
of patients with non-septic-infection. At the same time, 
the expression of TRIM7 was negatively correlated with 
disease severity scores including SOFA [27], APACHE II 
score [28], and inflammation-related indicators includ-
ing WBC, CRP, PCT, TNF-α, and IL-6. The expression of 
TRIM7 in PBMCs of individuals with infection is closely 
related to its biological role in affecting inflammatory 
response through regulating the TLR4 pathway, and its 
change trend is consistent with the results of our previous 
cell experiments. The outcomes of the present research 
revealed that the reduced level of TRIM7 expression in 
PBMCs may indicate a more serious condition in infec-
tious diseases. Intriguingly, our previous experiments 
have confirmed that overexpression of TRIM7 can acti-
vate NF-κB and MAPKs pathways, resulting in increased 
release of TNF-α, IL-6 and other inflammatory factors, 
thus aggravating the inflammatory response. Knockdown 
of TRIM7 can reduce the inflammatory response, sug-
gesting that TRIM7 can positively regulate the inflam-
matory response after infection [10]. We assume that 
the down-regulation of TRIM7 expression in PBMCs of 

Table 2  The correlation between TRIM7 mRNA expression and organ function scores, inflammatory indexes

The spearman analysis method was used for correlation analysis

APACHE II  acute physiology and chronic health evaluation II, SOFA sequential organ failure assessment, WBC white blood cell, CRP C-reactive protein, 
PCT procalcitonin, TNF-α tumor necrosis factor-α, IL-6 interleukin-6

Related indexes APACHE II SOFA WBC (109/L) CRP (mg/L) PCT (ng/L) TNF-α (ng/L) IL-6 (ng/L)

rs − 0.699 − 0.690 − 0.336 − 0.516 − 0.584 − 0.318 − 0.454

p value 0.000 0.000 0.001 0.000 0.000 0.002 0.000

Table 3  Areas under the curve of TRIM7 mRNA level and inflammatory parameters for determining sepsis

The ROC curve was applied for evaluating the early diagnostic value of TRIM7 expression and inflammatory parameters in PBMCs in sepsis

AUC​ area under curve, CI confidence interval, WBC white blood cell, CRP C-reactive protein, PCT procalcitonin, TNF-α tumor necrosis factor-α, IL-6 interleukin-6

Parameter Cut-off value AUC​ Sensitivity Specifity p value 95% CI

Lower limit Higher limit

WBC (109/L) 14.105 0.541 0.647 0.543 0.560 0.401 0.680

CRP (mg/L) 74.955 0.676 0.676 0.657 0.012 0.547 0.805

PCT (µg/L) 3.680 0.772 0.794 0.743 0.000 0.658 0.887

TNF-α (ng/L) 49.512 0.647 0.706 0.600 0.036 0.516 0.778

IL-6 (ng/L) 47.250 0.729 0.853 0.571 0.001 0.608 0.850

TRIM7 (2−△△Ct) 1.829 0.798 0.735 0.771 0.000 0.691 0.905
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sepsis patients may be related to the host’s self-defense 
after infection. The mechanism of the above phenom-
enon deserves further research.

Early identification and diagnosis of sepsis are condu-
cive to the rapid development of a reasonable treatment 
plan, which is of great value in improving the prognosis 
of patients with sepsis. In the present research, we also 
assessed the diagnostic values of commonly used clinical 
indicators for sepsis. ROC curve analysis revealed that 
the diagnostic value of plasma WBC, CRP, and TNF-α 
for sepsis was dissatisfactory, while PCT and IL-6 were 
slightly better. The AUC of TRIM7 mRNA’s level in 
PBMCs for the diagnosis of sepsis was 0.798, the sensi-
tivity was 73.5%, and the specificity was 77.1%. As an 
early diagnostic index, it shows a good sensitivity while 
its specificity even exceeds PCT, which is commonly used 
in clinic. The good specificity may be attributed to that 
the detection object of TRIM7 expression is PBMCs, 
which directly participates in the immune reaction after 
pathogen infection [24]. In addition, our prior research 
also verified that TRIM7 can regulate the expression 
of inflammatory factors after infection through TLR4 
pathway, which makes it an important molecular in the 
development of sepsis [10]. By comparing with other 
clinical indicators, we can see that TRIM7 mRNA level 

in PBMCs has certain advantages in the early diagnosis 
of sepsis.

Conclusion
In conclusion, the expression level of TRIM7 in PBMCs 
of patients with sepsis is significantly down-regulated, 
which has a certain value for early diagnosis of sepsis 
and can be used as a supplement to common infection 
markers in clinical work. Since the change of TRIM7 
expression in cell experiments mainly occurs in the early 
stage of infection [10], early and dynamic monitoring is 
required to accurately evaluate the severity of infectious 
diseases and predict the development of sepsis. There are 
some limitations in this study. We have enrolled a small 
size of population, and only recorded the TRIM7 expres-
sion of patients in the early stage of admission. In the 
future, the sample size can be expanded and the patients 
can be dynamically monitored to verify the existing 
research results.
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