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Abstract 

Objectives  Surviving Sepsis Campaign (SSC) defined Sepsis as “life-threatening organ dysfunction caused by a dysregu-
lated host response to infection”. Sepsis remains one of the leading causes of morbidity and mortality (17-65 %) world-
wide and it still remains a challenge to be defined and for which an appropriate treatment is desired. Different studies 
have been conducted on genes coding for inflammatory cytokines whose could predispose to the development 
of sepsis [e.g., IL-10 PD1 and WT1].

Design  This multicentric observational prospective study aims to evaluate blinding the genetic expression kinetics 
of different molecules involved in the inflammatory process, IL10, PD1 and WT1, to search for a possible molecular 
predictive marker of sepsis.

Setting  Nine University teaching Hospitals in Italy take part in this study in collaboration with the Department 
of Applied Science (DISBA) of the University of Basilicata.

Participants  One hundred sixty-two patients, under elective cardiac and on pump surgery were enrolled 
in the study.

Interventions  From each patient 4 blood samples were collected during and at the end of the surgery, follow-
ing the study design.

Measurements and main results  We observed, 30 minutes after the start of the surgery, lower gene expression 
levels of IL10 and PD1 in septic patients compared to non-septic (p <0.05), but considering all the timepoint there are 
differences in gene expression modulation between the groups.

Conclusion  These results confirmed the dysregulated immune response in septic patients compared to non-septic, 
highlight how a measurement of the gene expression could help to optimize procedures and pay attention to more 
susceptible patients.
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Introduction
Sepsis remains one of the leading causes of morbidity and 
mortality worldwide  [1, 2]  , and despite the progress of 
medical science and research, it still remains a challenge 
to be defined and for which an appropriate treatment is 
desired [3, 4]. The incidence of post cardiac surgery sep-
sis appreciably varies in the literature: the incidence of 
classical defined sepsis was 0.39% according to Oliveira 
et  al. [2], Michalopoulos et  al. [5] report an incidence 
of 2% of severe sepsis after cardiac surgery, while Kollef 
et  al. [6] found that 21.7% of cardiac surgery patient 
acquired at least one nosocomial infection postopera-
tively. Post-cardiac surgery sepsis presents high mortal-
ity (ranging from 17 to 65% of patients affected by sepsis) 
[2], increasing antibiotic resistance, prolonged need for 
intensive care unit (ICU) and hospital care and elevated 
costs. Sepsis is defined as a life-threatening organ disor-
der caused by a dysregulated host response to infection 
[1]. Septic shock is a subset of sepsis with hemodynamic 
implications and failure in cellular metabolism lead-
ing to organ disfunction. This is associated with higher 
mortality [7]. In sepsis, the immune response, activated 
by pathogen invasion, fails to restore homeostasis in the 
host, thus resulting in a pathological syndrome charac-
terized by prolonged excessive inflammation and immu-
nosuppression [8]. Cardiac surgery and in particular 
cardiopulmonary bypass (CPB) could be identified as 
entry routes for pathogens, these, can generate a systemic 
inflammatory response syndrome (SIRS). The main risk 
factors related to SIRS development are type of surgery, 
patient age, the presence of comorbidities (e.g., diabetes, 
rheumatoid arthritis, renal insufficiency), immunodefi-
ciency, polytherapy, use of extracorporeal devices (e.g., 
catheters, drainage, mechanical ventilation), and genetic 
predisposition [9]. Others several factors, related to the 
use of CPB, contribute to the development of periopera-
tive sepsis; these include blood contact with large artifi-
cial surfaces, the presence of drainage systems inside the 
bypass circuit for blood re-infusion, and hypothermia. 
All these factors are considered important SIRS triggers 
since they generate the release of endogenous inflam-
matory mediators [10, 11]. Sepsis is a complex biologi-
cal interaction between host and pathogen; despite great 
researcher efforts, many aspects of the clinical picture, 
pathophysiology, and treatments remain challenging [12]. 
As a result, sepsis remains the leading cause of in hospital 
ICU admission, with high healthcare costs, furthermore 
it is a frequent cause of hospital readmission in sep-
sis survivors and has been reported as the last common 
path to death for infection [8]. For many years, the patho-
physiology of sepsis has been focused around the aber-
rant host inflammatory response. It is now understood 
that the dysregulated response results from an imbalance 

between immune system and metabolic cells [13]. The 
initial stage of the host response to the pathogen is the 
activation of innate immune cells through the binding of 
pathogen-associated molecular patterns (PAMPs), such 
as bacterial endotoxins and fungal β-glucans to specific 
pattern recognition receptors (PRR) [14]; another source 
of such interaction are damage-associated molecular pat-
terns (DAMPs) [15]. All these factors result in the acti-
vation of intracellular signal transduction pathways that 
induce the transcription and release of pro-inflammatory 
cytokines such as TNFα, IL-1 and IL-6.

Genetic factors
Pro-inflammatory cytokines cause leukocyte activation 
and proliferation, complement system activation, upreg-
ulation of endothelial adhesion molecules, chemokine 
expression, and tissue factor production [10]. Among the 
factors predisposing to the development of sepsis, some 
genetic modifications, which do not yet have a clinical 
value, are found. Recently, the knowledge of the associa-
tions between genetic polymorphisms and sepsis has led 
to a better understanding of this syndrome 4,.16

For example, in the exon of the gene encoding lipopol-
ysaccharide-binding protein (LPS), two Single Nucleotide 
Polymorphism (SNPs) have been identified at position 
291(T/G) and 1306 (C/T), which cause a change in the 
amino acid sequence and lead to an increased suscepti-
bility to sepsis [16].

Different studies have been conducted on genes cod-
ing for inflammatory cytokines whose modifications 
could genetically predispose to the development of 
sepsis:: IL-1α (-889  T/C), IL-1β (-511 C/T, + 3962  T 
/C), IL-1 RA (1100  T/C), IL-4 RA (+ 1902 G/A), IL-4 
(-1098  T/G, -590  T/C, -33  T/C), IL-6 (-174 C/G, -560 
G/A), IL-10 (-1082 A/G, -819 C/T, -592 C/A), IL-12 
(-1188 C/A), γIFN (+ 874 A/T), TGF-β1 (codon 10 C/T, 
codon 25 G/C), TNF-α (-308 G/A, -238 G/A) and IL-2 
(-330  T/G, + 166 G/T) [16]. The result of these stud-
ies demonstrated an association between alternations 
in genotype and allele frequency (e.g. IL-10 rs1800896 
(-1082 A/G) and IL-6 rs1800795 (-174 G/C)) [17, 18]. 
Regarding interleukin-10, three SNPs localized in the 
IL-10 promoter region were identified: rs1800872 (-592 
C/A), rs1800871 (-819 C/T) and rs1800896 (-1082 G/A). 
Among these, the polymorphism rs1800896 (-1082 A/G), 
where there is the substitution of an Adenine with a Gua-
nine, is repeatedly associated with the development of 
sepsis and its mortality [4] due to its presence related to 
IL-10 mRNA expression, leading to an increased concen-
tration of IL10 [19]. An excess of IL-10 induces immu-
noparalysis, exposing the individual carrying the G allele 
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to secondary infections, resulting in sepsis and mortality 
with impaired bacterial clearance [20].

Other genes related with sepsis are the programmed 
cell death protein 1 (PD-1) and programmed death ligand 
1 (PD-L1), and The Wt1 (Wilms tumour) gene. PD1 
represent important regulatory factors for the immune 
system as they can modulate the activity of T lympho-
cytes that encounter cells presenting the antigen (APCs). 
PD-1 expression levels are usually not detectable as 
they increase only following stimulation, followed by an 
increase in the number of T and B lymphocytes [21]. The 
expression of PD-1 reaches very high levels in T cells acti-
vated by the antigen and is reduced once the antigen is 
effectively eliminated [21]. Many publications report how 
to exist a correlation between sepsis and PD-1 expression 
dysregulation [22].

The Wt1(Wilms tumour) gene instead [23], is related 
with post-transcriptional and post-translational activity, 
and it also acts in the development of organs or tissues 
and in maintaining their homeostasis [24]. The differ-
ent isoforms of the WT1 protein play a crucial role in 
the development of numerous organs, such as the kid-
neys, gonads, adrenal glands, heart and retina. WT1 is 
expressed in 1% of multipotent CD34 + stem cells in the 
bone marrow but also in the quiescent population of 
CD38- cells. Myeloid precursors express WT1 early, and 
this occurs in approximately 4% of common myeloid pre-
cursor cells (CMPs), in approximately 2% of granulocyte-
monocyte precursor cells (GMPs), and approximately 
17% of megakaryocytic erythroid precursor (MEPs) [23].

In the late stages of differentiation, WT1 expression is 
reduced, in fact only a small percentage of fully differenti-
ated cells (< 1%) present level of WT1. The role of Wilms 
Tumor 1 (WT1) in sepsis is less well defined, although 
recent evidence suggests that WT1 is involved in hemat-
opoietic differentiation, cytokine signaling, and immune 
cell regulation, making it a candidate of interest in the 
study of sepsis-related immune alterations.

The host immune response in sepsis is orchestrated by 
a network of cytokines, cell surface receptors, and tran-
scription factors. Analysing the gene expression profiles 
of IL10, PD1, and WT1 in patients who develop sepsis 
after cardiac surgery may offer critical insights into the 
mechanisms driving immune dysregulation in this set-
ting. Such analyses have the potential to identify early 
biomarkers of immune suppression, elucidate novel 
therapeutic targets, and contribute to the development 
of personalized immunomodulatory strategies aimed at 
restoring immune competence and improving patient 
outcomes. We will compare the genetic characteristics of 
two patients’ group: (1) who develop sepsis after cardiac 
surgery; (2) who not develop sepsis after cardiac surgery.

Material and methods
Study design
This is a prospective observational interventional study 
founded by Italian Society of Anaesthesia Intensive Care 
and Pain Therapy (SIAARTI). The study was conducted 
in nine University teaching Hospitals in Italy (Fig. 1). The 
study was approved by local ethical committee (Comitato 
Etico Unico Regionale per la Basilicata – Protocol num-
ber 20190050497). A total of 162 patients were enrolled 
in the study between October 2022 and January 2024.

Inclusion and exclusion criteria are reported in Table 1.. 
Sepsis was defined according to SSC criteria [1]. Patients 
included in the study were observed for 30 days after car-
diac surgery. On the 30th day, the presence or absence of 
sepsis was assessed for all patients and reported in the 
Research Electronic Data Capture (RED cap). Four blood 
samples had been collected for each patient according 
to the following time points: (1) T0: Baseline (after the 
induction of anaesthesia and before surgical incision); 
(2) T1: During cardio-pulmonary bypass (Thirty minutes 
after the incitation of cardio-pulmonary bypass); (3) T2: 
After the end of the procedure (Just after the transfer 
from the operating theatre to the intensive care unit); (4) 
T3: After 24 h from the entry to the intensive care unit. 
Each sample and patient had a unique, encoded (ano-
nym) identification code. All patients signed informed 
consent before the enrolment.

Data collection
Study data were collected and managed using REDCap 
electronic data capture tools hosted at SIAARTI Society 
[25, 26]. REDCap is a secure, web-based software plat-
form designed to support data capture for research stud-
ies, providing 1) an intuitive interface for validated data 
capture; 2) audit trails for tracking data manipulation and 
export procedures; 3) automated export procedures for 
seamless data downloads to common statistical packages; 
and 4) procedures for data integration and interoperabil-
ity with external sources.

RNA extraction and qPCR
500  μl of whole blood are collected through heparin 
syringe and added to 500  μl of NucleoZOL Reagent 
(Macherey-Naghel). NucleoZOL reagent permits the 
RNA extraction from whole blood, specifically from 
nucleated cells without separate them. Each sam-
ple are storage at -20  °C following the manufacturing 
instruction. Once collected all the samples, 200  μl of 
DEPC water was added to all samples and vortexed. A 
treatment with DNase, to avoid DNA contamination, 
was performed before the next steps. The protocol 
used has been the one recommended by the manufac-
turer. RNA was quantified using the NanoDrop™1000 
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spectrophotometer (NanoDrop Technologies, Inc). 
RNA was retro-transcribed in cDNA using FIREScript® 
RT cDNA synthesis MIX (Solis Biodyne) and used at 
a final concentration of 10  ng. For qPCR assay, Power 
SYBR Green PCR Master Mix (Applied Biosystems®) 
was used following the standard procedure indicated by 
Applied Biosystem®. The amplification protocol was: 1) 
Holding Stage: 95 °C/10 min; 2) Cycling Stage: 40 cycles 
of 95 °C/15 s, 60 °C/1 min, 72 °C/ 1 min; 3) Melt Curve 
Stage: 95  °C/15 s; 60  °C/1 min; 95  °C/30 s; 60  °C/15 s. 
7500 fast Real-Time PCR System (Applied Biosystems) 
and the 7500 Software v2.3 (Applied Biosystems) were 
employed. Real-time PCR primers are reported in 
Table  2. RNA extraction and gene analysis were con-
ducted in a blind mode.

Fig. 1  University teaching Hospital enrolled in the study

Table 1.  Inclusion and exclusion criteria

Inclusion criteria Elective cardiac surgery

On pump surgery

Age ≥18 years

Exclusion criteria Emergency surgery

Off pump surgery

Active endocarditis

Previous sepsis or septic shock

Unsigned informed consent

Age <18 years
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Statistical analysis
Data were presented as mean ± standard deviation and 
as median and interquartile range for continuous vari-
ables, as appropriate. Categorical data were reported as 
percent frequency. Group comparisons were performed 
by the Student’s t test or Mann–Whitney U test for con-
tinuous variables, and the chi-square test (categorical 
data). Linear regression analysis was performed to test 
the relationship between IL10 expression and septic con-
dition. The relative expression level of IL10, PD1 and Wt1 
mRNA was normalized by the expression of housekeep-
ing Actin mRNA in each sample. ΔCt (cycle threshold) 
values were obtained by: ΔCt = Ct target gene – Ct Actin.

The 2 − ΔΔCt method was used for data analysis [27]. 
Timepoint T0 was used as calibrator in ΔΔCt analysis to 
have a specific indication on the effect of surgical CPB.

Results
Study population
One hundred sixty-two patients, the majority of whom 
were male (61.7%), have been enrolled in the study 
between October 2022 and January 2024. The study 
population characteristics are reported in Tables  3 and 
4. Percentage of comorbidities in Septic and non-Septic 
patients are respectively reported in Fig. 2.

The incidence of sepsis at 30  days following Cardiac 
Surgery was 15.43% (25 patients). These results are mark-
edly different if compared to the incidence of sepsis 
reported in literature.

As regards cardiac surgery, we found significant dif-
ference between the two groups in CBP time: 122 min 
(90–186) in septic patients vs 95 min (67–133) in non-
septic patients (p < 0.032). No statistical difference was 
observed in aortic cross clamping time (p = 0.256). In 
terms of surgical access, 65% of patients underwent 
sternotomy, 15% mini-sternotomy, 1% right thoracot-
omy, and 17% right mini-thoracotomy. As for the type 
of clamping, 95% of patients received direct aortic cross 
clamping, 1% endo-clamping, and 2% did not undergo 
aortic cross clamping. No statistical significances were 
observed in terms of surgical access and type of aortic 
cross clamping between the two groups (p > 0.05). We 
also found a significant difference in the prevalence of 
valvular heart disease, which was higher in the septic 

patients (92%) compared to in the non-septic patients 
(64%, p < 0.006). This association was confirmed by 
logistic regression analysis. The crude model revealed 
that patients having valvular heart disease had an 
odds ratio for sepsis approximately sixfold higher than 
the non-septic patients (OR: 6.5; 95%CI: 1.5–28.6; 
p = 0.014). After adjusting for traditional confounder 
(age, gender, and BMI), this association still maintained 
significance (OR: 7.1; 95%CI: 1.5–32.2; p = 0.012). Fur-
thermore, we observed a greater prevalence of CKD 
in the septic patients (32%) than the non-septic ones 
(11%, p = 0.006). In the unadjusted model, patients with 
CKD had a higher risk to develop sepsis compared to 
those without (OR: 3.8; 95%CI: 1.4–10.4; p = 0.008). 

Table 2  Primer sequences used for qPCR

Primer Forward sequence 5’-3’ Reverse sequence 5’-3’

IL-10 GGT​TGC​CAA​GCC​TTG​TCT​GA CAC​ATG​CGC​CTT​GAT​GTC​TG

PD1 CAG​TTC​CAA​ACC​CTG​GTG​GT GGC​TCC​TAT​TGT​CCC​TCG​TG

WT1 GAG​AGC​CAG​CCC​GCT​ATT​C ATG​AGT​GGT​TGG​GGA​ACT​GC

Actin AGC​GAG​CAT​CCC​CCA​AAG​TT GGG​CAC​GAA​GGC​TCA​TCA​TT

Table 3  Demographic and clinical data of the study population

a COPD Chronic obstructive pulmonary disease
b CKD Chronic kidney disease
c AMI Acute myocardial infarction
d CPB Cardiopulmonary bypass; N = refers to the total number of patients for 
whom information is available

Variables Whole Group
(n = 162)

Age (years) 68.6 ± 12.2

Gender, n. (%)

  Male 100 (61.7%)

  Female 62 (38.3%)

Body Mass Index (kg/m2) 26.8 ± 5.1

Diabetes, n. (%), N = 161 34 (21.1)

Hypertension, n. (%), N = 161 129 (80.1)

COPDa, n. (%) 18 (11.1)

Bronchial asthma, n. (%) 6 (3.7)

CKDb, n. (%) 23 (14.2)

Valvular heart disease, n. (%), N = 161 110 (68.3)

Ischemic heart disease, n. (%) 68 (42)

Autoimmune diseases, n. (%) 15 (9.3)

Other comorbidities, n. (%) 112 (69.1)

Previous cardiac event, n. (%), N = 161

  No 102 (63.3)

  AMIc 31 (19.3)

  Other 28 (17.4)

Surgical access, n. (%), N = 161

  Sternotomy 106 (65.8)

  Mini sternotomy 25 (15.5)

  Right thoracotomy 2 (1.3)

  Right mini thoracotomy 28 (17.4)

Clamping, n. (%), N = 160

  No 4 (2.5)

  Direct clamping 154 (95.1)

  Endoaortic 2 (1.2)

CBPd (mins), N = 153 98 (70–37)

Aortic cross clamping time (mins), N = 154 72 (50–102)
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The association retained statistical significance even 
adjusted for traditional confounder (OR: 5.1; 95%CI: 
1.6–16.0; p = 0.005).

Genetic analysis
The genetic expressions analysis, show how the IL10 
expression is markedly different between septic and 
non-septic patients (Fig.  3). The data highlight that 
30 min after the start of surgery (time point 1, T1), septic 
patients had much lower levels of IL-10 expression com-
pared to non-septic patients (FC = 1.05 Vs. 3.51, p > 0.05). 
At T3, septic patients have high levels of IL10 expression 
(FC = 4.44), compared to non-septic patients (FC = 1.83) 
(p < 0.05).

The expression of PD1 (Fig. 4), an immunoregulatory 
gene in septic patients appears to be totally deactivated, 
unlike non-septic patients, which instead show higher 
values and modulate its expression. In detail, at T1, 
PD1 level in non-septic patients are higher (FC = 26.93) 
compared with septic patient (FC = 5.00) (p < 0.05). 
After the end of the procedure (T2) we observed a 
slight, although not significant compared with T1, 
increase in PD1 expression in both groups (FC Non 
septic = 28.23 Vs FC Septic = 5.61). At T3, the values 
had normalized showing no statistical difference within 
the group (p > 0.05), but a significant difference between 
the groups (FC Non septic = 25.08 Vs FC Septic = 4.33) 
(p < 0.05).

Table 4  Comparison between septic and non-septic patients

a COPD: chronic obstructive pulmonary disease
b CKD: chronic kidney disease
c AMI: acute myocardial infarction
d CBP: cardiopulmonary bypass; N = refers to the total number of patients for whom information is available

Variables Non-septic (n = 137) Septic (n = 25) p

Age (years) 68.5 ± 11.9 68.8 ± 13.9 0.925

Gender, n. (%) 0.847

  Male 85 (62) 15 (60)

  Female 52 (38) 10 (40)

Body Mass Index (kg/m2) 26.1 ± 3.7 26.9 ± 5.3 0.335

Diabetes, n. (%), N = 161 28 (20.6) 6 (24.0) 0.701

Hypertension, n. (%), N = 161 108 (79.4) 21 (84) 0.597

COPDa, n. (%) 13 (9.5) 5 (20.0) 0.124

Bronchial asthma, n. (%) 6 (4.4) 0 (0) 0.286

CKDb, n. (%) 15 (10.9) 8 (32.0) 0.006
Valvular heart disease, n. (%), N = 161 87 (64) 23 (92) 0.006
Ischemic heart disease, n. (%) 58 (42.3) 10 (40.0) 0.828

Autoimmune diseases, n. (%) 13 (9.5) 2 (8.0) 0.813

Other comorbidities, n. (%) 90 (66.2) 22 (88.0) 0.029
Previous cardiac event, n. (%), N = 161 0.031
  No 92 (67.6) 10 (40.0)

  AMIc 23 (16.9) 8 (32.0)

  Other 21 (15.4) 7 (28.0)

Surgical access, n. (%), N = 161 0.392

  Sternotomy 92 (67.6) 14 (56.0)

  Mini sternotomy 21 (15.4) 4 (16.0)

  Right thoracotomy 1 (0.7) 1 (4.0)

  Right mini thoracotomy 22 (16.2) 6 (24.0)

Clamping, n. (%), N = 160 0.135

  No 2 (1.5) 2 (8.0)

  Direct clamping 131 (97.0) 23 (92.0)

  Endoaortic 2 (1.5) 0 (0)

CBPd (mins), N = 153 95 (67–133) 122 (90–186) 0.032
Aortic cross clamping time (mins), N = 154 70 (50–98) 75 (55–118) 0.256
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However, the results obtained from the analysis of 
WT1 showed an interesting trend (Fig.  5); however, it 
is evident that in patients who developed sepsis, WT1 
was over-expressed compared to patients who did not 
develop sepsis (FC = 0.67 vs FC = 0.079, respectively) 
(p < 0.05).

In a linear regression model having the natural loga-
rithm (LN) delta (∆) of ∆∆CT (LN ∆∆CT at T2 – LN 
∆∆CT at T0) as a dependent variable, septic condition is 
directly associated to a major ∆ between T0 and T2 with 
a p value that is at threshold of statistical significance 
(p = 0.078, standardized regression coefficient β = 0.111, 

Fig. 2  Comorbidities in Non-septic Group
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95%CI: -0.06 – 1.14), probably due to sample size. This 
analysis was adjusted for baseline value of ∆∆CT since 
it differs between septic/non septic patients (Table 5). In 
addition, this model revealed that the baseline value is 
inversely associated to ∆ i.e., the higher baseline value, 
the lower the ∆ between T0 and T2. Finally, this result 
suggests a trend worthy of further analysis.

Discussion
The study population show how the incidence of sep-
sis is different if compared with data reported in liter-
ature. We carefully analyzed this gap, and we think is 
due to a different studied population (2010 vs 2024). 
The patient’s age, subjected at CBP in 2024, is higher 
than in 2010. It must also be considered that the ini-
tial conditions of the patients greatly affect the results 
of the analysis. The presence of valvular heart disease 
has been shown to be an important trigger contribut-
ing to the development of sepsis, representing a sig-
nificant risk factor. Patients with valvular heart disease 
(VHD) undergoing cardiac surgery with cardiopulmo-
nary bypass (CPB) are at increased risk of developing 
sepsis in the postoperative period. This vulnerability is 
multifactorial, involving the combined effects of struc-
tural valve pathology, immune perturbation, surgical 
trauma, and CPB-induced systemic inflammation. This 
is justified for several reasons. Patients who receive 
valve repair are usually subjected to a longer CBP time 
which has been found to be significantly higher in 
septic patients [28]. Furthermore, they have a greater 
susceptibility to develop myocardial infections which 
can generate a systemic infection [29].. CDKs are also 
important risk factors, as demonstrated by the results 
obtained. CKD is characterized by a multifacto-
rial impairment of the immune system, predisposing 
patients to develop systemic infections. At the immu-
nological level, CKD induces immune dysregulation. 
On the one hand, the uremic environment is associ-
ated with chronic low-grade inflammation, which is 
reflected in elevated levels of circulating cytokines such 
as IL-6, TNF-α, and C-reactive protein [30, 31]. On 
the other hand, there is substantial evidence of innate 
and adaptive immune dysfunction, including impaired 
neutrophil chemotaxis and phagocytosis [32], reduced 
monocyte antigen presentation [33], T-cell exhaustion 
[34], and reduced B-cell reactivity [35]. These abnor-
malities are exacerbated by the accumulation of ure-
mic toxins, such as indoxyl sulfate and p-cresyl sulfate, 
which interfere with immune cell signaling and antimi-
crobial defenses [36]. Furthermore, patients with CKD 
commonly suffer from intestinal dysbiosis, resulting in 
increased intestinal permeability. This facilitates the 
entry of microbial products such as lipopolysaccharide 

Fig. 3  IL-10 expression. Data show as FC ± SEM

Fig. 4  PD1 expression. Data show as FC ± SEM

Fig. 5  WT1 Expression. Data show as FC ± SEM

Table 5  Statistical model used for the genetic analysis

Variables Regression 
coefficients β

95% CI2 p

Septic condition 
(0 = no; 1 = yes)

0.111 -0.06, 1.14 0.078

LN_∆∆CT_T0 -0.722 -0.98, -0.70  < 0.001
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into the circulatory system [37, 38]. Importantly, 
patients with advanced chronic kidney disease (CKD) 
are subject to repeated healthcare exposures, includ-
ing vascular access, indwelling catheters, and frequent 
hospital admissions, all of which increase the risk of 
pathogen acquisition and nosocomial sepsis [39]. From 
a cardiovascular perspective, the interaction between 
CKD and sepsis has direct relevance as it represents 
an immunodeficiency and pro-inflammatory state that 
significantly alters the trajectory of infectious dis-
eases. The results of the study population demonstrate 
how there is a characterizing basis for each individual 
patient. For this reason, during the genetic analyses, the 
T0 point was used to normalize the initial condition 
of each subject and thus eliminate the influences that 
these could have on the analysis. The objective was pre-
cisely to evaluate how only the operative triggers could 
modulate gene expression.

All the results explain the relationship between dysregu-
lation of the immune system and sepsis. Interleukin-10 
(IL-10) is a key anti-inflammatory cytokine that plays 
a regulatory role in sepsis by limiting the host immune 
response to infection. The results obtained show in fact 
how patients who have not developed sepsis start from an 
initial advantageous condition compared to patients who 
develop sepsis, who show very low expression levels at 
T1. At T3, however, the results show how septic patients 
have exponentially increased the expression of IL10. This 
makes it clear how the immune system is dysregulated and 
appears to be blocked and unable to respond to the inflam-
matory stimuli. During sepsis, IL-10 is rapidly upregulated 
in response to pro-inflammatory cytokines such as TNF-α 
and IL-6. Its primary function is to suppress excessive 
inflammation, preventing tissue damage by inhibiting the 
production of pro-inflammatory mediators, reducing anti-
gen presentation, and downregulating macrophage and 
dendritic cell activity. However, in the context of severe or 
late-stage sepsis, persistently high levels of IL-10 can con-
tribute to immunosuppression, increasing the risk of sec-
ondary infections and poor outcomes [40, 41].

As we describe before, PD1 is involved differently in 
immunoregulations; one of this difference is the antigen 
presentation. Zhang et al. [22] describe how PD1 works 
during this important step of the immune response. T 
cells interact with APC cells during antigen presentation 
through different pathways. Usually, the binding between 
PD1 present on the T cell and its ligand, PD-L1, lim-
its the activation of the T cell by inhibiting the protein 
kinase B (AKT) signaling pathway. PD1 uses the help of 
Src homology region 2 domain-containing phosphatases 
(SHP2) to also regulate the zeta chain of T cell recep-
tor-associated protein kinase 70 (Zap70) and phospho-
inositide 3 kinase (PI3K). However, in the present study, 

conducted on a much larger patient cohort than those 
reported in the literature, we demonstrate how PD1 is 
downregulated in patients who developed sepsis. Fur-
thermore, it is well known in biological processes that 
binding of PD1 to its ligand occurs not only on T cells 
but also on B cells of the immune system. The prolonged 
interaction between regulatory B cells (Bregs) and T cells 
reduces subsequent contacts between T cells and den-
dritic cells, thereby hindering the antigen presentation 
process and subsequent T cell activation. Additionally, 
Bregs modulate humoral immunity by influencing the 
activity of follicular helper T cells, which play a role in dif-
ferentiating B cells into antibody-producing plasma cells. 
This effect is mediated by the high expression of pro-
grammed death-ligand 1 (PD-L1) on Bregs, which binds 
to PD-1 on T cells. The PD-1/PD-L1 interaction inhib-
its the functionality and proliferation of effector T cells. 
Furthermore, Bregs exert suppressive effects by releasing 
elevated levels of IL-10, which hinders T cell differentia-
tion [42]. The link between IL10 and PD1 was evident. In 
our septic patient cohort, low initial IL10 levels impaired 
the capacity to initiate an effective immune response. In 
contrast, surgical intervention acted as a strong inflam-
matory trigger, leading to subsequent IL10 overproduc-
tion. At the same time, low PD1 levels compromised T 
cell regulation impairing their ability to modulate B cell-
mediated antibody production. As a result, B cells were 
not properly activated, and the pro-inflammatory process 
required to counteract systemic infection did not occur.

These results are precisely interconnected with the 
results obtained regarding the expression of WT1. The 
WT1 expression levels in the patients before surgery, 
given the nature of the WT1 gene [43], should be very 
low, but the results show how septic patients have a high 
expression level of WT1 at time T0.

It is important to underline that in the present study, 
the control cohort is represented by sick patients requir-
ing surgery who did not subsequently develop sep-
sis. This clarification is necessary as it corroborates the 
results obtained in the two groups’ comparison. It is pos-
sible that WT1, being involved in cellular differentiation 
at the bone marrow level, is responsible for hyperstimula-
tion of the immune response; this has generated a high 
number of cells of the immune system which, in a condi-
tion of dysregulation, have not been able to react to path-
ogenic stimuli. Condition absents in the patients of the 
control cohort, who in a condition of normal expression 
of WT1, saw an increase (p < 0.05) only after the surgery 
(FC = 0.44), demonstrating an effective stimulation of the 
cells of the immune system, which were able to react to 
the possible pathogen attack.

These preliminary data suggest a different genetic pro-
file in septic patients that could open future trends in 
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research to evaluate the genetic profile, prior to surgery, 
to possibly identify patients at risk of sepsis.

Conclusion
This study highlights a significantly higher incidence of 
sepsis (15.43%) following cardiac surgery with cardiopul-
monary bypass (CPB) compared to previously reported 
literature, suggesting a shift potentially attributable to 
the evolving demographic and clinical characteristics 
of surgical candidates. The analysis identified valvular 
heart disease and chronic kidney disease (CKD) as major 
independent risk factors for postoperative sepsis, with 
adjusted odds ratios of 7.1 and 5.1, respectively. These 
conditions likely contribute to immune dysregulation 
through prolonged surgical exposure, systemic inflam-
mation, and pre-existing immunosuppressive states.

Genetic analyses further support the hypothesis of 
an immunological basis for sepsis susceptibility. Sep-
tic patients showed distinct expression patterns of key 
immunomodulatory genes. Notably, IL-10 expression 
was initially suppressed and later elevated, indicative of 
a delayed and dysregulated anti-inflammatory response. 
PD-1, a central immune checkpoint molecule, was con-
sistently downregulated in septic patients, possibly con-
tributing to impaired T-cell regulation and insufficient 
antigen presentation. WT1 expression, elevated at base-
line in septic patients, suggests an aberrant priming of 
the immune system prior to surgery, possibly reflective of 
underlying immune hyperreactivity that becomes mala-
daptive in the perioperative context.

Despite these insights, several limitations must be 
acknowledged. The single-center design and modest 
sample size, particularly within the septic subgroup, may 
limit generalizability and the statistical power of certain 
findings. Furthermore, while the observational nature of 
the study precludes causal inference, it does underscore 
important associations warranting further investigation.

Looking forward, these findings suggest that preop-
erative genetic and immunological profiling could help 
identify patients at elevated risk for postoperative sep-
sis, enabling personalized perioperative management 
strategies. Larger multicenter studies and mechanistic 
research into immune-genetic interactions in surgical 
patients are needed to validate these preliminary findings 
and refine predictive models of sepsis risk. Ultimately, 
such approaches may enhance patient stratification and 
inform targeted interventions to mitigate the burden of 
sepsis in cardiac surgery.
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