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Abstract 

Background: Sepsis is a syndrome where the dysregulated host response to infection threatens the life of the 
patient. The isoform of the cholesteryl‑ester transfer protein (CETPI) is synthesized in the small intestine, and it is 
present in human plasma. CETPI and peptides derived from its C‑terminal sequence present the ability to bind and 
deactivate bacterial lipopolysaccharides (LPS). The present study establishes the relationship between the plasma 
levels of CETPI and disease severity of sepsis due to Gram‑negative bacteria.

Methods: Plasma samples from healthy subjects and patients with positive blood culture for Gram‑negative bacteria 
were collected at the Intensive Care Unit (ICU) of INCMNSZ (Mexico City). 47 healthy subjects, 50 patients with infec‑
tion, and 55 patients with sepsis and septic shock, were enrolled in this study. CETPI plasma levels were measured 
by an enzyme‑linked immunosorbent assay and its expression confirmed by Western Blot analysis. Plasma cytokines 
(IL‑1β, TNFα, IL‑6, IL‑8, IL‑12p70, IFNγ, and IL‑10) were measured in both, healthy subjects, and patients, and directly 
correlated with their CETPI plasma levels and severity of clinical parameters. Sequential Organ Failure Assessment 
(SOFA) scores were evaluated at ICU admission and within 24 h of admission. Plasma LPS and CETPI levels were also 
measured and studied in patients  with liver dysfunction.

Results: The level of CETPI in plasma was found to be higher in patients with positive blood culture for Gram‑neg‑
ative bacteria that in control subjects, showing a direct correlation with their SOFA values. Accordingly, septic shock 
patients showing a high CETPI plasma concentration, presented a negative correlation with cytokines IL‑8, IL‑1β, and 
IL‑10. Also, in patients  with liver dysfunction, since higher CETPI levels correlated with a high plasma LPS concentra‑
tion, LPS neutralization carried out by CETPI might be considered a physiological response that will have to be studied 
in detail.

Conclusions: Elevated levels of plasma CETPI were associated with disease severity and organ failure in patients  with 
Gram‑negative bacteraemia, defining CETPI as a protein implicated in the systemic response to LPS.
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Background
Each year an elevated number of people worldwide 
experience an episode of sepsis, where millions die as a 
result of its associated complications (Singer et al. 2016; 
Reinhart et  al. 2017). In low- and middle-income coun-
tries, the burden of sepsis is even higher and represents 
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one of the leading causes of death in the general popula-
tion, where a complex interaction of factors such as the 
causative pathogen, timely diagnosis, host immunity, and 
access to quality care, determine lethality in sepsis (Cec-
coni et  al. 2018; Rudd et  al. 2020). Sepsis occurs when 
the host produces an unbalanced response to an infec-
tion, that if not diagnosed and treated early, can lead to 
profound circulatory and cellular dysfunction, progress-
ing to septic shock (Cecconi et al. 2018). Gram-negative 
bacteria are the most frequent etiological agents of sep-
sis worldwide (Font et al. 2020), presenting in their outer 
membrane LPS. The physiological response to LPS is 
mediated by stimulation of the Toll-like receptor 4, that 
includes the release of pro-inflammatory cytokines and 
reactive oxygen species, causing endothelial damage 
and vasodilation, leading to hypo-perfusion and capil-
lary fluid leakage. Additionally, cytokines activate the 
coagulation cascade, resulting in capillary microthrombi, 
and ultimately organ ischemia (Van Der Poll et al. 2017). 
LPS released into the circulation interact with lipopro-
teins, such as the High-Density Lipoproteins (HDL) and 
Low-Density Lipoproteins (LDL), but importantly with 
lipopolysaccharide-binding proteins (Vreugdenhil et  al. 
2001), which eventually promote LPS clearance through 
the hepatobiliary system (Pérez-Hernández et  al. 2021). 
The LPS-binding protein and the bactericidal/perme-
ability-increasing protein are closely related proteins 
that bind LPS, and present an important role in the host 
response to acute infections involving Gram-negative 
bacteria (Krasity et  al. 2011). These proteins are mem-
bers of the LTP/LPS-binding family of lipid binding and 
transfer proteins which also includes the cholesteryl-
ester transfer protein (CETP), the phospholipid transfer 
protein (Beamer 2003), and now the cholesteryl-ester 
transfer protein isoform (CETPI), originally described by 
our research group years ago (Alonso et al. 2003; García-
González et al. 2015).

CETPI was identified and found to be synthesized in 
the small intestine, and it is present in human plasma 
(Alonso et  al. 2003). The only structural difference 
between CETP and CETPI resides in their C-terminal 
domain, where human CETPI presents a 41 C-terminal 
segment containing prolines, and a disordered confor-
mation, instead of the normal 24 residues present as an 
α-helix in CETP (Alonso et  al. 2003). Peptides derived 
from the C-terminal domain of CETPI bind LPS through 
electrostatic interactions, and the intravenous adminis-
tration of one of these peptides, called VSAK, attenuates 
the harmful effects produced by LPS in a model of the 
systemic inflammatory response syndrome (Luna-Reyes 
et al. 2021). In addition, considering that the expression 
of CETPI in intestinal cells is upregulated in the pres-
ence of LPS (García-González et  al. 2015), we aimed to 

evaluate the relation of the CETPI plasma levels with 
disease severity in Gram-negative sepsis. For this pur-
pose, during the present study we collected plasma sam-
ples along a period of two years at the ICU of Instituto 
Nacional de Ciencias Médicas y Nutrición “Salvador 
Zubirán” (INCMNSZ), a tertiary care center located in 
Mexico City. In comparison to healthy subjects, we meas-
ured the plasma CETPI concentration in patients pre-
senting infection, sepsis, and septic shock, and examined 
the correlation between CETPI with the plasma levels of 
LPS and a series of cytokines in all patients.

Our results suggest that an increased plasma level of 
CETPI in patients, associated to the presence of pep-
tides derived from this protein, in correlation with their 
ability to bind and inactivate LPS, might be considered 
as a defense mechanism involved in the emergency host 
response to a Gram-negative infection, and therefore, 
also as indicators of disease severity.

Materials and methods
Study design
For this study, plasma samples from healthy subjects 
and patients with infection, sepsis, and septic shock 
with positive blood culture for Gram-negative bacte-
ria were collected over a period of two years at the ICU 
of INCMNSZ (Mexico City). To quantify CETPI in 
plasma we employed an enzyme-linked immunosorbent 
assay (ELISA). The pro- and anti-inflammatory plasma 
cytokines were measured using the human cytokine 
magnetic bead panel Milliplex Map Kit. We determined 
the relationship between plasma levels of LPS and CETPI 
in patients with liver dysfunction. Also, the expression of 
CETPI in plasma was confirmed by Western Blot analy-
sis, and the bands recognized by the anti-CETPI antibody 
identified by HPLC-mass spectrometry. Depletion of 
plasma albumin was used to determine the possible bind-
ing of peptides derived from the C-terminal domain of 
CETPI to this protein.

Study population
For the development of this study at INCMNSZ, 47 
healthy subjects, and 105 patients with infection, sepsis, 
and septic shock between 18 and 65 years of age were 
enrolled. All subjects provided written informed con-
sent prior to the participation in the study. As controls, 
a total of 47 samples were obtained from healthy vol-
unteer blood donors at the blood bank of INCMNSZ. 
The inclusion criteria were body mass index < 30 kg per 
 m2, normal vital signs, oxygen saturation > 90%, with no 
evidence of infection or acute/chronic illnesses. Exclu-
sion criteria included having consumed any drug seven 
days before sample collection, and the presence of an 
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infection, inflammatory, and traumatic process in the 
six weeks before the acceptance for inclusion in the 
study.

Patients were divided into three groups: infection, sep-
sis, and septic shock. Baseline values for SOFA scores 
were determined upon patient arrival at the ICU, and the 
Delta SOFA score was calculated as the change in total 
SOFA score between baseline values and values obtained 
24 h after ICU admission. The infection group included 
50 subjects without evidence of organ failure defined by 
the Delta SOFA score lower than 2 points. The sepsis 
group comprised 28 sepsis patients with infection and 
organ failure defined as Delta SOFA score of 2 points or 
more. The septic shock group included 27 patients with 
sepsis and persisting hypotension requiring vasopres-
sors to maintain a mean arterial pressure of 65  mmHg 
or greater and having a serum lactate level greater than 
2  mmol/L (> 18  mg/dL) in the absence of hypovolemia. 
All patients had positive blood cultures for Gram-nega-
tive bacteria. Patients with trauma, renal replacement 
therapy, or patients that have received anti-inflammatory 
drugs 48 h prior to sample collection were excluded from 
the study.

Patients were clinically assessed by recording vital 
signs, mean arterial pressure, C-Reactive Protein (CRP), 
hemoglobin, albumin, procalcitonin (PCT), bilirubin, lac-
tate, creatinine, HDL, leucocytes, platelets, and time of 
antibiotic treatment. Also, demographic data and base-
line comorbidities (heart disease, lung disease, chronic 
liver dysfunction, immunosuppression, cancer, endo-
crinopathy, dyslipidemia, and autoimmune disease) were 
collected at the time of the patient’s admission. Patients 
were considered immunocompromised if they had severe 
neutropenia, and/or received steroid treatment or cyto-
toxic drugs. The source of infection was categorized into 
eight groups: abdomen, lung, urinary tract, soft tissue, 
sinusitis, empyema, central nervous system, and intra-
venous catheter. The criteria employed to define patients 
with liver dysfunction were: patients with known liver 
disease, basal SOFA score ≥ 1  in liver and coagulation 
item, or a previous diagnosis of cirrhosis.

This study was reviewed and approved by the Ethics 
Committee of the INCMNSZ (Reference number: 2252).

Sample collection
All plasma samples were collected within 12  h of ICU 
admission, then samples were centrifuged for 10  min 
at 1500  rpm, and aliquots were immediately stored at 
− 80  °C. Blood cultures were taken in all patients upon 
arrival to the ICU. Only samples with positive blood 
culture for Gram-negative bacteria were included in the 
study.

Western blot analysis
Protein from plasma samples was measured using the 
DC Protein Assay (Bio-Rad, Hercules, CA, USA). A total 
of 30  µg of protein were loaded and separated on 8% 
SDS-PAGE, and further transferred to PVDF membranes 
(Immobilon-P, Merck Millipore, Billerica, MA, USA). 
Membranes were blocked using 10% of Blotting-Grade 
Blocker (Bio-Rad), incubated with anti-CETPI (1:4000) 
overnight at 4 °C, and washed six times with TBST. Anti-
CETPI antibodies from Alpha Diagnostic International 
Inc. (San Antonio, TX, USA), consist of antibodies raised 
using a synthetic peptide that corresponds to the last 12 
amino acids of the C-terminal segment of CETPI. Mem-
branes were incubated with a rabbit peroxidase-conju-
gated anti-chicken IgY secondary antibody (1:30,000) 
(Thermo Fisher Scientific, Waltham, MA, USA) for 
60  min at room temperature (RT). Antibodies were 
diluted in a 5% of Blotting-Grade Blocker (Bio-Rad) solu-
tion. Protein bands were visualized using  Immobilon® 
Western from Merck Millipore on X-OMAT autoradio-
graphic plates (Kodak, Rochester, NY, USA).

Plasma cytokine measurements
For the measurement of cytokine levels in plasma, the 
human cytokine magnetic bead panel  Milliplex® Map Kit 
(Merck Millipore) was used to assess the levels of IL-1β, 
TNFα, IL-6, IL-8, IL-12 (p70), IFNγ, and IL-10. Plasma 
samples were analyzed in duplicate, and the procedure 
was carried out according to the manufacturer instruc-
tions. Briefly, 25 µL of control and patient plasmas were 
incubated with antibody-immobilized beads overnight 
at 4  °C. Bead-complexes, after being rinsed, were incu-
bated with 25 µL of biotinylated detection antibody for 
1  h with agitation. Next, 25 µL of Streptavidin–Phyco-
erythrin were added and incubated for 30 min at RT with 
agitation. After washing the plate, 150 µL of Drive Fluid 
were added to all wells. Plates were read on a MAGPIX 
employing the xPONENT software, and the Median Flu-
orescent Intensity analyzed.

Plasma CETPI measured by ELISA
CETPI plasma levels were measured by an ELISA test 
employing 96-well Maxisorp plates (Thermo Fisher Sci-
entific). 50 µL of dilutions of plasma samples were added 
into the appropriate wells and incubated overnight at 
4 °C, then the plate washed out one time with Phosphate-
Buffered Saline (PBS). The plate was blocked for 2 h using 
2.5% Bovine Serum Albumin plus 2.5% of Blotting-Grade 
Blocker (Bio-Rad), and then washed out three times with 
PBS. Next, anti-CETPI (1:5000) antibodies were added 
into each well and the plate incubated for 90 min at 37 °C. 
The plate was washed out three times with PBS and 
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further incubated with a rabbit peroxidase-conjugated 
anti-chicken IgY secondary antibody (Thermo Fisher Sci-
entific) for 30 min at 37 °C. Finally, the plate was washed 
with PBS, TMB substrate was added to each well, and 
incubated for 15 min at RT. To stop the reaction, 50 µL 
of 2 M  H2SO4 were added and the absorbance of samples 
measured at 450  nm using the Synergy HT microplate 
reader (BioTek Instruments, Inc., Winooski, VT, USA). 
CETPI plasma concentration of all samples was deter-
mined using a standard curve.

Casein protease activity assay
Plasma protease activity was determined employing the 
Protease Activity Assay Kit (Abcam, Cambridge, UK), 
which uses FITC-Casein as a general protease substrate. 
Plasma samples were incubated with the protease sub-
strate for 30 min at 25 °C, and fluorescence was measured 
at Ex/Em = 485/ 550  nm immediately after the protease 
substrate addition (R1) and at 30 min, after the incuba-
tion time (R2). Differences between both lectures (R2–
R1), indicated the fluorescence of the unquenched FITC 
generated by the proteolytic digestion of the substrate. 
The plasma protease activity was reported as mU/mL. 
One unit was defined as the amount of protease that 
cleaves the substrate, to yield an amount of fluorescence 
equivalent to 1.0 µmol of unquenched FITC per minute 
at 25 °C.

Plasma LPS quantification
Plasma LPS was measured using a competitive inhibi-
tion enzyme immunoassay (Cloud-Clone Corp, Houston, 
TX, USA). This assay employs a monoclonal antibody 
specific to lipopolysaccharide pre-coated onto a micro-
plate. 50 µL of dilutions of standard, blank, and samples 
were added into the appropriate wells. A competitive 
inhibition reaction was launched between biotin-labeled 
lipopolysaccharide and the unlabeled lipopolysaccha-
ride present in the samples with the pre-coated antibody. 
After incubation for 1 h at 37 °C, the unbound conjugate 
is washed off, and then Avidin conjugated to HRP added 
to each well. The plates were incubated for 30  min at 
37 °C and washed five times. The substrate solution was 
added to each well and after the incubation time (30 min 
at 37 °C), 50 µL of stop reaction solution were added. The 
absorbance was measured at 450 nm using a Synergy HT 
microplate reader (BioTek Instruments, Inc.). The inten-
sity of color developed represents the amount of bound 
HRP that is inversely proportional to the concentration 
of LPS in the sample.

Albumin depletion
Albumin depletion of plasma samples was performed 
using the Pierce Albumin Depletion Kit (Thermo Fisher 

Scientific). The kit consists of a high-capacity, immobi-
lized Cibacron Blue dye agarose resin, which binds the 
albumin present in the plasma. Briefly, the resin was 
transferred into a spin column to be washed employing 
the Binding/Wash Buffer. After, the plasma sample was 
added and incubated for 1–2 min at RT. The spin column 
was centrifuged, and the flow-through was re-applied to 
the spin column and incubated for another 1–2  min at 
RT to ensure maximal albumin binding. After centrifu-
gation, we stored the flow-through and placed the spin 
column in a new collection tube. The column was washed 
to release unbound proteins and albumin eluted with a 
solution of 20 mM sodium phosphate, 250 mM sodium 
thiocyanate, pH 7.2. The protein content was determined 
in the collected fractions and were further analyzed by 
SDS-PAGE.

Statistical analysis
Data are expressed as frequencies for categorical vari-
ables and as a mean with standard deviation (SD) or 
median with interquartile range (IQR) for continu-
ous variables according to their distribution as assessed 
by Shapiro–Wilk normality test. When variables were 
not normally distributed, differences between groups 
were analyzed employing the Mann Whitney U-test, or 
the Kruskal–Wallis test with the Dunn’s Multiple Com-
parison Test. In the case of variables with a normal dis-
tribution, the statistical analysis was performed using 
Student’s t-tests.

The plasma values of CETPI and cytokines were trans-
formed to logarithm (log 10) before performing the cor-
relations analysis to normalize the distribution of data. 
Correlations between cytokines and CETPI plasma lev-
els were assessed by the Pearson’s correlation coefficient. 
Statistical test, significance level, n-numbers for each 
analysis are stated in figure legends. Differences were 
considered statistically significant at p < 0.05. The statis-
tical analyses were performed employing the GraphPad 
Prism software (GraphPad Software, La Jolla, CA), and 
JMP 16.1.0 (SAS Institute, Cary NC, USA).

Results
Subjects and clinical parameters
Blood samples from 47 healthy subjects attending the 
blood bank at INCMNSZ for blood donation, were col-
lected as controls, this group included 22 males and 
25 females. Also, a total of 105 ICU patients were 
enrolled in this study; 50 patients with infection (Delta 
SOFA score < 2), and 55 patients with sepsis and sep-
tic shock (Delta SOFA score > 2), all patients with posi-
tive blood culture for Gram-negative bacteria (Table  1). 
The mean age in the overall population was 50.00 years 
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(37.50–57.50), of which 55 (52.38%) were female and 50 
(47.62%) male.

In all patients, the most prevalent bacteria isolated 
from the bloodstream was Escherichia coli (58.10%), and 
the main sites of infection were the abdomen (67.62%), 
and the urinary tract (19.05%) (Table  1). In patients 
with Delta SOFA score < 2, the main comorbidities cor-
responded to dyslipidemia (64.00%), cancer (56.00%), 
immunosuppression (52.00%), and liver dysfunction 
(24.00%). In patients with Delta SOFA score > 2, dyslipi-
demia (52.73%), immunosuppression (52.73%), cancer 
(49.09%), and liver dysfunction (27.27%) were also the 
principal comorbidities (Table 1).

The main clinical parameters of patients are shown 
in Table  1, CRP levels were lower in patients with 
Delta SOFA score < 2 (10.75 [4.80–16.87]), than in 
patients with Delta SOFA score > 2 (15.20 [9.47–21.50], 
p < 0.05). PCT levels were also higher in patients with 
Delta SOFA score > 2 (11.40 [3.90–24.33]) compared to 
patients with Delta SOFA score < 2 (3.10 [1.33–8.58], 
p < 0.01). Also, significant differences were observed 
in the levels of total bilirubin, lactate, and creatinine 
between patients with Delta SOFA score > 2, and those 
with Delta SOFA score < 2 (Table 1).

Table 1 Demographic, clinical and laboratory parameters of patients

Data are reported as mean (± SD), median (IQR), and n (%). Comparisons were performed with Fisher’s exact test or Pearson’s Chi‑squared test, and either Mann–
Whitney U test or Student’s t‑test. C‑reactive protein (CRP); procalcitonin (PCT); High‑Density Lipoprotein (HDL); Low‑Density Lipoprotein (LDL); sequential organ 
failure assessment (SOFA)

Total (n = 105) Patients with Delta SOFA 
score < 2 (n = 50)

Patients with Delta SOFA 
score > 2 (n = 55)

p value

Gender, male 50 (47.62%) 27 (54.00%) 23 (41.82%) 0.24

Gender, female 55 (52.38%) 23 (46.00%) 32 (58.18%)

Age (years) 50.00 (37.50–57.50) 54.50 (39.00–58.00) 47.00 (35.00–55.00) 0.17

Etiologic agent (%)

 Escherichia coli 61 (58.10%) 28 (56.00%) 33 (60.00%) 0.36

 Klebsiella pneumoniae 12 (11.43%) 7 (14.00%) 5 (9.09%)

 Pseudomonas aeruginosa 12 (11.43%) 8 (16.00%) 4 (7.27%)

Site of infection (%)

 Abdominal 71 (67.62%) 32 (64.00%) 39 (70.91%) 0.15

 Urinary tract 20 (19.05%) 12 (24.00%) 8 (14.55%)

 Intravenous catheter 5 (4.76%) 3 (6.00%) 2 (3.64%)

 Pulmonary 4 (3.81%) 0 (0.00%) 4 (7.27%)

Comorbidities

 Dyslipidemia 61 (58.10%) 32 (64.00%) 29 (52.73%) 0.89

 Immunosuppression 55 (52.38%) 26 (52.00%) 29 (52.73%)

 Cancer 55 (52.38%) 28 (56.00%) 27 (49.09%)

 Liver dysfunction 27 (25.71%) 12 (24.00%) 15 (27.27%)

Laboratory tests

 CRP (mg/L) 14.00 (7.30–19.80) 10.75 (4.80–16.87) 15.20 (9.47–21.50) < 0.05

 PCT (ng/mL) 7.40 (1.80–17.90) 3.10 (1.33–8.58) 11.40 (3.90–24.33) < 0.01

 Hemoglobin (g/dL) 10.27 ± 2.63 10.38 ± 2.62 10.17 ± 2.66 0.47

 Serum Albumin (g/dL) 3.17 ± 0.73 3.26 ± 0.70 3.09 ± 0.76 0.23

 Total bilirubin (mg/dL) 1.40 (0.62–4.90) 0.90 (0.60–2.93) 2.20 (0.90–7.40) < 0.01

 Lactate (mmol/L) 2.40 (1.40–4.00) 1.65 (1.18–2.60) 3.45 (1.63–4.20) < 0.01

 Creatinine (mg/dL) 0.90 (0.65–1.40) 0.80 (0.50–1.06) 1.00 (0.70–1.90) < 0.01

 White blood cells (×  109/L) 6.95 (0.35–12.30) 7.25 (0.60–12.18) 6.65 (0.10–12.30) 0.87

 Platelet (×  103/µL) 107.0 (21.00–243.00) 162.50 (26.25–265.00) 100.00 (16.00–216.00) 0.19

 HDL (mg/dL) 35.19 ± 17.71 36.88 ± 17.57 33.65 ± 17.89 0.40

 Total cholesterol (mg/dL) 138.50 (113.30–181.80) 139.50 (109.00–201.30) 136.00 (115.80–165.50) 0.56

 LDL (mg/dL) 75.00 (48.25–109.30) 77.00 (48.75–118.30) 73.00 (47.50–101.50) 0.46

 Delta SOFA score 0–11 0–1 2–11
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The concentration of CETPI in plasma is higher in patients 
with Gram‑negative bacteraemia
To explore the relation between CETPI and disease 
severity in infections due to Gram-negative bacteria, cir-
culating levels of CETPI were measured in the plasma 
from controls and patients with infection (Delta SOFA 
score < 2), sepsis, and septic shock (Delta SOFA score > 2) 
employing ELISA. We found that patients with an infec-
tious process due to Gram-negative bacteria had elevated 
circulating levels of CETPI when compared to control 
subjects (15.21  nM [10.52–26.23] vs 11.58  nM [8.05–
14.71], p < 0.001) (Fig. 1A), showing a clear difference in 
the distribution of the data between controls and patients 
above 18  nM (Additional file  1: Fig. S1). Although dif-
ferences in CETPI plasma levels were found between 
control subjects and patients with Delta SOFA score < 2 
(11.58  nM [8.05–14.71] vs 13.54  nM [9.99–26.65], 

p < 0.05), and with those with Delta SOFA score > 2 
(11.58  nM [8.05–14.71] vs 16.00  nM [11.30–26.11], 
p < 0.001), no differences were observed between patients 
grouped according with the Delta SOFA score greater or 
less than 2 (Fig. 1B). Patients who had a severe outcome 
(in-hospital death), did not have significantly differences 
in CETPI levels than those with a non-severe outcome 
(Fig. 1C).

CETPI and plasma cytokines correlate with SOFA score 
in patients with Gram‑negative bacteraemia
In parallel to the determination of plasma levels of 
CETPI, plasma cytokine concentrations of IL-1β, TNFα, 
IL-6, IL-8, IL-12 (p70), IFNγ, and IL-10 were also meas-
ured (Fig. 2). Given that higher CETPI levels were found 
in patients compared with healthy subjects, and con-
sidering its ability to bind LPS, a correlation between 

Fig. 1 CETPI plasma levels in patients with Gram‑negative bacteraemia. A CETPI plasma concentration of patients with a positive blood culture 
for Gram‑negative bacteria (n = 105) and control subjects (n = 47). B CETPI plasma concentration of patients with Delta SOFA score ˂2 (n = 50), or 
˃ 2 (n = 55) and control subjects (n = 47). C CETPI plasma concentration between survivors (n = 100), non‑survivors (n = 5), and control subjects 
(n = 47). Data are shown as median with IQR. *p < 0.05, **p < 0.01, ***p < 0.001. Differences between groups were assessed using Mann‑ Whitney test 
or Kruskal–Wallis test and subsequent Dunn’s Multiple Comparison test. Samples were assessed in duplicate in ELISA assays

Fig. 2 Correlation between SOFA score measured within 12 h of ICU admission  with CETPI and cytokines in patients with Gram‑negative 
bacteraemia. Pearson correlations show associations between SOFA score with the mean values of CETPI and relevant cytokines in patients. A 
CETPI. B IFNγ. C IL‑1β. D IL‑12p70. E TNF‑α. F IL‑6. G IL‑8. H IL‑10. I CRP. J PCT. The levels of the 7 cytokines and CETPI, CRP, PCT were transformed to 
common logarithm values for the correlations. SOFA: Sequential Organ Failure Assessment; CRP: C‑Reactive Protein; PCT: Procalcitonin
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SOFA scores (measured within 12  h of ICU admission) 
with CETPI, and plasma cytokines were carried out. 
We found that SOFA scores positively correlate with 
CETPI (r = 0.61, p < 0.05), TNF-α (r = 0.62, p < 0.05), IL-6 
(r = 0.78, p < 0.01), IL-8 (r = 0.76, p < 0.01), and IL-10 
(r = 0.58, p < 0.05); whereas a negative correlation was 
found with IFNγ (r = − 0.78, p < 0.01) (Fig. 2A–J).

CETPI plasma levels negatively correlate with IL‑1β, IL‑8, 
and IL‑10 in septic shock patients
To explore the association between CETPI plasma lev-
els with cytokines implicated in the pathophysiology of 
Gram-negative infections, a correlation was carried out. 
First, we analyzed CETPI and cytokine expression in 
patients with infection, sepsis, and septic shock (Fig. 3A–
H). Although no differences in CETPI levels were found 
in the three patient groups, in septic shock patients 
CETPI levels tend to increase (Fig. 3A) (Additional file 1: 
Fig. S1); also, significant differences in the levels of IL-6, 
IFNγ, and IL-8 were found. IL-6 levels were found to 
be fivefold higher in septic shock patients, and 2.7-fold 

higher in sepsis patients, compared with patients with 
infection (319.00 pg/mL [105.1–1870.00] and 166.70 pg/
mL [56.98–1033.00] vs 61.81  pg/mL [21.56–370.5]; 
p < 0.01 and p < 0.05) (Fig. 3B). IFNγ levels were 2.7-fold 
lower in septic shock patients compared with patients 
with infection (3.2  pg/mL [2.23–9.21] vs 8.58  pg/mL 
[3.84–27.01], p < 0.05) (Fig. 3D). IL-8 levels were 3.2-fold 
higher in septic shock patients compared with patients 
with infection (182.60 pg/mL [97.34–621.70] vs 55.40 pg/
mL [21.74–218.30], p < 0.01) (Fig. 3F).

We next assessed the correlation between the full set 
of cytokines and CETPI in patients with infection, sep-
sis, and septic shock through the Pearson correlation 
coefficient. There were positive correlations between the 
pro-inflammatory cytokines in infection patients, and 
more importantly, in sepsis patients (Fig.  3I, J) (Addi-
tional file 1: Table S1 and S2). However, in septic shock 
patients, the correlation between IFNγ and IL-12 (p70) 
with CETPI, IL-1β, TNF-α, IL-6, IL-8, and IL-10, were 
not significant (Fig.  3K). IL-10 showed positive correla-
tions with the other six cytokines studied in patients 

Fig. 3 CETPI and cytokines plasma levels in patients with infection, sepsis, and septic shock due to Gram‑negative bacteria. A CETPI. B Interleukin‑6 
(IL‑6). C Interleukin‑12p70 (IL‑12p70). D Interferon γ (IFNγ). E Interleukin‑1 beta (IL‑1β). F Interleukin‑8 (IL‑8). G Tumor necrosis factor‑alpha (TNF‑α). 
H Interleukin‑10 (IL‑10). Data are shown as median with IQR; *p < 0.05, **p < 0.01; Differences between groups were assessed using Kruskal–Wallis 
test and subsequent Dunn’s Multiple Comparison test. I Pearson’s correlation values between the 7 cytokines and CETPI in patients with infection, J 
sepsis, and K septic shock. The red color indicates a positive correlation, and the blue color a negative correlation
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with sepsis (Fig.  3J), and with IL-1β, TNF-α, IL-6, and 
IL-8 in patients with septic shock (Fig.  3K) (Additional 
file  1: Table  S2 and S3). Interestingly, there were nega-
tive correlations between CETPI with IL-1β, IL-8, and 
IL-10 in septic shock patients (Fig. 3K) (Additional file 1: 
Table S3).

Patients with liver dysfunction present increased plasma 
concentrations of LPS and CETPI
Considering that the main site of infection in all patients 
studied corresponds to an intra-abdominal origin 
(Table 1), and that hepatic cells are involved in the clear-
ance of LPS of intestinal origin, we analyzed the levels 
of LPS and CETPI in the plasma of patients with and 
without liver dysfunction (Fig.  4). Plasma LPS levels 
were higher in patients that presented liver dysfunction 
(Fig.  4A–C), with differences in patients with infection 
versus patients with infection but without liver dysfunc-
tion (577.90  pg/mL [487.20–1136.00] vs 214.90  pg/mL 
[105.90–400.70], p < 0.05) (Fig.  4A). Interestingly, the 
plasma concentration of CETPI was also found to be 
higher in infection (31.19.63 nM [20.07–40.58]), and sep-
sis patients (28.21 nM [24.34–34.65]) with liver dysfunc-
tion compared with patients with infection (12.35  nM 
[9.50–17.41]) and sepsis (14.45 nM [9.04–19.39]) without 
this comorbidity (Fig.  4D, E). Although the differences 

showed not to be statistically significant, a similar 
increase in CETPI concentration was observed in septic 
shock patients (24.10  nM [13.54–44.07]) with respect 
to patients without liver dysfunction (14.84 nM [10.29–
23.44]) (Fig. 4F). Besides, it is shown that a high plasma 
CETPI and LPS levels correlate in patients with infection 
and sepsis due to Gram-negative bacteria (Additional 
file 1: Fig. S2).

Proteolytic activity upon CETPI is associated with disease 
severity
We analyzed the CETPI expression employing a West-
ern Blot analysis in plasma samples of both controls 
and patients (Fig.  5). In the plasma of controls, it was 
detected the expected band of 69 kDa (Fig. 5A), whereas, 
when plasma samples from patients were analyzed, 
together with the regular protein band corresponding to 
CETPI (69 kDa), a lower molecular weight protein band 
(~ 67  kDa) appeared (Fig.  5B). Although a basal level of 
CETPI was detected in control plasma samples, it did not 
show any type of correlation with the negligible concen-
tration of inflammatory cytokines (Fig. 5C, D). However, 
when plasma samples from patients with infection were 
analyzed, the presence of the 67 kDa band was associated 
with the increased level of inflammatory cytokines, espe-
cially with IL-6 (Fig. 5E, F) (Additional file 1: Table S4). 

Fig. 4 LPS and CETPI plasma levels in patients with or without liver dysfunction. LPS plasma levels from patients with A Infection (n = 31); B 
Sepsis (n = 19); C Septic shock (n = 19), classified according to the presence or absence of liver dysfunction. CETPI plasma levels from patients 
with D Infection (n = 50); E Sepsis (n = 28); F Septic shock (n = 27), classified according to the presence or absence of liver dysfunction. Differences 
between groups were assessed using Mann–Whitney test. Data are shown as median with IQR. *p < 0.05, **p < 0.01, ***p < 0.001
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Moreover, when plasma samples from patients with sep-
sis and septic shock were analyzed, this phenomenon 
was exacerbated showing a clear association with the 
presence of the ~ 67  kDa accessory protein band, and a 
marked increase in IL-6 and IL-10 (Fig.  5G, H) (Addi-
tional file 1: Table S4).

In order to find out the origin of the ~ 67  kDa band 
observed in the Western blot analysis, we employed 
HPLC-mass spectrometry. Interestingly, sequences 
directly related to the sequence for CETPI were found 
(Fig.  6A). However, the question arises, how an anti-
CETPI antibody raised against the C-terminal sequence 
of CETPI, not present in CETP, permitted us to identify 
a second band in the western blot analysis? We found 
that the largest percentage of peptides identified by 
HPLC-mass spectrometry analysis of the ~ 67 kDa band, 
corresponds to sequences belonging to albumin, a well-
known protein that readily binds peptides. Therefore, we 
decided to find out if contained in the plasma of sepsis 
and septic shock patients, albumin that normally shows 
an average molecular weight of 66.5 kDa, might contain 
bound-peptides derived from the C-terminal segment 
of CETPI. For this purpose, following a procedure to 
eliminate albumin from the plasma of sepsis and septic 
shock patients, samples were eluted through columns 
containing an albumin-binding resin. Interestingly, we do 
not detect the ~ 67 kDa in the albumin-depleted plasma 
samples (Fig.  6B). Considering that the elution of the 
albumin of the columns was done employing harsh con-
ditions, peptides initially bound to albumin most prob-
ably became detached and eliminated, and therefore not 
detected in association with albumin (Fig.  6B). This set 
of experiments, confirm that peptides derived from the 
C-terminal region of CETPI, when bound to albumin are 
responsible for the positive Western blot signal found 
at ~ 67 kDa (Fig. 6B).

Overall, these results suggest the possibility that the 
activation of proteolytic enzymes might occur in the 
plasma of patients with sepsis and septic shock, there-
fore, the proteolytic activity upon CETPI could be gener-
ating peptides that eventually end up binding to albumin. 
In order to further explore this possibility, an analysis of 
the most susceptible sites for proteolytic cleavage at the 
C-terminal domain of CETPI was carried out. Interest-
ingly, we found such positions where enzymes matrix-
metallopeptidase-2 (MMP-2), elastase-2, chymotrypsin 

A, and matrix-metallopeptidase-9 (MMP-9) might act 
(Fig. 6C). This analysis and the increased protease activity 
found in the plasma samples from all patient groups, in 
comparison with controls (Fig. 6D), support the hypoth-
esis that the 67 kDa accessory protein band, correspond-
ing to albumin, contains cleaved peptides derived from 
the C-terminal segment of CETPI, and therefore identi-
fied by the anti-CETPI antibody.

Discussion
Sepsis as a life-threatening syndrome with important 
variations in terms of incidence and mortality across the 
world, affects according to the World Health Organiza-
tion, around 50 million people every year associated with 
11 million deaths (WHO 2020). Therefore, this syndrome 
is responsible for approximately 20% of total deaths 
in the world in a single year (Rudd et  al. 2020). Several 
pathophysiological alterations are present in sepsis, 
where a balanced response to the infection is essential to 
improve the survival rate. In this study, we describe the 
existing correlation between the severity of the disease, 
CETPI and LPS plasma levels during Gram-negative 
bacteraemia.

Our results show the presence of a high plasma CETPI 
concentration in the patients with an infectious process 
due to Gram-negative bacteria, in comparison to the con-
trol group. Since we have previously reported the pres-
ence of CETPI in the plasma of healthy subjects (Alonso 
et  al. 2003), here as increased concentrations of CETPI 
have been found in patients with Gram-negative bacte-
raemia, we consider its role as a potential LPS-binding 
protein, and therefore as a participant in the physiologi-
cal response to LPS. Although no direct differences were 
found in the concentration of CETPI between patients, 
an important correlation was found between CETPI 
concentrations and the SOFA score, indicating an asso-
ciation with the degree of organ dysfunction/failure 
(Lambden et al. 2019). A direct correlation between the 
SOFA score and IL-6, TNF-α, IL-8, and IL-10 was also 
observed. Interestingly, TNF-α and IL-6 as cytokines 
involved in endothelial damage, and multiple organ dys-
function syndrome, are often used as biomarkers for sep-
sis (Miguel-Bayarri et al. 2012; Molano Franco et al. 2019; 
Grondman et  al. 2020). Whereas,  IL-8 has been  pro-
posed as a prognostic factor in septic patients (Livaditi 
et  al. 2006; Anderson et  al. 2019),   and IL-10 has been 

(See figure on next page.)
Fig. 5 Association between cytokine plasma levels, and the presence of CETPI in the plasma of representative samples from control subjects and 
patients. A CETPI expression in plasma samples from control subjects. B Top: CETPI expression in plasma samples from control subjects and patients 
with infection. Down: CETPI expression in plasma samples from control subjects and patients with infection, sepsis, and septic shock. C, D Plasma 
samples obtained from control subjects; E, F patients with infection; G sepsis; and H septic shock. Left panels show the level of IL‑1β, TNFα, IL‑6, IL‑8, 
IL‑12 (p70), IFNγ, and IL‑10 (Data are presented as mean ± SEM). At the right of each graph, the protein band that corresponds to CETPI (arrow tips) 
determined by western blot analysis, is shown. The same plasma samples were used for both measurements of plasma cytokines and CETPI
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Fig. 5 (See legend on previous page.)
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used as an indicator of a hypoinflammatory phenotype 
(Barichello et  al. 2022). On the other hand, IFNγ that 
negatively correlates with the SOFA score, is known to 
be required during the host defense against pathogens, 
therefore contributing to a worse prognosis if the infec-
tion is not being controlled (Ono et  al. 2018). Patients 
with septic shock present higher IL-6 and IL-8 plasma 
levels and lower levels of IFNγ than patients with infec-
tion, showing that an impaired immune response con-
tributes to a worse prognosis. Our results also show a 
positive correlation between IL-10 and pro-inflammatory 
cytokines, whose simultaneous presence has been asso-
ciated with the pathogenesis of sepsis (Matsumoto et al. 
2018).

Experiments from our group where LPS-treated rab-
bits were administered with a peptide derived from the 
carboxy-end segment of CETPI, showed attenuated 

circulating levels of pro-inflammatory molecules (Luna-
Reyes et  al. 2021). During the present investigation, 
based on the high levels of CETPI found in patients with 
Gram-negative bacteraemia, we explored its relation-
ship with the cytokine plasma levels, and found negative 
correlations between CETPI with IL-1β, IL-8, and IL-10. 
These results are consistent with the LPS-binding role 
of CETPI, showing an interesting correlation with the 
release of IL-8 by the gut (García-González, et al. 2015; 
Luna-Reyes et  al. 2021; Liu et  al. 2006; Angrisano et  al. 
2010).

An in  vitro study carried out by our group several 
years ago, shows a clear correlation between an increase 
in CETPI expression by Caco-2 cells and small intestine 
cells, under LPS stimulation (García-González, et  al. 
2015). Considering that CETPI apparently is only syn-
thesized by intestinal cells, the increased level of LPS in 

Fig. 6 Analysis of the 69 kDa and 67 kDa bands identified by western blotting that correspond to CETPI and peptides derived from its C‑terminal 
sequence. A Alignment parameters of peptides identified by HPLC‑mass spectrometry contained in the 69 kDa CETPI band employing Homo 
sapiens CETP sequences (GenBank: AAV38867.1). Peptides identified by HPLC‑mass spectrometry are highlighted in the CETP sequence. B Top: 
Immunodetection of CETPI in plasmas isolated from control subjects and patients before and after albumin depletion. Down: Same membrane 
stained with Ponceau S. Control plasma samples (lanes 1–3). Plasma samples from sepsis patient (lanes 4–6). Plasma samples from septic shock 
patient (lanes 7–9). Albumin‑depleted plasma samples (lanes 2, 5, 8). Albumin fraction recovered after elution of plasmas through the column (lanes 
3, 6, 9). C Protease activity prediction upon the C‑terminal domain of CETPI employing Procleave (Li et al. 2020), ✂ indicates predicted cleaved sites. 
D Protease activity of plasmas obtained from control subjects (n = 21), infection (n = 28), sepsis (n = 25), and septic shock patients (n = 25). Data are 
shown as median with IQR. *p < 0.05, **p < 0.01



Page 12 of 14Pérez‑Hernández et al. Molecular Medicine          (2022) 28:157 

circulation could promote the overexpression of CETPI 
in the intestinal epithelium as an early protective mecha-
nism against the harmful action of LPS. Since LPS either 
entering the circulatory system from the intestinal tract 
through the portal circulation, or due to the antibiotic 
action upon bacteria, find their way to the liver, a key 
organ in the deactivation and clearance of LPS (Pérez-
Hernández et al. 2021; Shao et al. 2007), our results are 
consistent with the fact that patients presenting liver dys-
function show an increased LPS plasma level (Bode et al. 
1987; Parlesak et  al. 2000; Thuy et  al. 2008; Nier et  al. 
2020). This finding associated with the fact that patients 
showing liver dysfunction present even higher plasma 
CETPI levels, place CETPI as a promising biomarker of 
disease severity.

We consider this a clear response to infection and 
endotoxemia caused by the presence of LPS in the blood-
stream following antimicrobial treatment, and/or when 
the intestinal epithelium starts to be compromised. 
Although endotoxemia might have other origins such 
as trauma, if we consider the gut as a major source of 
infection, the alteration of the intestinal barrier might be 
considered an important cause for this clinical condition 
(Pérez-Hernández et al. 2021).

The overexpression of CETPI associated with the for-
mation of peptides secondary to proteolytic cleavage, 
seems to represent what it can be considered, a true 
emergency response system, switched-on at the start of 
an infection, and further developed in sepsis and septic 
shock. As consistently shown here with our western blot 
analysis of plasmas from all patient groups, the correla-
tion between the appearance of the ~ 67 kDa electropho-
retic band associated with the presence of proteolysis and 
generation of CETPI derived peptides, higher IL-6 levels, 
and organic failure, can be concurrent with other indi-
cators of disease severity (Schulte et  al. 2013; Fan et  al. 
2016).

Since the presence of systemic proteolysis has been 
associated with a high mortality rate in septic shock 
patients (Bauzá-Martinez et al. 2018), the fact that we did 
not find significant differences between infection, sepsis, 
and septic shock patients, seems to be related to the low 
mortality rate (4.8%) observed by us. Taking into account 
that CETPI is expressed in small intestine cells (Alonso 
et al. 2003), associated with the fact that the main source 
of infection in our patients is abdominal, proteolysis of 
CETPI by matrix metalloproteinases (MMPs) and serine 
proteases cannot be ruled out. In support of this possi-
bility, the analysis for protease prediction performed by 
us shows that the C-terminal domain of CETPI presents 
potential cleavage sites for chymotrypsin A, elastase-2, 
MMP-9, and MMP-2.

Considering that CETPI might correspond to a pro-
tein that binds LPS in vivo, one of the limitations of this 
study is that we only included patients with positive 
blood cultures for Gram-negative bacteria. Therefore, it 
will be also of interest to explore the physiological role of 
CETPI in patients presenting other etiologies  and a non-
infectious systemic inflammatory response. Also, data 
presented here, corresponds to clinical data and plasma 
samples obtained within 12  h of ICU admission, thus, 
both the clinical information and the analysis of plasmas 
collected  48 h after admission, are currently being stud-
ied and should be reported soon.

Conclusion
This study provides new insights into the role of CETPI 
in sepsis due to Gram-negative bacteria. Given that a fine 
balance control given by diverse immune responses is 
essential in the prognosis of a septic patient, CETPI can 
be considered as a new LPS-binding protein, and there-
fore as a novel player in the pathophysiology of sepsis.
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