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Soluble Fms-Like Tyrosine Kinase-1 Is A Marker of
Endothelial Dysfunction During Sepsis
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Abstract

Background: Sepsis is currently defined as a life-threatening or-
gan dysfunction caused by a deregulated host response to infection.
There is increasing evidence that the endothelium plays a crucial and
pathogenic role in sepsis. Profound alterations of the endothelium
associated with sepsis include increased leucocytes adhesions, shift
to a procoagulant state, vasodilatation, altered barrier function with
more permeable capillaries and tissue edema. The vascular endothe-
lial growth factor (VEGF) pathway is involved in the control of mi-
crovascular permeability and has been involved in the pathogenesis
of conditions associated with endothelial barrier disruption such as
sepsis. sFlt-1 is a soluble variant of the VEGF receptor (Fms-like ty-
rosine kinase-1, Flt-1 or VEGFR-1) able to down-regulate the effects
of VEGF by decreasing its signaling. We investigated the possible
involvement of sFlt-1 as biomarker of endothelial alteration during
sepsis, organ dysfunction and death.

Methods: Serum levels of s-FItl were measured in 170 hospitalized
patients (77 with sepsis, confirmed by positive blood culture), and
in 18 healthy volunteers. The sequential organ failure assessment
(SOFA) score was determined by using biochemical and clinical pa-
rameters. In a small number of patients (9 individuals), s-FIt1 concen-
tration was evaluated after negativization of the blood culture.

Results: Serum level of s-Fltl was significantly higher in septic pa-
tients than blood culture-negative patients (277.7 = 52.7 and 133.4 +
12.4 pg/mL, respectively, P =0.0088), both groups of patients had sig-
nificantly higher concentration of sFlt-1 than healthy individuals (78.9
+2.5 pg/mL). Among sepsis cases, 68% was caused by Gram-negative
bacteria, 27% by Gram-positive bacteria and 8% by Candida species.
Serum level of s-Flt1 showed a significant difference between Gram-
negative (274.1 pg/mL) and Gram-positive (145.7 pg/mL) sepsis.
SOFA score (evaluated in 20 patients with sFlt-1 >190 pg/mL) showed
a positive trend of correlation with the increasing sFlt-1 level. After
blood culture negativization, serum level of sFlt-1 decreased (37%).
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Conclusion: Our findings confirm, in a larger population of patients
with sepsis, recent evidences that sFlt-1 levels are higher in patients
with complicated-sepsis that evolve to septic shock and suggest that
sFlt-1 could be a useful biomarker for sepsis severity. An anti-VEGF
effect mediated by sFlt-1 could be hypothesized as salvage compen-
satory mechanism activated in response to sepsis.
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Introduction

Vascular endothelial cells are critically involved in the patho-
genesis of sepsis-induced organ failure given their participation
in coagulation, increased permeability, vasodilatation, vascular
barrier and leukocytes activation and trafficking. Because of
their ubiquitous distribution throughout all vascular beds, en-
dothelial cells participate in early and delayed inflammatory
responses in sepsis [1, 2]. During the early phases of sepsis,
endothelial cells are directly activated by microbial factors such
as lipopolysaccharide (LPS) and bacterial lipoproteins in a per-
meable, pro-inflammatory and pro-thrombotic phenotype. The
activated endothelium is critical for vascular remodeling and
repair, leukocytes trafficking and eradication of pathogens.

Subsequently, endogenous inflammatory agonists released
by activated leukocytes and endothelial cells further promote
endothelial dysfunction, either on their own or in synergy with
circulating microbial molecules (pro-inflammatory cytokines
promote self-reinforcing increase of innate immune cells, ad-
hesion molecules and chemokines expression, induction of
complement and fibrinogen, determine NEToses [3], cause
release of inflammatory microparticles [4], up-regulate tissue
factor expression by blood monocytes and immuno-thrombo-
sis [5], disseminated intravascular coagulation results in im-
paired microvascular function and organ injury [6]).

When the response exceeds a certain threshold, systemic
injury occurs, and the endothelial response becomes detrimen-
tal, uncontrolled, persistent and widespread.

Many circulating biomarkers have been proposed in lit-
erature (see [7] for review), including mediators of vasomotor
tone and permeability (as VEGF, sFlt-1).

VEGF is a key regulator of angiogenesis, promoting en-
dothelial cell survival, growth and migration [8]. However, it
also plays a crucial role in the disruption of endothelium dur-

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | www.jocmr.org
700 This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited



Greco et al

J Clin Med Res. 2018;10(9):700-705

ing inflammation, promoting vasodilatation and permeability.

Under quiescence condition VEGF signaling plays a criti-
cal role in homeostasis. VEGF binds to two Fms-like tyrosine
kinase receptors on endothelial cells, VEGFR1 or Flt-1 and
VEGFR2 or Flk-1. During activated state (sepsis), circulating
levels of VEGF are increased. Elevated VEGF signaling, in
turn, leads to increased vascular leak, leukocyte adhesion/traf-
ficking and clot formation. VEGF binds also to a soluble form
of the receptor of VEGF (soluble VEGFR1 or sFlt-1). This sol-
uble variant is a truncated protein lacking the tyrosine-kinase
domain responsible of intracellular signal transduction, thus
acting as a competitive inhibitor of VEGF signaling in endothe-
lial cells. Sepsis-mediated induction of sFlt-1 may represent a
critical component of the host anti-inflammatory response. Pre-
vious studies have investigated VEGF and sFlt-1 involvement
in sepsis and disease severity [9-17] yielding conflicting results
if the degree of elevation correlates with the state of disease.
sFLT-1 has been recently suggested as a marker for abnormal
vascular remodeling state, e.g., preeclampsia [18].

In the present study, we investigated correlation of sFlt-1
levels in sepsis, possibly as a marker of endothelial dysfunc-
tion and its correlation with sepsis-related sequential organ
failure assessment (SOFA) score including in a group of pa-
tients after sepsis resolution.

Materials and Methods

Patients’ population

The present study has been conducted on 170 consecutive pa-
tients hospitalized in different medical and surgical wards of
the Vito Fazzi Hospital of Lecce (Italy) for whom blood cul-
ture was requested based on different clinical suspicions, and
in 18 (not hospitalized) healthy volunteers. Informed written
consent was obtained from all patients or, if unobtainable, their
relatives’ consent was attained as designed by ethic committee.
For a subgroup of 9 individuals, serum sample was obtained
also after negativization of blood culture.

sFIt-1 assay in serum

Serum levels of sFlt-1 were determined by fully automated
ElectroChemiLuminescence Immuno Asssay (ECLIA) on the
immunoanalyzer Elecsys 2010®, Modular Analytics E170, ac-
cording to manufacturer recommendations (Roche Diagnostic
GmbH) and expressed in pg/mL. All sera were collected at the
time of blood culture and stored at -20 °C until sFlt-1 assay.

Blood culture

Blood cultures were performed in patients with clinical symp-
toms of blood stream infections prior the administration of
antimicrobial therapy. For each patient, at least two bottle
sets were used for each septic episode; approximately 10 mL
of blood was inoculated in the aerobic and anaerobic bottle
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(BACT/ALERT Culture Media, Biomerieux, Marcy-1’Etoile,
France); the bottles were entered in the BACT/ALERT 3D
System for the incubation and measure of the color change
in response to shift in pH as a result of rising of CO, levels
produced by microorganisms. In positive samples, bacteria
and yeasts were identified on the Vitek 2 system (Biomerieux,
Marcy-1’Etoile, France), according to manufacturer directions.

Organ dysfunction

The SOFA score was used to quantify organ dysfunction. The
SOFA score, a mortality prediction score, is based on the de-
gree of dysfunction of six organ systems: respiration score is
assessed by fraction of inspired oxygen and PaO,, coagulation
score by platelets count, liver score by total bilirubin, neuro-
logical by Glasgow Coma Scale, cardiovascular score by mean
of arterial pressure and use of vasopressors, renal score by se-
rum creatinine or urine output. To each organ, system is as-
signed a point value from 0 (normal) to 4 (high degree of dys-
function/failure). The SOFA score ranges from 0 to 24; higher
value indicates greater organ failure and worst prognosis [19].

Statistical analysis

Data comparison was performed by Student’s -test; statistical
significance of difference between analyzed groups of patients
was based on p value (< 0.05); Chi-squared test was used to
evaluate significance of parameters associated to a clinical
condition in different groups. Correlation trend was deter-
mined by Chi-squared test for trend. Statistical analyses were
performed by MedCalc v18.1.2 statistical software.

Results

Patients’ population

The population of 170 hospitalized patients analyzed in the
present study was subgrouped according to blood culture posi-
tivity and according to patient’s ward of provenience. We ob-
tained 77 individuals with sepsis (as confirmed by a positive
blood culture) and 93 negative, of which only 66 has been used
as sepsis-negative controls, while a subgroup of 27 (of the 93
negatives: including 14 surgical patients and 13 new borns)
was separately analyzed due to a potential endothelial modi-
fication after surgery or after birth, i.e., not baseline condition
for sFlt-1 assay. In a small number of patients (nine individu-
als), s-FItl concentration was evaluated after negativization
of the blood culture. Not hospitalized individuals (18 healthy
volunteers) were used as negative controls (Table 1).

sFIt-1 in sepsis patients

Serum level of s-Flt1 was significantly higher in septic patients
than sepsis-negative patients with average values of 277.7 +
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Table 1. Patients Population and Percentages of Microganisms Identified in Blood Cultures

Healthy controls No-sepsis controls Sepsis New borns Surgery Post-sepsis recovery
N 18 66 13 14 9
Age range (years) 24 - 65 6 - 88 20 - 96 0 - 28 days 6 -89 33-89
Gram-pos. - - 27% - - 40%
Gram-neg. - - 68% - - 50%
Candida - - 8% - - 10%

52.7 and 133.4 £ 12.4 pg/mL, respectively, and P = 0.0088 (Ta-
ble 2, Fig. 1). Both groups of patients had significantly higher
concentration of sFlt-1 than healthy individuals (78.9 + 2.5 pg/
mL, P <0.0001). However, healthy individuals fit in a differ-
ent condition compared to hospitalized patients and for this
reason, in our study we referred to sepsis-negative hospital-
ized patients as control group in order to be able to compare
patients in similar clinical conditions, besides sepsis.

Among sepsis-positive patients, 68% were infected by
Gram-negative bacteria, 27% by Gram-positive bacteria and 8%
of patients had Candida positive blood culture (Table 1). Serum
level of s-Flt1 (Fig. 2) showed a significant difference between
Gram-negative (274.1 pg/mL) and Gram-positive (145.7 pg/
mL) sepsis (P =0.021). Patients with Candida infection showed
an intermediate level of s-Flt1 (176.5 pg/mL) and no significant
difference with Gram-negative and Gram-positive sepsis.

sFIt-1 in surgery and new-born patients

We separately analyzed sepsis-negative patients from surgery
ward as well as new-born patients since they showed an un-
expected higher average serum level of s-Fltl and high inter-
individual variability (Table 2, Fig. 1). We associated this find-
ing to a potential endothelial modification after surgery or after
birth and we excluded them from the group of sepsis-negative
controls, although difference between the two subgroups was
not statistically significant.

sFIt-1 and sequential organ failure assessment

Sequential organ failure assessment was evaluated in 20 pa-

tients with sepsis whose serum levels of sFlt-1 were higher
than 190 pg/mL (this limit was established considering sFlt-
1 levels over the upper limit of the 95% confidence interval
(CI) of median value calculated for sepsis patients, Table 2).
We observed a positive linear trend between sFlt-1 and SOFA
score (Fig. 3a), with significant Chi-squared test for trend (P <
0.0001). Moreover, patients who survived to sepsis have been
differentiated from patients deceased in consequences of the
sepsis, and we found that worst clinical condition which de-
termined the death of the patients were associated with higher
serum levels of sFlt-1 and SOFA score (Fig. 3b) compared to
alive patients (P < 0.05 by Chi-squared test).

sFIt-1 after sepsis resolution

Serum levels of sFlt-1 were measured in nine patients after
negativization of blood culture and we found that reduction
of sFlt-1 was about 37%. In Gram- negative infections, the
percentage of decrease was more evident compared to Gram-
positive infections. Klebsiella pneumoniae and Pseudomonas
aeruginosa infections showed higher range of pre- and post-
sepsis variation for serum level of sFlt-1 (Fig. 4).

Discussion

Functional status of the vascular endothelium is of key im-
portance in the maintenance of vasomotor tone, leukocytes
trafficking, permeability and hemostasis. In the presence of
an infectious disease, endothelial activation/dysfunction can
lead to a lesion in microcirculation which can potentially
compromise the function of multiple organs. Activation and

Table 2. sFlt-1 Serum Levels Observed in the Analyzed Groups of Patients and Statistical Summary of Results

Healthy controls  No-sepsis controls Sepsis New borns Surgery
N 18 66 77 13 14
sFlt-1, mean (pg/mL) 78.9 133.4 277.7 592.1 233.2
SEM 2.5 12.3 52.4 233.1 62.3
95% CI (mean) 73.707 - 84.106 108.933 - 157.932 173.425 - 382.030 84.136 - 1,100.066 98.558 - 367.811
sFlt-1, median (pg/mL)  78.2 103.0 165.5 204.6 1233

95% CI (median)
5 - 95 percentiles

73.773 - 86.353
58.088 - 95.328

94.988 - 119.330
74.194 - 359.020

148.328 - 191.607
85.572 - 794.290

164.783 - 653.927
122.295 - 2,836.325

93.468 - 387.771
79.710 - 790.900

SEM: standard error of the mean; Cl: confidence interval.
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Figure 1. Serum levels of sFlt-1 in patients groups. Septic patients showed significantly higher levels of sFlt-1 compared to
sepsis-negative patients and healthy controls (P values indicated in figure; where not indicated, difference was not statistically
significant). Two subgroups of sepsis-negative patients who underwent surgery or new borns were separately analyzed due to a
potential not baseline condition for sFlt-1 assay after surgery or after birth; they showed a statistically significant difference with
healthy controls but not with sepsis-positive nor -negative patients. Results are showed in semilogarithmic plot.

dysfunction of the endothelium is characterized by increased
permeability, vasodilatation, recruitment of leucocytes and a
shift to pro-coagulant state. Hence, infections compromise the
function of heart, liver, gut, kidney, lung and brain leading to
hypotension and myocardial dysfunction, microvascular leak,
thrombocytopenia with or without disseminated intravascular
coagulation, acute respiratory distress syndrome, acute kid-
ney injury and brain injury. Biochemical markers and clini-
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Figure 2. Serum levels of sFlt-1 in Gram-negative, Gram-positive, Can-
dida infections and in sepsis-negative individuals. Significant higher
levels of sFIt-1 have been observed in Gram-negative infected patients
compared to both Gram-positive and sepsis-negative patients (P val-
ues indicated in figure; where not indicated, difference was not statisti-
cally significant).
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cal parameters are currently used to assess organ dysfunction
during sepsis and are used to define the SOFA score, whose
changes from baseline are index of sepsis severity, according
to the new consensus definitions of sepsis and related criteria
[6, 19]. Multiple Candidate biomarkers of endothelial activa-
tion/dysfunction have been proposed for use in evaluating
functional status of endothelium in infectious diseases. The
present work was aimed to evaluate implication of sFlt-1, a
known mediator of vascular tone and permeability, in sepsis.
In this perspective, we compared septic patients to a popula-
tion of not-infected critically ill patients in order to figure out
whether the changes were specific to sepsis or broader mark-
ers of illness state. First, we found a statistically significant
difference in serum level of sFlt-1 between the two groups
of patients (Fig. 1), and, as expected, both groups showed
significant difference with the healthy control group of not
hospitalized individuals. At the same time, we excluded from
the no-sepsis control group patients with plausible vascular
alteration and not stable conditions such as patients after sur-
gery as well as the newborns. Average and median values of
sFlt-1 measured in infected patients (277.7 and 165.5 pg/mL,
respectively, Table 2) were similar to those previously report-
ed [9-17]. Gram-negative infected individuals (68%, Table
1) showed higher values of serum sFIt-1 than patients with
Gram-positive infections (Fig. 2). As previously published,
LPS from Gram-negative bacteria membrane stimulates the
macrophages inflammatory response by activation of Toll-
like receptor 4 (TLR4), a LPS receptor on the cytoplasmic
membrane. This has been proposed to orchestrate immune re-
sponses during gram-negative bacterial infection and to be as-
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Figure 3. sFlt-1 and sequential organ failure assessment in selected septic patients with serum levels of sFlt-1 higher than 190
pg/mL (see text for details). (a) sFlt-1 and SOFA score correlation, P < 0.0001 by Chi-squared test for trend. (b) serum levels
of sFlt-1 mean values in patients deceased after sepsis and in alive individuals; SOFA score mean values are reported in the
second axis. Higher serum levels of sFit-1 and SOFA score are observed in deceased patients compared to survived (P < 0.05
by Chi-squared test). sFlt-1 values are showed in semilogarithmic plot.
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Figure 4. sFlt-1 after sepsis resolution. (a) Serum levels of sFlt-1 measured in nine patients during and after sepsis. (b) Percent-
age reduction of sFlt-1 after sepsis. AV: mean percentage reduction.
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sociated to septic shock by excessive LPS challenge [20, 21].

Several markers of endothelial cell activation have been
associated to sequential organ failure in septic patients, in-
cluding sFlt-1 [22] and angiopoictin/Tie-2 axis as potential
marker of sepsis diagnosis and outcome [6, 23-26], although
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