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Abstract

To date it is unknown if there is a predisposition to sepsis. In this respect, genetic studies have been conducted with
the aim to find gene variants which can point out a higher predisposition to developing sepsis. The primary objective
of this study is to highlight whether the genetic polymorphism of Angiopoietin-2 gene (ANG2 -35G>C) is present
mainly in septic patients. As secondary objectives we aimed to evaluate if there are any associations between ANG2
-35G>C polymorphism and the severity scores Acute Physiology and Chronic Health Evaluation II (APACHE II)
and Simplified Acute Physiology Score (SAPS) as well as routine tests in septic patients such as C reactive protein
(CRP), procalcitonin (PCT). We enrolled adult patients admitted to the Intensive Care Unit (ICU). After admission
to the ICU and the diagnosis of sepsis, blood samples were collected and the severity scores: APACHE II, SAPS
were calculated on the first day of ICU admission. We recorded the following from the blood samples: CRP, PCT,
angiopoietine2 (Ang-2). We performed several one-way ANOVA tests to determine any significant mean difference
of the analyzed variables. We observed that variant genotypes of ANG2 -35G>C gene polymorphism are signifi-
cantly related to CRP, aspect which increases this biomarker credibility compared with others (i.e., PCT), in septic
patients. ANG2 -35G>C gene polymorphism is associated with severity scores, APACHE II, and SAPS in sepsis.
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Introduction The latest definition of sepsis, devised by the
Sepsis 3.0 consensus in 2016, is “life threaten-
ing organ dysfunction caused by dysregulated
host response to infection” (2). This dysfunc-
tion is clinically diagnosed by Sequential Organ

Sepsis has been a leading cause of death in In-
tensive Care Unit (ICU) patients for a few de-
cades (1).
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Failure Assessment (SOFA) score calculation, a
value over or equal to 2 points being suggestive
for sepsis. To date it is not known if there exists
a predisposition to sepsis (2). This is the reason
for which, over time, several markers have been
studied and based on the conclusions of the stud-
iess, medical conduct in ICU patients is guided
(3, 4).

Although the aforementioned findings are help-
ful, they can only be useful when sepsis is al-
ready present. Currently, we do not have certain
indicators which can be used as predictors for a
patient’s predisposition to sepsis.

In this respect, genetic studies have been con-
ducted with the aim to find modifications which
can point to a higher predisposition for devel-
oping sepsis or which can relate to this entity in
such manner that detection of such modification
can help modify the outcome of the septic pa-
tient.

Response to sepsis is different for each individu-
al and it is influenced by several variables: gen-
der, age, race, medical history (5).

In the ICU environment, finding quick answers
is lifesaving, because the patients admitted to
ICU need immediate care for their health issues
due to the life threatening characteristics. Ge-
netic studies are less performed in ICU patients
because they do not offer immediate results and
are not immediate problem solvers, although the
literature presents studies which have concluded
that death caused by infection is fivefold more
inherent than the same outcome determined by
cancer (6).

The innate immune response, which is in charge
of the modifications which normally appear in
bacterial infections, is found to be associated
with an increased number of gene alterations (7).
Any of these changes, once studied, can have a
predictor potential of sepsis development and
outcome.

Angiopoietines
In sepsis, a link between the severity of the inju-
ry at the endothelial level, which is being regu-

lated by the system comprised in the endotheli-
al specific angiopoietin (4ng) — tyrosine kinase
and immunoglobulin-like loop of the epidermal
growth factor domain (7ie) ligand-receptor, is
known to exist (8).

The first time Ang-1 and -2 were mentioned was
in studies regarding embryonic vasculogene-
sis and angiogenesis (9, 10). Ang-1 and Ang-2
have opposed binding actions on extracellular
domains of the Tie-2 receptor, which has been
discovered to be almost exclusively in endothe-
lial cells (8).

Among the known roles of Ang-1 are: endothe-
lium stability, it inhibits vascular leakage and
disables inflammatory and coagulation gene ex-
pression by creating a bond with Tie-2 (8, 11),
Ang-2 has the ability to promote the loss of bar-
rier integrity, it mediates the proinflammatory
and proangiogenic effects which have, as an end
point, vascular leakage and organ dysfunction
(8, 12).

There are two known types of Ang-2: exoge-
nous, which promotes phosphorylation of Tie-2
cultured endothelial cells (13) and the endoge-
nous type of Ang-2, which activates Tie-2 recep-
tor (14).

The aim of this study is to highlight whether the
ANG2 -35G>C gene polymorphism is present
mainly in septic patients. Moreover, we evalu-
ate if there are any associations between ANG2
-35G>C polymorphism and the severity scores
APACHE II (Acute Physiologic Assessment and
Chronic Health Evaluation) score and SAPS
(Simplified Acute Physiology Score) and also to
some of the routinely performed tests in septic
patients — C reactive protein (CRP), procalci-
tonin (PCT).

Material and method

We enrolled adult patients admitted to the ICU
of the Emergency Clinical County Hospital of
Tirgu Mures, Romania. The study obtained the
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approval from the hospital Ethical Committee.
Written informed consent was obtained from all
participants or their relatives, before inclusion.
Inclusion criteria were: all patients admitted to
the ICU with sepsis or without the sepsis crite-
ria, with no regard to the site of infection and
no surgical intervention in the last 72 hours. The
diagnosis of sepsis was made after the diagnosis
criteria of the third sepsis consensus (15). The
exclusion criteria were patients with cardiac ar-
rest and those who had had surgery in the last 72
hours.

Study protocol: after admission in the ICU and
the diagnosis of sepsis, we took blood samples
on the first day of ICU admission and, also, we
calculated the severity scores: SOFA, APACHE
II, SAPS. We recorded the following from the
blood samples: CRP, PCT, Ang-2.

The blood samples were collected in the first 12
hours after ICU admission in tubes with no an-
ticoagulant, centrifuged, and serum was kept at
-70 Celsius degrees for further processing.
Enzyme Linked Immuno Sorbent Assay (ELI-
SA) test (R&D Systems, Minneapolis, USA)
was used to determine the Ang-2 serum expres-
sion as it was previously reported (16).

CRP and PCT values were determined using
the immunoturbidimetry method (Cobas 6000,
Roche Diagnostics, Germany).

As previously mentioned, we investigated ANG2
-35G>C gene polymorphism. Serum was used
for DNA isolation using the Quick-gDNA Mini-
Prep kit from Zymo Research, USA. For geno-
typing the isolated DNA was amplified using the
primers and Polymerase Chain Reaction (PCR)
protocol described by Banyasz et al (17). PCR
amplicons were digested by FastDigest HindIII
restriction enzyme from ThermoFisher Scientif-
ic, USA and were visualized in 2.5% agarose gel
stained with ethidium bromide.

Statistical analysis was performed using Micro-
soft Excel (Microsoft, Washington, USA) and
SPSS 17 for Windows (IBM, NY, USA).

Data series normality was tested using Kolmog-
orov-Smirnov test. The data recorded for Ang-2
and PCT variables failed this test, and they were
further analyzed using non-parametric tests
(Kruskal-Wallis test).

We used the following statistical tests for data
analysis: one way ANOVA with Tukey post-hoc
test, Kruskal-Wallis test, and a logistic regres-
sion model. The initial regression model includ-
ed Ang-2, APACHE, PCT, CRP, SOFA, SAPS,
and the genotypes as predictors. After testing
for multicollinearity, several variables were
excluded from the model, leaving only Ang-2,
APACHE, CRP, and the genotypes of ANG2
-35G>C.

Results

We enrolled 69 patients, divided into two groups
- the sepsis group (S) = 38 patients and non-sep-
sis group (NS) = 31 patients. We found no sig-
nificant difference between the groups regarding
the demographic data of the enrolled patients.
The ANG2 -35G>C genotypes in the entire stud-
ied group were as follows: GG the wild type
genotype in 53 cases (76.8%), GC the heterozy-
gous genotype in 13 cases (18.8%) while CC, the
homozygous genotype with the variant allele,
observed in 3 patients (4.3%).

When we compared the genotypes distribution
between the groups (with sepsis and without
sepsis), we found no statistically significant dif-
ference on their distribution (p=0.17).

The frequency of the GG genotype was 87.1%
(27 cases), 9.7% (3 cases) of GC genotype, and
3.2% (1 case) of CC genotype in the group of pa-
tients without sepsis. In the sepsis group the gen-
otype frequencies were as follow: GG in 68.4%
(26 patients), GC in 26.3% (10 patients), and CC
in 5.3% (2 patients).

For the entire group of patients enrolled in our
study, we performed several one-way ANOVA
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tests to determine any significant mean differ-
ence of the analyzed variables between the geno-
types. The only statistically significant difference
observed was for CRP, with a p value of 0.01.
Tukey post-hoc test found a difference between
wild type genotype (GG) and the heterozygous
genotype (GC) (p=0.046) (Table 1, Figure 1).

The same significant difference was observed for
CRP when we analyzed only the group of pa-
tients with sepsis, in this only case the difference
was greater between CC and GG genotypes,
although not statistically significant (p=0.150)
(Table 2, Figure 2).

We constructed a logistic regression model to
assess the influence of the studied parameters on

Table 1. Distribution of the analyzed variables according to the ANG2 -35G>C genotypes, for entire group

of patients.
/ggi c (HZ}if) . APACHEII' SOFA' SAPS! (méﬁili) C I;Agljn(l;li ; (nlg)/CmTl) ;
cc 6f333i 25.00 = 19.00 8;3; 432?8; 2281953; 582[4.52]  0.34[151]
GC ”5'.299; 27.15+9.29 949277i > ?ggoi 21256;;17 8* 823[9.89]  1.50[3.11]
GG 1%‘%97i 26.56 +8.37 752; 416589 4i 1‘;13"898; 585[64]  0.35[1.78]
p value 0.344 0.931 0537 0.726 0.010 0.750 0.206
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Fig. 1. The ANG2 -35G>C gene polymorphism in association with CRP
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Table 2. Distribution of the analyzed variables according to the ANG2 -35G>C genotypes for the sepsis

group
ANG2-35G>C APACHEII' SOFA!  SAPS! (m?;ill’) 1 ( :;I% , (nlg’/fnTl) ;
- I N A T
GC j;‘;% 923; 51.80=19.17 2162&5'98 6i 894[12.22]  1.97[4.78]
GG 598%37 82.;196; 523442191 17973;'.11? 6.82[10.88]  1.52[2.50]
b value 0.522 0.807 0.828 0.047 0.880 0.393

"'mean + SD; ANOVA analysis significance; > median [IQR]; Kruskal-Wallis test significance
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Fig. 2. The association between ANG2 -35G>C gene polymorphism and CRP in sepsis group

sepsis development. The obtained coefficients
are presented in Table 3. The model is valid with
a correctly predicted value percentage of 75.4 %
and a Nagelkerke R? of 0.423.

We performed one-way ANOVA statistic test
for the non-sepsis group and found a signifi-
cant association between the investigated gene
polymorphism and the severity scores SAPS II
(p=0.04) and APACHE (p=0.03). Figure 3 il-

lustrates the variation of the mean values of the
SAPS and APACHE II in the two groups (sepsis
and non-sepsis) and also within the group.

Discussions

In sepsis, the genes which are involved in an-
giogenesis — such as 7/E, ANGI, and ANG2- are
downregulated and this adds up to the patho-
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Table 3. The logistic regression results for assessing the influence of the studied parameters on sepsis

development
95% CI for OR
OR Lower Upper p value
ANG?2 (ng/ml) ! 1.067 0.978 1.165 0.146
ANG?2 -35G>C genotype CC 0.519 0.015 17.613 0.716
ANG?2 -35G>C genotype GC 0.483 0.091 2.574 0.394
ANG?2 -35G>C genotype GG? 1 N/A N/A N/A
APACHE score ! 1.100 1.010 1.198 0.029
CRP (mg/dl) ! 1.012 1.004 1.020 0.003

"' OR = odds for sepsis development when predictor is increased by 1 unit; 2 Reference group
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Fig. 3. The associations of the severity scores APACHE II and SAPS with ANG?2 -35G>C polymorphism in
the groups

physiological process of microvascular leakage
and end organ dysfunction (18). Numerous stud-
ies have focused predominantly on determining
cytokine, such as interleukin 6 and its forms in
septic patients, but the conclusions were that this
biomarker cannot be used as a prognostic marker
and the research is ongoing (19, 20). Endothelial
cell dysfunction constitutes the principal mecha-
nism of the related processes which occur in sep-
sis (21). Ang-2 is a biomarker which is increased
in septic patients and can be used for stratifying
the severity of this condition (22). Literature de-
scribes associations between Ang-2/Tie-2 ratio

in septic patients, with no certain diagnostic val-
ue in septic patients as well as other biomarkers
with potential prognostic value, such as soluble
urokinase-type plasminogen activator receptor
(SuPAR) (23, 16). This is the reason we chose to
determine its polymorphism and to investigate if
there are any associations between variant gen-
otypes and the severity scores or other routinely
used tests such as procalcitonin.

Polymorphism of ANG2 -35G>C and the se-
verity scores

We did not find any significant association be-
tween the studied gene polymorphism and the
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values of the biomarkers: Ang-2, Tie-2, CRP or
PCT. Instead, we found significant associations
with two of the severity scores we calculated,
namely the APACHE II score and SAPS.

The APACHE 11 score has been proposed as the
gold standard in the evaluation of the critically
ill patients (24). APACHE 11 score identifies ei-
ther low-risk patients or very-high-risk patients
(25).

Here we found that the APACHE II is signifi-
cantly correlated with the ANG2 -35G>C. This
means that it is likely to find the variant geno-
types in patients with sepsis than in those with-
out and based on the APCHE II score we can
identify those patients with variant allele of
ANG2, which has major impact in endothelial
mechanisms of sepsis.

The SAPS score is used to predict mortality and
it is significantly associated with the studied
polymorphism.

To the best of our knowledge, this is one of the
few studies aimed to investigate this gene poly-
morphism in sepsis and the literature is poor in
offering comparable studies, except those which
confirm that the future of understanding sepsis
comprises genetic screening, genetic determi-
nation of biomarkers, and the new direction in
medicine — personalized medicine (26-30).

Polymorphism of ANG2 -35G>C and C reac-
tive protein (CRP)

CRP is part of a superfamily of proteins - pen-
traxins - involved in acute immunological re-
sponses. It plays a role in pattern recognition
receptors (PRRs). There are two types of pen-
traxins - the “short” and “long” pentraxins. The
“short” category comprises serum amyloid P
component (SAP) and CRP which is produced
in the liver as a response to inflammatory reac-
tion (31).

This is a biomarker which increases in the acute
phase of inflammation and although it is a known

factor of the inflammatory process, its role has
not yet been well-established (32). It has a low
specificity, but in spite of this, it is used for early
detection of sepsis, in the first 24 hours, because
it is considered to have a high sensitivity (33).
Our study identified a significant association
between this biomarker and the ANG2 -35G>C
polymorphism, in the septic group. This finding
makes the specificity of this biomarker to be
stronger. The high levels of the biomarker asso-
ciated with the presence of the C variant allele
of ANG2 -35G>C polymorphism, increase the
accuracy of early detection of the septic patient.
Along with CRP, many studies compared capac-
ity of this protein for sepsis detection with the
one of PCT. At first, it was proved that PCT is
more sensitive than CRP in detecting septic pa-
tients (34), but the debate is far from being over.
A meta-analysis which comprised 49 studies,
and compared CRP and PCT in septic patients,
concluded that procalcitonin represents a good
biological diagnostic marker for sepsis or septic
shock. Another study concluded that PCT is su-
perior to CRP (35, 36).

In the present study we did not find any signif-
icant association between this marker and the
variant genotypes of ANG2 -35G>C in septic
patients. The validity test that we performed
showed that CRP is better related to the studied
polymorphism than PCT.

The scarcity of data in the literature on this mat-
ter settles this for further investigations in order
to come up with a prompt conclusion on which is
a better detector of sepsis: PCT or CRP.

Our study has limitations in terms of the small
number of patients, and the fact that we could
only determine the biomarkers serum level once,
this being a drawback due to the progressive
characteristic of sepsis.

Nevertheless, we can see that the future of di-
agnostics belongs to biomarkers, which are to
become a master-key for an early and precise
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diagnosis leading to a personalized treatment for
septic patients (36). Yet, the enormous variety of
septic patients, sepsis itself and the large array of
the biomarkers that are identified or identifiable
constitutes an obstacle in achieving a quick and
precise sepsis diagnosis.

Conclusion

Variant genotypes of ANG2 -35G>C gene poly-
morphism are significantly associated with CRP
which increases this biomarkers credibility com-
pared to others, such as PCT in septic patients.
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