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Background: Complement plays a pivotal role in the immune response to infection. Several
studies demonstrated complement activation in sepsis, yet little is known of the relationship of
complement terminal pathway activation and the clinical characteristics of sepsis patients.
Therefore, we investigated serum C5, soluble C5b-9 (sC5b-9), and soluble CD59 (sCD59) and
their relation to organ failure in sepsis patients in the intensive care unit (ICU).

Methods: In this prospective cohort study, all available patients admitted to the adult ICUs
between June 2020 and January 2021 were included. Patients were divided into sepsis and non-
sepsis groups according to the Sepsis-3 criteria, serum samples from both groups were
investigated for the levels of C5, sC5b-9, and sCD59 using commercial sandwich ELISA Kkits.
Results: We analyzed 79 serum samples, 36 were from sepsis patients. We found that sepsis
patients had significantly lower C5 (83.6+ 28.4 vs 104.4+ 32.0 ug/mL, p = 0.004) and higher
sCD59 (380.7+ 170.5 vs 288.9+ 92.5 ng/mL, p = 0.016). sC5b-9, although higher in sepsis
patients, did not reach statistical significance (1.5+ 0.8 pg/mL vs 1.3+ 0.7 ug/mL, p = 0.293).
Sepsis patients who died during their ICU stay had significantly higher sCD59 compared to
those who survived (437.0 £ 176.7 vs 267.8 =+ 79.7 ng/mL, p = 0.003, respectively).
Additionally, C5 and sCD59 both correlated to SOFA score in the sepsis group (r, =
—0.44, P = 0.007 and = 0.43, P = 0.009, respectively), and a similar correlation was not
found in the non-sepsis group.

Discussion: In sepsis patients, levels of C5 and sCD59, but not sC5b-9, correlated to the
severity of organ damage measured by SOFA. A similar correlation was not found in non-
sepsis patients. This indicated that organ damage associated with sepsis led to a more
pronounced terminal pathway activation than in non-sepsis patients, it also indicated the
potential of using C5 and sCD59 to reflect sepsis severity.
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Introduction
Sepsis remains a major health problem in ICU patients worldwide due to its high
morbidity and mortality. Although sepsis is a multifaceted problem, the immune
response to infection is essential in the development of sepsis and the associated
organ failure. The Third International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) defined sepsis as life-threatening organ dysfunction caused by
a dysregulated host response to infection.! Given the importance of the immune
response in sepsis, a better understanding of the immune pathways involved in
sepsis development can uncover novel biomarkers and checkpoint inhibitors.

The complement system is an essential part of innate immunity, complement
activation aims to clear invading pathogens as well as damaged host tissue, but
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Graphical Abstract

= Follow-up of ICU admissions in the period July 15, 2020, through January 15, 2021, until ICU discharge or death.

= Demographic and clinical data, routine labratory tests, ICU mortality, and ICU lenght of stay were collected.

= Sepsis diagnosed based on Sepsis-3 criteria.

l = Inclusion criteria:
& cion >
194 ICU admissions o age at ICU admission 218 years
e = Exclusion criteria:
00 o Use of complement inhibition therapy in the past 3 months.
3 l o Documented complement deficiency.
©
> = Eligible patients stratified to sepsis and non-sepsis groups.
g = Sepsis and non-sepsis patients sub-stratified into 4 SOFA score groups: (0-2), (3-6), (7-10), (11-24).
& = Each SOFA score group was sub-stratified into 2 groups: samples collected within 48 hours of admission or later.
= 79 samples were randomly chosen from the above stratification.

(7] | 43 non-sepsis patients I | 36 sepsis patients
@
=
©
< l l l l * Analysis of terminal pathw: ivation by i
© pathway activation by measurning
o 23 samples 20 samples 22 samples 14 samples Cs, SC5lb-9. and SF:D59~
Q. collected within 48 collected after 48 collected within 48 collected after 48 * Correlation analysis of C5, 5(.:5'3-9, and sCD59 levels
£ honts ‘of admission howts of admission hours of admission hours of admission to SOFA score and other routine laboratory results.
3 (median day 1) (median day 6) (median day 1) (median day 6)
g’n = Sepsis patients had significantly lower C5 than non-sepsis patients, but no significant differences were found in sC5b-9 and sCD59 within 48 hours of admission.
£ = Sepsis patients had significantly higher sCD59 than non-sepsis patients, but no significant differences were found in C5 and sC5b-9 after 48 hours of admission.
'g = Sepsis patients who died during their ICU stay had higher sCD59 than sepsis patients who survived their ICU stay.
= = Sepsis patients who died during their ICU stay had higher sCD59 than non-sepsis patients who also died during their ICU stay.
c * In sepsis patients, C5 had a moderate negative correlation to SOFA score, while sCD359 had a moderate positive correlation to SOFA score. SC5b-9 showed a weak and
‘© nonsignificant correlation to SOFA score. In non-sepsis patients no significant correlation was found between C5, sC5b-9, or sCD59 and SOFA score.
b=

complement over activation is implicated in a variety of
pathological conditions including sepsis.>® Activation of
the three major pathways of complement, including the
classical,” lectin, and alternative® pathways can take place
in sepsis.®’ Moreover, some studies reported a correlation
between levels of complement activation fragments such
as C3b and C5a to sepsis severity.>® Complement activa-
tion can culminate in activation of the terminal pathway,
through cleavage of C5 to form CS5a, a potent anaphyla-
toxin, and C5b, which initiates formation of the pore
forming complex C5b-9 on cellular membranes.”'”
Soluble C5b-9 (sC5b-9) can be found in serum and is
commonly considered non-lytic, however, it is hypothe-
sized to increase capillary permeability and contribute to
the development of septic shock.'"!?

Activation and progression of complement pathways
are strictly controlled by multiple regulators.'*'* A main
regulator of complement terminal pathway is CD59, which
is a glycophosphoinositol (GPI)-anchored inhibitor of
C5b-9 formation.'>'> Because of its relatively loose
attachment by a GPI-anchor, CD59 can be released in

vesicles or enzymatically from the cell surface into the

circulation to form soluble CD59 (sCD59).'® Since CD59
can be found on the membrane of several cell types
including hematopoietic and epithelial cells, it is hypothe-
sized that tissue damage can be associated with the release
of sCD59, yet the exact mechanisms and disease states
associated with its release are still under investigation.

Complement proteins, regulators, and activation frag-
ments can serve as potential biomarkers'” or drug targets'®
in sepsis, therefore, translational studies that link prede-
fined clinical criteria to measured complement parameters
are needed. The Sequential Organ Failure Assessment
(SOFA) score, was first developed in 1996 for the clinical
assessment of sepsis patients.” The score is now widely
used to evaluate acute morbidity and predict outcome of
critical illness among ICU patients in general.'”** SOFA
score can also be used alongside biomarkers to enhance
the prediction of patient outcome.?’

Our study focused on activation of complement term-
inal pathway in sepsis by measuring serum C5, sC5b-9,
and sCD59. We defined sepsis according to Sepsis-3 and
compared the levels of these proteins in sepsis and non-
sepsis patients in the ICU, either within 48 hours of
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admission or afterwards. We also performed correlation
analysis of the terminal pathway parameters measured
and the SOFA score of sepsis and non-sepsis patients.

Materials and Methods
Study Design and Population

This was a prospective cohort study conducted at adult
ICUs of Jordan University Hospital (JUH), which is an
academic tertiary hospital in the capital Amman. The
hospital has 3 adult ICUs: surgical (SICU), medical
(MICU), and anaesthesia ICU (AICU), with a total of 32
ICU beds. We followed 194 admissions to the ICUs over
a period of 6 months (from July 15, 2020, through
January 15, 2021) until ICU discharge or death (see gra-
phical abstract).

Inclusion criterion was age at ICU admission >18
years. While exclusion criteria were 1) having used com-
plement inhibition therapy within the last 3 months and 2)
documented complement deficiency. The diagnosis of sep-
sis was based on Sepsis-3 criteria, proposed in 2016 by the
“Third International Consensus Definitions for Sepsis and
Septic Shock”.! As there was no point of care test for
lactate, we did not assign a subset of septic shock patients
according to Sepsis-3 criteria. The time point day 0 repre-
sent the first 24 hours since ICU admission, while day 1 is
24-48 hours since ICU admission, and so on.

Among 194 ICU admissions, there were 45 sepsis
patients. We aimed to analyse samples that represent var-
ious SOFA scores and time points in both sepsis and non-
sepsis patients, so we first stratified the available samples
into sepsis and non-sepsis groups, then sub-stratified those
groups into 4 SOFA score arrays which correspond to
varying degrees of organ dysfunction: SOFA score less
than 3, more than or equal to 3 and less than 7, more
than or equal to 7 and less than 11, more than or equal to
11. Further sub-stratification was done according to time
of sample collection, either within the first 48 hours of
admission to the ICU or afterwards. We then randomly
selected 79 samples from the above stratification in equal
numbers depending on sample availability.

Sample Collection

Blood samples were collected either within 48 hours of
admission (45 samples, median day 1), or at various time
point after that (34 samples, median day 6) (see graphical
abstract). Samples were collected in plain blood collection
tubes with a gel separator, then immediately preserved at

4°C and allowed to clot for a maximum of 2 hours. Samples
were then transported on ice for further processing. Serum
was collected by centrifugation of clotted blood tubes for 15
minutes at 1500 x g and 4°C. Serum was directly aliquoted
into sterile EP tubes and stored immediately at —80°C until
analysis. The selected serum samples were thawed on ice on
the day of the experiments. Repeat freeze—thaw cycles were
avoided to prevent protein degradation.

C5, sC5b-9, and sCD59 Quantification in

Serum

Commercial quantitative sandwich ELISA kits for the
measurement of C5, sC5b-9, and sCD59 (Novus biologi-
cals, Colorado, USA) were used according to manufac-
turer’s instructions. Briefly, all reagents and standard
solutions were prepared and brought to room temperature
(25°C) prior to the analysis. Standards and samples were
diluted in diluent according to literature and manufacturer
recommendation, then were added to a microwell plate
precoated with polyclonal antibodies specific for the
desired complement component and incubated according
to manufacturer recommendation, free components were
washed away afterwards.

A Dbiotinylated detection antibody specific for the
desired complement component and Avidin-Horseradish
Peroxidase (HRP) conjugate were added successively to
each well and incubated. Then, free components were
washed and the substrate solution was added to each
well leading to color production. The enzyme-substrate
reaction was terminated by the addition of stop solution.
The optical density (OD) was measured at 450nm wave-
length using Synergy™ HTX Multi-Mode Microplate
Reader and Gen5TM software (BioTek instruments,
Vermont, USA), the value of each sample is calculated
by comparing the OD of the samples to the standard curve
values using GraphPad prism 8.0 for windows (GraphPad
Software, California, USA). The standard curve range for
each complement component was 0.313-20 ng/mL for C5
and 31.25-2000 ng/mL for sC5b-9 and sCD59, dilution of
serum samples for measurement of each component were
done accordingly.

Ethical Approval

The study protocol was approved by the Institutional
Review Board (IRB) at JUH (Ref. No. 189/2020). In
addition, the work was conducted according to the princi-
ples of Good Clinical Practice (GCP) that has its origin in
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the Declaration of Helsinki (64th World Medical
Association General Assembly, Fortaleza, Brazil,
October 2013). All collected data were treated with
confidentiality.

Participation in the study was voluntary. A signed
informed consent was obtained from all conscious patients
who agreed to participate after an explanation of the study
objectives. Assessment of the level of consciousness
involved checking orientation: participants who were
able to promptly and spontaneously state their name, loca-
tion, and date or time were said to be conscious.!” For
patients who were unconscious or unable to consent at the
time of admission, assent was obtained from first-degree
relatives. However, consent was re-sought from those who
survived once they regained consciousness or improved

clinically to a stage where they can consent.

Data Collection

For each patient, data were categorized into demographic,
clinical, and laboratory variables. Demographic variables
included age, sex, height, weight. Clinical variables included
vital signs and clinical criteria required for SOFA scoring.
Laboratory variables include hemoglobin (HB), packed cell
volume (PCV), total WBC count, neutrophils, lymphocytes,
platelets count, creatinine, random blood sugar (RBS), and
electrolytes (Na, K, and CL). The above-mentioned data can
be found in Supplementary Table 1.

Data Analysis

Data generated was organized in Microsoft Excel, and
statistical analysis was carried out using IBM Statistical
Package for the Social Sciences (SPSS) for windows ver-
sion 25.0 (IBM Corp., Armonk, N.Y., USA) and GraphPad
prism 8.0 for windows (GraphPad Software, California,
USA) for analysis.

All results are presented as count or percent or both (n,
(%)) for categorical variables and (mean + SD) for con-
tinuous variables. To compare differences between sepsis
and non-sepsis groups, as well as ICU survivors and non-
survivors, Shapiro—Wilk test was first used to test the
distribution of data, subsequently, the Mann—Whitney
U-test was used. The nonparametric Spearman correlation
coefficient was used to denote the magnitude and direction
of correlation between different variables. All statistical
tests were two-tailed and a probability value (p) less than
0.05 was considered significant.

Results
Terminal Pathway Activation in Sepsis

Patients

To assess activation of the terminal pathway in sepsis and
non-sepsis patients, we measured C5, sC5b-9 and sCD59
levels in all 79 serum samples collected from ICU patients
(as described in materials and methods). Depending on
their diagnosis at the time of sample collection, patients
were divided into sepsis (n = 36) and non-sepsis (n = 43)
groups, SOFA scores of sepsis and non-sepsis patients are
found in Figure 1A. The demographic, clinical, and rou-
tine laboratory data for patients on the same day of serum
sample collection are found in Supplementary Table 1.

We found that serum of sepsis patients had signifi-
cantly lower C5 compared to non-sepsis patients (83.6 +
28.4 vs 1044 + 32.0 pg/mL, p = 0.004) (Figure 1B),
indicating consumption of C5 in sepsis patients. While
we found higher mean sC5b-9 in sepsis patients, it was
not statistically significant (1.5 £ 0.8 pg/mL vs 1.3 = 0.7
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Figure | Terminal pathway activation in sepsis patients. 79 serum samples were
collected from ICU patients at various time points of their ICU stay, patients were

divided into sepsis (n = 36) and non-sepsis (n = 43) groups according to their
diagnosis at the time of sample collection. (A) SOFA scores of sepsis and non-sepsis
patients at the time of sample collection. (B) C5, (C) sC5b-9, and (D) sCD59 levels
in sepsis and non-sepsis patients. (E) the ratio of sC5b-9/C5 and (F) sCD59/C5
were calculated from each sample to minimize variation due to C5 levels. Each
circle in the scatter plots represents one patient. Bold horizontal lines represent
the mean of each group, while whiskers represent the standard deviation. ns P >
0.05, *P < 0.05, **P < 0.01, ***P < 0.001, ***P < 0.0001.

pg/mL, p = 0.293) (Figure 1C). On the other hand, the
serum levels of the terminal pathway regulator sCD59 was
significantly higher in sepsis patients (380.7 £ 170.5 vs
288.9+ 92.5 ng/mL, p = 0.016) (Figure 1D). The increased
consumption of C5 and elevation of sCD59 both indicated
activation of the terminal pathway in sepsis patients.

We also assessed the ratios of sC5b-9 to C5 (sC5b-9/
C5), and sCD59 to C5 (sCD59/C5) which we hypothe-
sized would reflect activation of the terminal pathway
better than either component alone, since the ratio is
expected to normalize the variability in sC5b-9 and
sCD59 levels caused by variation in C5 levels in different
patients. Both sC5b-9/C5 and sCD59/C5 were signifi-
cantly higher in sepsis patients than non-sepsis patients
(2.1 £1.6)*10 vs (1.4 + 1.1)*107%, p = 0.009) and ((5.5
+3.7)%107° vs (3.0 + 1.4)*10 >, p < 0.001), respectively
(Figure 1E and F).

Terminal Pathway Activation at Different
Time Points of the ICU Stay

To evaluate whether terminal pathway activation occurs
early in sepsis, we investigated serum samples collected
from patients within 48 hours of ICU admission (n = 45,
median day 1). Sepsis patients (n = 22) had significantly
higher SOFA score (Figure 2A) and lower C5 than non-
sepsis patients (Figure 2B), but no significant differences

were found in sC5b-9 and sCD59 at this time point
(Figure 2C and D). Indicating that C5 consumption happened
early in sepsis. When we examined samples which were
collected after the first 48 hours of ICU admission (n = 34,
median day 6), sepsis patients (n = 14) had significantly
higher SOFA score (Figure 2E) but did not have significantly
different C5 or sC5b-9 levels than non-sepsis patients
(Figure 2F and G), while sCD59 was significantly higher in
sepsis patients (Figure 2H). This indicated that an increase in
sCD59 happened later in sepsis.

Terminal Pathway Activation and ICU

Mortality in Sepsis Patients

To determine if terminal pathway activation is associated
with mortality in sepsis patients, we compared para-
meters of terminal pathway activation described above
in sepsis patients who were discharged alive from the
ICU (n = 12), and those who died during their ICU stay
(n = 24). While SOFA score was higher in sepsis patients
who died during their ICU stay (Figure 3A), among the
terminal pathway parameters studied, no significant dif-
ferences were found in C5 (82.2 £ 30.1 vs 86.3 = 25.5,
p = 0.567, respectively) and sC5b-9 (1.5 £ 0.8 vs 1.5 =
0.7, p = 0.602, respectively) (Figure 3B and C). While
sCD59 was significantly higher in sepsis patients who
died during their ICU stay compared to those who sur-
vived (437.0 £ 176.7 vs 267.8 + 79.7, p = 0.003, respec-
tively) (Figure 3D).

In the non-sepsis group on the other hand, SOFA score
was also higher in patients who died during their ICU stay
(Figure 3E), but we found no significant differences
between survivors (n = 34) and non-survivors (n = 8) in
any of the terminal pathway parameters measured
(Figure 3F—H). Notably, when comparing sepsis and non-
sepsis patients who died during their ICU stay (n = 24 vs
n = §, respectively), there was no significant difference in
SOFA score in both groups (Figure 31I), nor in C5 or sC5b-
9 (Figure 3J and K), but we found significantly higher
sCD59 (437.0 £ 176.7 vs 273.1 £ 89.1, p = 0.012, respec-
tively) (Figure 3L).

Terminal Pathway Activation and SOFA

Score

To further describe the relationship between terminal pathway
activation and the clinical picture observed, we assessed the
correlation of C5, sC5b-9, sCD59 to SOFA score in sepsis and
non-sepsis patients. Using Spearman correlation coefficient
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Figure 2 Terminal pathway activation at different time points of the ICU stay. (A-D) represent SOFA scores, C5, sC5b-9, and sCD59 levels respectively, in sepsis (n = 22)
and non-sepsis (n = 23) patients within the first 48 hours of ICU admission (median day 1). While (E-H) represent SOFA scores, C5, sC5b-9, and sCD59 levels in sepsis (n =
14) and non-sepsis (n = 20) patients after the first 48 hours of ICU admission (median day 6). Each circle in the scatter plots represents one patient. Bold horizontal lines
represent the mean of each group, while whiskers represent the standard deviation. ns P > 0.05, *P < 0.05, ***P < 0.001, ****P < 0.0001.

(7s), we found that C5 had a moderate negative correlation to
SOFA score (r; = —0.44, P = 0.007), while sCD59 had
a moderate positive correlation to SOFA score (= 0.43, P =
0.009). sC5b-9 on the other hand showed a weaker and statis-
tically non-significant correlation (r; = 0.25, P = 0.149)

(Table 1). In the non-sepsis group, there was no significant

correlation between any parameter measured and SOFA score,
additionally, we assessed whether there is a significant differ-
ence in correlation between the sepsis and non-sepsis groups
(Table 1).

We also examined whether terminal pathway activation
products are associated to each other as is expected when
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Figure 3 Terminal pathway activation and ICU mortality. (A-D) represent SOFA scores, C5, sC5b-9, and sCD59 levels respectively, in sepsis patients who died during their
ICU stay (n = 24) and those who were discharged alive (n =12). While (E-H) represent SOFA scores, C5, sC5b-9, and sCD59 levels respectively, in non-sepsis patients who

died during their ICU stay (n = 8) or those who were discharged alive (n = 34). (I-|
died during their ICU stay and were either from the sepsis group (n=24) or from th

L) represent SOFA scores, C5, sC5b-9, and sCD59 levels respectively, in patients who
e non-sepsis group (n = 8). Each circle in the scatter plots represents one patient. Bold

horizontal lines represent the mean of each group, while whiskers represent the standard deviation. ns P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001.

terminal pathway is activated, we found that C5 and
sCD59 indeed were negatively and significantly correlated
in sepsis patients (rs = —0.45, P = 0.005), but not C5b-9

with either C5 or sCD59 (Table 1). In non-sepsis patients,
we found no significant correlation between any of the

terminal pathway parameters (Table 1).
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Table | Assessing the Correlation of Terminal Pathway Parameters to SOFA Score

Variables Tested for Sepsis N = 36 Non-Sepsis Significant Difference in Correlation Between Sepsis and
Correlation* N =43 Non-Sepsis
rs P value | rg P value
C5 and SOFA —0.44 | 0.007 0.14 0.365 Yes, p = 0.005 z= —2.607
sC5b-9 and SOFA 0.25 0.149 0.0l 0.959 No, p = 0.148 z= —1.044
sCD59 and SOFA 0.43 0.009 0.07 0.648 Yes, p = 0.049 z= 1.657
C5 and sC5b-9 —0.12 | 0.470 0.01 0.950 No, p = 0.289 z= —0.555
C5 and sCD59 —0.45 | 0.005 0.14 0.346 Yes, p = 0.004 z= —2.66
sC5b-9 and sCD59 —0.01 | 0.931 —0.19 | 0.232 No, p = 0.219 z= —0.775

Notes: *Spearman correlation coefficient (r,) was used to assess the correlation of terminal pathway parameters to each other and to SOFA score. P values less than 0.05

were considered statistically significant and are found in bold.

Finally, we assessed whether terminal pathway activa-
tion is associated with a change in systemic markers of
inflammation found in routine blood tests, such as
C-reactive protein (CRP) and WBC count including neu-
trophils and lymphocytes, as well as neutrophil to lympho-
cyte ratio (N/L). A correlation matrix of terminal pathway
parameters, laboratory results, and SOFA score can be
found in Supplementary Figure 1. The correlation matrix
showed that C5 and sCD59 had the highest correlation to

SOFA score when compared to any of the above markers

of inflammation.

Discussion

The pathophysiology of sepsis is complex as it involves
disturbances in several immune, metabolic, and coagulation
pathways.”® The immune system plays an essential role in
the development and progression of sepsis, hence a better
understanding of the immune disturbances during sepsis can
yield novel therapeutic targets and biomarkers.”' Our study
investigated terminal pathway activation and its relation to
organ failure in sepsis patients in the ICU. We used the
Sepsis-3 definition in sorting patients into sepsis and non-
sepsis groups.' We also used SOFA score as an indicator of
organ failure given its wide use and success in predicting
patients” outcome in the ICU.*

Terminal pathway activation is thought to augment
the immune response in sepsis, often in a deleterious
manner.”> Previous studies have shown a decrease in
the level of C5 in sepsis patients and in animal
models.®** Our study confirmed the consumption of C5
in sepsis patients,” we also found that C5 consumption

occurred early in sepsis, since it was significantly lower
in sepsis patients than non-sepsis patients in the first 48
Additionally,
a negative correlation between C5 levels and SOFA

hours of ICU admission. we found
score in sepsis patients, which was not the case in the
non-sepsis group. This could indicate that terminal path-
way activation is more pronounced in organ failure asso-
ciated with sepsis, and thus this subset of patients could
benefit more from therapies targeting C5,%* especially
early in the course of disease.

In addition to C5 consumption in sepsis patients, we
found an increase in sC5b-9, although the increase was not
While studies

a significant increase in sC5b-9 in sepsis,®?’

statistically  significant. some report
one study
found no correlation of sC5b-9 to disease severity in criti-
cally ill patients,”® this could be due to differences in the
population studied, sample size, sample type, and methods
used to assess terminal pathway activation. Still, the corre-
lation of sC5b-9 to SOFA score was not significant, neither
was the correlation of sC5b-9 to C5 or sCD59, unlike the
significant correlation between C5 and sCD59. This data
indicated that sC5b-9 levels did not reflect terminal pathway
activation in sepsis, while C5 and sCD59 levels did reflect
terminal pathway activation. However, the ratio of sC5b-9/
CS5 was significantly increased in sepsis patients, indicating
that using a ratio when assessing complement activation
could lead to better estimation of complement activity as
proposed previously.'”

The findings regarding sCD59 are the most important
in this study since little is known regarding sCD59 in

sepsis patients. We found that sepsis patients had

I 60 https:

Dove!

Journal of Inflammation Research 2022:15


https://www.dovepress.com/get_supplementary_file.php?f=344282.docx
https://www.dovepress.com
https://www.dovepress.com

Dove

Ahmad et al

significantly higher sCDS59, especially after the first 48
hours of ICU admission, which could be due to the cellular
damage at the site of infection leading to release of sCD59
from the cell membrane into circulation. The level of
sCD59 correlated to C5 levels indicating that there is an
association between terminal pathway activation and
release of the terminal pathway regulator sCD59, but
whether sCD59 release is a byproduct of cellular damage
or is directly linked to terminal pathway activation at the
site of infection remains to be identified and merits further
investigation. Nevertheless, the importance of this phe-
nomenon is highlighted by the findings in sepsis non-
survivors, who had higher levels of sCD59 compared to
sepsis survivors and to non-sepsis non-survivors, those
two findings indicate that an increase in sCD59 is related
to lethal organ failure due to infection rather than other
causes. The significant correlation of sCD59 to organ fail-
ure as measured by the SOFA score in sepsis patients only,
further emphasize that sCD59 release was specific to organ
damage associated with infection.

CD39 is a GPI-anchored protein that can be detected in
serum due to release from the cell membrane either by
enzymatic proteolytic or lipolytic cleavage, or as part of
released exosomes.”’® One study on acute pancreatitis
patients showed an elevation in plasma sCD59 that was
predictive of disease severity,”> probably in a similar
mechanism to what we saw in sepsis patients, given the
similarities between sepsis and acute pancreatitis in the
immune response and accompanying organ damage.’’
Another study found an increase in sCD59 in acute myo-
cardial infarction patients,’’ but in this study the levels of
sCD59 correlated to the increase in sC5b-9 unlike what we
found in our study, this could be due to disparities in the
mechanisms leading to release of sCD59 into circulation.

This study had some limitations, most notable is the small
sample size, for example, we were not able to solidly con-
clude whether sC5b-9 release was increased in sepsis or not,
nor to conclude if sSCD59 was associated with lethal organ
damage in sepsis patients only, both findings are of impor-
tance and require further studies with larger sample sizes.
A second limitation was investigating two time points only,
more time points could provide the actual trend of comple-
ment levels. Still, this study replicated findings of C5 con-
sumption in sepsis using the most recent definition of sepsis
and was the first to investigate the correlation of C5, sC5b-9,
and sCD59 to a widely used clinical scale such as SOFA,
thereby providing preliminary data for future studies that will
investigate the use of complement inhibitors or immune

modulators in sepsis. Finally, since complement levels and
functional activity can vary by race,** this study provided
preliminary data on the levels of complement terminal path-
way parameters in the Jordanian population, for which no
previous data exists.

In conclusion, our study emphasized the important role
terminal pathway activation plays in sepsis development and
the accompanying organ damage. We found that C5 is
decreased within 48 hours of sepsis, while sCD59 is increased
in sepsis at a later stage probably following cellular damage.
Both C5 and sCD59 significantly correlated to SOFA score in
sepsis patients. Interestingly, sSCD59 was significantly higher
in sepsis patients who died during their ICU stay than those
who were discharged alive. Further studies are needed to
elucidate the mechanism leading to sCD59 release to the
circulation in sepsis, whether sCD59 has any immunological
role, and finally the feasibility of using sCD59 as a biomarker
for organ damage in sepsis.
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