Hindawi

Disease Markers
Volume 2019, Article ID 1089107, 11 pages
https://doi.org/10.1155/2019/1089107

Research Article

Diagnosis and Prognosis of Sepsis Based on Use of Cytokines,
Chemokines, and Growth Factors

Dong Wook Jekarl ®,"? Ji Yeon Kim,>’ Jick Hwan Ha,* Seungok Lee ®,>* Jaeeun Yoo,
Myungshin Kim (,"? and Yonggoo Kim "

"Department of Laboratory Medicine, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea,
Seoul 06591, Republic of Korea

2Laboratory for Development and Evaluation Center, College of Medicine, The Catholic University of Korea,

Seoul 06592, Republic of Korea

’Department of Laboratory Medicine, Incheon St. Mary’s Hospital, College of Medicine, The 23 Catholic University of Korea,
Seoul 06591, Republic of Korea

*Department of Internal Medicine, Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea,
Incheon 21431, Republic of Korea

Correspondence should be addressed to Seungok Lee; Isok@catholic.ac.kr and Yonggoo Kim; yonggoo@catholic.ac.kr
Received 27 March 2019; Revised 27 July 2019; Accepted 1 August 2019; Published 8 September 2019
Academic Editor: Frank Tacke

Copyright © 2019 Dong Wook Jekarl et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

The focus of sepsis has shifted from inflammation to organ dysfunction on the basis of a recent definition based on the sequential
organ failure score (SOFA). A diagnostic and prognostic marker is necessary under this definition but is currently unknown. We
enrolled 80 sepsis patients consecutively admitted to an intensive care unit through the emergency department and 80 healthy
control patients who received routine health check-ups from August 2018 to January 2019. SEPSIS-3 criteria were used for the
diagnosis of patients based on SOFAscore>2 from the baseline along with evidence of infection. Concentrations of 28
cytokines, eight chemokines, and nine growth factors were measured on the day of diagnosis. Hierarchical cluster analysis was
performed for molecules. The majority of infections were pneumonia (45% of patients) and urinary tract infections (40% of
patients). Most of the measured molecules were increased in patients with sepsis. Area under receiver operating characteristic
curve (AUROC) values were found to be as follows: hepatic growth factor (HGF), 0.899; interleukin-1 receptor antagonist (IL-
1RA), 0.893; C-C motif ligand 5 (CCL5) 5, 0.887; C-X-C motif chemokine 10 (CXCL10), 0.851; CCL2, 0.840; and IL-6, 0.830.
IL-1RA, IL-6, IL-8, IL-15, and CCLI1 concentrations correlated with SOFA score with statistical significance. Prognosis
multivariate analysis revealed an odds ratio of 0.968 for epidermal growth factor (EGF). Three clusters were formed, of which
Clusters 2 and 3 were associated with nonsurvivors. Diagnosis of sepsis was performed using cytokines, chemokines, and growth
factors. HGF revealed the highest diagnostic capability, and EGF predicted favorable prognosis among the tested molecules.

1. Introduction

Sepsis is an organ dysfunction caused by a dysregulated host
response to infection [1, 2]. The global population incidence
rates of sepsis and severe sepsis were 288 and 148 per
100,000 person years, respectively, from 1979 to 2015 and
have increased to 437 and 270 per 100,100 person years,
respectively, during the last decade [3]. Hospital mortality
rates of 17% and 26% for sepsis and severe sepsis, respectively,
were reported.

Immune dysregulation represents an imbalance of pro-
inflammatory and anti-inflammatory aspects of immune
function or of innate immunity- and adaptive immunity-
related functions [4-7]. Proinflammatory cytokines include
tumor necrosis factor-alpha (TNF-«), interleukin- (IL-) 1,
IL-6, IL-12, IL-17, interferon-gamma (IFN-y), and macro-
phage migration inhibitory factor. Anti-inflammatory
cytokines include IL-4, IL-10, and transforming growth
factor-beta (TGF-f) [5, 8]. In sepsis, a proinflammatory
state followed by an anti-inflammatory state was implicated
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as one mechanism of pathogenesis. However, these states
were not temporal and separate but were rather
simultaneously overlapping [8, 9]. The anti-inflammatory
state or immune suppression is associated with a decreased
level of human leukocyte antigen-DR isotype, impaired
cytokine production, and increased concentrations of IL-
10, TNF receptors, IL-1 receptor antagonist (IL-1RA), and
IL-1 receptor type II [9, 10].

Molecules associated with sepsis include chemokines and
acute phase reactants. In sepsis patients, a subset of CC motif
chemokines, including CCL1, CCL2, CCL8, CCL20, or CXC
motif chemokines that include CXCL8, CXCL10, and
CXCL12, along with cytokines is increased compared to
normal controls [11]. Procalcitonin (PCT) and C-reactive
protein (CRP) are acute phase proteins that have been evalu-
ated for use in the diagnosis and prognosis of sepsis [12, 13]
and have been included in the diagnostic criteria for sepsis by
the Surviving Sepsis Campaign [7].

Various molecules, including cytokines, chemokines, and
acute phase reactants are involved in these processes that are
interactive and dynamic [8]. These molecules are utilized in
diagnosis, prognosis, etiology, and response to therapy [14].
Recently, the definition of sepsis was changed from system-
atic inflammation with evidence of infection to life threaten-
ing organ dysfunction by dysregulation of host response with
evidence of infection according to the SEPSIS-3 criteria [1,
15, 16]. Therefore, molecules involved in diagnosis and prog-
nosis might have to be different from the previous literature.

In this study, we evaluated the levels of 45 molecules
that are typically examined in sepsis patients, which
included cytokines, chemokines, and growth factors. Their
levels were also determined in healthy normal controls.
Twenty-eight cytokines included interferon- (IFN-) a,
IFN-y, IL-1B, IL-1a, IL-1RA, IL-2, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17«, IL-18, IL-
21, 1L-22, 1L-23, IL-27, IL-31, leukemia inhibitory factor
(LIF), granulocyte macrophage colony stimulating factor
(GM-CSF), stem cell factor (SCF), tumor necrosis factor-
(TNF-) a, and TNEF-f. Eight chemokines included CCL2,
CCL3, CCL4, CCL5, CCL11, CXCL1, CXCL10, and CXCL12.
Nine growth factors included brain-derived neurotrophic
factor (BDNF), epidermal growth factor (EGF), fibroblast
growth factor- (FGF-) 2, hepatocyte growth factor, nerve
growth factor- (NGF-) f3, platelet-derived growth factor-
(PDGF-) BB, placental growth factor (PLGF), vascular
endothelial growth factor- (VEGF-) A, and VEGEF-D.

2. Materials and Methods

2.1. Patients in the Cohort. This was a single-center study that
was performed using remnant samples. The protocol was
approved by the institutional review board of Incheon St.
Mary’s Hospital (OC18TESI0121). We enrolled 80 consecu-
tive sepsis patients (>18 years of age) who were admitted to
the intensive care unit (ICU) through the emergency depart-
ment (ED). Eighty healthy substitutes who participated in a
routine health check-up program were enrolled from August
2018 to February 2019. Patients were excluded if they had
evidence of an immune compromised state (e.g., malignancy
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and chemotherapy administration). Demographic data, base-
line characteristics, and initial laboratory data of patients
were collected at the time of ICU admission through the
ED (Table 1).

2.2. Diagnosis of Sepsis. Sepsis was diagnosed based on
SEPSIS-3 criteria, which were based on SOFA (sequential
organ failure score) score >2 from baseline with evidence
of infection [1, 15]. The SOFA score was composed of
respiratory factor, blood pressure, consciousness using the
Glasgow Coma Scale, and three laboratory data (platelet
count, bilirubin level, and creatinine level). Increased SOFA
score correlated with severity of sepsis. Documentation of
infection was defined by medical examinations as follows:
microbiological tests, including culture of body fluids; real-
time or conventional polymerase chain reaction; radiological
analyses, including X-ray, ultrasonography, and computed
tomography; and serology [12, 13].

2.3. Laboratory Examinations. After entering the ED, routine
microbiology examination for patients included more than
one pair of blood cultures. Blood samples were drawn imme-
diately after admission to the ED before treatment and were
analyzed in a central laboratory within 2 hours [13]. Analysis
of various body fluids (urine, sputum, bronchoalveolar lavage
fluid, cerebrospinal fluid, abscess, and closed wound) was per-
formed according to patient status. Hematologic parameters
were measured using the XN-2000 series (Sysmex Corpo-
ration, Kobe, Japan), and blood chemistry data were mea-
sured using an AU5800 Automated Biochemistry Analyzer
(Beckman Coulter, Miami, FL, USA). Arterial blood gas anal-
ysis was measured using the GEM premier 3500 analyzer
(Instrumentation Laboratory, Bedford, MA, USA). These lab-
oratory data were collected during normal clinical practice.

2.4. Cytokine Measurements. Leftover serum samples after
routine laboratory tests were collected and stored at -80°C
before analysis of cytokines. Cytokines were measured simul-
taneously using the Cytokine/Chemokine/Growth Factor 45-
plex Human ProcartaPlex Panel 1 (Thermo Fisher Scientific,
Waltham, MA, USA). In brief, serum samples were thawed
on ice and centrifuged at 10,000g for 10 minutes. The
addition of 50 uL of beads to each plate was followed by
25ulL of standards, controls, and samples. Incubation was
performed for 2 hours, followed by two washes. Detection
antibody (25 uL) was added, and plates were incubated for
30 minutes at room temperature. Streptavidin with attached
phycoerythrin was added for 30 minutes. Data was acquired
using a MAGPIX instrument to measure signal intensities
(Luminex Corporation, Austin, TX, USA).

Molecules included for analysis included IFN-«, IFN-y,
IL-1B, IL-1a, IL-1RA, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-10, IL-12, IL-13, IL-15, IL-17«, IL-18, IL-21, IL-22, IL-
23, IL-27, IL-31, LIF, TNF-a, TNF- 3, CCL2, CCL3, CCL4,
CCL5, CCL11, CXCL1, CXCL10, CXCL12, BDNF, EGF,
FGF-2, GM-CSF, HGF, NGF-$, PDGF-BB, PLGF-1, SCF,
VEGF-A, and VEGE-D.

2.5. Statistical Analyses. The comparison of 80 sepsis patients
and 80 normal control patients were performed using the
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TasLE 1: Clinical characteristics and baseline demographics of the
80 sepsis patients®.

Characteristics

Demographics

Female/male (n, %) 36/44 (45/55%)
Age (years, range) 74.5 (38-87)
Age >65/<65 58/22 (72.5/27.5%)
Clinical parameters

APACHE II score 26.2 (3-38.9)
SOFA score 4 (2-13)
Laboratory data

Pa0,/FiO, 140 (45-920)
Lactate (mmol/L) 2.1 (0.3-14.4)
White blood cells (x10°/L) 12.8 (0.42-51.55)
Platelet (x10°/L) 196 (9-445)
Hemoglobin (g/dL) 11.4 (4.3-17.3)
Hematocrit (%) 33.8 (12.5-49.2)
Prothrombin time in INR, ratio 1.18 (0.93-3.62)
Total bilirubin (mg/dL) 0.8 (0.3-3.8)
AST (U/dL) 27 (8-1470)
ALT (U/dL) 19 (5-2100)
Lactate dehydrogenase (IU/dL) 521 (138-2492)
BUN (mg/dL) 24.05 (8.2-184.1)
Creatinine (mg/dL) 1.06 (0.3-23.8)
Final diagnosis

Urinary tract infection (n, %) 32 (40%)
Respiratory tract infection (n, %) 36 (45%)
Digestive tract infection (1, %) 4 (5%)
Hepatobiliary tract infection (1, %) 3 (3.7%)
Others (1, %) (6.3%)
Underlying disease

HTN/DM (n, %) 10/6 (12.5/7.5%)
HTN + DM (n, %) 13 (16.3%)
Prognosis

Survivor (1, %) 63 (78.7%)
Nonsurvivor (1, %) 17 (21.2%)

“Data are presented as median (range) for continuous variables and
frequency (%) for categorical variables. APACHE: acute physiology and
chronic health evaluation; SOFA: sequential organ failure assessment; AST:
aspartate aminotransferase; ALT: alanine aminotransferase; HTN:
hypertension; DM: diabetes mellitus.

Mann-Whitney U test for cytokine, chemokine, and growth
factor levels. Bonferroni correction was performed for P
value calculations. Diagnostic performance was analyzed
using receiver operation characteristic (ROC) curves, which
were compared using a nonparametric method. The maxi-
mum area under the ROC curve (AUC) was used as cut-off
values. Sensitivity, specificity, positive and negative predic-
tive values, and accuracies were calculated with a 95% confi-
dence interval. Correlation analysis by Spearman’s method
was used to analyze cytokine related with SOFA and Acute
Physiology and Chronic Health Evaluation (APACHE) score.
Prognosis was predicted by logistic regression analysis. Each

molecule was analyzed by the stepwise forward method,
and those with statistical significance were further analyzed
by multivariate analysis. Hierarchical clustering was per-
formed using the R program to divide the data into homoge-
nous subgroups and enlarge the difference between the
subgroups [17]. The partitioned data within the same cluster
were more similar to each other than to data in other clusters.
Pairwise dissimilarities were calculated among samples and
formed clusters that were least dissimilar between samples
by calculating distances iteratively. Distance between samples
were calculated by the Euclidean method [18]. Dendrogram
of clustering analysis was plotted. All remaining statistical
analyses were performed using MedCalc software version
18.11 (MedCalc Software bvba, Mariakerke, Belgium).

3. Results

3.1. Baseline Characteristics of Sepsis Patients. The median
age (range) of the control group was 70 years (38-85) and
for the sepsis group 74.5 years (38-87). In the control group,
64 individuals (80%) were >65 years of age and 16 (20%)
were <65 years of age. The control group comprised 38
(47.5%) females and 42 (52.5%) males. The sepsis group
comprised 36 (45%) females and 44 (55%) males (Table 1).
Among sepsis patients, 53 (66.2%) had infection confirmed
by bacterial growth and 27 (33.8%) had evidence of sus-
pected bacterial infection. Among the 53 patients, bacteria
were recovered from the primary site in 50, from blood
culture in three, and from both primary site and blood
culture in 15 (Supplemental Table 1)). Among the
identified microbes that were isolated, Escherichia coli
(12/50, 24%) was the most common pathogen, followed by
Acinetobacter baumannii  (8/50, 16%) and Klebsiella
pneumoniae (7/50, 14%) from the primary site. In the case
of blood culture, E. coli (9/18, 50%) was the most common
pathogen, followed by the Klebsiella species (4/18, 22.2%).
The final diagnosis revealed that 45% and 40% of all
patients suffered acute respiratory tract and urinary tract
infection.

3.2. Cytokine Profiles. Twenty-eight cytokines, eight chemo-
kines, and nine growth factors were measured in the sepsis
and control groups (Table 2). In the control group, IFN-«,
IL-4, IL-5, IL-9, GM-CSF, and TNF-f8 were not detected.
Except for EGF, concentrations of the molecules were
increased in the sepsis group. Comparison of molecules
between the control and sepsis groups revealed statistically
significant differences, except for IFN-a, IL-1RA, IL-1p, IL-
2, IL-6, IL-7, IL-15, LIF, GM-CSF, TNF-«a, CCL4, CCLS5,
and CXCL12. In the control group, the levels of IL-2, IL-15,
IL-27, BDNF, PDGF-BB, and PLGF-1 cytokines were signif-
icantly lower in older patients (>65, n=64) compared to
younger patients (<65, n = 16). In the sepsis group, none of
the molecules revealed statistical significance between the
older and younger age group (Supplemental Table 2).

3.3. Diagnosis of Sepsis. ROC curve analysis results for cyto-
kines are presented in Table 3 and results for chemokine
and growth factors in Table 4. HGF showed the highest area



Disease Markers

S0°0> 0%°001 $0'9C1 ¥8'6¥ 0€T11 (urxej09) 11700
SN 65'595 6%'%09 0T'S81 L5681 (SHLNVY) ST100
SN 1081 20°6TL 06'€91 96'%9¢C (J1-dIN) ¥ 10D

S0°0> 61°9¢ 06'7C €€°1T L0°91 (P1-dIN) €100

S0°0> 6€°SEET 90118 (i 96'S9 (1-dON) 7100

muEEOEMSU

S0°0> 8L7TL 8%'6 00°0 000 (4LT) -INL
SN 9671 [ €L's 791 (V.LT) 0-INLL

S0°0> 0T%¢ 0£'8¢ 068 4RIt (511DRI) 408
SN L8°0F 19 000 000 (2dSD) 4SO-IND
SN 8L IE1 61'Sh 1L TT9 AI'T

S0°0> L0'8ST 1€°0€ SL'S $9°0 €11

S0°0> LS'T0T 00'9% LL8 66°0 LTI

S0°0> 12T €€'8¢S €ISt e €T11

S0°0> €1°L58T 1876V 8¢'Sh 9001 I

S0°0> $9°09% F17201 FI61 s 17-11

S0°0> 8%'S8 6¥€S 15°S 0S'T 81-11

S0°0> 6591 S0'L e 208! VLI-TI
SN S6'TE S LI 67Tl SE01 ST-11

S0°0> 6561 LL9 ¥6'1 8%°0 SI-1

S0°0> 6€T 9¢°0 (JA 61°0 02dzT-TI

S0°0> ¥hice 6588 0 L0°0 01-TI

S0°0> 6096 €9°¢1 00°0 000 6-11

S0°0> ¥8°S¥6 80°01€ 01°9¢ Sad! 811
SN ¥6'L w9 ¥6'1 17T L1
SN €L°€08% €6'1¢61 ULl wy 9-TI

S0°0> 1281 S6¥ 000 000 S-11

S0°0> €0°¢ce 888 000 000 P11
SN PSP 0%'L1 9701 LS01 11
SN w6L 9T’¢ 91 SH0 J1-11

S0'0> 05°sS 7081 €TL 81T P11
SN T€enee ¥679SL1 ST'8F¢ $9'91¢ VII-11

S0'0> €TTHI 78°0T 000 000 A-NdI
SN 81°¢9 8L 870 S0°0 0-NAI

SoUD{0IAD)
(onfeA J) Uo1199.1100 as UBIN as UBIN

TUOLIJUOg (08 = u) stsdag (08 = u) o1UOD (Tu/3d) ssnostoIN

'sdnoig sisdos pue [o1u0d UsEMISq S1030B] YIMOIS PUE ‘SIUDOWAYD ‘SUNR{0}Ld Jo uostredwo)) :g A14V],



Disease Markers

*10J0¢J Y)MOIS [BIPYIOPUS JeNISLA HIDT A T0IIBJ [[90 Wd)S DS 10J0ef Yimois reyuase[d
21914 10308 ImoId paatap-1o[aie[d 11D J 1039e] YImoI3 2AIU 1IN 10)0'] yImoid a1hoojeday (1D 10308 Sunemumns Luojod aeydordewr ajhoomuers 1 1$D-ND 1030e] YImo1S Se[qOIqY H{D) 1030ef YImo1d
[ewsapids 1H7 103oe) orqydonomau pasLop-urelq ;INA{ PUesi Jnowr DX *TIXD PUeSI] JUBOWSYd JowW DY) 2D LI0JOJ SISOIdAU JOWN] ;N ], $1030ef AT0JIqIYUT ereuadnaf [T ‘UD[NSMISJUT ][ ‘UOIJINUT INI]

S00> 17°8¢C 8¢°LC 978 789 (d91d) d-d9FA
500> 668801 L81¢8 S¥CIc 8¥'¥0C V-4DdA
500> CeILT 6L°LET 1€°98 €0’ IVl 1-4971d
S0°0> STLSTIT 8¥°99¢ voeel ST6I1 d9-45dd
S0°0> °L09 81'1¢ geal L JON
S0°0> TT0LST SYIIIT 8¢ TV1 LTT81 dOH
S0°0> SE0IT 10°8C ¥L'0 80°0 454
500> €0'89 06's¢ 66'0¢ wer 404
S0°0> €6'689 €TY09 §6'9CC 89T ANA4d
SI010B] YIMOID)

SN 0L%0C1 80'9CEl 6¥°L0T 1169 (1-4as) TITOXD
S0°0> wrevs Y0¥¢C 9¢6°81 86'1¢ (01-dI) 0TTOXO
S0°0> S 10¢ 1028 1911 18T (v-0¥D) TTOXO

(anfea g) uonosairod as UBIN as UBIN

uoLIRJuOg (08 = u) s1sdag (08 = 1) [oIU0D (Tu/Sd) ssosoIN

"panuUTIu0)) 7 AT4V],



Disease Markers

“10J08J [[92 WS DS 1030ey Junemnuns Luojod ageydorew a14domueisd 118D $1010B] SISOIU Jown)

HINLL £10308) A103IQIUUT BIUIONNA] 1] ‘UD[NSIIUI :T] ‘HOIJISIUT : N[ S[BATIUT 2OUIPYUOD <7 :anfea 2A1d1paxd aaneSou : A N onfea aanorpaxd aanisod : A dd oamd onstaioererd Sunerado 19A10001 Jopun eare ;)Y

(9°65-8°CF) €IS (L19-5°6€) 90$ (001-0'66) 001 (001-0'66) 001 (Fe-s1) ST 01 €150 (L) g-INL
(9°19-L%%) TEs (6'29-L°0%) 8IS (£sL-T19) ¥'€9 (0°¢6-5°68) €16 (¢L1-8°C1) T'ST 0T 1€5°0 (V.LT) »-ANL
(9'9£-6"09) 8'89 (5'9£-55S) 099 (T¥8-%'19) LTl (108-6'%L) SLL (T°€9-1°LS) 109 871 1240 (5TLDI) 08
(€09-5°¢¥) 6'1S (079-8°6€) 6'0S (001-0'66) 00T (001-0'66) 001 (67-97) 8¢ 01 6150 (2dSD) 4SO-ID
(€8£-629) 90L (T¥8-0'59) Lyl (9'6£-8'SS) L'L9 (§'59-%'65) §79 (€18-792) 88/ 19 0920 dI'T
(6'59-€°6¥) 9°LS (TS9-T'€h) THs (9°66-898) €6 (¥'66-1'86) 8'86 (8'8T-T%1) S91 01 SLS0 €11
(¥69-0°€S) 19 (¥'L9-T'SF) 796 (001-1°68) 876 (¥'66-6'L6) L'86 (F92-1'12) 8'€T 01 €19°0 LTI
(T'89-L15) 009 (£99-9%%) LSS (9°£67€T8) 006 (¥'86-596) S'L6 (1'sT-6'61) §Te 01 109°0 €TI
(¥'69-0°€S) 719 (8'£9-8'S%) 896 (6'16-7'CL) T8 (Ts6-€726) 8'¢6 (5'1€-8'S7) 18T 01 S19°0 (4481
(7'99-8°6¥) 1'8S (8°59-L'¢¥) 8%S (6'98-1'59) 09Z (T'76-8°06) S6 (#92-T'17) 8¢C 0T G890 12-11
(9°08-9'59) res (T'££-T°99) £'99 (T'96-%'6L) L[8 (T'76-8°06) §6 (8'95-£705) 8¢S 0T 9.0 81-TI
(9°€L-9°LS) LS9 (S'1£-8°6¥) £09 (5'68-£'89) 16 (£06-8'98) 8'88 (9°s¥-1'6€) STF STT %90 VLI-1I
(£'99-9'6¥) 085 (8°59-L'¢¥) 8%S (1°8-£'29) 6€L (0°¢6-5'68) €16 (€LT-1T0) 0'$C LvC €150 ST-TI
(8'89-%CS) 909 (6'99-6F%) 6'SS (001-6'66) 001 (001-6'66) 001 (8°€7-L'8T) €1T S0l 909°0 €T-11
(T'65-T°TH) 9'0S (F'19-T6€) €0S (8°£L-9°¢S) LS9 (¥'66-6'L6) L'86 (5°¢-S'1) ST 01 90S°0 -1
(6'£8-L%L) €18 (7'¢8-8°¢9) 9¢L (001-%'16) €96 (5'86-5'96) S'L6 (1°89-1'79) 1'59 0T 0280 0T-TI
(€09-%°¢¥) 6'1S (1'79-8°6€) 60S (001-6'66) 001 (001-6'66) 001 (67-97) 8¢ 01 6150 6-1
(7'¢8-1'69) €9/ (7'€8-T'%9) 6€L (9°68-8'89) T6L (£€8-8'82) €18 (T'¥2-%'89) 1L 11 1820 8-TI
(6'8£-L'€9) €1z (T'£L-T99) L'99 (£'68-1'69) v6L (¢£8-8'78) 1's8 ($°09-%%S) §'LS 43 £0L°0 L1
(1'88-6'%L) S'18 (T¥8-6'%9) 9¥L (6'66-9£8) L'€6 (8'96-T'¥%6) §'S6 (¥0£-S%9) S'L9 807 0£8°0 9-TI
(6'59-T°6S) 9'LS (T'$9-0°¢¥) I'%S (001-6'66) 00T (001-6'66) 001 (¢L1-8°C1) T'ST 0T GLS0 S-T1
(T'%9-T'L¥) 9'6S (T%9-6'T%) 6'TS (001-6'66) 00T (001-6'66) 00T (TET1-€6) €11 01 9650 11
(5'79-5'8%) 695 (9°'12-6'6¥) 809 (££9-€TF) 1'ss (8'1¥-8'5€) 8'8¢ (9°LL-€TL) 0'SL 0T €850 -1
(€°62-5°65) 7.9 (TeL-L19) ¥'79 (5'68-£'89) 6L (5°68-%'S8) G'/8 (F0S-€¥¥) A 71 TL9°0 0111
(T02-2°€S) 619 (1°89-1°9%) I'eh (€96-8°6L) 188 (¥'L6°1°S6) €96 (Toe-L%7) S'LT 61 8650 J1-11
(1'26-5°08) €98 (L06-8°€L) T8 (5'86-T%8) v'16 (I'76-8°06) S'T6 (528-9°LL) 108 9’185 €680 VII-11
(192-921) €6l (891-%°¢) 01°0 (001-6'66) 00T (001-6'66) 00T (Te1-¢'6) €Il 01 9650 A-Nd1
(S'19-L%%) Tes (L79-60%) 916 (L29-60%) 798 (7'66-1'86) 8'86 (16-8°S) S'L 01 1€5°0 0-NAT
(ID %S6) foemooy (ID %S$6) AdN (ID %S$6) Add (ID %S6) Aypynadg (ID %S6) Aamisuag - go-mnD ony SIoNIeworg

's1sdas Jo sisouerp 10j sounj03Ad g7 Jo SIsAJeue dAIMD dnsiIloeIeyd Sunerddo IPAIDY ¢ T4V ],



Disease Markers

*10308] YIMOIS [BIPYIOPUS JR[MISBA H{DT A L10J0BJ [[20 WAls 11§ 10308y yimoid [eyuaoerd :10Td £1030ef Y3moi1d paauap-joppre[d (1DJ 10308)
IMOIS 2AI0U DN 10308] yImo13 a1hd0jeday (1O Y <103oey Sunemnuns Auojos afeydoroeur afoomuersd 135D-]ND <10108] [IM0IS 158[qOIQY D) 10308] [Imo13 [ewrapida 110 1010e] o1ydo1j0Inau paALIap-urelq
HINAg pueSiyynow DY) IDXD PueSip sunjowayd Jow DY) 1)) S[EAIIUI 3dUIPYUOD ) :dnfea 2A1o1pard aanedou : A JN @nfea 2ano1paid aansod : A 44 ©aInd snsujoereyd Sunerado 19A19021 Jopun eare :HNVY

(T'18-7°99) L€l (8'6L%'65) 9'69 (6'68-7'69) 9'6L (1'88-5°18) 8'¢8 (¥'99-5°09) §'€9 8¢l TLLO (I914) d-I99A
(T'18-8'99) 8¢L (T'18-T'19) I'1L (6'£8-5'99) TLL (5'28-9'4L) 108 (7'0£-S%9) §'/9 SeIe 06270 V-I99A
(5'69-1°€S) €19 (1'6£-9'85) 889 (9°0L%'S¥) 185 (€¥P-T'8¢) ¢I¥ (£'€8-8'82) €18 TL8 929°0 1-491d
(§'T7L-€799) 799 (¥'0£-9'8%) §'6S (6'68-%'69) 9'6L ($'16-7'88) 1'06 (8'1%-£'S€) 8'8¢ 9'6.¢ 1190 dg9-15dd
(€1£-1°S9) €9 (6'69-1'8%) 165 (9°68-%'¢9) VL (7'88-T'%8) €98 (Tev-1°LE) 0¥ 6'1¢ 9€9°0 ION
(506-7°8L) P8 (5°88-1°0L) 9'6L (£°86-L¢8) I'16 (T'76-8°06) $'T6 (6'8£-9¢€L) €9L TI¥E 668°0 IOH
(7'89-6'19) 709 (L'99-L'F¥) LSS (001-1°68) L'¥6 (7'66-1'86) 886 (0%2-6'81) S1C 0T 109°0 194
(0'92£-€°09) 789 (8'SL-L%S) €59 (£€8-609) €TL (8°08-6%2) SLL (8'19-£'59) 8'8S ¥0¢ £99°0 1949
(£'LL-TT9) 00L (§'92-%'5S) 099 (¥£8-8'59) 99/ (8'%8-1°08) S8 (5°09-%%9) SLS €'€6¢ 0690 ANAad

wpoaum.« LEOMU
(€78-8°L9) 1'sL (§°6L-0'6S) €69 (L¥676'9L) 6'S8 (6'16-7°88) 106 (1°€9-T°LS) 109 9568 990 (1-4as) TI'TOXO
(¥'88-%'SL) 6’18 (8'58-8'99) €9L (8°L676C8) 706 (1'76-8°06) $'T6 (T7L%89) €IL S9¥ 1680 (01-dI) 0TTOXD
(8'78-%'89) 9'GL (5°8-8°LS) 1'89 (8°66-%'L8) 9'¢6 (7'£6-1'S6) €96 (T'85-6'19) 0SS 01 65270 (v-0¥D) 1T0XD
(¥'99-8°6%) 1'8S (L59-9°¢¥) L'¥S (9'88-5°29) 1'8L (T56-1°26) L'€6 (T'sz-6'61) §'Te 9°6¥ 80S°0 (urxejo9) 110D
(6'8-T°CL) 6L (¥'s6-T18) €88 (9%8-029) €es (T0L-€%9) €9/ (LT6-T°68) 106 9°6L1 £88°0  (SHINWVY) STOD
(¥°52-6'65) §'L9 (TeL-L18) $79 (5'68-8'89) T6L (5°68-5°58) G'/8 (5°05-€7%) Sy 81TH €590 (J1-dIN) ¥10D
(8'29-6'SH) ¥ (TL9-8'TF) THs (€°L9-8°1%) SHs (€65-7°€S) €95 (9°55-¥°6%) §'TS 86 0€5°0 (01-dIN) €100
(¢'£8-T¥%L) L08 (1'$8-6'S9) ¥'SL (9°26-€728) 060 (S'76-S'16) 0'¢6 (#7'0£-S'%9) §'/9 §'S0T 0780 (T-dOIN) TTIOD

saunjoway)

(1D %S6) foemay (1D %S6) AdN (ID %S$6) Add (ID %S6) Aypypadg (ID %S6) Aapisuag  go-md DOV sIaxIRWON]

*stsdos Jo sisouSerp 10J s10108] IMOIS JUTU PUB SIUR{OWAYD JYSId JO SISA[eue dAIND d1jstIa)oeIeyd unerado 1oATINY f 414V ],



Disease Markers

T T T T T
60 80 100

100 — specificity

8
100 —
80 —
g o601l
5 i
: |
@ 40
it
20 —
0 —
T T T
0 20
—— HGF
——— IL-1RA
------ CCL5

-—-— CXCL10
----- IL-6

FIGURE 1: Receiver operating characteristic curves for the diagnosis of sepsis that showed the highest values among tested molecules.
Comparison of HGF and IL6 (P = 0.042) and IL-1RA and IL-6 (P = 0.028) revealed statistical significance.

under the receiver operating characteristic curve (AUROC)
value of 0.899 followed by IL-1RA (0.893), CCL5 (0.887),
CXCL10 (0.851), and IL-6 (0.830). HGF and IL-1RA had
higher AUROC compared to that of IL-6 by pairwise statisti-
cal comparison (Figure 1).

3.4. Correlation Analysis. Correlation between SOFA and
APACHE score and molecules was studied using Spearman’s
method. Correlation coefficient and P value between SOFA
and molecules are as follows: IL-4, 0.235 and 0.035; IL-13,
0.300 and 0.010; IL-15, -0.258 and 0.027; and SCF, 0.266
and 0.023, respectively. The respective values for the
APACHE score are as follows: IL-9, 0.341 and 0.010; IL-10,
-0.282 and 0.034; IL-21, 0.297 and 0.025; and NGF, 0.286
and 0.031.

3.5. Prediction of Nonsurvivors. Prediction of the 28-day all-
cause mortality was studied by univariate and multivariate
analyses. Age, SOFA score, IL-10, IL-17A, IL-18, CXCL10,
EGF, NGF, SCF, and VEGF-D were included in the univari-
ate analysis. Age, SOFA score, and EGF revealed statistical
significance in multivariate analysis (Table 5). Age and SOFA
score revealed an odds ratio (OR) >1.0, indicating that higher
age and SOFA score predicted unfavorable prognosis. EGF
revealed an OR (95% CI) 0f 0.979 (0.959-1.001) with a P value
of 0.050, indicating that higher EGF levels were associated
with favorable prognosis. Molecule levels revealed statistical
significance when compared to the control levels. None of
the molecules were significantly different in survivors versus
nonsurvivors. Concentrations of EGF, NGF, SCF, and
VEGEF-D were decreased in nonsurvivors, whereas IL-10,
IL-17A, IL-18, and CXCL10 concentrations were the same
or the levels were increased in nonsurvivors (Figure 2).

3.6. Clustering Analysis. Supplemental Figure 1 shows a
hierarchical clustering analysis dendrogram. Three clusters

from 80 control and 80 sepsis patient samples comprised
cluster 1 (n=124), cluster 2 (n=5), and cluster 3 (n=31).
Cluster 1 revealed the lowest cytokine levels compared to
those of the other groups, because all control samples were
included in this cluster. Clusters 2 and 3 were composed of
only sepsis patients. Cluster 2 had the highest levels of IL-
1RA, IL-1, IL-6, IL-7, IL-8, IL-9, IL-12, IL-13, IL-17A, II-
21, SCF, TNF-B, CCL4, CXCL10, CXCL12, BDNF, FGF-2,
HGF, NGF, PDGF-BB, VEGF-A, and VEGF-D. Cluster 3
had the highest levels of IFN-a, IFN-y, IL-1«, IL-4, IL-5, II-
10, IL-15, IL-18, 1I-27, LIF, GM-CSF, TNF-a, CCL3, CCLS5,
CCL11, CXCL12, and EGF levels (Supplemental Table 3).
Cluster 1 had the lowest nonsurvivor ratio (7/115, 5.7%),
cluster 2 had 40% of the nonsurvivors (2/5), and cluster 3
had 25.8% of the nonsurvivors (8/31, 25.8%). The
differences were statistically significant.

4. Discussion

This study evaluated 45 molecules, including cytokines,
chemokines, and growth factors by the multiplexing method.
The focus of the definition of sepsis was changed from
inflammation to organ dysfunction and immune dysregula-
tion [1, 19]. Therefore, new biomarkers related to this defini-
tion might be required for diagnosis and prediction of
prognosis. Diagnosis of sepsis under SEPSIS-3 was based on
the SOFA score that includes three clinical parameters and
three laboratory parameters. Diagnosis of sepsis has become
sophisticated, and biomarkers that reflect infection, organ
dysfunction, and immune dysregulation are required. The
presence of biomarkers related with the diagnosis or progno-
sis of sepsis could support clinicians in the field and might
enhance patient care and probability of survival. Therefore,
in this study, cytokines, chemokines, and growth factors that
were expected to be associated with organ dysfunction or
immune dysregulation were examined.
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TaBLE 5: Univariate and multivariate analysis for the prediction of prognosis among sepsis patients.
Univariate Multivariate
Odds ratio 95% CI P value Odds ratio 95% CI P value
Age 1.058 0.999 1.121 0.038 1.092 1.012 1.177 0.022
AST NS
ALT NS
CRP NS
PCT NS
Creatinine NS
Total bilirubin NS
APACHE II score NS
SOFA score 1.279 1.064 1.539 0.009 1.349 1.074 1.695 0.010
IL-10 1.001 1.000 1.002 0.034
IL-17A 1.019 1.001 1.037 0.036
IL-18 1.010 1.000 1.019 0.047
CXCL10 1.002 1.000 1.004 0.014
EGF 0.973 0.957 0.989 0.001 0.979 0.959 1.001 0.050
NGF 0.984 0.974 0.995 0.005
SCF 0.975 0.958 0.993 0.007
VEGE-D 0.998 0.975 1.000 0.050

AST: aspartate aminotransferase; ALT: alanine aminotransferase; CRP: C-reactive protein; PCT: procalcitonin; APACHE: acute physiology and chronic health
evaluation; SOFA: sequential organ failure assessment; IL: interleukin; CXCL: chemokine (C-X-C motif) ligand; EGF: epidermal growth factor; NGF: nerve
growth factor; SCF: stem cell factor; VEGF-D: vascular endothelial growth factor D precursor.

As expected, all of the cytokines were increased in the
sepsis group compared to the healthy control group, except
for EGF, which was lower in the sepsis group (Table 2). In
a previous study, EGF concentration was higher in those over
65 years of age in the normal healthy population [20]. Pres-
ently, however, there was no statistical significance between
age >65 and <65. An age-dependent concentration difference
was evident for IL-2, IL-15, IL-27, BDNF, and PDGF-BB. In
the sepsis group, no molecule showed an age-dependent
concentration difference.

Previous studies compared systemic inflammatory
response syndrome and sepsis based on the previous
SEPSIS-1 definition [16, 19]. While direct comparison of
markers between the present and prior studies might be mis-
leading, the ROC value of IL-6 was 0.830 in the present study
and slightly lower (0.811) previously [12]. Unexpectedly,
HGF revealed the highest ROC value of 0.899 followed by
IL-1RA (0.893). In a previous study, HGF was higher in
pneumonia patients compared to control, which was associ-
ated with a regenerative effect [21]. In a mouse experimental
model, injected HGF blocked the apoptosis of hepatocytes
against endotoxin-induced hepatic failure, whereas hepato-
cytes resulted in an apoptotic state in the absence of HGF
injection [22]. Tt is thought that secreted HGF regenerates
hepatocytes or other cells from apoptosis or assists in the
recovery of cell damage triggered by microbes or the host
immune response.

Multivariate analysis revealed age, SOFA score, and EGF
as independent and statistically significant predictors of
prognosis. For EGF, we hypothesize that tissue recovery or
regeneration by growth factors might be associated with
prognosis of sepsis. Deterioration of tissue by microbes or

immune dysregulation are thought to be recovered by growth
factors, such as EGF, NGF, SCF, and VEGF, or by other pro-
teins related with damage control. However, if recovery of
tissue is insufficient with these growth factors, or if growth
factors are depleted, organ failure can eventually occur. Pres-
ently, the concentrations of EGF, NGF, SCF, and VEGF were
decreased in nonsurvivors compared to survivors, without
statistical significance (Figure 2). In an experimental mouse
model of sepsis triggered by cecal ligation and puncture, sys-
temic administration of EGF improved intestinal integrity
and decreased mortality [23, 24].

To predict SOFA and APACHE II scores from the
tested molecules, correlation analysis was performed.
The correlation coefficient was lower, ranging from 0.2
to 0.3. These results indicated that other factors might
affect organ dysfunction or disease severity. Hierarchical
clustering analysis resulted in three clusters: cluster 1
(n=124), cluster 2 (n=>5), and cluster 3 (n=31). Further
studies are required to determine whether cluster 2 is a
real cluster or was formed by remnants after clusters 1
and 3 had formed. The rates of nonsurvivors were 5.6%
(7/124), 40% (2/5), and 25.8% (8/31) in cluster 1, cluster
2, and cluster 3, respectively. Cluster 2 included four
patients with urinary tract infections and one patient with
a respiratory tract infection, which was statistically signif-
icant by Chi square test (P =0.05). Most of the molecules
were increased in clusters 2 and 3 compared to cluster I,
indicating that cytokines are increased in sepsis compared
to healthy controls. Among them, EGF was lowest in
cluster 2 (which had the highest 28-day mortality), lower
in cluster 3, and highest in cluster 1. As EGF was the
only molecule that was included in the multivariate
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F1GURE 2: Molecular levels among the control group and survivors/nonsurvivors of sepsis. Asterisks indicate statistical significance compared

to that of the control group.

analysis, EGF reflects prognosis and might play an important
role in the pathogenesis of sepsis. IL-1a and IL-4 were lowest
in cluster 2, which might be related with unfavorable progno-
sis or immune dysregulation. In a previous network analysis,
the IL-4 gene was the hub node among the sepsis group,
implying that this gene was related with other cytokine mol-
ecules. Although patient survival was not reported in the pre-
vious report, IL-4 is one of the molecules that plays an
important role. The decreased level of IL-4 in cluster 2 might
have resulted in higher mortality.

The limitations of this study are the relatively small sam-
ple sizes and the lack of proper hierarchical clustering analy-
sis. Age and sex between the control and sepsis groups were
not perfectly matched and the age of the patient group was

slightly higher than that of the control group; age is a known
risk factor for sepsis. As there are scant data related to growth
factors in prior studies, further studies will be required to
verify the present results.

5. Conclusions

HGF and IL-1RA demonstrated diagnostic capability, and
EGF predicted favorable prognosis among sepsis patients.
Most of the growth factors were decreased in nonsurvivors
of sepsis, which may be associated with the pathogenesis of
sepsis. Further studies are required to verify the use of cyto-
kines, chemokines, and growth factors for sepsis diagnosis
and prediction of prognosis.
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