Inflamm. Res. (2009) 58:385-393
DOI 10.1007/s00011-009-0003-0

Inflammation Research

ORIGINAL RESEARCH PAPER

Serial cytokine levels in patients with severe sepsis

Huang-Pin Wu + Chian-Kuang Chen - Kong Chung -
Jo-Chi Tseng * Chung-Ching Hua * Yu-Chih Liu -
Duen-Yau Chuang - Chung-Han Yang

Received: 29 April 2008 /Revised: 26 November 2008 / Accepted: 10 December 2008 / Published online: 5 March 2009

© Birkhduser Verlag, Basel/Switzerland 2009

Abstract

Objective and design The serial or dynamic changes of
cytokine levels in severely septic patients, between shock
and no shock, survivors and non-survivors are still unclear.
Methods Seventy-six patients with severe sepsis were
enrolled to our study. Plasma levels of interferon-y, inter-
leukin (IL)-6, IL-10, IL-12 and transforming growth factor-
p1 from day 1 to day 7 were determined.

Results IL-6 level in non-survivors was higher than that
in survivors on day 1. IL-10 level in non-survivors was
higher than that in survivors on day 1, 2, and 3. IL-6 level
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in shock patients was higher than that in non-shock patients
on day 1, 2, 6 and 7. IL-10 level in shock patients was
higher than that in non-shock patients from day 1 to day 7.
Plasma time-course curves of IL-6 and IL-10 were differ-
ent between survivors and non-survivors. Plasma time-
course curve of IL-6 was different between patients with
shock and without shock. Regression analysis found that
IL-6 was correlated with IL-10 and shock. IL-10 was
correlated with IL-6 and mortality.

Conclusion IL-6 and IL-10 were the key cytokines in the
pathogenesis of severe sepsis. IL-6 was comparatively
more associated with septic shock and IL-10 was com-
paratively more associated with mortality.

Keywords Sepsis - Cytokine - Human - Interleukin-6 -
Interleukin-10 - Transforming growth factor-betal

Introduction

Severe sepsis is predominantly a problem in intensive care
units (ICUs). Sepsis is a complicated syndrome in which
pro-inflammatory and anti-inflammatory cytokines are
expressed simultaneously [1]. Pro-inflammatory cytokines
is regulated by anti-inflammatory cytokines. Early inflam-
matory response in sepsis is characterized by the release of
a number of pro-inflammatory cytokines, including inter-
feron (IFN)-y, interleukin (IL)-6 and IL-12. Leptin and
IL-6 were reported to be independent predictors of death
[2]. Injection of IL-6 before lipopolysaccharide (LPS)
protected against fatal outcome in mice [3]. In the
PROWESS (Recombinant Human Activated Protein C
Worldwide Evaluation in Severe Sepsis) study, the plasma
IL-6 level in placebo-treated patients who had survived
was significantly lower than that in those not survived [4].



386

H.-P. Wu et al.

These findings suggest that IL-6 is a key cytokine during
sepsis. IFN-y enhances macrophage function and plays an
important role in the pathogenesis of sepsis. IFN-y has
antiviral activity, augments tumor necrosis factor (TNF)
activity, and induces nitric oxide [5]. Further, animal
model has identified elevated circulating IFN-y levels in
sepsis [6, 7]. Antigen-presenting cells, including mono-
cytes and macrophages, dendritic cells and neutrophils, are
the primary source of IL-12. IL-12 induces proliferation,
IFN-y production and increase cytotoxic activity of T and
natural killer cells. Importantly, IL-12 induces the polari-
zation of CD4™" T cells to the T helper 1 (Th1) phenotype
that mediates immunity against intracellular pathogens [8].
Therapy to augment the production of Thl cytokines by IL-
12 might be beneficial in the treatment of experimental
mice with severe sepsis after peritonitis [9].

The latter inflammatory response in sepsis has been
referred to as compensatory anti-inflammatory response
syndrome, including release of IL-10 and transforming
growth factor-beta (TGF-f). In a murine model, the septic
response substantially impaired lung immunity to Pseudo-
monas aeruginosa, and this effect was mediated primarily
by endogenously produced IL-10 [10]. In a model of acute
endotoxic shock, it was found that the lethal dose of LPS for
IL-10-deficient mice was 20-fold lower than that for wild
type mice [11]. It appears that depending on the experi-
mental model, IL-10 may be beneficial or deleterious.
Plasma TGF-p values were reported to be unable to provide
any prognostic information [12, 13]. The level of TGF-f
was higher in malaria children with severe disease than in
those with mild disease [14]. The role of TGF-f in severe
sepsis is still unclear.

Up to now, most studies only measured the cytokine
levels for septic patients upon the admission, a follow-up
study was either none or limited [15-17]. A study of
Fernandez-Serrano ever showed the time course profiles of
TNF-o, IL-6, IL-8 and IL-10 in patients with severe com-
munity-acquired pneumonia [18]. However, the patient
number of Fernandez-Serrano’s work is small (N = 38).
Thus, we designed a prospective study with a larger case
number to examine the sequential plasma levels of IFN-y,
IL-6, IL-10, IL-12 and TGF-f1 from day 1 to day 7 in
patients with severe sepsis. The purpose is to analyze the
relationship between these cytokines and the outcome of
severe sepsis.

Materials and methods

Subjects

From October 2003 to September 2005, 76 patients
who were admitted to emergency department and soon

transferred to ICU at Chang Gung Memorial Hospital due
to severe sepsis were enrolled to this study with informed
consent provided by their families. The ICU is a medical
and closed unit in our hospital. This study was approved
by Institutional Review Board at Chang Gung Memorial
Hospital (IRB/CGMH). The following patient’s data was
recorded within the first 3 days after admission: age,
gender, medical history, infection source, Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) 1II score,
and co-morbidity. Standard treatment, including fluid
resuscitation, broad-spectrum antibiotics, drainage and
basic support, were provided to all patients. Antibiotics
and fluid resuscitation were started as soon as possible
after the sepsis was diagnosed [19]. Pneumonia was
diagnosed based on abnormal infiltration shown on the
chest radiography. Urinary tract infection was diagnosed
based on the presence of pyuria and positive bacteria
culture. Acute renal failure was diagnosed as a rapidly
rising serum creatine level >0.5 mg/dl over the base-line
value [20].

Severe sepsis and septic shock were defined according
to the criteria made in the Consensus Conference [21].
Systemic inflammatory response syndrome (SIRS) was
defined as two or more of the following criteria: (1)
body temperature >38°C or <36°C; (2) respiratory rate
>24 breaths/min; (3) heart rate >90 beats/min; and, (4)
white blood count >12,000/pl or <4,000/ul or >10%
bands. Sepsis was defined as SIRS according to a con-
firmed or suspected microbial etiology. Severe sepsis was
defined as sepsis with one or more of organ dysfunction
or hypotension. Septic shock was defined as sepsis with
hypotension unresponsive to fluid resuscitation, which
further requires vasopressors to maintain blood pressure
on the emergency department admission day. Disease
severity was assessed with the APACHE II score [22].
The survivors were defined as patients, who were alive
28 days after hospital admission.

Cytokine measurement

Patient’s plasma samples in day 1 were obtained as soon as
their arrival at admission to emergency department. Their
plasma samples from day 2 to day 7 were obtained at 12:30
AM. For the reference data, plasma samples of eight
healthy men and one healthy woman were obtained at
08:30 A.M. All plasma samples were stored at —80°C until
use. Plasma levels of IFN-y, IL-6, IL-10, IL-12 and TGF-
f1 were measured by human IFN-y, IL-6, IL-10 and IL-12
enzyme-linked immunosorbent assay (ELISA) kits (Pierce
Biotechnology, Illinois, USA) and TGF-f1 ELISA kit
(R&D Systems, Minnesota, USA) according to the manu-
facturer’s instructions. Measurement data were average of
two readings.
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Statistical analysis

Statistical analysis was performed with Statistical Package
for the Social Sciences (SPSS) V11.0.1 for Windows
(SPSS Inc., Illinois, USA). Differences for age and
APACHE 1I score between survivors and non-survivors,
and the presence and absence of septic shock at initial
presentation were analyzed by Mann—Whitney test. Dif-
ferences for cytokine level among healthy controls,
survivors and non-survivors, and the presence and absence
of septic shock at initial presentation were analyzed by
Kruskal-Wallis test with post hoc comparisons by Mann—
Whitney test. Difference for categorical variables between
survivors and non-survivors were compared by the Chi-
square test or Fisher’s exact test. The differences of
sequential data of cytokines between survivors and non-
survivors, and the presence and absence of septic shock at
initial presentation are compared by repeated measure
analysis of variance. Lineal enter regression models were
analyzed to determine the independent factors associated
with IL-6 and IL-10 levels. Cytokine level and APACHE II
score on day 1, mortality, shock and gastrointestinal
bleeding were served as cofactors. A P value of <0.05 was
considered statistically significant.

Results

Seventy-six patients were enrolled to this study. The
demographic data was shown in Table 1. The mean of
APACHE II score in non-survivors was significantly higher
than that in survivors. There were no significant differences
in history and infection source between survivor and non-
survivor. The incidences for septic shock and gastrointes-
tinal bleeding in non-survivors were significantly higher
than that in survivors. Six patients died on day 2. Four
patients died on day 3. Only 9 non-survivors were alive till
day 7.

Comparison of cytokine level among subjects

Interferon-y level in non-survivors was significantly higher
than that in survivors from day 5 to day 6 (Table 2). There
was no difference in IFN-y level from day 1 to day 7
between patients with shock and without shock at initial
presentation. IL-6 level in non-survivors was significantly
higher than that in survivors on day 1 (Table 3). IL-6 level
in patients with shock was significantly higher than that in
patients without shock at initial presentation on day 1, 2, 6,
and 7. Serial IL-6 levels from day 1 to day 7 in patients
with severe sepsis were significantly higher than that in
healthy controls. IL-10 level in non-survivors was signifi-
cantly higher than that in survivors on day 1, 2, and 3

Table 1 Clinical characteristics in septic patients (mean £ standard
error mean, number and percentage)

Characteristic Survivor Non-survivor
(n = 57) (n=19)
Age (year) 70.1 £ 1.9 69.4 + 3.2
Gender
Male 33 (57.9) 9 (47.4)
Female 24 (42.1) 10 (52.6)
APACHE II score 2244+ 0.8 29.7 + 1.9%
History
Chronic lung disease 17 (29.8) 6 (31.6)
Chronic renal disease 8 (14.0) 5 (26.3)
Diabetes mellitus 16 (28.1) 7 (36.8)
Heart failure 5 (8.8) 2 (10.5)
Old cerebrovascular accident 35 (61.4) 7 (36.8)
Hypertension 28 (49.1) 10 (52.6)
Source of sepsis
Pneumonia 49 (86.0) 14 (73.7)
Urinary tract infection 6 (10.5) 3 (15.8)
Others 2 (3.5) 2 (10.5)
Co-morbidity
Septic shock 20 (35.1) 14 (73.7)**
Bacteremia 10 (17.5) 6 (31.6)
Acute renal failure 30 (52.6) 12 (63.2)
Jaundice 10 (17.5) 3 (15.8)
Thrombocytopenia 24 (42.1) 8 (42.1)
Gastrointestinal bleeding 14 (24.6) 11 (57.9)**

* P < 0.05 compared with survivor by Mann—Whitney test
** P < 0.05 compared with survivor by Chi-Square test

(Table 4). IL-10 level in patients with shock was signifi-
cantly higher than that in patients without shock from day 1
to day 7. IL-10 level in survivors was significantly higher
than that in controls on day 1. IL-10 level in non-survivors
was significantly higher than that in controls on day 1, 2,
and 3. IL-10 level in patients with shock at initial presen-
tation was significantly higher than that in controls on day
I and 2.

Interleukin-12 level in non-survivors was not signifi-
cantly higher than that in survivors from day 1 to day 7
(Table 5). There was no difference in IL-12 level from day
1 to day 7 between patients with shock and without shock
at initial presentation. IL-12 level in survivors was signif-
icantly lower than that in controls. IL-12 level between
healthy controls and non-survivors was similar. TGF-f1
level in non-survivors was significantly higher than that in
survivors on day 1, day 2, and day 5 (Table 6). TGF-f1
level in survivors was significantly lower than that in
healthy controls on day 1, day 2, and day 4. TGF-f1 level
in patients without shock at initial presentation was sig-
nificantly lower than that in healthy controls on day 1 and
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Table 2 Plasma interferon-y level among survivor, non-survivor and
healthy control and among healthy control and patients with and
without initial presentation of shock

Table 3 Plasma interleukin-6 level among survivor, non-survivor
and healthy control and among healthy control and patients with and
without initial presentation of shock

Subject Median, range (pg/ml) P value® Subject Median, range (pg/ml) P value®
Control (n = 9) 0.000, 0.000-7.432 Control (n = 9) 0.000, 0.000-5.535

Day 1  Survivor (n = 57) 0.000, 0.000-917.338  0.120 Day 1 Survivor (n = 57) 32.888, 0.000-663.518*** <0.001
Non-survivor (n = 19)  0.000, 0.000-28.352 Non-survivor (n = 19) 196.304, 0.525-979.088**
No shock (n = 42) 0.000, 0.000-11.576 0.647 No shock (n = 42) 25.297, 0.000-354.543*** <(0.001
Shock (n = 34) 0.000, 0.000-917.338 Shock (n = 34) 223.402, 3.088-979.0887%**

Day 2 Survivor (n = 57) 0.000, 0.000-106.517  0.289 Day 2 Survivor (n = 57) 7.932, 0.000-380.767** <0.001
Non-survivor (n = 13)  0.000, 0.000-19.121 Non-survivor (n = 13) 29.960, 0.000-751.318%*%*
No shock (n = 42) 0.000, 0.000-18.703 0.250 No shock (n = 42) 7.525, 0.000-229.170***  <0.001
Shock (n = 28) 0.000, 0.000-106.517 Shock (n = 28) 14.277, 0.000-751.318**

Day 3  Survivor (n = 56) 0.000, 0.000-45.451 0.175 Day 3 Survivor (n = 56) 5.594, 0.000-529.400%* <0.001
Non-survivor (n = 9) 0.000, 0.000-32.111 Non-survivor (n = 9) 18.871, 0.000-684.463**
No shock (n = 41) 0.000, 0.000-15.720 0.718 No shock (n = 41) 4.909, 0.000-68.765** <0.001
Shock (n = 24) 0.000, 0.000—45.451 Shock (n = 24) 10.416, 0.000-684.463**

Day 4 Survivor (n = 56) 0.000, 0.000-8.617 0.451 Day 4 Survivor (n = 56) 5.889, 0.000-385.360%* 0.001
Non-survivor (n = 9)  0.000, 0.000-44.101 Non-survivor (n = 9) 5.336, 0.000-667.160**
No shock (n = 41) 0.000, 0.000-14.822 0.597 No shock (n = 41) 5.689, 0.000—46.494%** 0.001
Shock (n = 24) 0.000, 0.000-44.101 Shock (n = 24) 8.294, 0.000-667.160**

Day 5 Survivor (n = 56) 0.000, 0.000-4.492%*  0.011 Day 5 Survivor (n = 56) 5.168, 0.000-136.942%* 0.002
Non-survivor (n = 9) 1.065, 0.000-52.598 Non-survivor (n = 9) 6.779, 0.000-344.206**
No shock (n = 41) 0.000, 0.000-10.330 0.463 No shock (n = 41) 4.909, 0.000-97.575%* 0.001
Shock (n = 24) 0.000, 0.000-52.598 Shock (n = 24) 7.409, 0.000-344.206**

Day 6 Survivor (n = 55) 0.000, 0.000-9.386**  0.030 Day 6 Survivor (n = 55) 4.149, 0.000-134.982%*%* 0.003
Non-survivor (n = 9) 1.032, 0.000-57.317 Non-survivor (n = 9) 7.264, 0.000-220.376**
No shock (n = 41) 0.000, 0.000-16.618 0.729 No shock (n = 41) 3.501, 0.000-134.982***  <(0.001
Shock (n = 23) 0.000, 0.000-57.317 Shock (n = 23) 6.502, 0.000-220.376""

Day 7 Survivor (n = 54) 0.000, 0.000-18.240 0.108 Day 7 Survivor (n = 54) 4.573, 0.000-938.009%** <0.001
Non-survivor (n = 9) 0.000, 0.000-61.476 Non-survivor (n = 9) 10.453, 0.289-499.637**
No shock (n = 40) 0.000, 0.000-18.240 0.375 No shock (n = 40) 2.713, 0.000-79.471*%**  <0.001

Shock (n = 23)

0.000, 0.000-61.476

Shock (n = 23)

10.453, 0.000-938.009**

* Kruskal-Wallis Test among survivor, non-survivor and healthy
control and among healthy control and patients with and without
initial presentation of shock

** P < 0.05 compared with non-survivor by Kruskal-Wallis and
Mann—Whitney test

day 2. TGF-f1 level in non-survivors or patients with
shock at initial presentation was similar to that in healthy
controls from day 1 to day 7.

Comparison of serial cytokine level between patients

Serial plasma IL-6 levels from day 1 to day 7 were different
between survivors and non-survivors (P = 0.012). Also,
serial plasma IL-10 levels from day 1 to day 7 were dif-
ferent between survivors and non-survivors (P = 0.048).
Serial plasma IL-6 and IL-10 levels in non-survivors were
significantly higher than that in survivors. There were no

* Kruskal-Wallis Test among survivor, non-survivor and healthy
control and among healthy control and patients with and without
initial presentation of shock

* P < 0.05 compared with non-survivor or shock by Kruskal-Wallis
and Mann—Whitney test

** P < 0.05 compared with control by Kruskal-Wallis and Mann—
Whitney test

differences in serial plasma IFN-y, IL-12, and TGF-f1
levels from day 1 to day 7 between survivors and non-
survivors. Serial plasma IL-6 levels from day 1 to day 7
were different between patients with shock and without
shock at initial presentation (P = 0.003). Serial plasma
IL-6 levels in patients with shock at initial presentation
were significantly higher than that without shock at initial
presentation. There were no differences in serial plasma
IFN-y, IL-10, IL-12, and TGF-f1 levels from day 1 to day 7
betweens patients with shock and without shock at initial
presentation.
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Table 4 Plasma interleukin-10 level among survivor, non-survivor
and healthy control and among healthy control and patients with and

Table 5 Plasma interleukin-12 level among survivor, non-survivor
and healthy control and among healthy control and patients with and

without initial presentation of shock

without initial presentation of shock

Subject Median, range (pg/ml) P value® Subject Median, range (pg/ml) P value®
Control (n = 9) 13.914, 7.590-59.416 Control (n = 9) 58.704, 10.057-140.800
Day 1 Survivor (n = 57)  25.000, 3.265-413.898%%% <0.001 Day 1 Survivor (n = 57) 12.800, 0.000-251.748% 0.014
Non-survivor 230.773, 10.499-774.932%* Non-survivor (n = 19) 33.298, 0.000-310.853
(n=19) No shock (n = 42) 12.297, 0.000-283.073* 0.023
No shock (n = 42)  23.815, 3.265-413.898**  <0.001 Shock (n = 34) 19.494, 0.000-310.853%
Shock (n = 34) 68.465, 5.177-774.932%* Day 2 Survivor (n = 57) 8.106, 0.000-161.279%  0.005
Day 2 Survivor (n = 57) 15.625, 1.692-411.404%** 0.004 Non-survivor (I’l — 13) 6.188, 0.000-149.106
Non-survivor 84.070, 4.083-513.581%* No shock (n = 42) 5.801, 0.000-161.279%  0.005
No(r;h:cfzn =42)  14.688, 1.692-411.404* 0.009 Shock (n = 28) 9-968, 0.000-149.106%
Shock (1  28) 27.621’ 3600513 58+ Day 3 Survivor (n = 56) 11.777, 0.000-168.336% 0.009
i T ’ Non-survivor (n = 9)  8.355, 0.000-193.463
Day 3 Survivor (n =56)  12.946, 0.000-370.881%* 0.027 No shock (1 — 41) §.355, 0.000-168.336*  0.010
’ Day 4 Survivor (n = 56) 7.650, 0.000-205.678*  0.004
Shock (n = 24) 27.360, 2.416-282.005 Non-survivor (n = 9)  20.962, 0.000-279.489
Day 4 Survivor .(n = 56) 13.455, 0.972-533.718 0.258 No shock (1 = 41) 7,385, 0.000-163.891%  0.007
Non-survivor (n = 9) 27.061, 3.305-313.511 Shock (n = 24) 12.406, 0.000-279.489%
No shock (n = 41) 12.255, 0.972-347.264* 0049 pay's Survivor (n = 56) 7.749, 0.000-157.367%  0.005
Shock (n = 24) 20957, 2.628-533.718 Non-survivor (n = 9)  13.123, 0.000-335.944
Day 5 Survivor (n =56)  13.535, 2.259-346.387 0.133 No shock (1 — 41) I
’ ' ' Day 6 Survivor (n = 55) 10339, 0.000-559.523* 0.006
Shock (n = 24) 20.489, 6.239-314.881 Non-survivor (n = 9)  6.621, 0.000-357.898
Day 6 Survivor '(n =55)  13.540, 1.807-733.455 0.051 No shock (1 — 41) 10339, 0.000-139.696% 0,007
Non-survivor (n = 9) 46.121, 11.746-329.401 Shock (s — 23) §.788. 0.000-559.523*
No shock (n = 41) ~ 12.255, 1.807-366.660* 0.025 Day 7 Survivor (n = 54) 4776, 0.000-347.672%  0.005
Shock (n = 23) 30.064, 3.053-733.455 Non-survivor (n = 9)  13.556, 0.000-251.262
Day 7 Survivor (n =54)  13.873, 0.000-763.765 0.101 No shock (1 — 40) 6.077. 0.000-162.995%  0.007
Non-survivor (n = 9) 48.313, 11.035-303.374 Shock (n = 23) 5.120, 0.000_347.672*
No shock (n = 40)  11.165, 0.000-388.029% 0.007

Shock (n = 23) 24.716, 3.434-763.765

* Kruskal-Wallis test among survivor, non-survivor and healthy
control

* P < 0.05 compared with non-survivor or shock by Kruskal-Wallis
and Mann—Whitney test

** P < 0.05 compared with control by Kruskal-Wallis and Mann—
Whitney test

Association of IL-6 and IL-10 with clinical
characteristics

After regression analysis, IL-10 level on day 1 and pres-
ence of septic shock were shown to be independent factors
associated with IL-6 level on day 1 (Table 7). Patient’s
mortality was not independent factor associated with IL-6
level on day 1. IL-6 level on day 1 and patient’s mortality
were independent factors associated with IL-10 level on

* Kruskal-Wallis Test among survivor, non-survivor and healthy
control

* P < 0.05 compared with control by Kruskal-Wallis and Mann—
Whitney test

day 1 (Table 8). The presence of septic shock was not
independent factor associated with IL-10 level on day 1.

Discussion

The immune system plays a crucial role in the pathogenesis
of sepsis. Innate immune system such as macrophages,
natural killer cells and neutrophils with aid of T cells, B
cells and cytokines is important in eradicating pathogens.
During the treatment, these cytokines showed different
changes between survivors and non-survivors, and the
presence and absence of septic shock.
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Table 6 Plasma transforming
growth factor-betal level
among survivor, non-survivor
and healthy control and among
healthy control and patients
with and without initial
presentation of shock

? Kruskal-Wallis Test among
survivor, non-survivor and
healthy control

* P < 0.05 compared with non-
survivor or shock by Kruskal—
Wallis and Mann—Whitney test

*#* P < 0.05 compared with
control by Kruskal-Wallis and
Mann—Whitney test

Subject Median, range (pg/ml) P value®
Control (n = 9) 3983.620, 1946.440-6160.600

Day 1 Survivor (n = 57) 2015.220, 607.260-11527.420% %3 <0.001
Non-survivor (n = 19) 3668.320, 1898.620-20818.680
No shock (n = 42) 2016.350, 607.260—-11527.420%*%* 0.005
Shock (n = 34) 2923.940, 771.560-20181.680

Day 2 Survivor (n = 57) 1936.440, 240.660-15935.060*** 0.001
Non-survivor (n = 13) 3453.900, 385.740-9755.180
No shock (n = 42) 2117.240, 240.660-15935.060%* 0.015
Shock (n = 28) 2171.010, 385.740-9755.180

Day 3 Survivor (n = 56) 2274.560, 218.740-16661.720 0.052
Non-survivor (n = 9) 2846.200, 1897.360-9165.940
No shock (n = 41) 2550.160, 537.960-16661.720 0.074
Shock (n = 24) 1995.160, 218.740-9165.940

Day 4 Survivor (n = 56) 2102.790, 333.600-17717.260%* 0.020
Non-survivor (n = 9) 3999.280, 1208.720-15379.980
No shock (n = 41) 2487.820, 333.600-15379.980 0.078
Shock (n = 24) 1903.500, 812.500-17717.260

Day 5 Survivor (n = 56) 2330.470, 346.640-15046.880* 0.021
Non-survivor (n = 9) 3669.600, 1521.740-12133.060
No shock (n = 41) 2285.260, 437.860-15046.880 0.220
Shock (n = 24) 2885.820, 346.640-12133.060

Day 6 Survivor (n = 55) 2297.000, 0.000-24728.280 0.092
Non-survivor (n = 9) 3781.020, 307.540-9118.160
No shock (n = 41) 3169.960, 503.020-24728.280 0.090
Shock (n = 23) 2112.380, 0.000-14081.540

Day 7 Survivor (n = 54) 2286.690, 268.440-18802.140 0.131
Non-survivor (n = 9) 2547.000, 1271.860-6705.260
No shock (n = 40) 2478.000, 646.980-18802.140 0.058

Shock (n = 23)

1840.320, 268.440-7650.940

Table 7 Regression analysis for interleukin-6 level to identify the
independent factors

Variables Beta P value 95% Confidence
interval for beta
Lower Upper
APACHE I score -0.005 0.956 -5.491 5.191
Interleukin-10 level 0.561 <0.001 0.401 0.822
Mortality 0.032 0.752  -88.538 122.077
Shock 0.315 <0.001 65.612  222.665
Gastrointestinal bleeding 0.002 0982  -79.462 81.504

APACHE acute physiology and chronic health evaluation

This work confirmed that IL-6 was an important cyto-
kine in the pathogenesis of severe sepsis, as reflected by the
different time-course curves between survivors and non-
survivors, and the presence and absence of septic shock.
The time-course curve for IL-6 in non-survivors and
patients with septic shock showed a declining pattern at the

Table 8 Regression analysis for interleukin-10 level to identify the
independent factors

Variables Beta P value 95% Confidence
interval for beta
Lower Upper
APACHE 1I score 0.044 0.626 -3.751 6.191
Interleukin-6 level 0.579 <0.001 0.349 0.714
Mortality 0.279 0.005 41413  227.167
Shock -0.042 0.665 -97.203 62.389
Gastrointestinal bleeding 0.025 0.768  —63.829 86.132

APACHE acute physiology and chronic health evaluation

beginning, however, which had became an ascending slope
since day 6. This suggested that a dynamic increase in
plasma IL-6 level was associated with poor outcome and
more severe disease. Previous report showed that the IL-6
gene polymorphism in —174 G/C promoter area was
associated with shock in patients with sepsis [23]. In
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patients with septic shock, the frequency of mutated
C-allele in the IL-6 promoter was significantly higher than
that in individuals without shock. A large cohort study
(n = 228) found no association of —174 G or C alleles
with 28-day mortality in critically ill SIRS patients [24].
However, the single-nucleotide polymorphism in IL-6
promoter region was functional in vivo, which showed an
increased IL-6 response with G allele [25]. Due to the
conflict reports, the influence of —174 G/C polymorphism
in IL-6 promoter is still unclear. The plasma IL-6 level may
have more contribution to the outcome of severe sepsis
than the polymorphism does.

Plasma IL-10 levels of non-survivors and patients with
septic shock on the first 3 days were significantly higher
than that of survivors and patients without septic shock.
Most of IL-10 is released from monocytes, macrophages
and T cells. IL-10 inhibits cell immunity and Th1 differ-
entiation, but enhances B cell and mast cell function.
The plasma IL-10 level in septic patients may indicate the
relative anti-inflammatory status. Our work supports the
hypothesis that over production of IL-10 may result in
failure of immune system, leading to disease progression in
patients with severe sepsis. This hypothesis can also be
supported by two reports, which showed that anti-inflam-
matory strategies might worsen the outcomes [26, 27].
Also, the IL-10 promoter polymorphism at —1082A/G
might be associated with the pathogenesis of sepsis. The
AA homozygous genotype was found more frequently in
patients with sepsis compared with controls. The G allele
was associated with higher IL-10 production and mortality
in patients with severe sepsis [28]. In another study, either
the genotype frequency between septic patients and con-
trols or the mortality between survivors and non-survivors,
none of them showed IL-10—1082A or G genotypes-rela-
ted differences [29]. As the same conclusion as the IL-6
polymorphism, the plasma IL-10 level might be more
important in determining the consequence of sepsis.

The source of IFN-y is activated CD8' T lymphocytes,
Th1l lymphocytes and natural killer cells. Antigen-pre-
senting cells secret IL-12 after pathogen stimulation. In this
work, non-survivors with severe sepsis generally had rel-
atively higher plasma IFN-y and IL-12 in the first 7 days
after admission compared with survivors. Persistent higher
plasma IFN-y and IL-12 might represent persistent infec-
tion and no eradication of pathogens. Our findings support
the hypothesis that persistent infection and prolonged poor
immune response resulted in death for septic patients [1].

Sepsis can induce host immunosuppression and lym-
phocyte apoptosis [30, 31]. TGF-f1 is thought as an anti-
inflammatory cytokine with potent immunoregulatory
property. TGF-f1 suppresses IL-1f and TNF-o production
from monocytes. Moreover, TGF-f1 down regulates
macrophage and granulocyte responses. However, recent

animal experiments demonstrated that naive CD4™ T cells
can develop into T helper 17 (Th17) cells with presence of
IL-6 and TGF-f1, and regulatory T (7,.,) cells with pres-
ence of TGF-f1 [32]. Ty, cells that modify and suppress
the immune responses to pathogenic organisms counteract
Th17 cells, which induce inflammation [33, 34]. Thus, the
role of TGF-f1 is complex in the pathogenesis of sepsis.
Septic non-survivors had sustained TGF-f1 and declined
IL-6 during the 7-days study. Also, T,., percentage of
CD4* cells in non-survivors of septic shock after 7 days
was significantly higher than that in survivors [35]. These
findings suggest that CD4™" cells have skewed towards Treg
cells formation and immune suppression in septic non-
survivors despite of the treatments. Emerging data
regarding the roles of Th17 and T, cells suggest an
important function for T cell subset in immunity and dis-
ease. However, no human study investigates the role of
Th17 in patients with severe sepsis. Increased percentage
of Ty, cells in patients with septic shock was due to the
loss of non-Tp, CD4" T cells [36]. Although there are
abundant animal-model-related articles investigating Treq
in infection, the human-model studies are few. More works
are needed to determine the role and interaction among the
four T help cell subsets (Th1, Th2, Th17 and T,).

The results of this work were of the same to many
studies reporting that IL-6 and IL-10 levels in patients with
severe sepsis were different between survivor and non-
survivor [13, 37-39]. However, this work was the first to
show that rather than mortality, IL-6 level was more related
with septic shock. Compared with septic shock, IL-10 level
was more related with mortality. More studies are needed
to confirm these two observations.

There are two limitations in this work. First, the time of
blood sampling may be a factor influencing cytokine levels
especially after fluid resuscitation. Because this was an
observing study under the standard treatment, investigators
could not delay the essential resuscitation just for blood
sampling. All patients received fluid replacement before
blood sampling on day 1. Compared with healthy controls,
fluid resuscitation might also lower IL-12 and TGF-f1
levels in certain patient sub-groups. Second, the treatment
of severe sepsis might not be adequate and equal. Surviving
Sepsis Campaign guidelines for management of severe
sepsis and septic shock were first brought up in 2004 March
[40]. The treatment protocol of severe sepsis in our ICU
had been set up with consensus since 2006. These two
limitations might influence the results to a certain degree.

In conclusion, we successfully demonstrated and con-
firmed that IL-6 and IL-10 were two important cytokines in
severe sepsis by a time-course model. From the results of
regression analysis, IL-6 was relatively more associated
with septic shock and IL-10 was relatively more associated
with mortality.
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