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Abstract Objective: To investigate
the -1082 (A/G) polymorphism in
the promoter of the IL-10 gene in
terms of IL-10 production from stim-
ulated peripheral blood mononuclear
cells (PBMC) and to evaluate the
relationship of this polymorphism
with susceptibility to severe sepsis
and the outcome of the disease. De-
sign: Case-control study. Setting:
Research laboratory of Molecu-
lar Biology and Immunology and
University Hospital ICU, Faculty
of Medicine, Trakia University.
Patients: A total of 53 healthy volun-
teers and 33 patients in ICU meeting
the criteria for severe sepsis were
included. Measurements and results:
The amplification refractory mutation
system PCR was used for IL-10-1082
polymorphism detection. Isolated
PBMC were stimulated with either
C3-binding glycoprotein (C3bgp),
lipopolysaccharide (LPS), phyto-
hemagglutinin (PHA),or pokeweed
mitogen (PWM). IL-10 production
was measured in culture supernatants.
The AA genotype was associated

with lower IL-10 production in
LPS-, PHA- or PWM-stimulated
healthy PBMC. Patients with severe
sepsis had significant elevation of
A allele, compared with healthy con-
trols (74.2% vs 52.8%; p = 0.0062).
Carriage of at least one copy of
IL-10-1082 G allele in sepsis patients
and in healthy controls resulted in
a statistically significant increase in
IL-10 production from stimulated
PBMC. Surviving sepsis patients had
a significant decrease of IL-10-1082
allele G frequency, compared with
controls (17% vs 47.2%; p = 0.012).
An association between increased
IL-10 production and poor outcome
from sepsis was observed. Con-
clusion: The A allele of the -1082
polymorphism in the interleukin-10
gene promoter is associated with
sepsis susceptibility, whereas G allele
is associated with higher stimu-
lated interleukin-10 production and
increased mortality in severe sepsis.

Keywords Interleukin-10 · Polymor-
phism · Severe sepsis

Introduction

Altered host defense mechanisms are considered important
for the development of sepsis and septic shock. Pro- and
anti-inflammatory responses contribute to the outcomes of
patients with sepsis. Cytokines play a pivotal role in the
regulation of the type and magnitude of the immune re-
sponse, and the polymorphic nature of the cytokine genes
may confer flexibility on the immune response. Therefore,

all genes encoding cytokines involved in the modulation of
inflammatory responses are candidate genes for determi-
nation of the human genetic background that is responsi-
ble for interindividual differences in susceptibility and out-
come of sepsis [1, 2].

Recent evidence suggests that the anti-inflammatory
cytokine interleukin (IL)-10 plays a role in the pathogene-
sis of severe sepsis. IL-10 has beneficial anti-inflammatory
properties; however, an excess of IL-10 has been reported

Intensive Care Med (2006) 32:260–266
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to induce immunosuppression in bacterial sepsis and
increases mortality [3, 4, 5, 6]. In critically ill patients,
circulating IL-10 levels are highest in the presence of
sepsis and in non-survivors [4]. In trauma patients,
increased IL-10 production correlated with subsequent
sepsis [5]. The concentrations of IL-10 in the blood and in
tissue compartments are often indicative of the magnitude
of the inflammatory stress during sepsis and have been
shown to correlate with both severity and outcome of
sepsis [6, 7, 8]. Recently published data demonstrates
that lower production of IL-10 from stimulated pe-
ripheral blood mononuclear cells (PBMC) from septic
patients is significantly correlated with favorable disease
outcome [9].

Large interindividual differences in IL-10 inducibility
have been observed, which has shown to have a genetic
component of over 70%. The IL-10 gene has been mapped
to chromosome 1q31-32, and a number of polymorphisms
in the promoter region have been characterized [10, 11,
12, 13]. Three single nucleotide polymorphisms (SNPs)
at -1082(A/G), -819(C/T), -592(C/A) upstream from the
transcription start site [10, 11] have been described as well
as additional two microsatellite (CA)n repeats, termed
IL-10G and IL-10R and located at -1151 and -3978,
respectively [12, 13]. Variable associations between IL-10
polymorphisms and IL-10 production and autoimmune
diseases have been reported [14, 15].

Recently published data reveals influence of different
SNPs of IL-10 promoter during the development of sepsis
and its outcome, and these reports are somewhat contro-
versial [16, 17, 18]. Lowe et al. have determined that the
A allele of the -592 polymorphism, but not other SNPs in
the IL-10 gene promoter, is associated with lower stim-
ulated IL-10 release and increased mortality in critically
ill patients [16]. Schaaf et al. have studied the IL-10-1082
SNP and showed that G allele, associated with high IL-10
inducibility, might influence the outcome of pneumococ-
cal infection via induced immunosuppression [17]. Shu et
al. reported that the polymorphism at position -1082 in the
promoter region of the IL-10 gene, in contrast to the other
two IL-10-592, and -819 polymorphisms may be associ-
ated with susceptibility to severe sepsis, but not with the
outcome of severe sepsis [18].

Variable Survivors (12) Non-survivors (21)

Age (years) 46 ± 24 (16–84) 59 ± 16 (24–78)
Male/Female 4/8 12/9
Pneumonia 6 12
Peritonitis 4 13
Skin or bone infection 2 3
Pyelonephritis 2 1
Meningitis 1 –
SAPS II score 45.3 ± 13.7 50.9 ± 5.2
ICU stay (days) 24.8 ± 12.87 8.56 ± 5.5
Bacteremic 7 9

Table 1 Demographic data and
clinical characteristics in septic
patients

Against this background, we have investigated whether
biallelic polymorphism at position -1082 in the promoter
region of the IL-10 is involved in susceptibility to severe
sepsis, sepsis outcome and IL-10 production after in vitro
PBMC stimulation.

Materials and methods

Patients

Thirty–three (33) consecutively admitted adult patients
meeting the criteria for sepsis with a verified infection
in one or more major organs, and 53 healthy volunteers
(control group) recruited from medical and laboratory
staff, were investigated. Control group included 37 women
and 16 men, aged 18–71 years, and the sepsis group
included 16 women and 17 men, aged 16–85 years. All
patients and controls are from the Bulgarian Caucasian
ethnic subgroup. Patients’ clinical data are summarized in
Table 1.

Severe sepsis was defined according to the def-
initions set by the 1992 American College of Chest
Physicians/Society of Critical Medicine Consensus Com-
mittee [19], as manifested by two or more of the following
conditions: fever or hypothermia (T ≥ 38°C or ≤ 35.5°C);
tachycardia (heart rate ≥ 90 beats/minute); tachypnea
(respiration rate ≥ 20 breaths/min or pCO2 < 32 mmHg);
and leukocytosis or leukopenia (WBC ≥ 2.109 G/l or
≤ 4.109 G/l) or 10% immature forms, during the pre-
ceding 24 h, in the presence of a documented source of
infection and at least one organ dysfunction throughout
their stay in the intensive care unit (ICU). Patients were
excluded if they were < 16 years old; with severe medical
conditions caused by other illnesses (myocardial infarct,
liver cirrhosis, metastatic tumors, etc.); or had received
immunosuppressive or immuno-stimulating drugs. Blood
samples for PBMC isolation and genotyping were taken in
the 24-h period after hospital admission. The ethics review
board of the Faculty of Medicine, Trakia University,
approved the study. Written informed consent from all
healthy volunteers and patients, or assent from a near
relative, was obtained for the study.
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Isolation of human PBMC and culture

The PBMC were isolated from the healthy donors
and patients’ peripheral blood by centrifugation on
a Histopaque-1077 gradient. After washing, the cell pellet
was re-suspended; PBMC viability, tested with trypan
blue exclusion, was 92–95%. The 1 × 106 cells were then
cultured in sterile polystyrene flasks containing 2 ml RPMI
1640 media (Sigma Chemical) serum free, supplemented
with penicillin G (100 U/ml), gentamycin (10 µg/ml) and
L-glutamine (0.3 mg/ml) for 24 h. The following stimuli
were added to the culture flasks: 30 µg lipopolysaccharide
(LPS) from Escherichia coli; 20 µg phytohemagglutinin
(PHA); 30 µg C3-binding glycoprotein (C3bgp) and 30 µg
pokeweed mitogen (PWM). The culture lasted for 24 h.
At the end of this period, supernatants were collected
and stored at – 80°C until use. All stimulating agents,
except C3bgp, were purchased from Sigma, as well as
other reagents for cell isolation and culturing. C3bgp was
isolated as described elsewhere [20]. C3bgp and culture
reagents were tested for lipopolysaccharide contamination
with Limulus amebocyte lysate “E-Toxate” Multiple test
(Sigma). The endotoxin level in all cases was less than
10 pg/ml.

Cytokine determination

The amounts of IL-10 were determined in culture super-
natant using commercially available ELISA kits purchased
from BioSource International (Belgium) following the
manufacturer’s instructions. Color reaction developed was
measured in OD units at 450 nm on an ELISA reader
(Rosys Anthos 2010, Austria). The concentration of
cytokines was expressed in pg/ml using the ELISA kit
standards.

DNA extraction and genotyping

Genomic DNA was extracted using a GFX genomic blood
DNA purification kit (Amersham) and stored at – 20°C
until use. Genotyping for the -1082A/G polymorphism in
the promoter region of the IL-10 gene was performed with
amplification refractory mutation system (ARMS)-PCR
methodology. 5′ primers specific for the IL-10-1082 allele
were used in combination with a generic 3′ primer: IL-10
G (CCT ATC CCT ACT TCCC CC), IL-10 A (CCT
ATC CCT ACT TCCC CT) and IL-10 generic 3′ primer
(AGC AAC CAC TCC TCG TCG CAA C) [21]. PCR
amplification was carried out in 10 µl volumes containing
GeneAmp 10 × PCR buffer, 0.25 U of AmpliTaq Gold
polymerase, 2.5 mmol/l MgCl2, 100 µmol/l of each dNTP,
0.4 µmol/l of each primer (Applied Biosystems, USA),
and 0.1–0.5 µg of genomic DNA. Amplifications were
performed in a GeneAmp PCR System 9700 (Applied

Biosystems) with 30 cycles of: 30 s at 94°C, 1 min at
60°C, and 1 min at 72°C, followed by a final extension of
7 min at 72°C. In each run of ARMS PCR, heterozygous
control DNA was used to ensure accuracy. A total group of
15 samples, chosen randomly, were retyped to determine
the genotyping error rate, which was 0%.

Statistical analysis

In comparing the genetic risk of cases and controls and
the inducibility of IL-10, two genotype classes were con-
sidered for analysis: homozygous genotype AA was com-
pared with genotypes AG/GG. The statistically significant
case-control differences in genotype distribution and al-
lele frequencies were obtained by Fisher’s exact test (two-
tailed).

Logistic regression method was used to estimate odds
ratios (OR), expressed with their 95% confidence intervals
(95% CI) for disease susceptibility and sepsis outcome in
relation to the cytokine polymorphism. The goodness of fit
to Hardy-Weinberg equilibrium, calculating the expected
frequencies of each genotype and comparing them with
the observed values for patients and healthy controls, was
performed using a chi-square test. Differences in cytokine
production of PBMC between patients and control sub-
jects were analyzed using the Mann–Whitney U-test. In all
cases, a p value less than 0.05 was considered significant.

Results

Allele and genotype distribution of IL-10-1082 (A/G)
in healthy control subjects versus patients

Genotype distribution and allele frequencies of the IL-10-
1082 polymorphism in patients with severe sepsis (sur-
vivors and non-survivors) and healthy controls are shown
in Table 2. All four groups were in Hardy-Weinberg equi-
librium, with no significant chi-squared values for the ob-
served and expected genotype frequencies.

The IL-10-1082 genotype distribution differed be-
tween patients with severe sepsis and healthy controls.
The AA homozygous genotype was found more fre-
quently in sepsis patients (51.5%), compared with controls
(23%). Homozygous subjects had a 3.6302-fold in-
creased risk of developing sepsis (OR = 3.6302; 95%
CI: 1.4211–9.2735; p = 0.009), while genotypes AG/GG
were not representative for sepsis patients (OR = 0.2755;
95% CI: 0.109–0.697; p = 0.009). On the other hand,
individuals with AA genotype were overrepresented
among the surviving sepsis patients (66.7%) compared
with healthy control subjects (23%; OR = 6.8333; 95%
CI: 1.75–26.682; p = 0.008). Moreover, 75% of all
septic patients with genotype AG/GG belonged to the
non-survivors subgroup.
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Sepsis Survivors Non-survivors Healthy controls
n % n % n % n %

Genotype
AA 17 51.5%1 8 66.7%2 9 43% 12 23%
AG 15 45.5% 4 33.3% 11 52% 32 60%
GG 1 3% 0 – 1 5% 9 17%

Allele
A 49 74.2%3 20 83% 29 69% 56 52.8%
G 17 25.8% 4 17%4 13 31% 50 47.2%

1 OR = 3.6302, 95% confidence interval (CI) 1.4211–9.2735, p = 0.009 (SP vs HC)
2 OR = 6.8333, 95% CI 1.75–26.682; p = 0.008 (SSP vs HC)
3 OR = 2.5735, 95% CI 1.3161–5.029; p = 0.0062 (SP vs HC)
4 OR = 0.224, 95% CI 0.125–0.401; p = 0.012 (SSP vs HC)

Table 2 Distribution of
interleukin (IL)-10-1082 A/G
single nucleotide polymorphisms
(SNP) in patients with severe
sepsis (SP), survivors (SSP),
non-survivors (NSP) and healthy
controls (HC). The statistic for
allele and genotype frequencies
was performed on the actual
numbers. Odds ratio (OR)
considering genotype is
calculated for AA versus
AG/GG genotypes

The allele frequency of the -1082 SNP in the group
of sepsis patients differed from that of healthy controls.
Patients with severe sepsis had a statistically significant
elevation of IL-10-1082 allele A, compared with con-
trols (74.2% vs 52.8%; p = 0.0062; OR = 2.57; 95% CI,
1.31–5.03). The allele frequency of the -1082 SNP in
the group of sepsis survivors also differed from that of
healthy controls. Patients who survived severe sepsis had
a statistically significant decrease in IL-10-1082 allele
G frequency, compared with controls (17% vs 47.2%;
OR = 0.224; 95% CI, 0.125–0.401; p = 0.012).

In addition, comparing the allele and genotype distribu-
tion of IL-10-1082 promoter polymorphism between sur-
viving and non-surviving patients, there was a tendency to-
wards higher frequencies of G allele in non-survivors com-
pared with survivors (31% vs 17%; p > 0.05); however, no
significant difference was observed.

IL-10 production in stimulated PBMC

An association between genotype and inducible IL-10 pro-
duction in healthy subjects depends on the stimuli used.
Results are presented in Fig. 1. PBMC from AG/GG geno-
type produced a statistically significant increased quantity
of IL-10 compared to genotype AA after stimulation with
LPS, PHA and PWM in healthy controls.

Sepsis patients’ PBMC produced a lower quantity of
IL-10 compared with healthy controls with the same geno-
type after all were stimuli used; however, a significant de-
crease in IL-10 production was observed in sepsis patients
after LPS and PHA stimulation. Sepsis patients carrying
at least one G allele produced significantly higher IL-10
compared with AA-genotype-sepsis patients after PBMC
stimulation with all stimuli used.

Results for IL-10 production of stimulated PBMC from
survivors and non-survivors are presented in Fig. 2. There
was no significant difference in IL-10 production between
non-survivors with AA genotype and those with AG/GG
genotypes after stimulation. Survivors with AA genotype

produced a lower quantity of IL-10 after stimulation, and
a statistically significant decrease was detected for LPS-,
PHA- and PWM-stimulated PBMC compared with non-
survivors with AA genotype. In contrast, the AG/GG sur-
vivors’ PBMC produced a significantly higher IL-10 quan-
tity after stimulation with C3bgp, LPS and PWM, com-
pared with AA survivors. It was also noted that survivors
with G allele produced a significantly higher IL-10 quan-
tity after PBMC stimulation with C3bgp compared with
non-survivors with G allele.

Discussion

This study examined the role of an IL-10 promoter SNP at
-1082A/G in sepsis. The results showed that:

1. The A allele is associated with sepsis susceptibility
2. The G allele is associated with higher IL-10 production
3. The G allele is associated with increased mortality in

severe sepsis

To study the functional significance of this polymor-
phism, we used isolated PBMC, since the induced cytokine
production is determined mainly by activated monocytes
and lymphocytes. Stimulation with both monocyte (LPS
and C3bgp) and lymphocyte (PHA and PWM) activators
in high concentration were performed, because the culture
media was serum free, as discussed in our previous pa-
pers [9, 22].

Our experimental results demonstrated that the SNP at
-1082 in the IL-10 promoter region is associated with in-
duced IL-10 production in PBMC from severe sepsis pa-
tients and healthy controls. Generally, the AA genotype
was related to lower production of IL-10 after stimulation
of PBMC from both healthy and sepsis groups. G allele
in heterozygous and homozygous normal subjects revealed
significantly increased inducibility of IL-10 production af-
ter stimulation with LPS and PHA. Our data are supported
by those of Turner et al. [10], who found that the IL-10-
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Fig. 1 Interleukin (IL)-10 levels
produced by cultured peripheral
blood mononuclear cells
(PBMC) in healthy donors and
sepsis patients in relation to
-1082 promoter polymorphism.
Isolated PBMC from healthy
donors (n = 14 for AA and
n = 14 for AG/GG) and sepsis
patients (n = 12 for AA and
n = 12 for AG/GG) were
cultured for 24 h at 37◦C, with
either C3-binding glycoprotein
(C3bgp), lipopolysaccharide
(LPS), phytohemagglutinin
(PHA), pokeweed mitogen
(PWM) or non-stimulated (N).
The quantity of IL-10 was
determined in culture
supernatants by ELISA test. The
results are presented as
mean±SE (∗ p < 0.05, sepsis
patients vs healthy controls with
the same genotype; ˆ p < 0.05,
AA vs AG/GG healthy controls;◦ p < 0.05, AA vs AG/GG
sepsis patients)

Fig. 2 Interleukin (IL)-10 levels
produced by cultured peripheral
blood mononuclear cells
(PBMC) in survivors and
non-survivors in relation to
-1082 promoter polymorphism.
Isolated PBMC from survivors
(n = 7 for AA and n = 4 for
AG/GG) and non-survivors
(n = 5 for AA and n = 8 for
AG/GG) were cultured for 24 h
at 37◦C with either C3-binding
glycoprotein (C3bgp),
lipopolysaccharide (LPS),
phytohemagglutinin (PHA),
pokeweed mitogen (PWM) or
non-stimulated (N). The
quantity of IL-10 was
determined in culture
supernatants by ELISA test. The
results are presented as
mean±SE. (∗ p < 0.05,
non-survivors vs survivors with
the same genotype; ◦ p < 0.05,
AA vs AG/GG survivors)

1082A allele is associated with lower in vitro IL-10 pro-
duction by Con A-stimulated PBMC from normal subjects.
Crawey et al. [23] and Paterson [24] have also reported
a positive correlation between the -1082G allele and high
IL-10 production, which appears to be cell-type dependent
in patients with rheumatoid arthritis.

However, Eskdale et al. have reported that the IL-10-
1082A allele is associated with the highest median IL-10
production in in vitro stimulated whole blood [25]. Kei-
jsers et al. also found a positive correlation between the
-1082A allele and IL-10 production in whole blood from
rheumatoid arthritis patients [26]. Transient transfection
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studies in an Epstein-Barr virus-transformed B cell line in-
dicated that the -1082A allele confers a twofold increase
in transcriptional activity of the IL-10 promoter compared
with the G allele [27]. These discrepancies might be as-
sociated with IL-10 expression of different cell types in
whole blood assays, isolated PBMC or transformed B cell
line, as well as with a range of patients with different dis-
eases.

Lymphocyte and monocyte stimuli may cause pref-
erential stimulation of cell subset after binding to the
specific receptors, activating different signal pathways that
promote the cytokine production. Moreover, the regulatory
proteins involved in transcription of the IL-10 gene have
been suggested to differ in different cell types [28].
Functional activity of these factors and the IL-10 gene
expression, which depends on protein–protein cross-talk
in the signal transduction network of the responding cell
type, may explain the various effects of different stimuli.
We demonstrated that induced IL-10 production was not
observed for all stimuli, since C3bgp failed to induce
IL-10 in G-carrying healthy controls. Similar dependency
of cytokine production and activating stimuli was observed
for IL-12 from healthy donors’ PBMC stimulated with
C3bgp, LPS, PHA and PWM [29].

Studies performed with severe sepsis patients sug-
gested the importance of functional activity of the immune
cells for induced cytokine production. The genotype
dependency in IL-10 production after PBMC stimulation
was also observed in the sepsis patients group. A sta-
tistically significant increase of IL-10 production was
measured in the AG/GG genotype compared with the
AA, after stimulation with C3bgp, PHA, LPS and PWM.
All data demonstrate that the cytokine production of
stimulated PBMC depends on the stimuli used, as well as
on the physiological status of the patients.

We have shown that the presence of A allele at -1082 in
the IL-10 promoter region is associated with sepsis suscep-
tibility in a case-control study. Patients with severe sepsis
have a statistically significant elevation of IL-10-1082A,
compared with controls (74.2% vs 52.8%, p = 0.0062); and
individuals with AA genotypes had a 3.6302-fold higher
risk of developing sepsis. We suppose that the low produc-
tion of IL-10 from the monocyte/macrophage cell line in
the onset of infection may be a reason for production of
a high quantity of proinflammatory cytokines and the de-
velopment of sepsis.

The polymorphism at position -1082 in the promoter
region of the IL-10 gene has been studied by Shu et
al. [18], who reported an association of this polymorphism
with susceptibility to severe sepsis in contrast to two
other linked IL-10 polymorphisms -592C/A and -819T/C.
These results are somewhat contradictory to the results
of Lowe et al. [16], who reported that the -1082 SNP
was not associated with IL-10 release, survival, or the
development of sepsis in ICU patients. The authors have

reported an association between the A allele of the -592
SNP in the IL-10 promoter region, with increased mortal-
ity in critically ill patients. These results suggest that all IL-
10 promoter polymorphisms may have different impact on
susceptibility, severity and outcome of sepsis. As known,
the promoter region for IL-10 gene contains three SNP bi-
allelic polymorphism, which all could be involved in the
transcriptional regulation of the IL-10 gene. However, the
precise transcription factors involved in IL-10 regulation,
their binding sites and mechanism of action are still not
known.

This study showed that the SNP at -1082 in the IL-10
gene is also associated with survival from severe sepsis.
The frequency of the IL-10-1082G allele was elevated in
non-surviving sepsis patients. Carriage of at least one copy
of this allele gave an odds ratio of 0.224 for surviving se-
vere sepsis. The higher IL-10 production from the stimu-
lated sepsis PBMC shown in this study might explain the
association between carriage of the -1082G allele and poor
outcome from severe sepsis.

Pro-inflammatory versus anti-inflammatory cytokine
profiles in different phases of patients with severe sepsis
is a prognostic factor for survival [9, 30]. IL-10 is able
to counterbalance the potentially harmful inflammatory
effects focused on the suppression of pro-inflammatory
cytokines and other mediators. However, it has been
reported that sustained IL-10 production is able to
induce immunosuppression in bacterial sepsis and in-
crease mortality by impairing bacterial clearance during
mycobacterial infections and in pneumococcal pneumo-
nia [31, 32, 33]. In our previous study, we demonstrated
that higher IL-12 and lower IL-10 production after PBMC
stimulation with one monocyte (C3bgp or LPS) and
one lymphocyte (PHA or PWM) agent are significantly
correlated with favorable outcome of sepsis [9]. Although
both the inflammatory and anti-inflammatory response
is profoundly augmented in patients with severe sep-
sis, obtained results supported the thesis that sustained
overproduction of IL-10 is a main predictor of fatal
outcome.

Combining the present results with previous observa-
tion, the data suggest that genetically predetermined inap-
propriate anti-inflammatory cytokine profile would lead to
immune suppression and contribute to the poor outcome of
sepsis.

Conclusion
In this study we demonstrated the functional significance
of -1082A/G of IL-10 in: 1) association of -1082A allele
with sepsis susceptibility; 2) association of -1082G allele
with higher production of IL-10 from stimulated PBMC;
3) association of -1082G allele with increased mortality in
severe sepsis.



266

References

1. van Deventer SJH (2000) Cytokine
and cytokine receptor polymorphism in
infectious disease. Intensive Care Med
26:S98–S102

2. Stuber F (2001) Effect of genomic
polymorphisms on the course of sepsis:
Is there a concept for gene therapy?
J Am Soc Nephrol 12:S60–S64

3. Sfeir T, Saha DC, Astiz M, Rackow
EC (2001) Role of interleukin-10 in
monocyte hyporesponsiveness associ-
ated with septic shock. Crit Care Med
29:129–133

4. Gomez-Jimenez J, Martin MC, Sauri R,
Segura RM, Esteban F, Ruiz JC,
Nuvials X, Boveda JL, Peracaula R,
Salgado A (1995) Interleukin-10 and
the monocyte/macrophage- induced
inflammatory response in septic shock.
J Infect Dis 171:472–475

5. Lyons A, Kelly JL, Rodrick ML,
Mannick JA, Lederer JA (1997) Major
injury induces increased production of
interleukin-10 by cells of the immune
system with a negative impact on
ressistance to infection. Ann Surg
226:450–458

6. Oberholzer A, Oberholzer C, Moldawer
LL (2002) Interleukin-10: A complex
role in the pathogenesis of sepsis
syndromes and its potential as an
anti-inflammatory drug. Crit Care Med
30:S58–SS63

7. Latifi SQ, O’Riordan MA, Levine
AD (2002) Interleukin-10 controls the
onset of irreversible septic shock. Infect
Immun 70:4441–4446

8. Kahlke V, Dohm C, Mees T, Brotz-
mann K, Schreiber S, Schroder J (2002)
Early interleukin-10 treatment improves
survival and enhances immune function
only in males after hemorrhage and
subsequent sepsis. Shock 18:24–28

9. Stanilova SA, Karakolev ZT, Di-
mov GS, Dobreva ZG, Miteva LD,
Slavov ES, Stefanov CS, Stanilov NS
(2005) High interleukin-12 and low
interleukin-10 production after in vitro
stimulation detected in sepsis survivors.
Intensive Care Med 31:401–407

10. Turner DM, Williams DM, Sankaran D,
Lazarus M, Sinnott PJ, Hutchinson
IV (1997) An investigation of poly-
morphism in the interleukin-10 gene
promoter. Eur J Immunogenet 24:1–8

11. D’Alfonso S, Rampi M, Rolando V,
Giordano M, Momigliano-Richiardi P
(2000) New polymorphisms in the
IL-10 promoter region. Genes Immun
1:231–233

12. Eskdale J, Galager G (1995) A poly-
morphic dinucleotide repeat in the
human IL-10 promoter region. Im-
munogenetics 42:444–445

13. Eskdale J, Kube D, Tesch H, Gal-
lagher G (1997) Mapping of the human
IL-10 gene and further characteri-
zation of the 5’ flanking sequence.
Immunogenetics 46:120–128

14. Eskdale J, McNicholl J, Wordsworth
P, Jonas B, Huizinga T, Field M,
Gallagher G (1998) Interleukin-10 mi-
crosatellite polymorphisms and IL-10
locus alleles in rheumatoid arthritis
susceptibility. Lancet 352:1282–1283

15. D’Alfonso S, Rampi M, Bocchio D,
Colombo G, Scorza-Smeraldi R,
Momigliano-Richardi P (2000) Sys-
temic lupus erythematosus candidate
genes in the Italian population: Ev-
idence for a significant association
with interleukin-10. Arthritis Rheum
43:120–128

16. Lowe PR, Galley HF, Abdel-Fattah A,
Webster NR (2003) Influence of
interleukin-10 polymorphisms on
interleukin-10 expression and survival
in critically ill patients. Crit Care Med
31:34–38

17. Schaaf BM, Boehmke F, Esnaashari H,
Seitzer U, Kothe H, Maass M, Zabel P,
Dalhoff K (2003) Pneumococcal septic
shock is associated with the interleukin-
10–1082 gene polymorphism. Am J
Respir Crit Care Med 168:476–480

18. Shu Q, Fang X, Chen Q, Stuber F
(2003) IL-10 polymorphism is as-
sociated with increased incidence
of severe sepsis. Chin Med J (Engl)
116:1756–1759

19. American College of Chest Physi-
cians/Society of Critical Medicine
Consensus Committee (1992) Defini-
tions for sepsis and organ failure and
guidelines for the use of innovative
therapies in sepsis. Crit Care Med
20:864–874

20. Zhelev ZD, Stanilova SA, Carpenter
BG (1994) Isolation, partial charac-
terisation and complement inhibiting
activity of a new glycoprotein from
Cuscuta europea. Biochem Biophys
Res Commun 202:186–194

21. Cavet J, Middleton P, Segal M,
Noreen H, Davies S, Dickinson A
(1999) Recipient tumor necrosis factor
and interleukin-10 gene polymorphisms
associate with early mortality and acute
graft-versus-host disease severity in
HLA-matched sibling bone marrow
transplants. Blood 94:3941–3946

22. Stanilova S, Dobreva Z, Slavov E,
Miteva L (2005) C3-binding glyco-
protein from Cuscuta europea induced
different cytokine profiles from hu-
man PBMC compared to other plant
and bacterial immunomodulators. Int
Immunopharmacol 5:723–734

23. Crawley E, Kay R, Sillibourne J, Patel P,
Hutchinson I, Woo P (1999) Polymor-
phic haplotypes of the interleukin-10
5′ flanking region determine variable
interleukin-10 transcription and are as-
sociated with particular phenotypes of
juvenile rheumatoid arthritis. Arthritis
Rheum 42:1101–1108

24. Paterson JCM (1999) Inherited haplo-
types of the interleukin-10 promoter
differentially regulate gene transcrip-
tion. Joint Congress of the BSI and the
BSACI, abstract OP258

25. Eskdale J, Keijsers V, Huizinga T,
Gallagher G (1999) Microsatellite
alleles and single nucleotide polymor-
phisms (SNP) combine to form four
major haplotype families at the human
interleukin-10 (IL-10) locus. Genes
Immunity 1:151–155

26. Keijsers V, Verweij CL, Hazes JMW,
Westendorp RGJ, Breedveld FC,
Huizinga TWJ (1998) Innate differ-
ences in IL-10 production are present at
the level of transcription and associated
with haplotypes: association of IL-10
haplotypes and rheumatoid arthritis.
Clin Exp Rheumatol 16:200

27. Rees LE, Wood NA, Gillespie KM, Lai
KN, Gaston K, Mathieson PW (2002)
The IL-10-1082 G/A polymorphism:
allele frequency in different populations
and functional significance. Cell Mol
Life Sci 59:560–569

28. Gaston K, Fried M (1995) CpG methy-
lation has differential effects on the
binding of YY1 and ETS proteins to the
bi-directional promoter of the Surf-1
and Surf-2 genes. Nucleic Acids Res
23:901–909

29. Stanilova S, Miteva L (2005) Taq-I
polymorphism in 3’UTR of the IL-12
and association with IL-12p40 produc-
tion from human PBMC. Genes Immun
6:364–366

30. Gogos C, Drosou E, Bassaris H,
Skoutelis A (2000) Pro versus anti-
inflammatory cytokine profile in
patients with severe sepsis: a marker
for prognosis and future therapeutic
options. J Infect Dis 181:176–180

31. Murray PJ, Wang L, Onufryk C, Tepper
RI, Young RA (1997) T-cell-derived
IL-10 antagonizes macrophage function
in mycobacterial infection. J Immunol
158:315–321

View publication stats

https://www.researchgate.net/publication/7338686


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


