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Summary

Genetic polymorphism studies of cytokines may provide an insight into the
understanding of acute kidney injury (AKI) and death in intensive care unit
(ICU) patients. The aim of this study was to investigate whether the genetic
polymorphisms of -308 G < A tumour necrosis factor (TNF)-a, -174 G > C
interleukin (IL)-6 and -1082 G > A IL-10 may predispose ICU patients to
the development of AKI and/or death. In a prospective nested case–control
study, 303 ICU patients and 244 healthy individuals were evaluated. The
study group included ICU patients who developed AKI (n = 139) and 164
ICU patients without AKI. The GG genotype of TNF-a (low producer phe-
notype) was significantly lower in the with AKI than without AKI groups
and healthy individuals (55 versus 62 versus 73%, respectively; P = 0·01).
When genotypes were stratified into four categories of TNF-a/IL-10 combi-
nations, it was observed that low TNF-a plus low IL-10 producer phenotypes
were more prevalent in patients with AKI, renal replacement therapy and
death (P < 0·05). In logistic regression analysis, low TNF-a producer plus
low IL-10 producer phenotypes remained as independent risk factors for
AKI and/or death [odds ratio (OR) = 2·37, 95% confidence interval (CI):
1·16–4·84; P = 0·02] and for renal replacement therapy (RRT) and/or death
(OR = 3·82, 95% CI: 1·19–12·23; P = 0·02). In this study, the combination of
low TNF-a plus low IL-10 producer phenotypes was an independent risk
factor to AKI and/or death and RRT and/or death in critically ill patients.
Our results should be validated in a larger prospective study with long-term
follow-up to emphasize the combination of these genotypes as potential risk
factors to AKI in critically ill patients.
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Introduction

Acute kidney injury (AKI) is one of the main complications
in the intensive care unit (ICU), especially in patients with
sepsis [1]. Despite therapeutic and technological advances,
AKI remains responsible for the higher mortality rates
observed in ICU patients [2,3]. The involvement of systemic
inflammatory response syndrome (SIRS), one of the main
risk factors in the development of AKI, plays a central role
in the high mortality rate observed in these patients [4–6].
This host defence response to different factors, such as bac-
terial, endotoxin, ischaemia–reperfusion and complement
activation, leads to the release of biologically active media-
tors in the host [7,8], including tumour necrosis factor

(TNF)-a, interleukin (IL)-1a, IL-1b, IL-6 and IL-10, which
are potent inflammatory mediators and are associated
with poor outcome [4,9]. In addition, these inflammatory
mediators have been reported to contribute to renal vascu-
lature injury and the consequent development of AKI [10].
Thus, the balance between pro- and anti-inflammatory
cytokines has an important influence on the clinical
outcome of patients with acute inflammatory conditions.
Although human studies report cytokine serum levels as
important mediators of kidney injury, the role of these
cytokine genes remains unclear.

In recent years, the study of polymorphisms of genes
involved in host immune responses, including cytokines
and other modulators of the inflammatory response, has
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been the subject of interest, as these genetic markers may be
potentially responsible for susceptibility or severity of acute
disease [11–13].

Also, the study of genetic cytokine polymorphisms may
provide an important perspective in the evaluation of ICU
patient outcome. Thus, the aim of this study was to identify
the prevalence of polymorphisms of TNF-a, IL-6 and IL-10
in ICU patients and investigate whether these polymor-
phisms could be associated with the development of AKI
and/or death.

Materials and methods

Subjects

This was a prospective, nested case–control study which
comprised 303 patients from Hospital Israelita Albert
Einstein/Sao Paulo, Brazil who had been in the ICU for less
than 48 h; 244 healthy individuals from the Hypertension
and Cardiovascular Metabolism Center – UNIFESP/Sao
Paulo, Brazil, were included into the control group. Overall,
individuals were aged more than 18 years. Of the 303 ICU
patients, 139 patients developed AKI (AKI group) and 164
patients did not (no-AKI group). AKI was confirmed by the
Acute Kidney Injury Network (AKIN) [14] and Risk, Injury,
Failure, Lesion Renal and End-stage-Renal Disease (RIFLE)
criteria [15], defined as a threefold increase of serum creati-
nine compared with baseline serum levels of creatinine or
the creatinine clearance < 60 ml/min/mm3, calculated by
the Levey equation (Modification of Diet in Renal Disease:
MDRD) according to K/DOQI [16].

Patients who developed AKI were matched for age and
gender to the no-AKI and control group. The exclusion cri-
teria were: patients not considered for resuscitation, kidney
transplant patients, patients undergoing dialysis and
patients who had participated previously in this study.

This study was approved by the Research Ethics Commit-
tee of the Universidade Federal de São Paulo – UNIFESP,
ref. number: CEP 1520/05 and by the Ethics Committee of
the Hospital Israelita Albert Einstein, ref. number 06/381.

Materials

Thirty ml of blood in ethylenediamine tetraacetic acid
(EDTA) anti-coagulant was collected from each individual
for renal function analysis (urea and creatinine; Labtest®,
Lagoa Santa, MG, Brazil and the Jaffe modified method,
respectively), lipid profile [cholesterol, high-density lipo-
protein (HDL) and low-density lipoprotein (LDL) choles-
terol, automated method equipment, Cell-Dyn Ruby;
Abbott Diagnostics, Lake Forest, IL, USA], markers of SIRS
[C-reactive protein (CRP) and albumin, Immunlite 1000
immunoassay system, Erlangen, Germany and the colori-
metric method in automated equipment; Olympus AU400,
Dallas, TX, USA, respectively] and DNA extraction was per-

formed in order to study the polymorphisms of TNF-a,
IL-6 and IL-10 (genotyping tray; One Lambda, Inc., Canoga
Park, CA, USA).

Polymorphism of TNF-a, IL-6 and IL-10

Genomic DNA was prepared from peripheral blood using
the standard technique and was extracted using the
dodecyltrimethylammonium bromide/cetyltrimethylam-
monium bromide (DTAB/CTAB) method [17]. The
polymorphisms of genes of the A allele of the -308
polymorphism gene for TNF-a, -1082 G > A gene IL-10
and -174 G > C gene IL-6 were determined by polymerase
chain reaction–sequence-specific primer (PCR-SSP) (One
Lambda Kit; One Lamda, Inc.). Genotype detection was
performed on the purified DNA using a commercially avail-
able cytokine genotyping tray (One Lambda, Inc.). Geno-
types for polymorphism were separated by electrophoresis
in 2% agarose gel and the bands were visualized under
ultraviolet light and photographed using the gel electro-
phoresis imaging system (Kodak Digital Science -
Electrophoresis Documentation and Analysis System 120).
Subsequently, the results were entered into the cytokine
worksheet provided along with the manual kit. Quality
checks were carried out by independent rating of the results
by two investigators in order to ensure the accuracy of the
genotypes.

Three different possible genotypes at the -308 G > A
position of the TNF-a gene promoter can be defined and
associated with high (AA and GA) and low (GG) phenotype
profiles. To -1082 G > A gene IL-10 gene promoter the pos-
sible genotypes were defined as high (GG), intermediate
(GA) and low (AA) phenotypes. Three different possible
genotypes at the -174 G > C gene IL-6 gene promoter were
also defined as high (GG and GC) and low (CC) pheno-
types. These production phenotypes for IL-6, TNF-a and
IL-10 were based on previously published in-vitro transfec-
tion studies using constructs of the relevant alleles, studies
on whole blood, peripheral blood mononuclear cell cultures
stimulated with endotoxin and in-vivo studies measuring
plasma levels of the relevant cytokines [18].

Statistical analysis

Data were analysed using the statistical software spss
version 20·0 (SPSS, Inc., Chicago, IL, USA). The results
were expressed as mean and standard deviation and the
distribution of genotypes and phenotypes were given as
percentages. Clinical characteristics and cytokine gene poly-
morphisms were compared using the c2 test and Fisher’s
exact test when needed. To compare the differences between
the groups, t-tests were used for independent samples. To
examine whether the genotype frequencies were in Hardy–
Weinberg equilibrium, the goodness-of-fit c2 test was
used. Allele frequencies were compared using a 2 ¥ 2
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contingency table using Fisher’s exact test. Binary logistic
regression analysis was used to identify independent vari-
ables associated with AKI and death. All results were consid-
ered significant at P < 0·05.

Results

Biochemical and epidemiological data

The AKI patients had a lower initial renal function (calcu-
lated by MDRD equation) compared to the no-AKI and
control groups (70 � 51 versus 100 � 49 and 81 � 13;
P < 0·001, respectively) and higher serum levels of creati-
nine (Table 1). According to RIFLE criteria, AKI patients
were classified as follows: 41% as injury, 17% as failure, 15%
as loss and 23% as end-stage. Among the overall cohort
(AKI and no-AKI patients, n = 303), patients with AKI
(n = 139) had a higher acute physiology and chronic health
evaluation (APACHE) score II (20 � 7 versus 17 � 6;
P = 0·001), a higher incidence of vasoactive drug use (17
versus 4%, P = 0·0001), were more frequently on mechanical
ventilation (21 versus 7%, P = 0·0001) and had a higher
incidence of sepsis (32 versus 21%, P = 0·04). Age, gender,
coronary artery disease, heart failure, stroke, hypertension
and diabetes mellitus were not significantly different
between the studied groups (Table 1). In the univariate
analysis, only APACHE II score [odds ratio (OR) = 1·07,
95% confidence interval (CI): 1·04–1·10; P = 0·0001] and
mechanical ventilation (OR = 0·53, 95% CI: 0·31–0·90;
P = 0·02) were risk factors for AKI.

Biochemical and epidemiological data according
to mortality

With respect to mortality, an association was observed
between a higher APACHE II score (27 � 7 versus 18 � 6;
P = 0·0001), higher serum creatinine (1·66 � 1·49 versus
0·64 � 0·95; P = 0·0001), higher CRP (13·78 � 12·58
versus 7·10 � 8·04; P = 0·001), use of vasoactive drug (42%
versus 8%, P = 0·0001), mechanical ventilation (53% versus
11%, P = 0·0001), sepsis (68% versus 23%; P = 0·0001) and
higher death rates (Table 2). In logistic regression analysis
all variables remained as markers of risk for this outcome
with the exception of CRP and mechanical ventilation.

Genotype and phenotype frequency of the
polymorphisms of TNF-a, IL-10 and IL-6 in patients
with and without AKI

Genotype frequencies for TNF-a, IL-6 and IL-10 were
similar to previous reports in the Caucasian population and
the observed Hardy–Weinberg equilibrium. The genotype
frequencies were not associated with gender and renal func-
tion initial (measured by MDRD) (data not shown). Our
study showed that the GG genotype (low producer pheno-
type) of TNF-a, the GA genotype (intermediate producer
phenotype) of IL-10 and the GG genotype (high producer
phenotype) of IL-6 were more frequent in the total studied
population (Table 3). There was no association between
disease category at ICU admission and the cytokine genetic
profile in the studied population (Table 4). Also, we did
not observe any association between genotype profile and

Table 1. Biochemical and epidemiological data according the development to acute kidney injury (AKI) (n = 303) and healthy individuals (control)

(n = 244).

AKI

Control (n = 244) PYes (n = 139) No (n = 164)

Age (years) 67 � 17 65 � 18 60 � 10 0·67

Gender (male) 91 (66%) 97 (60%) 154 (61%) 0·26

APACHE II score 20 � 7 17 � 6 – 0·001

MDRD 70 � 51 100 � 49 81 � 13 0·001

Creatinine (mg/dl) 1·07 � 1·20 0·40 � 0·70 1·00 � 0·2 0·0001

Albumin (mg/dl) 3·06 � 0·25 3·24 � 0·54 4·5 � 0·3 0·22

CRP (mg/dl) 7·89 � 8·61 7·20 � 8·47 0·56 � 0·69 0·48

Vasoactive drug 24 (17%) 6 (4%) – 0·0001

Mechanical ventilation 29 (21%) 11 (7%) – 0·0001

Sepsis 44 (32%) 35 (21%) – 0·04

Coronary artery disease/heart failure 26 (19%) 31 (19%) 24 (10%) 0·96

Stroke 7 (5%) 13 (8%) – 0·31

Hypertension 54 (39%) 66 (40%) 73 (29%) 0·80

Diabetes mellitus 25 (18%) 31 (19%) 32 (13%) 0·83

Chronic kidney disease 1 (0·01%) 3 (0·02%) – 0·60

Mortality rate (%) 12 (9%) 7 (4%) – 0·12

Comparison between AKI and no-AKI: Student’s t- and c2 tests. MDRD: modification of diet in renal disease; APACHE: acute physiology and

chronic health evaluation; CRP: C-reactive protein.
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specific underlying diseases or clinical conditions that
occurred after ICU admission that might contribute to the
course of AKI (Tables 5 and 6).

The separate analysis of IL-6 and IL-10 genotypes did not
show an association with AKI occurrence (Table 3). When
phenotype combinations for TNF-a, IL-10 and IL-6 were

stratified into four categories for all polymorphisms and
respective phenotypes, the low TNF-a plus low IL-10 pro-
ducer phenotype was the unique combination associated
with AKI (P = 0·03), renal replacement therapy (RRT)
(P = 0·04) and AKI and/or death (P = 0·01) (Table 7). Com-
binations of IL-6 and IL-10 and IL-6 and TNF-a were not
statistically significant different among the groups studied
(data not shown). In logistic regression analysis, adjusted
for variables such as age, gender, ethnicity, APACHE II
score, sepsis, albumin and CRP, the low TNF-a plus low
IL-10 producer phenotype remained an independent risk
factor for AKI and/or death (OR = 2·37, 95% CI: 1·16–4·84;
P = 0·02) and for RRT and/or death (OR = 3·82, 95% CI:
1·19–12·23; P = 0·02) (Table 8).

Discussion

In the present study, we did not observe a specific associa-
tion of TNF-a, IL-6 and IL-10 polymorphisms in ICU
patients who developed AKI and/or death. However,
patients who had a combination of low TNF-a plus low
IL-10 producer phenotype showed an independent associa-
tion with AKI and/or death and RRT and/or death.

In accordance with our study, Pappachan et al. observed
an association with high mortality rate in ICU patients who
were lower TNF-a producer phenotype carriers [19]. Our
group had already demonstrated previously a significant

Table 2. Biochemical and epidemiological data according to mortality

(n = 303).

Mortality

PYes (n = 19) No (n = 284)

Age (years) 74 � 14 65 � 18 0·04

Gender (male) 10 (52·6%) 178 (62·7%) 0·38

APACHE II score 27 � 7 18 � 6 0·0001

Creatinine (mg/dl) 1·66 � 1·49 0·64 � 0·95 0·0001

Albumin (mg/dl) 3·00 � 0·02 3·18 � 0·46 0·43

CRP (mg/dl) 13·78 � 12·58 7·10 � 8·04 0·001

Vasoactive drug 8 (42%) 22 (8%) 0·0001

Mechanical ventilation 10 (53%) 30 (11%) 0·0001

Sepsis 13 (68%) 66 (23%) 0·0001

Coronary artery

disease/heart failure

4 (21%) 53 (19%) 0·80

Stroke 1 (5%) 19 (7%) 0·80

Hypertension 4 (21%) 116 (41%) 0·08

Diabetes mellitus 5 (26%) 51 (18%) 0·36

Student’s t- and c2 tests. APACHE: acute physiology and chronic

health evaluation; CRP: C-reactive protein.

Table 3. Frequency of phenotypes and genotypes (%) of tumour necrosis factor (TNF)-a, interleukin (IL)-10 and IL-6 polymorphisms in intensive

care unit (ICU) patients according acute kidney injury (AKI) and in the control group.

With AKI Without AKI Control

Phenotype Genotype (n = 139) (n = 164) (n = 244) P†

TNF-a (-308 G > A) <0·01

Low producer GG 76 (55%) 102 (62%) 178 (73%)

High producer GA 60 (43%) 52 (32%) 54 (23%)

AA 3 (2%) 10 (6%) 8 (4%)

With AKI Without AKI Control P

(n = 136) (n = 162) (n = 240)

IL-10 (-1082 G > A) 0·10

Low producer AA 43 (32%) 63 (38%) 109 (45%)

Intermediate producer GA 80 (59%) 88 (54%) 113 (47%)

High producer GG 13 (9%) 11 (8%) 18 (8%)

With AKI Without AKI Control P

(n = 125) (n = 138) (n = 239)

IL-6 (-174 G > C) <0·001

Low producer CC 32 (26%) 33 (24%) 18 (8%)

High producer GC 33 (26%) 40 (29%) 72 (30%)

GG 60 (48%) 65 (47%) 149 (62%)

TNF-a + IL-10 combination phenotype 0·03

TNF-a low + IL-10 low producer 40 (30%) 20 (15%)

TNF-a low + IL-10 intermediate + high producer 6 (5%) 9 (7%)

TNF-a high + IL-10 low producer 23 (18%) 23 (18%)

TNF-a high + IL-10 intermediate + high producer 5 (4%) 4 (3%)

†c2/Fisher’s exact test.
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reduction in spontaneous release of IL-10 and TNF-a by
peripheral blood mononuclear cells (PBMC) isolated from
critically ill patients compared to healthy controls. In this
study, we suggest that a proinflammatory environment
results in the preactivation of immune cells from critically
ill patients, resulting in decreased spontaneous IL-10 and
TNF-a production [20]. In fact, studies have shown down-
regulation of nuclear factor-kappa B (NF-kB) in PBMC
from critically ill patients, due to an imbalance between its
active (p65p50) and inactive (p50p50) forms and to a weak

cytoplasmic expression of its inhibitor (IkBa), that may
be related with the lower TNF-a producer profile observed
in the present study [21]. Therefore, it is possible that
genetic polymorphisms may influence this imbalance, more
so in critically ill patients. Accordingly, in the present
study we observed that low TNF-a plus low IL-10 producer
phenotype combinations were associated with poor
outcome, reinforcing the hypothesis that these phenotypes
may reflect an immuno-incompetent response in critically
ill patients.

Table 4. Frequency of genotypes (%) of tumour necrosis factor (TNF)-a,interleukin (IL)-10 and IL-6 polymorphisms in patients with and without

acute kidney injury (AKI) according disease category at intensive care unit (ICU) admission.

With AKI* Without AKI*

(n = 139) (n = 164)

Disease category Clinical Surgical Sepsis Other Clinical Surgical Sepsis Other

TNF-a (-308 G>A)*

Low producer GG 23 (16%) 3 (2%) 47 (34%) 3 (2%) 31 (19%) 12 (7%) 50 (30%) 9 (5%)

High producer GA 18 (13%) 5 (4%) 35 (25%) 2 (2%) 19 (11%) 4 (2%) 23 (14%) 6 (3%)

AA 1 (1%) 0 1 (1%) 1 (1%) 2 (1%) 2 (1%) 6 (3%) –

With AKI Without AKI

(n = 136) (n = 162)

Disease category Clinical Surgical Sepsis Other Clinical Surgical Sepsis Other

IL-10 (-1082 G>A)*

Low producer AA 18 (13%) 0 25 (13%) 1 (1%) 19 (12%) 5 (3%) 35 (21%) 5 (3%)

Intermediate producer GA 20 (15%) 7 (5%) 50 (36%) 4 (4%) 27 (16%) 12 (7%) 40 (25%) 9 (5%)

High producer GG 5 (4%) 0 7 (5%) 1 (1%) 6 (3%) 1 (1%) 3 (2%) 1 (2%)

With AKI Without AKI

(n = 126) (n = 138)

Disease category Clinical Surgical Sepsis Other Clinical Surgical Sepsis Other

IL-6 (-174 G>C)*

Low producer CC 12 (9%) 1 (10%) 18 (1%) 1 (1%) 13 (9%) 5 (4%) 13 (9%) 2 (2%)

High producer GC 8 (6%) 2 (18%) 21 (16%) 3 (2%) 13 (9%) 6 (4%) 16 (11%) 5 (4%)

GG 17 (13%) 4 (17%) 37 (29%) 2 (1%) 19 (14%) 4 (3%) 35 (25%) 7 (5%)

*No statistical differences between groups; P > 0·05.

Table 5. Frequency of genotypes of the polymorphisms of tumour necrosis factor (TNF)-a, interleukin (IL)-6 and IL-10 in acute kidney injury (AKI)

patients according to underlying disease.

Polymorphism

HAS* DM* MDRD*

No Yes No Yes < 60 � 60

TNF-a
AA 1 (1%) 2 (4%) 3 (3%) 0 (0%) 3 (4%) 0 (0%)

GA 37 (44%) 23 (43%) 50 (44%) 10 (40%) 27 (37%) 33 (51%)

GG 47 (55%) 29 (54%) 61 (54%) 15 (60%) 44 (60%) 32 (50%)

IL-6

CC 16 (19%) 16 (30%) 23 (20%) 9 (36%) 7 (10%) 16 (25%)

GC 25 (30%) 8 (15%) 31 (27%) 2 (8%) 16 (22%) 17 (26%)

GG 36 (42%) 24 (44%) 49 (43%) 11 (44%) 16 (22%) 25 (39%)

IL-10

AA 26 (31%) 17 (32%) 36 (32%) 7 (28%) 24 (32%) 19 (30%)

GA 53 (50%) 27 (50%) 13 (59%) 13 (52%) 40 (55%) 40 (52%)

GG 4 (5%) 9 (17%) 10 (9%) 3 (12%) 8 (11%) 5 (8%)

*No statistical differences between groups; P > 0·05.
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TNF-a plays a central role in the physiological response;
its secretion is necessary for efficient innate and adaptive
immune responses [22]. It has been reported that low pro-
duction of TNF-a reduces the expression of adhesion mol-
ecules on the vascular endothelium and less leucocyte
migration to local injury [23,24]. Hence, lower migration of
neutrophils and macrophages to the site of tissue injury
contributes to lower, or lack of, initial immune response. In
fact, when homozygous TNF-a gene knock-out mice (no
TNF-a production) were infected with Corynebacterium
parvum, there was little or no initial response but the mice
went on to develop a severe and fatal inflammatory reaction
[25]. Sepsis is the main contributory cause of the develop-
ment of AKI. Therefore, it is possible that this disequilib-

Table 6. Frequency of genotypes of tumour necrosis factor (TNF)-a, interleukin (IL)-6 and IL-10 polymorphisms in the acute kidney injury (AKI)

group according mechanical ventilation, vasoactive drug and sepsis after intensive care unit (ICU) admission.

Polymorphism

Mechanical ventilation* Vasoactive drug* Sepsis*

No Yes No Yes No Yes

TNF-a
AA 3 (3%) 0 (0%) 3 (3%) 0 (0%) 3 (3%) 0 (0%)

GA 49 (44%) 11 (38%) 47 (41%) 12 (50%) 43 (45%) 17 (39%)

GG 58 (53%) 18 (62%) 64 (56%) 12 (50%) 49 (52%) 27 (61%)

IL-6

CC 24 (22%) 8 (28%) 25 (22%) 7 (30%) 22 (23%) 10 (23%)

GC 29 (26%) 4 (14%) 28 (25%) 4 (17%) 18 (19%) 15 (34%)

GG 45 (41%) 15 (52%) 48 (42%) 12 (50%) 43 (45%) 17 (39%)

IL-10

AA 32 (29%) 11 (33%) 34 (30%) 9 (38%) 29 (31%) 14 (32%)

GA 65 (59%) 15 (52%) 66 (58%) 13 (44%) 56 (59%) 24 (55%)

GG 10 (9%) 3 (10%) 11 (10%) 2 (8%) 7 (8%) 6 (14%)

*No statistical differences between groups or genotype/phenotype; P > 0·05.

Table 7. Association between tumour necrosis factor (TNF)-a plus

interleukin (IL)-10 low producer phenotype with acute kidney injury

(AKI) occurrence, renal replacement therapy (RRT) and death.

TNF-a plus IL-10 producer combination

P*

TNF-a + IL-10

low producer

Other

combination

AKI occurrence 36 (27·7%) 20 (15·4%) 0·03

RRT 11 (8·5%) 3 (2·3%) 0·04

Death 4 (3·1%) 2 (1·5%) 0·51

AKI and/or death 38 (29·2%) 20 (15·4%) 0·01

RRT and/or death 15 (11·5%) 4 (3·0%) 0·01

*Univariate analysis. Other combination: TNF-a low plus IL-10

high; TNF-a high plus IL-10 high and TNF-a high plus IL-10 low

producer.

Table 8. Relationship between tumour necrosis factor (TNF)-a plus low interleukin (IL)-10 producer and risk of acute kidney injury (AKI) and/or

death and renal replacement therapy (RRT) and/or death.

Outcomes OR 95% CI P

AKI and/or death

Unadjusted 2·37 1·16–4·84 0·02

Adjusted for age (years) 2·34 1·14–4·80 0·02

Adjusted for age and gender (male) 2·40 1·16–4·95 0·02

Adjusted for age, gender and ethnicity (Caucasian) 2·83 1·32–6·07 0·007

Adjusted for age, gender, ethnicity and APACHE score II 2·87 1·29–6·38 0·009

Adjusted for age, gender, ethnicity, APACHE II score and sepsis 3·05 1·36–6·85 0·007

Adjusted for age, gender, ethnicity, APACHE II score, sepsis and albumin 3·05 1·35–6·87 0·007

Adjusted for age, gender, ethnicity, APACHE II score, sepsis, albumin and CRP 3·05 1·35–6·91 0·007

RRT and/or death

Unadjusted 3·82 1·19–12·23 0·02

Adjusted for age (years) 3·93 1·22–12·68 0·02

Adjusted for age and gender (male) 3·97 1·23–12·80 0·02

Adjusted for age, gender and ethnicity (Caucasian) 4·61 1·25–16·95 0·02

Adjusted for age, gender, ethnicity and APACHE II score 4·76 1·22–18·52 0·02

Adjusted for age, gender, ethnicity, APACHE II score and sepsis 7·15 1·66–30·67 0·008

Adjusted for age, gender, ethnicity, APACHE II score, sepsis and albumin 6·65 1·51–29·30 0·01

Adjusted for age, gender, ethnicity, APACHE II score, sepsis, albumin and CRP 6·74 1·52–29·76 0·01

APACHE: acute physiology and chronic health evaluation; CRP: C-reactive protein; OR: odds ratio; CI: confidence interval.
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rium of the production of TNF-a in patients who are TNF-
a low producer genotype carriers show a reduced response
to infectious challenge agents in critically ill patients.
Although, in the present study, we observed 42 patients with
sepsis who developed AKI, this sample size and their respec-
tive polymorphisms are not enough to prove this hypoth-
esis. Instead, the high TNF-a local production reflects
leucocyte activation, greater inflammation and tissue injury.
Jaber et al. demonstrated an association between high
TNF-a producer phenotypes and death in AKI patients
who required dialysis [26], but this study did not demon-
strate if this phenotype was a predictor of AKI occurrence
or direct renal injury. Balakrishnan et al. also showed that a
high TNF-a producer phenotype was associated with mor-
bidity and low serum albumin levels in peritoneal dialysis
patients [27]. The results mentioned above suggest that
high TNF-a producer phenotypes are risk markers associ-
ated with poor outcome in dialysis patients. However, this
association has not yet been reported prospectively in criti-
cally ill patients, taking AKI occurrence into consideration.

With respect to IL-10, the -1082 G of the IL-10 polymor-
phism (high producer) has been associated with lower risk
of death [23] and the -1082 A (low producer phenotype)
has been associated with increased susceptibility to infec-
tious disease [28], as well as an increased incidence of acute
rejection of transplanted kidney and pancreas [29].

In a study of patients with AKI requiring dialysis, the
-1082 G of IL-10 was associated with high production of
IL-10 and lower risk of death [26]. Our study showed a
prevalent intermediate producer phenotype for all groups,
but there was no difference between the groups studied.
Instead, we observed an association between the higher
risk of AKI and/or death and RRT and/or death in patients
with genotype carriers of low TNF-a plus low IL-10 pro-
ducer. It has been described that IL-10 requires 10–20
times higher serum concentrations than TNF-a to inhibit
the effect of the proinflammatory cytokine. Additionally, it
has been reported that TNF-a regulates serum synthesis of
IL-10, but it is unclear whether the presence of genotype
to TNF-a low producer may be involved in down-
regulated IL-10 genotype expression, or if there is any
association between the expression of the genotypes of
these two cytokines, which is not favoured by their gene
location. Furthermore, it is still unclear from our and
other data if that association has any bearing on the
patient’s outcome and whether only this association may
be associated with outcome. Lu et al., in a systematic
review of 35 polymorphisms as genetic determinants of
AKI that included -308 of the gene for TNF-a G > A,
-1082 G > A gene IL-10 and -174 G > C gene IL-6 poly-
morphisms, reported that there is no single polymorphism
that can be determined conclusively as a risk factor in AKI
[24]. At present, there is no report on the direct effect of
these polymorphisms on kidney injury among critically ill
patients evaluated prospectively.

High serum levels of IL-6, a proinflammatory cytokine,
have been associated with a rise in acute phase proteins and
inflammation. However, there are conflicting results con-
cerning the influence of the IL-6 genetic polymorphisms
with renal disease patients [26,30]. Although we have
observed a higher frequency of the IL-6 high producer phe-
notype for IL-6 polymorphisms in the overall population,
we did not observe any association between isolated and/or
a combination of this IL-6 genotype with other genetic
polymorphisms studied and with AKI and/or death. In
accordance with our study, Balakrishnam et al. also
observed a higher proportion of patients with the IL-6 high
producer genotype in haemodialysis patients, but this iso-
lated genotype was not a predictor of death, although it was
of diabetes [27]. Thus, there are many biological steps, apart
from the influence of the gene polymorphisms on cytokine
production, for which the control, production and release
of these cytokines and its activity are regulated.

It has been also reported that there are marked discrep-
ancies regarding cytokine production in studies in vivo
when compared with correspondent genetic polymor-
phisms [28,29]. These discrepancies may be due, in part, to
ethnic differences, with some ethnic groups carrying
extremely low frequencies of some genotypes for a deter-
mined cytokine [30]. Moreover, the limited sample size
impaired the ability to generalize the results in genetic asso-
ciation studies.

To our knowledge, the present study is the first to evalu-
ate genetic polymorphisms of TNF-a, IL-6 and IL-10 in
ICU patients as possible risk factors in the development of
AKI, RRT or death. Although the combination of low
TNF-a plus low IL-10 producer phenotypes were shown to
be independent risk factors to AKI and/or death and RRT
and/or death, these polymorphisms were not associated
separately with these outcomes in ICU patients. This
genetic combination seems to reflect an immuno-
incompetent state in critically ill patients associated with
worse prognosis. Our results should be validated in a larger
prospective study with long-term follow-up to emphasize
the combination of these genotypes as potential risk factors
of AKI in critically ill patients.
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11 Zibar L, Wagner J, Pavlinić D et al. The relationship between

interferon-g gene polymorphism and acute kidney allograft rejec-

tion. Scand J Immunol 2011; 73:319–24.

12 Karimi MH, Daneshmandi S, Pourfathollah AA et al. A study of

the impact of cytokine gene polymorphism in acute rejection of

renal transplant recipients. Mol Biol Rep 2012; 39:509–15.

13 Chow KM, Szeto CC, Poon P, Lau WY, Lai FM, Li PK. Transform-

ing growth factor-beta1 gene polymorphism in renal transplant

recipients. Ren Fail 2005; 27:671–5.

14 Mehta RL, Kellum JA, Shah SV et al., Acute Kidney Injury

Network. Acute Kidney Injury Network: report of an initiative to

improve outcomes in acute kidney injury. Crit Care 2007; 11:R31.

15 Englberger L, Suri RM, Li Z et al. Clinical accuracy of RIFLE and

Acute Kidney Injury Network (AKIN) criteria for acute kidney

injury in patients undergoing cardiac surgery. Crit Care 2011;

15:R16.

16 K/DOQI clinical practice guidelines for chronic kidney disease:

evaluation, classification, and stratification. Am J Kidney Dis 2002;

39 (2 Suppl. 1):S1–266.

17 Gustincich S, Manfioletti G, Del Sal G, Schneider C, Carninci P. A

fast method for high-quality genomic DNA extraction from whole

human blood. Biotechniques 1991; 11:298–300, 302.

18 Wilson AG, Symons JA, McDowell TL, McDevitt HO, Duff GW.

Effects of a polymorphism in the human tumor necrosis factor

alpha promoter on transcriptional activation. Proc Natl Acad Sci

USA 1997; 94:3195–9.

19 Pappachan JV, Coulson TG, Child NJ et al. Mortality in adult

intensive care patients with severe systemic inflammatory

response syndromes is strongly associated with the hypo-immune

TNF -238A polymorphism. Immunogenetics 2009; 61:657–62.

20 Ferrari GL, Quinto BMR, Queiroz KCBS et al. Effects of simvasta-

tin on cytokines secretion from mononuclear cells from critically

ill patients with acute kidney injury. Cytokine 2011; 54:144–8.

21 Adib-Conquy M, Adrie C, Moine P, Asehnourne K, Fitting C,

Pinsky MR. NF-B expression in mononuclear cells of patients with

sepsis resembles that observed in lipopolysaccharide tolerance.

Am J Respir Crit Care Med 2000; 162:1877–83.

22 Ware CF. Network communications: lymphotoxins, LIGHT, and

TNF. Annu Rev Immunol 2005; 23:787–819.

23 Elahi MM, Asotra K, Matata BM, Mastana SS. Tumor necrosis

factor alpha -308 gene locus promoter polymorphism: an analysis

of association with health and disease. Biochim Biophys Acta

2009; 1792:163–72.

24 Lu JC, Coca SG, Patel UD, Cantley L, Parikh CR, Translational

Research Investigating Biomarkers and Endpoints for Acute

Kidney Injury (TRIBE-AKI) Consortium. Searching for genes that

matter in acute kidney injury: a systematic review. Clin J Am Soc

Nephrol 2009; 4:1020–31.

25 Marino MW, Dunn D, Grail M et al. Characterization of tumor

necrosis factor-deficient mice. Proc Natl Acad Sci USA 1997;

94:8093–8.

26 Jaber BL, Rao M, Guo D et al. Cytokine gene promoter polymor-

phisms and mortality in acute kidney injury. Cytokine 2004;

25:212–9.

27 Balakrishnan VS, Guo D, Rao M et al., HEMO Study Group.

Cytokine gene polymorphisms in hemodialysis patients: associa-

tion with comorbidity, functionality, and serum albumin. Kidney

Int 2004; 65:1449–60.

28 Gallagher PM, Lowe G, Fitzgerald T et al. Association of IL-10

polymorphism with severity of illness in community acquired

pneumonia. Thorax 2003; 58:154–6.

29 Pelletier R, Pravica V, Perrey C et al. Evidence for a genetic predis-

position towards acute rejection after kidney and simultaneous

kidney–pancreas transplantation. Transplantation 2000; 70:674–

80.

30 Watanabe E, Hirasawa H, Oda S et al. Cytokine-related genotypic

differences in peak interleukin-6 blood levels of patients with SIRS

and septic complications. J Trauma 2005; 59:1181–9.

TNF-a plus IL-10 polymorphism predicts AKI

249© 2013 British Society for Immunology, Clinical and Experimental Immunology, 173: 242–249


