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ABSTRACT

Background: Inflammatory processes seem to play an important role in the development of atherosclerosis.
Recurrent or chronic inflammatory processes are common in individuals with end-stage renal disease. There is
no consensus approach to assess the degree of severity of inflammation in individuals with kidney disease. In
recent years, there has been a growing interest in the role of various cytokines in chronic kidney disease (CKD).
Cytokines such as tumor necrosis factor-alpha (TNF-a) and interleukin 6 (IL-6) are mediators of inflammation
that may play an important role in CKD. Interleukin 10 (IL-10) is a regulatory cytokine that seems to play a role
in limiting inflammatory processes. Aim: The aim of this study was to evaluate the serum levels of TNF- q, IL-6
and IL-10 in a population of haemodialysis and renal transplant patients and in healthy subjects. Methods: This
was a cross-sectional study. In 152 participants inflammation was assessed by measuring TNF-q, IL-6 and IL-10.
The study included 53 haemodialysis patients, 45 renal transplant patients and 54 healthy subjects. Results:
Serum levels of TNF-a were significantly higher in haemodialysis and renal transplant patients than in healthy
subjects (40.2+10.8 vs 5.2+1.7 pg/mL; p<0.05; and 16.1+5.9 vs 5.2+1.7 pg/mL; p<0.05, respectively). Serum levels
of IL-6 were significantly higher in haemodialysis patients than in healthy subjects (40.2+41.4 vs 16.4+5.4 pg/
mL; p<0.05), whereas no significant difference was found between renal transplant patients and healthy subjects
(20.118.3 vs 16.4+5.4 pg/mL; p=NS). Serum levels of IL-10 were significantly higher in haemodialysis and renal
transplant patients than in healthy subjects (23.8+4.5 vs 10.5%3.9 pg/mL; p<0.05; and 19.4+3.1 vs 10.5+3.9 pg/
mL; p<0.05, respectively). Conclusion: This study showed higher levels of inflammatory markers (TNF-a, IL-6)
and of the regulatory cytokine IL-10 in haemodialysis patients than in healthy controls and higher levels of TNF-a
and IL-10 in renal transplant patients than in healthy controls. In haemodialysis patients, increased levels of
inflammatory markers usually predict a poor outcome.
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INTRODUCTION

Inflammatory processes seem to play an important role
in the development of atherosclerosis. Recurrent or
chronicinflammatory processes are common in individu-
als with end-stage renal disease (ESRD). There is no con-
sensus approach to assess the degree of severity of inflam-
mation in individuals with kidney disease. In recent years,
there has been a growing interest in the role of various
cytokines in chronic kidney disease (CKD). The aim of this
study was to evaluate the serum levels of the inflamma-
tory markers TNF-aand IL-6, and of the regulatory cytokine
IL-10 (which seems to play a role in limiting inflammatory
processes), in a population of haemodialysis and renal
transplant patients and in healthy subjects.

METHODS

This was a cross-sectional study. In 152 participants
inflammation was assessed by measuring TNF-a and
IL-6. Serum levels of the regulatory cytokine IL-10 were
also measured. The study included 53 haemodialysis
patients (pre- and post-dialysis samples), 45 renal trans-
plant patients and 54 healthy subjects. Haemodialysis
patients were dialysed for three to four hours, two to
three times weekly on Braun-dialysis machine (B. Braun
Medical Inc. Michigan, USA), using biocompatible poly-
sulfone membranes. Patients who had infectious dis-
eases were excluded from the study.

Blood samples (5 ml) were collected in plain tubes. The
samples were centrifuged at a speed of 3000 rpm at 4°C
for 10 minutes to separate the serum from the blood cells.
Then the serum was pipetted and stored at -80°C till use.

Serum levels of TNF-q, IL-6 and IL-10 were measured
by enzyme-linked immunosorbent assay (ELISA). Kits
were obtained from R&D Systems Europe (Abingdon,
UK). The manufacturer’s instructions were followed.

Ethical approval was obtained from the Medical
Research Committee and Ethics Committee from Sultan
Qaboos University, College of Medicine and Health Sci-
ences (MREC# 538). All participants gave their written
informed consent.

Statistical analysis was performed using SPSS (version
19.0) statistical package (SPSS Inc., Chicago, IL, USA).
The numerical variables are presented as mean * stand-
ard deviation. For data that do not follow a normal
distribution, Mann-Whitney U-test and Wilcoxon

signed-rank test (for paired difference between pre-
-dialysis and post-dialysis) were used for comparison
and P< 0.05 was considered significant.

RESULTS

The haemodialysis group consisted of 53 patients, 25
females and 28 males, with a mean age of 51.0+13.6
years. The renal transplant group consisted of 45 patients,
14 females and 31 males, with a mean age of 41.1+13.0
years, and included 27 stable transplants (60%) and 18
renal biopsy-proven rejections (40%), of which five were
acute and 13 chronic rejections. The healthy control
group consisted of 54 subjects, 22 females and 32 males,
with a mean age of 40.7+7.0 years.

Levels of TNF-a, IL-6 and IL-10 cytokines were meas-
ured and the mean concentration + standard deviation
was presented.

In the haemodialysis population, the mean concen-
tration of TNF-a was not significantly different in post-
-dialysis samples when compared to pre-dialysis sam-
ples. TNF-a mean concentration was significantly higher
in haemodialysis and renal transplant patients when
compared to the healthy subjects (40.2410.8 vs 5.2+1.7
pg/mL; p<0.05; and 16.1+5.9 vs 5.2+1.7 pg/mL; p<0.05,
respectively). (Figure 1).

The mean concentration of serum IL-6 was signifi-
cantly higher in haemodialysis patients when compared
to the healthy subjects (40.2+41.4 vs 16.415.4 pg/mL;
p<0.05). No significant difference was seen between
pre- and post-dialysis samples or between renal trans-
plant patients and healthy subjects (Figure 2).

For IL-10 level, there was a significant difference in
the mean concentration of IL-10 between pre and post-
-dialysis samples (p< 0.05). Also the mean concentration
of IL-10 was significantly higher in hemodialysis and renal
transplant patients when compared to healthy subjects
(23.84.5 vs 10.5£3.9 pg/mL; p<0.05; and 19.4+3.1 vs
10.5+3.9 pg/mL; p<0.05, respectively) (Figure 3).

DISCUSSION

The findings of this study show significant elevated
levels of TNF-q, IL-6 and IL-10 in haemodialysis patients
as compared with healthy subjects.
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Figure 1

Mean concentration of serum TNF-a in healthy subjects, pre-dialysis, post-dialysis and renal transplant patients. Results are

expressed as means.
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Mean concentration of serum IL-6 in healthy subjects, pre-dialysis, post-dialysis and renal transplant patients. Results are

expressed as means.
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IL-10 is an anti-inflammatory cytokine which is very
important in patients with ESRD. Elevated levels of IL-10
were reported by several studies’2. It is believed that
higher levels of IL-10 are needed in ESRD patients, in
comparison with healthy subjects, to limit their strong
inflammatory activation. Chronic inflammation is a
common feature of ESRD which carries a heightened
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risk of atherosclerosis and other co-morbid conditions3->.
IL-10 is a regulatory cytokine that limits inflammatory
processes by down-regulating the production of
monocyte-derived cytokines®. The elevation of IL-10
observed in dialysis patients seems to be a counter-
-regulatory mechanism to control chronic inflammation
associated with uraemia and the dialysis technique>®.
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Figure 3

Mean concentration of serum IL-10 in healthy subjects, pre-dialysis, post-dialysis and renal transplant patients. Results are

expressed as means
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In this study IL-10 levels were significantly higher in
dialysis and transplant patients than in healthy subjects,
and levels tended to increase during the dialysis
sessions.

The findings of elevated concentrations of TNF-a in
haemodialysis and renal transplant patients are in line
with some earlier studies’-. However, this has not been
a consistent finding as Powell et al in a study published
recently found that the concentration of serum TNF-a
in dialysis and chronic renal failure patients were not
higher than in healthy subjectsC. Also, the increase in
serum TNF-a, observed during the haemodialysis ses-
sion, was also shown by Bukan et a/ who also measured
the concentration of serum TNF-a before and after
dialysis and reported similar findings!1.

If confirmed by subsequent studies, the elevated
levels of TNF-a in haemodialysis and renal transplant
patients could be due to uraemia as impaired renal
function may be one of the major factors associated
with increased serum levels of TNF-a2. Insulin resist-
ance, volume overload and obesity have been also
proposed as important causes of elevated TNF-a levels
in haemodialysis and renal transplant patients!3.

It has been suggested that T-helper and T-regulatory
cells are important in haemodialysis patients. T-helper
cells are the major cells for expressing different

Pre-dialysis samples

Post-dialysis samples Renal transplant

samples

cytokines. There are two types of T-helper cells, Thl
and Th2. Th1 cells produce many pro-inflammatory
cytokines, including TNF-a, whereas Th2 cells produce
also several pro-inflammatory cytokines, including IL-6.
On the other hand, T-regulatory cells produce anti-
-inflammatory cytokines, including IL-10. T-regulatory
cells down-regulate both Th1 and Th2 responses. Thus
it has been suggested that the control of Thl (TNF-a)
and Th2 (IL-6) by T-regulatory cell (IL-10) is important
in monitoring inflammation in haemodialysis patients14.

In this study, serum levels of IL-6 were significantly
higher in haemodialysis patients than in healthy sub-
jects, whereas no significant difference was found
between renal transplant patients and healthy subjects.
The latter could be due to improvement of health status
and renal function as most patients with a kidney trans-
plant did not show kidney transplant rejection. During
the dialysis sessions no change in IL-6 levels was
observed. A number of studies have shown that hae-
modialysis and renal transplant patients usually have
high IL-6 serum levels1>-18, The causes of elevated IL-6
concentration in haemodialysis and renal transplant
patients could be due to uremia, genetic factors such
as single nucleotide polymorphisms, persistent infec-
tions such as Chlamydia pneumoniae, oxidative stress,
volume overload, obesity and old age3. Other dialysis-
-related factors may include the use of bioincompatible
membranes, nonsterile dialysate and backfiltration®.
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Several studies reported an increase in serum IL-6 con-
centrations during haemodialysis sessions!6-18,

Additionally, it has been reported that high serum
levels of IL-6 in haemodialysis or renal transplant
patients is a strong predictor of poor outcome or dis-
ease severity16:20.21,

Several limitations of our study are worth noting.
First, dialysis session length ranged from 180 to 240
minutes and this variable session length may have influ-
enced cytokine levels in the haemodialysis population.
Second, the renal transplant group included in this
study was a heterogeneous population, including both
stable patients and patients with acute and chronic
allograft rejection. Itis, therefore, not possible to assess
the relative impact of each of these conditions on the
serum levels of cytokines. The rejection process, being
an inflammatory process, may in fact increase several
pro-inflammatory cytokines. Third, serum levels of C-
reactive protein (CRP) were not measured. CRP is
reported to be a marker for cardiovascular disease and
inflammation?2. Fourth, due to the small sample size,
and the possibility of sampling error, the results of this
study should be interpreted with caution.
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