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ABSTRACT. Chronic kidney disease (CKD) is characterized by elevated levels of pro-inflamma-
tory cytokines. Interleukin-6 (IL-6) is a pleiotropic and pro-inflammatory cytokine involved in
different biological activities such as hematopoiesis, inflammation, and acute-phase response. The
rate of IL-6 synthesis and degradation is affected by single nucleotide polymorphisms. This study
aimed to evaluate the frequencies of 174G/C IL-6 gene promoter polymorphism in Iraqi hemo-
dialysis (HD) patient and to examine the association between the allelic variations and serum
erythropoietin (EPO) and hemoglobin (Hb) levels. The frequencies of IL-6 gene polymorphism
were studied in 70 chronic renal failure patients on maintenance HD (patients group) and in 20
healthy participants (control group). Genotyping of IL-6 gene was performed by conventional
polymerase chain reaction-restriction fragment length polymorphism. The distribution of IL-6 geno-
types between groups was similar, and GG genotype is the most frequent followed by CG and CC
genotypes. Control group had a nonsignificant difference in serum EPO levels among different IL-6
genotypes, while patients with GG genotype displayed significant elevation in serum EPO with
time, followed by CG and CC genotypes. No significant differences in Hb levels were observed in
patients and control groups. A significant positive correlation was observed between serum EPO
and Hb in control group with different IL-6 genotypes, while a nonsignificant negative correlation
was observed in patients group throughout the study. CKD did not significantly alter IL-6 geno-
types, and IL-6 gene polymorphism had a significant effect on serum EPO levels and a nonsigni-
ficant effect on Hb levels.
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Introduction

 Chronic kidney disease (CKD) is common and
continues to rise globally.1

Cytokines are important modulators of inflam-
mation,2 and both CKD and end-stage renal
disease (ESRD) are characterized by elevated
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levels of pro-inflammatory cytokines.3 Interleukin-
6 (IL-6) is a pleiotropic and pro-inflammatory
cytokine involved in different biological acti-
vities such as hematopoiesis, inflammation, and
acute-phase response.4 IL-6 has several poly-
morphisms in the promoter region (174G/C,
634C/G, 572G/C, and 597G/A).3 The 174G/C
polymorphism in the promoter region of IL-6
gene was first recognized in 1998 by Fishman
et al.5 The rate of IL-6 synthesis and
degradation is affected by single nucleotide
polymorphisms.4

This study aimed to evaluate the frequencies
of 174G/C IL-6 gene promoter polymorphism
in Iraqi CKD patient on maintenance hemodia-
lysis (HD) and compare them with a group of
healthy controls and to examine the association
between the allelic variations and serum ery-
thropoietin (EPO) and hemoglobin (Hb) levels.

Materials and Methods

This prospective study was carried out at
Medical City Complex, Baghdad Teaching
Hospital, Iraqi center of kidney dialysis from
November 2015 to June 2016. The participants
who completed the courses of the study
successfully were recruited into the following
groups: patient group consisting of 70 patients
(40 males and 30 females) on maintenance HD
for at least six months and receiving methoxy
polyethylene glycol epoetin-beta (MPGE-β)
and control group consisting of 20 healthy
participants (10 males and 10 females) who
were medical free.

Exclusion criteria included acute renal failure,
age <18 years, inadequate data, central nervous
system diseases and psychiatric disorders, renal
carcinoma, and recent symptoms and signs of
bleeding that required a blood transfusion.

Six milliliters of venous blood sample were
drawn from each patient in the morning just
before the start of the dialysis session after an
overnight fasting from the HD needle puncture.
Samples were drawn from each patient at the
beginning of the study (as baseline sample) and
then after three months and after six months of
baseline sample to follow-up the changes in the

studied parameters. Five millimeters of blood
sample was transferred into clean gel tube (that
contains clot activator), left at room tempe-
rature for at least 30 min for clotting, centri-
fuged for 5–10 min at 3000 rpm to obtain
serum. Serum then was stored at −80°C until
time for the assay. The remaining 1 mL of the
blood sample was transferred to a clean tube
containing ethylenediaminetetraacetic acid and
stored at −80°C until time for genomic DNA
analysis. A single blood sample was drawn
from each participant of the control group.

According to the manufacturer’s protocol,
genomic DNA was extracted from whole blood
samples that were obtained only at the
beginning of the study (baseline samples) using
genomic DNA extraction kit, and the quality of
DNA was analyzed by agarose gel electropho-
resis. Genotyping of IL-6 gene was performed
by conventional polymerase chain reaction-
restriction fragment length polymorphism
(PCR-RFLP) according to the method described
by Pourhossein et al6 with some modification.
The following primers were used for PCR
amplification:
Forward: 5’ TGA CTT CAG CTT TAC TCT
TGT 3’
Reverse: 5’ CTG ATT GGA AAC CTT ATT
AAG 3’

PCR was carried out under the following
conditions: denaturation by first heating the
samples at 95°C for 3 min followed by 35
cycles of denaturation at 95°C for 30 sec,
annealing at 53°C for 30 sec, first extension at
72°C for 30 sec, and a final extension at 72°C
for 5 min. PCR products were then digested
with 1 unit of NlaIII restriction enzyme. After
incubation at 37°C for 2 h, the enzyme cuts the
198 base pair (bp) PCR’s product into four
fragments 168, 119, 49, and 30 bp in length.
Fragments size of 119 and 49 bp indicated the
presence of a wild-type homozygous CC geno-
type; 168, 49, and 30 bp fragments displayed
the presence of homozygous GG genotype; and
fragments of 168, 119, 49, and 30 bp indicated
the presence of heterozygous CG genotype. The
resulting products were tested by 3% agarose
gel electrophoresis at 150 volts for 60 min and
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visualized at room temperature under ultraviolet
light after ethidium bromide (0.5 μg/mL) staining.

Serum EPO is determined through
DEMEDITEC EPO immunoassay that is a two-
site ELISA for the measurement of the biolo-
gically active 165 amino acid chain of EPO.

The study protocol was approved by the local
ethics committee in the college of medicine,
Baghdad University, Iraq, with verbal informed
consent from patients.

Statistical calculations were performed using
the Statistical Package for the Social Sciences
program (SPSS) version 20.0 (SPSS Inc.,
Chicago, Illinois, USA) and Minitab version 17
software. In all comparisons, P <0.05 was
considered statistically significant. Anderson–
Darling test was performed to test the adhe-
rence of continuous variables to normal distri-
bution. Discrete variables presented using their
number and percentages. The Chi-square test
was used for comparisons of discrete variables
between each study group. Alleles and geno-
type frequencies of IL-6 at promoter region of –
174G/C were obtained by direct count. Linear
regression analysis was performed to assess the
relationship between serum EPO and Hb.

Results

Demographic and laboratory data of the study
groups are shown in Table 1. The RFLP detec-
tion system is schematized in Figure 1. The
distribution of IL-6 genotypes and their alleles
between the study groups is similar (P >0.05),
as shown in Tables 2 and 3. The prevalence of
IL-6 genotypes in patients group is diverse with
GG genotype being the most frequent (69%),

followed by CG genotype (24%) and CC (7%).
  As illustrated in Table 4, the control and pa-
tient groups had a nonsignificant difference in
serum EPO levels among different IL-6 genotypes
(P >0.05) at all time periods. Patients with GG
genotype displayed more statistically signifi-
cant (P <0.05) elevation in serum EPO levels
with time, followed by CG and CC genotypes.
  As illustrated in Table 5, no significant diffe-
rences (P >0.05) in Hb levels were observed for
patients and controls among the different IL-6
genotypes. Results presented in Table 6 and
Figure 2 show that the overall correlation
between Hb and EPO in control group was
statistically significant (P <0.05) and moderately
positive. Moreover, in GG genotype group, the
correlation was significant, while CG genotype
showed a strong but nonsignificant correlation.
 Results presented in Table 7 and Figure 3 show
that the overall correlation between Hb and EPO
in patients at baseline was nonsignificant (P
>0.05) and weakly negative; however, only CG
genotype had a moderately negative significant
correlation, while CC genotype had a nonsigni-
ficant correlation.
  Results presented in Table 8 and Figure 4
showed that the overall correlation between Hb
and EPO in patients at three-month interval was
nonsignificant (P >0.05) and weakly negative,
and CG and GG genotypes had an inverse and
nonsignificant correlation while CC genotype
had a nonsignificant and direct correlation.

Results presented in Table 9 and Figure 5
showed that the overall correlation between Hb
and EPO in patients at six-month interval was
nonsignificant (P >0.05) and weakly negative,
and CG and GG genotypes had an inverse and

Table 1. Demographic data and laboratory parameters of the study groups at baseline level.
Variables Control (n=20) Patient (n=70) P

Age (years)* 46.2±6.3 49.3±7.4 0.071a

Serum urea (mg/dL)* 31.56±7.41 121.61±43.55 <0.001a

Serum creatinine (mg/dL)* 0.85±0.29 6.04±1.76 <0.001a

Serum uric acid (mg/dL)* 5.73±0.87 6.92±2.06 0.0003a

Serum glucose (mg/dL)* 88.21±11.97 98.51±24.98 0.012a

Serum total protein(g/dL)* 7.08±0.71 5.68±1.27 <0.001a

Hemoglobin (g/dL)* 14.26±1.18 8.23±1.41 <0.001a

Serum erythropoietin (mIU/mL)† 7.655 (3.963 – 9.523) 3.355 (2.1 – 5.463) 0.001b

aIndependent two sample t-test, bMann–Whitney U-test, *Data expressed as mean ± SD, †Data expressed
as median (IQR).
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Figure 1. A 3% agarose gel electrophoresis.
Lane M: DNA Ladder. Lane 3, 8: CC homozygote genotype (bands at 119 bp and 49 bp). Lane 1, 2, 4, 5, 6,
7, 10, and 11: GG homozygote genotype (bands at 168 bp, 49 bp, and 30 bp). Lane 9, 12: CG heterozygote
genotype (bands at 168 bp, 119 bp, 49 bp, and 30 bp).

Table 2. Distribution of IL-6 gene polymorphism in the study groups.

Gene Genotypes
Control
n (%)

Patients
n (%) P

GG 15 (75.0) 48 (68.6)
CC 0 (0.0) 5 (7.1)

0.467
IL-6

CG 5 (25.0) 17 (24.3)

Table 3. Distribution of individual alleles of IL-6 gene in the study groups.

Gene Groups
G allele
n (%)

C allele
n (%) P

Patients 113 (80.71) 27 (19.29)
IL-6

Control 35 (87.5) 5 (12.5)
0.322

Table 4. Serum erythropoietin levels (mIU/ml) divided by IL-6 gene polymorphism. Data expressed as
median (IQR).

Groups GG CC CG P

Control baseline
7.65

(4.0–8.9)
– 7.81

(3.26–10.48)
0.965a

Patients baseline
3.45

(2.35 – 5.39)
2.47

(1.65–11.18)
3.23

(1.86–6.93)
0.939b

Patients 3 months
3.8

(1.88–10.03)
7.01

(3.45–13.05)
4.68

(2.25–10.45)
0.564b

Patients 6 months
7.37

(4.63–18.55)
9.21

(8.63–26.3)
12.03

(5.2–19.55)
0.551b

P <0.001c 0.041c 0.002c

aMann–Whitney U-test, bKruskal–Wallis test, cFriedman ANOVA (among patients group only).
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Table 5. Hemoglobin levels (g/dL) divided by IL-6 gene polymorphism. Data expressed as mean ± SD.
Groups GG CC CG P

Control baseline 14.32±1.23 – 14.1±1.12 0.93a

Patient baseline 7.97±1.27 8.68±1.98 8.83±1.45 0.081b

Patient 3 months 8.55±1.45 8.7±1.81 9.43±1.68 0.167b

Patient 6 months 8.29±1.54 8.66±1.36 8.66±1.58 0.660b

P-value 0.213c 0.549c 0.056c

aIndependent 2 sample t-test, bOne-way ANOVA, cTrend ANOVA (among patients group only)

Table 6. Correlation between hemoglobin and serum erythropoietin in the control group for each IL-6
genotypes at baseline.

Polymorphism Pearson correlation coefficient P
Overall 0.612 0.04
GG 0.651 0.03
CG 0.803 0.102
Linear regression analysis

Figure 2. Scatter plot for control group describing the correlation between hemoglobin and erythropoietin.
Black line represents the overall relationship.

Table 7. Correlation between hemoglobin and serum erythropoietin in patients for each IL-6 genotypes at
baseline.

Polymorphism Pearson correlation coefficient P
Overall −0.21 0.08
GG −0.139 0.348
CC 0.202 0.745
CG −0.517 0.034
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Figure 3. Scatter plot for patients group describing the correlation between hemoglobin and serum
erythropoietin at baseline. Black line represents the overall relationship.

Table 8. Correlation between hemoglobin and serum erythropoietin in patients for each IL-6 genotypes at
3-month interval.

Polymorphism Pearson correlation coefficient P-value
Overall -0.209 0.083
GG -0.235 0.108
CC 0.209 0.736
CG -0.259 0.316

Figure 4. Scatter plot for patients group describing the correlation between hemoglobin and serum
erythropoietin at 3-month interval. Black line represents the overall relationship.
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nonsignificant correlation while CC genotype
had a nonsignificant and direct correlation.

Discussion

   There have been no previous studies on IL-6
gene polymorphism in Iraqi patients with CKD.
In this paper, we look at the effect of genetic
polymorphism on serum EPO and Hb in Iraqi
population. The current study showed that GG
genotype was the most frequent, followed by
CG and CC, but there was no significant diffe-
rence in these genotypes between CKD and
healthy participants. These results are similar to
those reported by Losito et al in Western
Europe which found the frequency of GG, GC,
and CC in CKD patients to be 53.4%, 32.4%,
and 6.2%, respectively, in CKD patients and
59.7%, 34.3%, and 3.5%, respectively, in of the
control group.7 Spoto et al in a southern Italian
cohort found the frequency of GG, GC, and CC

genotypes in patients with CKD to be 44%,
49%, and 7%, respectively,8 while in a South
Korean CKD population, the C allele of IL-6
(174G/C) polymorphism was not detected in
both the patients and the control group as the
frequency was 100%, 0%, and 0% for GG, GC,
and CC genotypes, respectively.9 This difference
is attributed mainly to different ethnic groups.10

This study, and  for the first time, presents a
quantitative analysis of serum EPO, Hb, and
genetic polymorphism (assessed by determining
174G/C IL-6 gene promoter polymorphism) in
CKD patients receiving MPGE-β therapy as
well as in healthy participants. The main
findings of this study regarding this issue are as
follows:
a. significant effect of IL-6 polymorphism on

serum EPO levels
b. a significant positive correlation between

serum EPO and Hb in normal healthy parti-
cipants with different IL-6 genotypes (espe-

Table 9. Correlation between hemoglobin and serum erythropoietin in patients for each IL-6 genotypes at
6-month interval.

Polymorphism Pearson correlation coefficient P
Overall −0.175 0.148
GG −0.167 0.256
CC 0.042 0.947
CG −0.263 0.308

Figure 5. Scatter plot for patients group describing the correlation between hemoglobin and serum
erythropoietin at 6-month interval. Black line represents the overall relationship.
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cially in participants with GG genotype)
c. a nonsignificant negative correlation bet-

ween serum EPO and Hb in CKD patients
with different IL-6 genotypes except in
patients with CC genotype in whom a non-
significant positive correlation was been
observed.

  Panjeta et al investigated the correlation bet-
ween EPO, hematocrit, and/or Hb depending on
the level of renal insufficiency. A correlation
between EPO and hematocrit and/or Hb was
found in healthy participants (P <0.0005).11

Rahman et al also showed no significant corre-
lation between EPO and Hb in CKD patients.12

This study was limited by its small sample
size and single-center focus, besides that, this
study enrolled only CKD patients in Baghdad
city; therefore, caution is needed in generalizing
the finding of this study with other populations.

Conclusions

CKD especially ESRD did not significantly
alter the distribution of IL-6 genotypes. IL-6
gene polymorphism had a significant effect on
serum EPO levels and patients with GG
genotype displayed a significant elevation in
serum EPO levels with time, followed by CG
and CC genotypes. On the other hand, IL-6
gene polymorphism did not have a significant
effect on Hb levels in Iraqi CKD patients.
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