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Chronic inflammation may increase the risk of mortality for patients undergoing hemodialysis, while
enhanced oxidative stress and DNA oxidative damage are involved in the inflammatory response. The
purpose of this study was to examine the associations between inflammation and polymorphisms in
the base excision repair (BER) system, which protects against oxidative DNA damage, among hemodial-

Keywords: ysis patients. Data were analyzed from 167 hemodialysis patients and 66 healthy controls. All subjects
BER gene . were evaluated for the expression of inflammatory cytokines (IL-1B and IL-6) and genotyped for two
:*Lff;fd'a‘ys's patients BER genes, including hOGG1 ¢.977C > G, MUTYH ¢.972G > C and AluYb8MUTYH. The results showed that
IL-6 the hemodialysis patients had significantly higher levels of IL-1B and IL-6 than the healthy controls. In

the healthy controls, no patterns of association were observed between the hOGG1 c.977C > G or MUTYH
¢.972G > C genotypes and IL-1B or IL-6 levels; however, patients with the MUTYH ¢.972G/G genotype pre-
sented higher levels of IL-1B than those with the C/C genotype. The AluYb8MUTYH genotype was strongly
associated with increased IL-1B levels among controls and increased IL-1f and IL-6 levels among hemod-
ialysis patients. Additionally, the synergetic effect of these variations of the BER genes on the levels of IL-
1B and IL-6 was investigated. The combinations of the AluYb8MUTYH genotype with the hOGG1 c.977
C>G or MUTYH c.972 G > C genotypes were associated with the IL-1B and IL-6 levels in hemodialysis
patients. This is the first report showing an association between BER genetic polymorphisms and the
inflammatory state during hemodialysis; this association might be mediated by impaired anti-oxidant
defense mechanisms.
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1. Introduction tory response would be useful for improving the outcome and pre-

venting mortality among hemodialysis patients.

Chronic inflammation has been widely documented in patients
with end-stage renal disease (ESRD) who are receiving mainte-
nance hemodialysis [1]. When compared with healthy controls,
the levels of most inflammatory markers are several-fold higher
in the patients undergoing hemodialysis [2]. The increased levels
of inflammatory cytokines contributed to the high mortality and
poor outcome of these patients [3-5]. IL-1p and IL-6 have been
identified as independent predictors of mortality in hemodialysis
patients [6-8]. Thus, an extensive understanding of the inflamma-
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base excision repair; IL-1p, interleukin-1p; IL-6, interleukin-6.
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Reactive oxygen species (ROS) are involved in the pathogenesis
of inflammation [9,10]. A growing body of evidence indicates that
ROS can cause damage to cellular macromolecules. DNA is the
most sensitive biological target for damage from oxidative stress,
as it is not well protected from ROS and has limited chemical sta-
bility [11,12]. Genomic damage that is either left unrepaired or is
repaired with errors may cause mutations of critical genes and re-
sult in high levels of inflammation and an elevated risk for certain
diseases, including cancer and atherosclerosis [13,14].

DNA repair enzymes continuously monitor chromosomes to
correct nucleotide residues that are damaged after exposure to
ROS. The base excision repair (BER) system, which includes the
MUTYH, hOGG1 and MTH1 genes, is a key mechanism for the repair
of oxidative DNA damage [15]. Inactivation of the BER genes causes
an accumulation of 8-oxoguanine (8-OHdG) and a mutational phe-
notype that is characterized by the presence of G:C — T:A transver-
sions [16].
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Oxidative stress is enhanced in patients undergoing hemodialy-
sis due to reduced anti-oxidant systems and increased pro-oxidant
activity [17]. However, an association between the inflammatory
profile and the repair of oxidative DNA damage has not been doc-
umented. Furthermore, to the best of our knowledge, the biological
significance of BER gene polymorphisms on the levels of circulating
inflammatory markers in patients undergoing hemodialysis has
not been elucidated. The polymorphic form in human DNA repair
enzymes has been demonstrated to be involved in the control of
damaged DNA repair and relevant events [18]. Our previous study
has shown that a common variant of the MUTYH gene (Alu-
Yb8MUTYH) is associated with increased DNA oxidation as well
as increased plasma IL-1 levels in healthy subjects [19]. In view
of the different activity of BER proteins, we examined three BER
gene polymorphisms (hOGG1 ¢.977C>G, rs1052133; MUTYH
€.972G > C, rs3219489 and AluYb8MUTYH, rs10527342) in the cur-
rent study. We explored the individual and combined effects of
these polymorphisms on the inflammatory state of hemodialysis
patients by evaluating the plasma levels of the key pro-inflamma-
tory cytokines interleukin-1p (IL-1B) and interleukin-6 (IL-6).

2. Materials and methods
2.1. Subjects

A total of 167 patients who were undergoing hemodialysis
treatment at two dialysis units in Nanjing, Jiangsu, China, between
October 2009 and February 2010 were enrolled in the current
study. All patients were older than 20 years of age and had been
maintained on hemodialysis protocols for more than 3 months be-
fore this study began. The mean age of the patients (101 men and
66 women) was 54 * 15 years. The primary diagnoses associated
with ESRD were primary glomerulonephritis (n=111), diabetic
nephropathy (n = 19), congenital or inherited nephritis (n = 5), sys-
temic lupus erythematosus (n =3) and shrunken kidney resulting
from unknown causes (n = 29).

Healthy individuals with normal renal function were recruited
from volunteers who were receiving health check-ups in the same
region. A detailed interview and various laboratory analyses were
performed for every individual, including measurement of the
albumin excretion rate (AER) and the serum creatinine level. The
subjects were excluded if their albumin excretion rate (AER)
was > 30 mg/24 h, their serum creatinine level was > 1.2 mg/dL
or if an ultrasound of their kidney and ureter was abnormal in size
and appearance. They were also ruled out if they suffered from cer-
tain diseases such as acute inflammation, diabetes, hypertension,
autoimmune diseases or cancer, depending on the past history
and the clinical and laboratory characteristics. Finally, 66 subjects
were randomly selected for inclusion in the control cohort. The
Institutional Ethics Committee of Nanjing University School of
Medicine approved this study, and written informed consents were
obtained from all participants.

Table 1
Sequences of the PCR primers used for genotyping.

2.2. Genotyping

To study the BER gene polymorphisms, cellular DNA was iso-
lated from 1 ml of peripheral blood from the patients and the
healthy individuals and was analyzed by PCR. In detail, the OGG1
€.977C> G (rs1052133) and MUTYH ¢.972G > C (rs3219489) poly-
morphisms were genotyped using the dsDNA dye LCGreen in
combination with High Resolution Melting (HRM) analysis, as
described previously [20]. The PCR primers were designed by
the LightScanner® primer design software (Idaho Technology)
(Table 1). The 9-uL PCR reactions were supplemented with 1 pL
of 1 x LCGreen® PLUS (Idaho Technology), and the 96-well plates
(Bio-Rad) were analyzed on the Light Scanner (Idaho Technology).
Fluorescence data were collected over a temperature range of 70—
97 °C, and melting curve analysis was performed according to the
manufacturer’s software. For the AluYb8MUTYH (rs10527342)
polymorphism, the genomic DNA was added to a 25-pl PCR mix-
ture along with the appropriate primers (Table 1). The thermo-pro-
file consisted of 35 cycles of denaturation at 94°C for 30s,
annealing at 60 °C for 30 s and extension at 72 °C for 50 s, which
was preceded by an initial denaturation step at 94 °C for 5 min
and followed by a terminal extension step at 72 °C for 10 min.
The PCR products were analyzed on 1% agarose gels (Invitrogen,
Carlsbad, CA). Subjects that are heterozygous for this variation ex-
hibit two fragments (500 and 826 bp products, absence/presence,
A/P), while those that are homozygous display a single 826 bp frag-
ment (presence/presence, P/P) [19].

2.3. Quantitation of plasma IL-1p and IL-6

Venous blood samples were drawn from fasting healthy indi-
viduals or from fasting hemodialysis patients at the start of a dial-
ysis session, before heparin administration. The plasma samples
isolated from these subjects were stored at —80 °C, and the concen-
trations of IL-1B and IL-6 were quantified in single batch assays
with a commercial ELISA kit (mouse monoclonal antibody against
IL-1B, mouse monoclonal antibody against IL-6; R&D Systems,
Inc., Minneapolis, United States of America).

2.4. Statistical analysis

All statistical analyses were conducted in SPSS 15.0. The
descriptive statistical values used to describe the data included
mean + SE values for continuous data and percentages for categor-
ical data. Separate comparisons of variables among subjects with
different genotypes were conducted with ANOVA and Student’s
unpaired t test. In all cases, a P value of less than 0.05 was consid-
ered statistically significant.

3. Results

The clinical characteristics of patients undergoing hemodialysis
are listed in Table 2. The age (P=0.708) and gender (P =0.407) of
the patients and control groups were not significantly different.

Polymorphisms

Primer sequence (5-3')

Annealing temperature (°C) Product length (bp)

rs1052133: F: 5’-actgtcactagtctcaccag-3’ 55 200
OGG1 c.977C>G (Ser326Cys) R: 5'-ggaaggtgcttggggaat-3’

rs3219489: F: 5’-cccattccagttcttectcet-3 58 208
MUTYH ¢.972G>C (GIn324His) R: 5'-cctttctggggaagttgacc-3’

rs10527342: F: 5'-tcttgacctggagaccttcc-3' 60 500 or 826
AluYb8MUTYH R: 5’-agctgcttcctccaaacage-3’
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Table 2
The demographic information and clinical profiles of the hemodialysis patients and
the healthy controls.

Hemodialysis patients  Healthy controls P value
(n=167) (n=66)
Age (yr) 54+1.2 53+0.74 0.708%
Male (%) 101 (60.5%) 36 (54.5%) 0.407°
Duration of 3.8+0.61 - -
hemodialysis (yr)
IL-1B (pg/ml) 155 +5.51 110+ 4.25 <0.001*°
IL-6 (pg/ml) 7.67 £0.228 4.49 +0.325 <0.001*°

2 Comparison between the patients and the healthy controls by unpaired t test.
b Comparison between the patients and the healthy controls by Pearson’s  test.

When compared with healthy controls, the patients undergoing
hemodialysis had significantly higher levels of IL-18 (155 +5.51
versus 110 £4.25 pg/ml; P<0.001) and IL-6 (7.67 £0.23 versus
4.49 £ 0.33 pg/ml; P<0.001).

3.1. The effect of a single BER gene polymorphism on inflammation

The levels of plasma IL-1B were not significantly different with
the various hOGG1 c.977C > G genotypes among either hemodialy-
sis patients or healthy controls (P = 0.683 and P = 0.096 by ANOVA,
respectively; Fig. 1A1). Similar findings were detected when com-
paring the plasma IL-6 levels (Fig. 1A2).

For the MUTYH c.972C > G polymorphism, no patterns of associ-
ation were observed among the healthy subjects in either the plas-
ma IL-1B (P = 0.722 by ANOVA) or IL-6 (P = 0.695 by ANOVA) levels
(Fig. 1B1, B2). However, a significant difference was observed
among patients undergoing hemodialysis. When compared with
the patients carrying the MUTYH ¢.972C/C genotype, those with
the c.972G/G genotype had a statistically higher IL-1B level
(173 £9.37 versus 132 +11.9 pg/ml; P=0.017).

Moreover, the healthy controls with the AluYb8MUTYH P|P
genotype had higher IL-1p levels than those with the A/A or A/P
genotypes (P=0.002, P=0.007, respectively), although there was
no difference in plasma IL-6 levels with the different AluYb8MUTYH
genotypes. Among patients undergoing hemodialysis, however,
those with either the homozygous or heterozygous AluYb8MUTYH
genotypes had significantly increased IL-1p levels, when compared
with those with the A/A genotype (P = 0.006 and P = 0.007, respec-
tively; Fig. 1C1). Similarly, the level of IL-6 increased from
6.35+0.360 pg/ml in  AluYb8MUTYH A/A  carriers to
8.03 + 0.340 pg/ml in A/P carriers and to 8.60 + 0.451 pg/ml in P/P
carriers (Fig. 1C2).

3.2. The synergetic effect of BER gene polymorphisms on the
inflammatory state of hemodialysis patients

Furthermore, the synergetic effect of the hOGG1 c.977C > G, MU-
TYH c.972G > C and AluYb8MUTYH polymorphisms on the inflam-
matory state was analyzed among hemodialysis patients; the
wild-type genotypes for these genes were used as references
(Table 3). The combination of the hOGG1 ¢.977C > G and MUTYH
€.972G > C polymorphisms had no association with the levels of
IL-1B or IL-6 (P=0.275 and P=0.415 by ANOVA, respectively).
However, the combination of the hOGG1 ¢.977C > G or the MUTYH
€.972G > C polymorphism with the AluYb8MUTYH polymorphism
was significantly associated with increased IL-1B and IL-6 levels.

When compared with the patients carrying the hOGG1 ¢.977 C/C
genotype and AluYb8MUTYH A/A genotype, those carrying the c.977
C/G or G/G genotypes and the A/P or P/P genotypes had higher IL-
1B levels (P=0.011), as well as those carrying the ¢.977 C/C geno-
type and the A/P or P/P genotypes (P =0.017). When using IL-6 as
the inflammatory marker, the combination of the hOGG1

¢.977C > G polymorphism with the AluYb8MUTYH polymorphism
presented a similar association between the combined polymor-
phisms and inflammation. Among patients with a combination of
the MUTYH ¢.972G > C and AluYb8MUTYH polymorphisms, those
with the c.972 C/G or G/G genotypes and the A/P or P/P genotypes
had both significantly higher IL-1B and IL-6 levels than those with
the ¢972 C/C and A/A genotypes (P=0.030 and P=0.022,
respectively).

4. Discussion

End-stage renal disease is a troublesome health problem world-
wide, and the use of maintenance hemodialysis is consequently
increasing with the epidemic of ESRD [21]. Recently, an increasing
burden from ESRD and hemodialysis has been reported in China. At
the end of 2008, there were 102,863 ESRD patients on maintenance
hemodialysis or peritoneal dialysis, an increase of 52.9% over the
previous year [22]. Previous studies have shown that hemodialysis
patients have increased mortality rates compared to the general
population, which is partly due to the increased inflammation in
these subjects [3,23,24]. Interestingly, this study showed an in-
crease in inflammation in hemodialysis patients and further dem-
onstrated that this effect is genetically affected by gene
polymorphisms in the BER system.

Chronic inflammation has, in fact, been widely documented in
patients undergoing hemodialysis, and the predictive value of
inflammatory markers has been discussed [25,26]. Hung et al. [8]
showed that IL-1B, IL-6 and CRP were significant predictors of mor-
tality during hemodialysis. The levels of plasma IL-1B and IL-6
were used as pro-inflammatory markers in the present study.
When compared with healthy controls, IL-1p and IL-6 levels were
significantly increased among hemodialysis patients, confirming
that amplified inflammation is concurrent with hemodialysis.

Inflammation in hemodialysis patients is deeply interrelated
with oxidative stress [27]. ROS can indiscriminately react with
many cellular biomolecules, including proteins and lipids as well
as DNA, to produce a variety of oxidative lesions [28]. Several re-
pair pathways, including the base excision repair (BER) pathway,
are involved in the repair of such DNA lesions [29]. It has been
demonstrated that genetic polymorphisms in DNA repair genes
might modulate their capacity to repair DNA damage, resulting
in an accumulation of damaged DNA, and contribute to the level
of inflammation and other complex diseases [30,31]. We have pre-
viously reported that BER gene polymorphisms could increase the
risk of ESRD in the Chinese population and that they were also
associated with increased oxidative DNA damage levels (i.e., 8-
OHdG) in hemodialysis patients [20]. Moreover, homozygous sub-
jects carrying the AluYb8MUTYH genotype were associated with a
significant increase in plasma IL-1 in healthy individuals [19]. This
study encouraged us to explore the relationship between BER gene
polymorphisms and the levels of inflammation in hemodialysis
patients.

The most compelling observation of this study is the effect of
common BER system gene polymorphisms and their combinations
on the level of inflammation in hemodialysis patients. The BER sys-
tem mainly includes three genes, MTH1, MUTYH and hOGG1, and
we have primarily focused on the two repair genes MUTYH and
hOGG1 for several years. We found that the MUTYH ¢.972G > C
and AluYb8MUTYH polymorphisms directly increased plasma IL-B
and IL-6 levels in hemodialysis patients. Patients with the MUTYH
¢.972G/G genotype or the AluYb8MUTYH P/P or A/P genotypes had
significantly higher IL-B and IL-6 levels than patients with the
wild-type genotype. The findings from Svilar et al. [32] confirmed
this association, showing that base excision repair was involved
in preventing cellular degeneration and death by suppressing
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Fig. 1. Analysis of the effect of the BER gene polymorphisms on mean levels of IL-1B (A1, B1, C1) and IL-6 (A2, B2, C2) in the healthy controls and the hemodialysis patients.
Every group includes three different bars stratified according to the polymorphism genotypes, and the number of each group is given in the corresponding bar. Statistical
significance was calculated using one-way ANOVA testing followed by unpaired t test.

Table 3

The synergetic effect of the BER gene polymorphisms on inflammation in hemodialysis patients.
Genotype combinations IL-1B (pg/ml) P value IL-6 (pg/ml) P value
0GG1 ¢.977 C> G and MUTYH ¢.972 G>C 0.275% 0.415°
¢.977 C/C and ¢.972 C/C (n=7) 129 £22.7 6.80+1.39
¢.977 C/G or G/G and ¢.972 C/C (n=18) 132+14.3 6.73+£0.553
¢.977 C/C and ¢.972 C/G or G/G (n=29) 150+ 12.6 7.87 £0.587
¢.977 C/G or G/G and ¢.972 C/G or G/G (n=113) 162 £6.93 7.83+0.276
0GG1 ¢.977 C> G and AluYb8MUTYH 0.0172 0.002*
¢.977 C/C and A/A (n=13) 112 £ 6.68 1 6.08 + 0.827 1
¢.977 C/G or G/G and A/A (n=23) 136 +10.8 0.196° 6.45+0.394 0.651°
¢.977 C/C and A/P or P|P (n=36) 166 + 15.6 0.017° 8.56 £ 0.647 0.026"
¢.977 C/G or G/G and A/P or P|P (n=95) 166 + 7.60 0.011° 8.14+0.301 0.019°
MUTYH ¢.972 G > C and AluYb8MUTYH 0.018° 0.001*
¢.972 C/C and A/A (n=16) 125+15.0 1 6.53 +0.595 1
¢.972 C/C and A/P or P/P (n=9) 132 £9.99 0.663° 6.27 £ 0.455 0.731°
¢.972 C/G or G/G and A/A (n=33) 144 +20.0 0.449° 7.14+1.11 0.602°
¢.972 C/G or G/G and A/P or P|P (n=109) 168 +7.17 0.030° 8.31+0.280 0.022°

4 Comparison between the different genotype groups by ANOVA.
> Comparison with the reference genotype by unpaired t test.

ROS-induced inflammation. We have previously reported the effect
of genetic polymorphisms in the BER system on DNA repair capac-
ity and increased 8-OHdG levels in hemodialysis patients [20].
Thus, BER gene polymorphisms may be a predictive factor for
inflammation and morbidity in hemodialysis patients, possibly
through an accumulation of oxidative DNA damage.

Combinations of the common BER polymorphisms further in-
creased the oxidative DNA damage and inflammatory levels. MU-
TYH and OGG1 double-knockout mouse embryonic fibroblast cells
were reported to be more sensitive to oxidants than single-knock-
out cells, and the double-knockout cells were found to have an S
phase reduction and a G2/M phase increase when compared to
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the wild-type cells. This suggested cooperative roles for MUTYH
and OGG1 in the maintenance of genome stability [33]. Additional
evidence showed the combined effect of the DNA repair genes on
several diseases, including ESRD [13]. In this study, we identified
a combined effect of the BER gene polymorphisms on inflammation
in hemodialysis patients. The patients with the hOGG1 ¢.977 C/C
genotype and the AluYb8MUTYH A/P or P/P genotypes, or the hOGG1
¢.977 C/G or G/G genotypes and the AluYb8MUTYH A/P or P[P geno-
types had higher IL-1B and IL-6 levels than those with wild-type
genotypes. A combination of the MUTYH ¢.972G>C and Alu-
Yb8MUTYH polymorphisms elicited a similar effect in patients
undergoing hemodialysis.

It should be noted that different effects of the BER gene poly-
morphisms on inflammation were observed between healthy con-
trols and hemodialysis patients. For instance, IL-1B levels among
hemodialysis patients changed with three MUTYH ¢.972G > C geno-
type groups. The patients with the c.972G/G genotype had signifi-
cantly higher IL-18 levels than those carrying the c.972C/C
genotype. However, the IL-1B level was essentially the same
among healthy subjects with the different genotypes. It is possible
that these discrepancies are due to differences in inflammatory
state between hemodialysis patients and healthy controls, as the
levels of plasma IL-1B and IL-6 in hemodialysis patients were sig-
nificantly higher than those in healthy controls. Additionally, as
the levels of oxidative stress and DNA damage are thought to be
greater in those patients, the demands for oxidative DNA repair
would be increased. Thus, the effects of the BER gene polymor-
phisms would be amplified in patients undergoing hemodialysis,
even if their impact is minimal in healthy controls. However, fur-
ther studies are needed to explore the mechanisms mediating this
process.

To our knowledge, this is the first study to examine the individ-
ual and combined effects of DNA repair gene polymorphisms on
inflammatory state in hemodialysis patients. As predictors of mor-
tality, plasma IL-18 and IL-6 levels were significantly higher in the
hemodialysis patients than the healthy controls, and the increases
were associated with the MUTYH c.972G > C and AluYb8MUTYH
polymorphisms. These data suggest that common polymorphisms
of DNA repair genes may play an important role in the chronic
inflammation of hemodialysis patients and that oxidative stress-
induced DNA damage might be involved in this process. Therefore,
we propose that screening for these polymorphisms should be
used as a predictive factor for the hemodialysis patients.
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