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ffect of Different Hemodialysis Regimens on
enomic Damage in End-Stage Renal Failure

icole Schupp,* Helga Stopper,* Przemyslaw Rutkowski,†

ristin Kobras,* Michael Nebel,‡ Udo Bahner,§ Jörg Vienken,¶ and August Heidland�

Patients with end-stage renal disease display enhanced genomic damage that may have
pathophysiologic relevance for cancer development and cardiovascular complications.
We investigated to what extent the genomic damage in peripheral blood lymphocytes
can be modulated #1: by initiation of standard hemodialysis (SHD) in formerly conser-
vatively treated end-stage renal disease patients, #2: by a switch from SHD to hemo-
diafiltration, and #3: daily dialysis (DHD). Genomic damage was evaluated by the
micronuclei (MN) frequency test and the comet assay (CA). In a prospective study we
found that initiation of SHD did not induce significant changes of genomic damage in
peripheral blood lymphocytes whereas the change to hemodiafiltration improved the
percentage of DNA in the tail as measured by CA without modulating the MN fre-
quency. In a cross-sectional investigation the degree of genomic damage as evaluated
by MN frequency was significantly lower in a patient group treated by DHD as
compared with a group treated by SHD. In the DHD patients there also was a significant
decrease of the plasma concentrations of urea and the advanced glycation end prod-
ucts imidazolone A, carboxymethyllysine, and of advanced glycation end product–
associated fluorescence.
Semin Nephrol 26:28-32 © 2006 Elsevier Inc. All rights reserved.
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n enhancement of genomic damage in end-stage renal
disease (ESRD) has been shown by the micronuclei

MN) frequency test1 and the formation of so-called tails in
he comet assay (CA) (single-cell gel electrophoresis).2 In
ddition, the determination of the 8-hydroxy 2=-deox-
guanosine (8-OH-dG) content in leukocyte DNA,3 the anal-
sis of sister chromatid exchange and chromosome aberra-
ions,4 as well as the demonstration of mitochondrial DNA
eletions in skeletal muscle5 and hair follicles6 support the
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bservation of increased DNA damage in ESRD. Tarng et al7

lso described that a polymorphism of the human OGG1
ene (1245C¡G, genotype 1245GG) is a determinant of
enomic damage in leukocytes.

The consequences of DNA damage are far reaching. If
hese alterations are left unrepaired or are repaired with
rrors, mutations of critical genes may occur. In various
xperimental and human malignant diseases, higher DNA
odifications were found in the cancerous tissue as com-
ared with the surrounding histologically normal tissue.8

n renal cell tumors of ESRD patients, mutations of mito-
hondrial DNA have been observed, which differ from
hose known for renal cell tumors of the general popula-
ion.9 DNA damage also may be involved in the initiation
nd progression of cardiovascular diseases. In the aging
uman heart muscle, oxidative DNA modifications with
eletions in mitochondrial DNA have been observed, as-
ociated with muscle weakness.10 Enhanced oxidative
NA damage also has been described in human athero-
clerosis. In particular, in atherosclerotic plaques of the
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Hemodialysis regimens 29
arotid artery, a strong immunoreactivity against the oxi-
ative DNA damage marker 8-OH-dG and increased DNA
trand breaks in the CA have been found in all cell types of
he plaque.11

With regard to the high incidence of cancer12,13 and car-
iovascular morbidity/mortality in ESRD patients14,15 and the

nvolvement of genomic damage in the development of these
isturbances, DNA damage should be a target of therapeutic

nterventions.
Until now there has been little information regarding

hether the degree of genomic damage can be modulated in
SRD. When studying the effect of different dialysis mem-
ranes, 8-OH-dG levels in leukocyte DNA have been shown
o be highest in patients when using cellulose dialyzers as
ompared with vitamin E–bounded cellulose dialysers and
ith the synthetic polymethyl methacrylate and polysul-
hone membranes.16

In this report we speculate whether DNA damage in
eripheral blood lymphocytes (PBLs) of ESRD patients can
e influenced 1: by initiation of hemodialysis (SHD) in
itherto conservatively treated patients, 2: by a switch
rom standard hemodialysis (SDH) to hemodiafiltration
HDF) therapy or 3: by short daily dialysis (DHD) com-
ared with SHD. The first 2 studies were performed lon-
itudinally, the third study was performed in a cross-sec-
ional manner because only a limited number of patients
re treated this way.

Biomonitoring of genomic damage was done in PBLs by
easurement of the MN frequency and the CA. The MN

requency test is a very sensitive and widely accepted
arker for in vitro and in vivo genotoxicity investiga-

ions.17-19 MN are DNA-containing particles that arise dur-
ng mitosis and result from unrepaired DNA double-
trand breaks, leading to chromatin fragments or whole
hromosomes incorrectly distributed during mitosis. The
A is a direct method used to detect the presence of DNA

ingle- or double-strand breaks and alkali-labile damage
n individual cells.20 It has proven to be very sensitive as
ell.
In our studies we also included measurements of various

irculating advanced glycation end products (AGEs) that are
nvolved in many uremic complications and exert genotoxic
ffects in vitro.21 We analyzed the plasma levels of imida-
olone A, carboxymethyllysine (CML; only in DHD/SHD pa-

able 1 Genomic Damage in Peripheral Lymphocytes and B
witched From Predialysis to SHD (SHD1) and of Patients S

Predialysis (n � 5) SHD1 (

N/1,000 BN 34.3 � 9.3 30.3 �
NA in tail (%) 14.5 � 0.5 13.9 �
reatinine, mg/dL 6.6 � 1.7 7.8 �
rea, mg/dL 129 � 66.1 106 �

OTE. Mean � SD shown.
P < .05 control level versus predialysis, SHD1/2, and HDF.
P < .05 HDF compared with SHD1/2 and predialysis levels.
P < .01 control level versus predialysis, SHD1/2, and HDF.
ients), and the AGE-associated fluorescence before and after
hanging the treatment modalities. Imidazolone A was deter-
ined by enzyme-linked immunosorbent assay by using a
oncommercial, monoclonal antibody that is specific for imi-
azolone A.22 CML was measured by the same method using
he CML-specific monoclonal antibody 4G9 (Roche Diagnos-
ic GmbH, Penzberg, Germany). AGE-associated fluores-
ence was analyzed by fluorescence spectroscopy according
o Münch et al.23

enomic Damage in PBLs of
onservatively Treated ESRD
atients Switching to SHD

n earlier investigations decreased levels of DNA repair
echanisms were found in conservatively treated predi-

lysis patients, whereas the initiation of SHD was associ-
ted with a normal or even slightly enhanced DNA re-
air.24,25 With regard to these findings we hypothesized
hat the initiation of SHD should decrease the degree of
NA damage as compared with the predialysis period.
Therefore, a prospective study of genomic damage was

erformed in a small group of 5 stable ESRD patients
unpublished data). In all 5 patients, MN frequency and
he percentage of DNA in the tail were analyzed at monthly
ntervals during the predialysis phase (�6 mo) and after
he initiation of SHD (�7 mo). In line with our earlier
ross-sectional study,1,2 in the predialysis patients the
umber of MN and the percentage of DNA in the tail was
ignificantly enhanced as compared with healthy controls
Table 1). However, the initiation of SHD did not induce
ignificant changes, although a tendency to less genomic
amage was found. Thus, the formerly observed normal or
lightly enhanced DNA repair after initiation of SHD25

vidently was insufficient for correcting DNA damage in
ur patients. The missing significance of the treatment
hange could be caused, at least in part, by the fact that the
egree of uremic toxicity after initiation of SHD therapy
as not better than during the predialysis period because
f a progressive deterioration of residual renal function. In
act, there was no significant difference in plasma creati-
ine and urea concentrations, or in the plasma levels of
irculating AGEs (Tables 1 and 2).

Chemical Parameters of Healthy Controls and of Patients
ed From SHD (SHD2) to HDF

) SHD2 (n � 7) HDF (n � 7) Control

31.0 � 11.5 30.7 � 12.0 16.5 � 4.5*
13.7 � 0.5 12.4 � 0.9† 9.7 � 0.2‡

8.2 � 2.0 8.6 � 1.9
93 � 51.5 119 � 30.0
lood
witch

n � 5

7.3
1.0
1.7
62.4
The persistent high degree of genomic damage in the
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HD patients may be a risk factor for the excess incidence
f cancer and cardiovascular morbidity/mortality.

enomic Damage of SHD
atients Switched to HDF

he effect of HDF was analyzed because this kind of treat-
ent combines the diffusion mechanism of SHD with the

onvective component of hemofiltration. Therefore, it offers
n improved solute clearance for both low and high molec-
lar weight uremic toxins by enhancing convective clearance
hrough highly permeable membranes.26 In a group of 7 sta-
le ESRD patients who were treated initially with SHD,
enomic damage was evaluated monthly for 3.5 months and
hen after the switch to HDF for approximately 7 months
unpublished data). The results showed that the change of
herapy provided heterogeneous effects: although there was a
ignificant decrease in the genomic damage analyzed by the
A, no alterations in the MN frequency were observed (Table
). One possible explanation for these inconsistent DNA data

s the different sensitivity of the CA and the MN frequency
est to DNA repair mechanisms. Genomic damage analyzed
ith the CA can be repaired by the cells whereas the forma-

ion of MN cannot be reversed. Therefore, the MN frequency
rovides a record of accumulated genomic damage over the

ifespan of the lymphocyte, which is approximately 3 to 4
ears. Subsequently, it is conceivable that the observation
eriod after the switch to HDF in this group may not have
een long enough to observe significant changes in the MN
requency test. This assumption is supported by a recent
ross-sectional, pair-wise investigation in patients on long-

able 3 Plasma Parameters of Inflammation and Oxidative S
atients, and Healthy Controls

DHD

nterleukin-6, pg/mL 10.63 � 7.73
eopterin, ng/mL 66.69 � 18.71
omocysteine, �mol/L 26.27 � 4.81

midazolone A, mU/mg protein 46.38 � 11.96
ML, ng/mg protein 2.01 � 1.05†
luorescent AGEs, AU/mg 14.26 � 3.74†
rea, mg/dL 115 � 53.5†
reatinine, mg/dL 8.25 � 2.29

OTE. Mean � SD shown.
P < .01 (control versus SHD and DHD).
P < .05 (DHD versus SHD).
P < .05 (SHD versus control).
P < .01 (DHD versus SHD).

able 2 Levels of AGEs in the Plasma of Predialysis, SHD, an

Predialysis

luorescence AGEs, AU/mg protein 14.5 � 5.4
midazolone A, mU/mg protein 66.1 � 3.0

OTE. Mean � SD shown.
P < .05 control versus predialysis, SHD, and HDF.
P < .01 (control versus SHD).
erm SHD and on long-time HDF therapy, in whom a signif-
cantly lower level of DNA damage was observed both in the
A and in the MN frequency test in the latter group (unpub-

ished data).
With regard to the uremic retention products, plasma cre-

tinine, blood urea concentration, and circulating AGE levels
emained unchanged. The data from the AGE measurements
re in line with earlier studies that showed that their removal
y SHD or HDF is poor. Our findings, however, do not
xclude decreasing toxic plasma peptide levels such as �2-
icroglobulin after the initiation of HDF, which were not

nalyzed in the current study.
The fact that HDF only slightly improved the degree of

enomic damage underlines the need for further improve-
ent of this kind of renal replacement therapy.

ffect of DHD
herapy on Genomic Damage

n predialysis patients, a direct relationship between the se-
erity of renal impairment and the degree of genomic damage
as been shown.2 We hypothesized that an improved uremic
tate of ESRD induced by DHD should be associated with
ewer DNA lesions. In fact, in these patients, the plasma levels
f various uremic toxins including circulating AGEs are
ower owing to shorter interdialytic intervals and an in-
reased removal of small solutes.27-29 In a cross-sectional
tudy, the genomic damage of 2 patient groups with ESRD,
reated with either SHD or DHD, was analyzed.30 The SHD
roup consisted of 12 patients and the DHD group, 13 pa-
ients. Dialysis was performed with synthetic noncomple-

and Levels of AGEs in the Plasma of SHD Patients, DHD

SHD Control

7.90 � 3.61 1.41 � 0.38*
83.25 � 10.78 1.38 � 0.47*
32.58 � 20.63‡ 13.9 � 9.1*
82.99 � 42.31 24.54 � 7.62�

3.15 � 1.26 0.014 � 0.0004
19.09 � 7.83 4.00 � 1.22*

159 � 48.7
9.30 � 3.67

F Patients and of Healthy Controls

SHD HDF Control

14.1 � 6.4 13.5 � 2.6 5.5 � 0.9*
72.4 � 1.0 74.4 � 2.0 43.2 � 0.9*
tress

†

§

d HD
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Hemodialysis regimens 31
ent-activating polyethersulphone membranes. Twelve
ealthy patients served as controls. In each patient the num-
er of MN/1,000 binucleated cells (BN) cells was determined
to 4 times in 1- to 2-month intervals. The CA could not be
erformed in this study because of technical reasons. As ex-
ected, the results in the SHD group showed markedly in-
reased MN levels compared with healthy controls. On the
ontrary, in the DHD group (Table 3) the levels were signif-
cantly lower and were comparable with healthy controls.
his amelioration was associated with significantly lower
lasma concentrations of urea and of the AGEs CML, imida-
olone A, and of AGE-associated fluorescence, which is in
ine with the former prospective study by Floridi et al29 in
HD patients. The improved uremic state therefore could be

he determinant of the decreased genomic damage.
Among the factors involved in the amelioration, circulat-

ng AGE levels have to be mentioned because their genotoxic
ffect was shown in in vitro studies.21 AGEs also can react
ith DNA in a similar way as with proteins, resulting in the

ormation of DNA-bonded AGEs.31 Moreover, the genotox-
city of accumulated carcinogenic heterocyclic amines, such
s the dietary pyrolysis products of tryptophane and glutamic
cid and imidazoquinoline compounds, has to be discussed
n uremia. In DHD patients, lower plasma levels are expected
ecause of the higher rate of small-solute clearance that could
ontribute, at least in part, to improve the genomic damage.

Another important factor for genomic damage is the oc-
urrence of hypomethylation. In ESRD, an intracellular ac-
umulation of the natural methyltransferase inhibitor S-ad-
nosylhomocysteine, which impairs methylation-dependent
epair processes, has been shown.32 Adenosylhomocysteine
evels were related directly to the blood concentration of
omocysteine in ESRD. In our study homocysteine levels
ere markedly increased in both groups compared to con-

rols. In DHD patients they were slightly (19%) lower than in
HD patients and therefore could play only a minor role in
xplaining the decreased DNA damage.

The question of whether the amelioration of genomic dam-
ge in PBLs by DHD is associated with a corresponding im-
rovement of high cancer incidence and cardiovascular com-
lications needs to be analyzed in long-term epidemiologic
tudies.
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