
SYSTEMIC INFLAMMATION AND
OXIDATIVE STRESS IN 

HEMODIALYSIS PATIENTS

DESPITE THE RAPID IMPROVEMENT in dialysis therapy, car-
diovascular disease (CVD) is still the main cause of

mortality and morbidity in patients with end-stage renal dis-
ease (ESRD) (4, 8, 16, 17). The abnormal prevalence of CVD
cannot be fully explained by traditional risk factors such as
old age, hypertension, chronic heart failure, dyslipidemia, di-
abetes mellitus, and left ventricular hypertrophy. Recent epi-
demiological data have shown that CRP, the major acute
phase response protein, and pro-inflammatory cytokines are

associated with all-cause and CVD-related mortality in
ESRD patients (14, 34, 37, 38).

Increased oxidative stress (an imbalance between oxidant
and antioxidant forces in favor of the former) and inflamma-
tion may be strongly interrelated, as both are associated with
endothelial dysfunction (18, 24). HD and peritoneal dialysis
(PD) treatment per se may induce oxidative stress by activation
of leukocytes, caused by the bioincompatibility of membranes
and PD solutions. Activated leukocytes, particularly macro-
phages, are known to release reactive oxygen species (ROS),
which in turn induce oxidative modifications of intracellular
components (36). Activated leukocytes can increase oxidation
of DNA (11) and transform cells in cell culture (35). ROS are
implicated in a broad variety of human diseases, including ath-
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ABSTRACT

Does inflammation, as assessed by high sensitivity C-reactive protein (hs-CRP), in patients with end-stage
renal disease (ESRD) tightly associate with increased serum levels of 8-oxo-7,8-dihydro-2�-deoxyguanosine (8-
oxo-dG)? Increased oxidative stress and inflammation have both been highlighted among several nontradi-
tional risk factors for cardiovascular disease, which is the main cause of mortality in ESRD patients. In con-
trast to oxidative stress effects on proteins and lipids, DNA base damage has not been well demonstrated in
ESRD. Two groups of hemodialysis patients were studied, one group with persistent inflammation (n = 13,
with constant elevation of CRP >10 mg/L for 6 months) and one group of noninflamed patients (n = 19, with
constant CRP <10 mg/L for 6 months). Serum 8-oxo-dG was significantly elevated in persistent inflammation
in comparison to noninflamed patients. At an individual level, a significant correlation was found between
serum 8-oxo-dG and hsCRP. Extracellular 8-oxo-dG leads to intracellular oxidative damage on the nucleotide
pool, thus providing a sensitive marker for inflammatory response. Serum levels of 8-oxo-dG, in combination
with other inflammatory markers, serve as useful diagnostic tools for identification of patients in risk for in-
flammatory complications. Antioxid Redox Signal 8, 2169–2173.
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erosclerosis, diabetes, neurodegenerative diseases, and cancer
(20). Since ROS have very short half-lives (nanosecond up to
seconds), the clinical assessment of oxidative stress is mainly
based on indirect measurement of the free radical reaction
products present as stable oxidized compounds (e.g., lipid per-
oxidation products and hydroxylated proteins). Whereas ef-
fects by oxidative stress on proteins and lipids have been al-
ready demonstrated in ESRD patients, oxidatively generated
DNA base modifications as a biomarker of increased ROS pro-
duction in these patients is yet to be established.

DNA AND THE NUCLEOTIDE POOL AS
INTRACELLULAR TARGETS OF ROS

DNA has been considered to be the most important target
for free radical attacks that may result in deleterious changes
of genetic information and cellular functions (3). ROS, in
particular hydroxyl radicals (•OH), are known to increase
conversion of 2�-deoxyguanosine (dG) to 8-oxo-7, 8-dihydro-
2�-deoxyguanosine (8-oxo-dG) when hydroxyl radical (•OH)
reacts with dG at the C8 position (13). 8-Oxo-dG is one of the
major oxidatively generated base modification in DNA (3,
12) and can cause G → T transversions in mammalian and
bacterial cells if not removed from DNA (20, 21). Cells have
developed different repair mechanisms to recognize and re-
move oxidatively generated DNA base modifications in
DNA, such as base excision repair (BER), nucleotide exci-
sion repair (NER), and nucleotide incision repair (NIR) (3).

The origin of extracellular 8-oxo-dG, however, has not
been fully understood as the main product of DNA repair
pathways (particularly BER) is 8-oxo-G (modified base) (3).
The intracellular nucleotide pool may be another relevant tar-
get for free radical reaction. The reaction between •OH radi-
cal and dGTP (in the nucleotide pool) leads to production of
8-oxo-dGTP, which, during DNA replication (if not hydroly-
sis by hMTH1), can be incorporated into DNA and cause TA
to CG transversions (23). Our recent studies (5, 6) show, how-
ever, that the nucleotide pool is a significant target for pro-
duction of intracellular 8-oxo-dGTP that is released to the ex-
tracellular milieu as 8-oxo-dG by action of at least two

enzymes, the first of which is hMTH1 that hydrolyzes 8-oxo-
dGTP to 8-oxo-dGMP (22). Then 8-oxo-dGMP is proposed to
be hydrolyzed to 8-oxo-dG by 8-oxo-dGMPase (9). The ab-
sence of mutT (bacterial homologous to hMTH1) activity in
Escherichia coli caused 1000 times more TA to CG transver-
sions compared to the wild type (28). Higher frequency of
cancer incidence has been observed in mice defective in
MTH1 (33). The DNA chromatin structure with associated
proteins (histones) is well protected against free radicals (27).
Free nucleotides in the nucleotide pool are thus more exposed
to endogenously formed ROS than DNA.

SERUM LEVELS OF 8-OXO-DG IN
INFLAMED HD PATIENTS

The aim of this work has been to investigate the associa-
tion between increased oxidative stress and inflammation by
comparison of serum levels of 8-oxo-dG (as ELISA-
measured 8-oxo-dG reactivity), a new marker for ROS for-
mation in the cellular cytoplasm, to the plasma levels of
hsCRP (as a marker of inflammation) in two groups of HD
patients well characterized according to inflammatory status
(Appendix, Note 1). Ethical approval was obtained from the
Ethics Committee at Karolinska Institute (Appendix, Note
2). The clinical characteristics of the 32 HD patients in-
cluded in the study are listed in Table 1. Thirteen inflamed
patients (10 males) were aged from 38 to 83 (66 ± 10) years.
The 19 noninflamed patients (11 males) were aged from 36
to 86 years (52 ± 16) years. Between the two groups, there
were no significant differences in gender, primary renal dis-
ease (prevalence of diabetes), dialysis time, body mass
index, or hemoglobin; however, serum concentrations of 8-
oxo-dG (Appendix, Note 3) were significantly increased in
the inflamed patients compared to the noninflamed patients
[0.43 (0.23–2.35) ng/ml vs. 0.1 (1.65–0.03) ng/ml; p < 0.05]
(Fig. 1). As expected, blood leukocyte counts and hsCRP
were also higher in the inflamed patients [10 (5.4–19)*109/L
vs. 5.8 (4.3–10)*109/L, p < 0.05, 35 (14–85) mg/L vs. 1.2
(0.2–6.1) mg/L, p < 0.05, respectively] and serum albumin
levels were lower in the inflamed patients (34 ± 6 vs. 38 ± 3

TABLE 1. MAIN CHARACTERISTICS OF THE PATIENTS, AND COMPARISONS BETWEEN THE TWO GROUPS

All patients Inflamed Noninflamed *Significance

Number 32 13 19
Male (%) 21 (66%) 10 (77%) 11 (58%) NS
Age (yr) 58 ±16 66 ± 10 52 ± 16 <0.05
Diabetes (%) 5 (16%) 3 (23%) 2 (11%) NS
BMI (kg/m2) 24.5 ± 4.8 25.5 ± 3 23.7 ± 5.7 NS
8-oxo-dG (ng/ml) 0.20 ( 0.03–2.3) 0.43 (0.03–2.35) 0.1 (0.03–1.65) <0.05
Leukocyte (109/L) 6.1 (4.3–19.1) 10.5 (5.4–19.1) 5.85 (4.3–10.1) <0.05
hs CRP (mg/L) 5.45 (0.2–85) 35 (14–85) 1.2 (0.2–6.1) <0.05
s-Albumin (g/L) 37 ± 4 34 ± 6 38 ± 3 <0.05
Hemoglobin (g/L) 116 ± 12 118 ± 10 115 ± 13 NS

Values are presented as mean ± SD or median and ranges.
NS, not significant.
*Comparison between inflamed and noninflamed.
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g/L, p < 0.05) (for details on statistical analysis, see Appen-
dix, Note 4). A moderate significant positive trend (p < 0.05,
rho: 0.42) was found between serum 8-oxo-dG levels and
hsCRP (Fig. 2). No significant differences between serum
level of 8-oxo-dG in females and males were observed.

8-oxo-dG AS A GENERAL MARKER 
OF OXIDATIVE STRESS

We have recently demonstrated the usefulness of extracel-
lular 8-oxo-dG as a biomarker of oxidative stress in vivo and

in vitro (5, 7). We have also shown that concentration of ex-
tracellular 8-oxo-dG was influenced by dGTP pool size and
hMTH1 protein activity (6). The levels of 8-oxo-dG are in-
creased in many diseases associated with enhanced oxidative
stress, such as cancer (2), neurodegenerative diseases (1), hy-
pertension (25), diabetes mellitus (26), and also in response
to aging (15, 19), smoking (19), and radiotherapy (7). It has
been reported that the levels of 8-oxo-dG in DNA were ele-
vated among HD (30) and PD patients (31), as well as nondi-
alyzed ESRD patients (26). In nondialyzed patients, the levels
of 8-oxo-dG were inversely correlated with renal creatinine
clearance (26, 31). Tarng et al. (29–31) found higher levels of
8-oxo-dG in patients undergoing dialysis (both HD and PD
treatments) as compared to nondialyzed patients. Indeed, pos-
itive correlations between 8-oxo-dG and other oxidative
stress markers, such as pentosidine (15) and malondialdehyde
(MDA) (25) have been reported. Of note, membranes modi-
fied by vitamin E (a potent antioxidant) reduced the 8-oxo-
dG levels in HD patients (29).

The findings of the present study agree with previously
published data and show that persistently inflamed HD pa-
tients had higher serum 8-oxo-dG levels as compared to per-
sistently noninflamed HD patients. Since increased oxidative
stress and inflammation are both common features of ESRD,
it has been speculated that they are interrelated (10).

There are some limitations of this study such as the small
number of patients and the arbitrary definition of inflamma-
tion (hsCRP > 10 mg/L). Moreover, inflammation may be as-
sociated with other changes, which could influence the re-
sults. Finally, 8-oxo-dG in serum is a relatively new marker of
oxidative stress and its mechanistic relevance to ESRD pa-
tients has not been validated. For example, the impact of
residual renal function on 8-oxo-dG in serum is not clear.
However, in the present study, residual renal function should
have a minor impact as we studied prevalent HD patients with
(no or minor) residual renal function.

To prove that serum 8-oxo-dG is a general oxidative stress
marker that correlates with episodes of systemic inflammation,
additional experiments and investigations should be conducted.
Such experiments/investigations include increased number of
patients as well as analysis of serum level of 8-oxo-dG in pa-
tients with other systemic inflammatory diseases (e.g., sys-
temic lupus erythematosus). Strong evidence would also be
achieved if there is a correlation between inflammation pro-
gression and regression with an up- and downregulation of 8-
oxo-dG levels in the blood serum, as shown to be the case with
various well-known routine inflammation biomarkers such as
hsCRP and IL-6.

In conclusion, 8-oxo-dG levels in serum (as measured by
ELISA reactivity to 8-oxo-dG) were elevated in persistently
inflamed HD patients as compared to persistently nonin-
flamed HD patients. In general, extracellular 8-oxo-dG (in
urine and serum) is indicative of an oxidative stress response,
originating mainly from a target (dGTP pool) situated in the
cytoplasm of the cells. Determinations of the serum 8-oxo-
dG level, together with other inflammatory markers, may rep-
resent an effective parameter to assess both oxidative stress
and inflammation for identification of patients in risk for in-
flammatory complications.
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FIG. 1. Individual serum 8-oxo-dG levels (measured as
ELISA reactivity to 8-oxo-dG) in the persistently inflamed
group (solid circles) and the persistently noninflamed group
(open circles). Solid lines represent median values. The sig-
nificance between the two groups has been tested by Student’s t
test (p < 0.05) after log-transformation of 8-oxo-dG values.
Value present as “x” was identified as outlier.
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FIG. 2. Spearman rank correlation between serum 8-oxo-
dG levels and hsCRP (n = 32, rho = 0.4, p < 0.02).
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ABBREVIATIONS

BER, base excision repair; CRP, C-reactive protein; CVD,
cardiovascular disease; ELISA, enzyme-linked immunosor-
bent assay; ESRD, end-stage renal disease; HD, hemodialy-
sis; hMTH1, human mutT homologue protein; hsCRP, high
sensitivity CRP; NER, nucleotide excision repair; NIR, nu-
cleotide incision repair; 8-Oxo-dG, 8-oxo-7, 8-dihydro-2�-
deoxyguanosine; 8-Oxo-G, 8-oxo-7, 8-dihydroguanosine; 8-
Oxo-Gua, 8-oxo-7, 8-dihydroguanine; PD, peritoneal
dialysis; ROS, reactive oxygen species.

APPENDIX

1. Thirty-three ESRD patients (one patient was identified as outlier
and excluded from the study) (average age of 58 ± 16 years, 21
males) with no or only minor residual renal function undergoing
maintenance HD for at least 6 months were studied. Patients
who had signs of acute infection and malignancy were excluded.
All patients were in a stable clinical condition at the time of the
study. The cause of ESRD was primary renal disease in 13 pa-
tients (40%), diabetes in 5 patients (16%), polycystic kidney dis-
ease in 4 patients (12%), lupus nephritis in 1 patient (3%), Al-
port syndrome in 3 patients (9%), and unknown cause in six
patients (19%). The patients were divided into two groups; in-
flamed and noninflamed. The plasma CRP levels of patients in
the inflamed group were persistently elevated to >10 mg/L dur-
ing 6 months preceding this study in contrast to the patients in
the noninflamed group, where all plasma CRP levels were <10
mg/L during the same time period. All patients used the same bi-
carbonate dialysate and the same synthetic low-flux polyamide
membranes (Polyflux 17L, Gambro, Sweden). The dialyzer
membranes were not reused.

2. This study was in accordance with the Helsinki Declaration
1983 of the World Medical Association. The Swedish Ethical
Committee of the Karolinska Institute at Karolinska University
Hospital, Huddinge, Sweden, approved this study protocol, and
informed consent was obtained from all patients.

3. Blood samples were drawn from the arterial line at the start of
HD treatment. Determination of hemoglobin (Hb), leukocyte,
and serum albumin were performed by routine procedures at the
Department of Clinical Chemistry, Karolinska University Hospi-
tal. Serum hsCRP was measured using nephelometry. Body
mass index (BMI) was calculated according to the formula: BMI
= weight (kg)/height2 (m).

The concentration of serum 8-oxo-dG was determined by a com-
petitive ELISA (developed at the Department of Genetics, Microbiol-
ogy and Toxicology, Stockholm University) using an antibody (Insti-
tute for the Control of Aging, Japan) that recognizes 8-oxo-dG with
50% cross reactivity to 8-oxo-G (modified RNA base) and has no
cross reactivity to 8-oxo-Gua (modified free base) (32). The reasons
for using modified competitive ELISA were that we found it compa-
rably sensitive and less time-consuming than our standard method of
high performance liquids chromatography with electrochemical de-
tection (HPLC-ECD).

Briefly, 2 ml of serum was freeze-dried overnight, the dried pellet
was dissolved in 1 ml PBS, pH 7.4, and pre-purified by solid-phase-
extraction to clean up samples from 8-oxo-G (probably one of the
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most significant confounding factor for our ELISA) according to our
previously published method (5). The eluate was freeze-dried again
and the purification step was repeated a second time. Then 90 µl of
pre-purified sample and 50 µl of primary monoclonal antibody were
mixed and added into 96-well ELISA plates that were pre-coated by
8-oxo-dG. After an overnight incubation in 4°C, the plates were
washed and HRP-conjugated secondary antibodies (goat anti-mouse
IgG-HRP, Scandinavian Diagnostic Services, Sweden) were added
whereby the incubation continued for 2 h at room temperature.
Tetramethylbenzidine liquid substrate (140 µl) (ICN Biomedicals
Inc, Aurora, OH) were added to each well, followed by 70 µl of 1.5 M
phosphoric acid after 15 min. The absorbance was read by an auto-
matic ELISA plate reader at 450 nm. Standard curves for ELISA
measuring 8-oxo-dG reactivity from 0.02 ng/ml up to 60 ng/ml was
established for each experiment. All the samples were analyzed in
triplicate and the concentration of 8-oxo-dG were calculated using
the corresponding standard curve for that experiment. The repro-
ducibility of our method for serum 8-oxo-dG is about ± 14% (based
on seven blood serum samples, each analyzed three times, n = 21).

To check the influence of confounding factors on ELISA, an
aliquot of 8-oxo-dG was added to each sample (as internal standard);
then samples with and without internal standard were pre-purified
and analyzed. The results (data not shown) indicate a direct correla-
tion of 8-oxo-dG reactivity measured by ELISA to the amount of the
added internal standard and thus the sensitivity of the method. We
have recently published a correlation analysis between our modified
ELISA and HPLC-EC methods (6) for human blood serum showing a
good correlation between the two methods (R2 = 0.85, slope of corre-
lation line: 0.4, p < 0.05). Of note, no positive correlation was found
between ELISA and HPLC-EC methods in samples without pre-
purification steps.

4. Data are expressed as mean ± SD for data with a normal distri-
bution (hemoglobin, S-albumin, and BMI) and as median and
range for data with a skewed distribution (8-oxo-dG, leukocytes,
and hsCRP). Student’s t test was used for calculation of signifi-
cant between the two groups. Data with a skewed distribution
were log transformed to get an approximate normal distribution
before t test analysis. Also, due to the skewed distribution of
some variables, correlations between two variables were deter-
mined using the nonparametric Spearman’s rank test. A p value
of < 0.05 was determined to indicate a significant difference.

REFERENCES

1. Bogdanov M, Brown R H, Matson W, Smart R, Hayden D, O’Don-
nell H, Flint Beal M, and Cudkowicz M. Increased oxidative dam-
age to DNA in ALS patients. Free Radic Biol Med 29: 652–658,
2000.

2. Erhola M, Toyokuni S, Okada K, Tanaka T, Hiai H, Ochi H,
Uchida K, Osawa T, Nieminen MM, Alho H, and Kellokumpu–
Lehtinen P. Biomarker evidence of DNA oxidation in lung cancer
patients: association of urinary 8-hydroxy-2�-deoxyguanosine ex-
cretion with radiotherapy, chemotherapy, and response to treat-
ment. FEBS Lett 409: 287–291, 1997.

3. Evans MD, Dizdaroglu M, and Cooke MS. Oxidative DNA dam-
age and disease: induction, repair and significance. Mutat Res
567: 1–61, 2004.

4. Foley RN, Parfrey PS, and Sarnak MJ. Epidemiology of cardio-
vascular disease in chronic renal disease. J Am Soc Nephrol 9:
S16–23, 1998.

5. Haghdoost S, Czene S, Naslund I, Skog S, and Harms–Ringdahl
M. Extracellular 8-oxo-dG as a sensitive parameter for oxidative
stress in vivo and in vitro. Free Radic Res 39: 153–162, 2005.

6. Haghdoost S, Sjolander L, Czene C, Harms–Ringdahl M. The nu-
cleotide pool is a significant target for oxidative stress. Free Radic
Biol Med 41: 620–626, 2006.

7. Haghdoost S, Svoboda P, Naslund I, Harms–Ringdahl M, Ti-
likides A, and Skog S. Can 8-oxo-dG be used as a predictor for in-
dividual radiosensitivity? Int J Radiat Oncol Biol Phys 50:
405–410, 2001.

14333c20.pgs  9/29/06  10:39 AM  Page 2172



8. Harnett JD, Kent GM, Foley RN, and Parfrey PS. Cardiac function
and hematocrit level. Am J Kidney Dis 25: S3–7, 1995.

9. Hayakawa H, Taketomi A, Sakumi K, Kuwano M, and Sekiguchi
M. Generation and elimination of 8-oxo-7,8-dihydro-2�-de-
oxyguanosine 5�-triphosphate, a mutagenic substrate for DNA
synthesis, in human cells. Biochemistry 34: 89–95, 1995.

10. Himmelfarb J, Stenvinkel P, Ikizler TA, and Hakim RM. The ele-
phant in uremia: oxidant stress as a unifying concept of cardiovas-
cular disease in uremia. Kidney Int 62: 1524–1538, 2002.

11. Jackson JH, Gajewski E, Schraufstatter IU, Hyslop PA, Fuciarelli
AF, Cochrane CG, and Dizdaroglu M. Damage to the bases in
DNA induced by stimulated human neutrophils. J Clin Invest 84:
1644–1649, 1989.

12. Kasai H. Analysis of a form of oxidative DNA damage, 8-
hydroxy-2�-deoxyguanosine, as a marker of cellular oxidative
stress during carcinogenesis. Mutat Res 387: 147–163, 1997.

13. Kasai H and Nishimura S. Hydroxylation of the C-8 position of
deoxyguanosine by reducing agents in the presence of oxygen.
Nucleic Acids Symp Ser 165–167, 1983.

14. Kimmel PL, Phillips TM, Simmens SJ, Peterson RA, Weihs KL,
Alleyne S, Cruz I, Yanovski JA, and Veis JH. Immunologic func-
tion and survival in hemodialysis patients. Kidney Int 54:
236–244, 1998.

15. Kouda K, Nakamura H, Fan W, Horiuchi K, and Takeuchi H. The
relationship of oxidative DNA damage marker 8-hydroxy-
deoxyguanosine and glycoxidative damage marker pentosidine.
Clin Biochem 34: 247–250, 2001.

16. Levin A, Singer J, Thompson CR, Ross H, and Lewis M. Prevalent
left ventricular hypertrophy in the predialysis population: identi-
fying opportunities for intervention. Am J Kidney Dis 27:
347–354, 1996.

17. Lindner A, Charra B, Sherrard DJ, and Scribner BH. Accelerated
atherosclerosis in prolonged maintenance hemodialysis. N Engl J
Med 290: 697–701, 1974.

18. Locatelli F, Canaud B, Eckardt KU, Stenvinkel P, Wanner C, and
Zoccali C. Oxidative stress in end-stage renal disease: an emerg-
ing threat to patient outcome. Nephrol Dial Transplant 18:
1272–1280, 2003.

19. Lodovici M, Casalini C, Cariaggi R, Michelucci L, and Dolara P.
Levels of 8-hydroxydeoxyguanosine as a marker of DNA damage
in human leukocytes. Free Radic Biol Med 28: 13–17, 2000.

20. Loft S and Poulsen HE. Cancer risk and oxidative DNA damage in
man. J Mol Med 74: 297–312, 1996.

21. Michaels M L, Pham L, Cruz C, and Miller JH. MutM, a protein
that prevents G.C–T.A transversions, is formamidopyrimidine-
DNA glycosylase. Nucleic Acids Res 19: 3629–3632, 1991.

22. Nakabeppu Y. Molecular genetics and structural biology of human
MutT homolog, MTH1. Mutat Res 477: 59–70, 2001.

23. Nakabeppu Y, Tsuchimoto D, Ichinoe A, Ohno M, Ide Y, Hirano S,
Yoshimura D, Tominaga Y, Furuichi M, and Sakumi K. Biological
significance of the defense mechanisms against oxidative damage
in nucleic acids caused by reactive oxygen species: from mito-
chondria to nuclei. Ann NY Acad Sci 1011: 101–111, 2004.

24. Pawlak K, Naumnik B, Brzosko S, Pawlak D, and Mysliwiec M.
Oxidative stress—a link between endothelial injury, coagulation
activation, and atherosclerosis in haemodialysis patients. Am J
Nephrol 24: 154–161, 2004.

25. Redon J, Oliva MR, Tormos C, Giner V, Chaves J, Iradi A, and
Saez GT. Antioxidant activities and oxidative stress byproducts in
human hypertension. Hypertension 41: 1096–1101, 2003.

26. Shimoike T, Inoguchi T, Umeda F, Nawata H, Kawano K, and Ochi
H. The meaning of serum levels of advanced glycosylation end

8-oxo-dG IN INFLAMMATION 2173

products in diabetic nephropathy. Metabolism 49: 1030–1035,
2000.

27. Svoboda P and Harms–Ringdahl M. Influence of chromatin struc-
ture and radical scavengers on yields of radiation-induced 8-oxo-
dG and DNA strand breaks in cellular model systems. Radiat Res
164: 303–311, 2005.

28. Taddei F, Hayakawa H, Bouton M, Cirinesi A, Matic I, Sekiguchi
M, and Radman M. Counteraction by MutT protein of transcrip-
tional errors caused by oxidative damage. Science 278: 128–130,
1997.

29. Tarng D C, Huang T P, Liu T Y, Chen H W, Sung YJ, and Wei YH.
Effect of vitamin E-bonded membrane on the 8-hydroxy 2�-de-
oxyguanosine level in leukocyte DNA of hemodialysis patients.
Kidney Int 58: 790–799, 2000.

30. Tarng D C, Huang T P, Wei Y H, Liu T Y, Chen H W, Wen Chen T
and Yang W C. 8-hydroxy-2�-deoxyguanosine of leukocyte DNA
as a marker of oxidative stress in chronic hemodialysis patients.
Am J Kidney Dis 36: 934–944, 2000.

31. Tarng DC, Wen Chen T, Huang TP, Chen CL, Liu TY, and Wei YH.
Increased oxidative damage to peripheral blood leukocyte DNA in
chronic peritoneal dialysis patients. J Am Soc Nephrol 13: 1321–
1330, 2002.

32. Toyokuni S, Tanaka T, Hattori Y, Nishiyama Y, Yoshida A, Uchida
K, Hiai H, Ochi H, and Osawa T. Quantitative immunohistochem-
ical determination of 8-hydroxy-2�-deoxyguanosine by a mono-
clonal antibody N45.1: its application to ferric nitrilotriacetate-
induced renal carcinogenesis model. Lab Invest 76: 365–374,
1997.

33. Tsuzuki T, Egashira A, Igarashi H, Iwakuma T, Nakatsuru Y, Tomi-
naga Y, Kawate H, Nakao K, Nakamura K, Ide F, Kura S,
Nakabeppu Y, Katsuki M, Ishikawa T, and Sekiguchi M. Sponta-
neous tumorigenesis in mice defective in the MTH1 gene encoding
8-oxo-dGTPase. Proc Natl Acad Sci USA 98: 11456–11461, 2001.

34. Wang AY, Woo J, Lam CW, Wang M, Sea MM, Lui SF, Li PK, and
Sanderson J. Is a single time point C-reactive protein predictive of
outcome in peritoneal dialysis patients? J Am Soc Nephrol 14:
1871–1879, 2003.

35. Weitzman SA, Weitberg AB, Clark EP, and Stossel TP. Phagocytes
as carcinogens: malignant transformation produced by human
neutrophils. Science 227: 1231–1233, 1985.

36. Wu LL, Chiou CC, Chang PY, and Wu JT. Urinary 8-OHdG: a
marker of oxidative stress to DNA and a risk factor for cancer,
atherosclerosis and diabetics. Clin Chim Acta 339: 1–9, 2004.

37. Yeun JY, Levine RA, Mantadilok V, and Kaysen GA. C-reactive
protein predicts all-cause and cardiovascular mortality in he-
modialysis patients. Am J Kidney Dis 35: 469–476, 2000.

38. Zimmermann J, Herrlinger S, Pruy A, Metzger T, and Wanner C.
Inflammation enhances cardiovascular risk and mortality in he-
modialysis patients. Kidney Int 55: 648–658, 1999.

Address reprint requests to:
Mats Harms–Ringdahl

Department of Genetics, Microbiology and Toxicology
Stockholm University

S-10691 Stockholm, Sweden 

E-mail: Mats.Harms-Ringdahl@gmt.su.se

Date of first submission to ARS Central, June 28, 2006; date of
acceptance, June 28, 2006.

14333c20.pgs  9/29/06  10:39 AM  Page 2173



14333c20.pgs  9/29/06  10:39 AM  Page 2174



This article has been cited by:

1. Eileen Pernot, Janet Hall, Sarah Baatout, Mohammed Abderrafi Benotmane, Eric Blanchardon, Simon Bouffler, Houssein El
Saghire, Maria Gomolka, Anne Guertler, Mats Harms-Ringdahl, Penny Jeggo, Michaela Kreuzer, Dominique Laurier, Carita
Lindholm, Radhia Mkacher, Roel Quintens, Kai Rothkamm, Laure Sabatier, Soile Tapio, Florent de Vathaire, Elisabeth
Cardis. 2012. Ionizing radiation biomarkers for potential use in epidemiological studies. Mutation Research/Reviews in
Mutation Research 751:2, 258-286. [CrossRef]

2. Andrzej R. Trzeciak, Joy G. Mohanty, Kimberly D. Jacob, Janice Barnes, Ngozi Ejiogu, Althaf Lohani, Alan B. Zonderman,
Joseph M. Rifkind, Michele K. Evans. 2012. Oxidative damage to DNA and single strand break repair capacity: Relationship
to other measures of oxidative stress in a population cohort. Mutation Research/Fundamental and Molecular Mechanisms
of Mutagenesis 736:1-2, 93-103. [CrossRef]

3. Alexandra Forsbach , Ulrike Samulowitz , Kirsten Völp , Hans-Peter Hofmann , Bernhard Noll , Sybille Tluk , Claudia
Schmitz , Tanja Wader , Christian Müller , Anja Podszuweit , Angela Lohner , Rainer Curdt , Eugen Uhlmann , Jörg
Vollmer . 2011. Dual or Triple Activation of TLR7, TLR8, and/or TLR9 by Single-Stranded Oligoribonucleotides. Nucleic
Acid Therapeutics (Formerly Oligonucleotides) 21:6, 423-436. [Abstract] [Full Text HTML] [Full Text PDF] [Full Text
PDF with Links]

4. Kasper Broedbaek, Volkert Siersma, Jon T. Andersen, Morten Petersen, Shoaib Afzal, Brian Hjelvang, Allan Weimann,
Richard D. Semba, Luigi Ferrucci, Henrik E. Poulsen. 2011. The association between low-grade inflammation, iron status
and nucleic acid oxidation in the elderly. Free Radical Research 45:4, 409-416. [CrossRef]

5. D. A. Ribeiro, R. R. Campos, C. T. Bergamaschi. 2009. Chronic renal failure induces genetic instability in multiple organs
of Wistar rats. European Journal of Clinical Investigation 39:4, 289-295. [CrossRef]

6. J. J. Carrero, P. Stenvinkel, B. Fellström, A. R. Qureshi, K. Lamb, O. Heimbürger, P. Bárány, K. Radhakrishnan, B. Lindholm,
I. Soveri, L. Nordfors, P. G. Shiels. 2008. Telomere attrition is associated with inflammation, low fetuin-A levels and high
mortality in prevalent haemodialysis patients. Journal of Internal Medicine 263:3, 302-312. [CrossRef]

http://dx.doi.org/10.1016/j.mrrev.2012.05.003
http://dx.doi.org/10.1016/j.mrfmmm.2012.01.002
http://dx.doi.org/10.1089/nat.2011.0323
http://online.liebertpub.com/doi/full/10.1089/nat.2011.0323
http://online.liebertpub.com/doi/pdf/10.1089/nat.2011.0323
http://online.liebertpub.com/doi/pdfplus/10.1089/nat.2011.0323
http://online.liebertpub.com/doi/pdfplus/10.1089/nat.2011.0323
http://dx.doi.org/10.3109/10715762.2010.538391
http://dx.doi.org/10.1111/j.1365-2362.2009.02100.x
http://dx.doi.org/10.1111/j.1365-2796.2007.01890.x

