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kground: Because patients with celiac disease face increased risk of cancer and there is considerable
stantial evidence that oxidatively damaged DNA may be used as a marker predictive of cancer devel-
t, we decided, for the first time, to characterize oxidative stress/oxidative DNA damage in celiac disease
ts.
thods: Two kinds of oxidatively damaged DNA biomarkers, namely, urinary excretion of 8-oxodG and
ua, and the level of oxidatively damaged DNA in the leukocytes, as well as the level of antioxidant

ins were analyzed using high-performance liquid chromatography (HPLC) and HPLC/gas chroma-
hy with isotope dilution mass detection methods. These parameters were determined in three groups:
ldren with untreated celiac disease, (b) patients with celiac disease on a strict gluten-free diet, and
lthy children.
ults: The mean level of 8-oxodG in DNA isolated from the leukocytes and in the urine samples of the
roups of celiacs was significantly higher than in controls, irrespective of diet. There was no statistically
cant difference in these parameters between treated and untreated celiacs. The mean plasma retinol and
pherol concentration in the samples of untreated celiacs was significantly lower than in treated celiacs.
clusion: Our results suggest that although diet can be partially responsible for oxidative stress/
ively damaged DNA in celiac patients, there is a factor independent of diet.
oxidat

Impact: It is possible that celiac disease patients may be helped by dietary supplementation rich in vitamin A
(and E) to minimize the risk of cancer development. Cancer Epidemiol Biomarkers Prev; 19(8); 1960–5. ©2010 AACR.
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iac disease is a common disorder with a prevalence
00 to 1:200 in European and American populations
is assumed that celiac disease is a gluten-sensitive
er characterized by toxic injury of gliadin, a com-
t of gluten (or by similar molecules). Ingestion of
molecules in susceptible individuals gives rise to in-
atory lesions in the small intestine (2). The inflam-
y condition may be directly linked to increased
ction of proinflammatory cytokines such as IFN-γ
mor necrosis factor (TNF)-α in patients with active
disease (3). Interestingly, some of the cytokines can
ce large amounts of reactive oxygen species (4, 5).
wn that an elevated plasma level of TNF-α
for increased oxidative stress/oxidatively
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ged DNA of CD34+ cells (6), and some experimen-
idence indicates that oxidative stress is one of the
mechanisms that may be involved in celiac disease
genesis (7).
association between inflammation and oxidative
is well documented (8, 9), with a number of studies
flammatory conditions reporting elevated levels of
dG, an oxidative stress biomarker. The inflammato-
ponse can lead to the recruitment of activated leu-
es, which may, in turn, give rise to a “respiratory
” which is an increased oxygen uptake that causes
lease of high quantities of reactive oxygen species,
s superoxide and hydrogen peroxide, with possible
quent DNA damage production (10). Proof of this
sal comes from the report of Dizdaroglu et al.
ho showed that exposure to activated leukocytes

d DNA base modifications in human cells typical
se induced by hydroxyl radical attack. Mechanisti-
chronic inflammation can be closely linked to carci-
esis (12). Moreover, it has been estimated that
ic inflammation may be involved in the develop-
of about one third of all cancer cases worldwide
4).
hough celiac disease is triggered by a dietary

, it is clearly a genetic disorder and therefore per-
hroughout an individual's life span and thus can be
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nsible for chronic oxidative stress and inflammation
turn may be associated with increased risk of ma-
t neoplasms. There is considerable circumstantial
nce that oxidative DNA damage may be used as a
r predictive of cancer development later on (15).
assess whether celiac disease may impose oxida-
damaged DNA, we decided, for the first time, to
ze two kinds of oxidatively damaged DNA bio-
ers, namely, urinary excretion of 8-oxodG and 8-
ua, as well as the level of oxidatively damaged
in the leukocytes, which are often used as surrogate
hat are supposed to inform about oxidative stress,
red as a certain level of 8-oxodG, in other tissues
ecause antioxidant vitamins and uric acid are the
effective free radical scavengers, and can decrease
tive stress, in our study the level of these compounds
nalyzed in patients' blood. The above described
eters were analyzed in three groups of children:
ldren with untreated histologically confirmed celiac
e; (b) patients with histologically confirmed celiac
e, recognized in early childhood, who are on a strict
-free diet; and (c) healthy children (control group).

rials and Methods

nts
study was conducted in three groups of patients.
1 consisted of 45 patients, including 28 girls and

ys with untreated celiac disease. Mean age in this
was 14.1 years (range, 2-27 years).
3 children celiac disease was newly diagnosed on
sis of modified ESPGHAN (European Society of
atric Gastroenterology, Hepatology and Nutrition)
a (17). All patients underwent esophagogastroduo-
copy to provide at least three biopsy samples taken
the second part of the duodenum. Villous atrophy
ssessed according to Oberhuber modification of
classification (18). All patients had histopathol-

lly documented villous atrophy: grade 3a (n =1),
3b (n = 10), and grade 3c (n = 12). All children were
antiendomysial antibody positive.
2 patients celiac disease was diagnosed in child-
on the basis of “old” (ref. 19; 8 patients) or modified
7; 14 patients) ESPGHAN criteria. All patients re-
d more than two to three dietary transgressions
eek or following an unrestricted gluten-containing
r at least last two years. By the time of sampling all
ts were serum antiendomysial antibody positive.
up 2 consisted of 78 patients, including 49 females
9 males with histologically confirmed celiac disease
osed in childhood on the basis of old (19) or mod-
17) ESPGHAN criteria, who were following a strict
-free diet. Mean age in this group was 15.4 years
, 4-29 years). Based on the patients' medical history,
tients were fully compliant with the gluten-free diet
y the time of sampling were serum antiendomysial

dy negative. The mean time under strict gluten-free
as 10.1 years (range, 1-25 years).

10 μL
fugat
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ne of the patients in groups 1 and 2 had a positive
y of cancer or chronic inflammatory disease other
eliac disease or actual acute infection.
enty-four healthy subjects without any known dis-
atching the patient groups according to age, sex,

ating habits served as a control group (group 3).
ildren were nonsmokers.
studywas approved by themedical Ethics Commit-
Ludwik Rydygier Medical University Bydgoszcz,
d, No KB/439/2006. All patients' parents and pa-
older than 16 years expressed informed consent.

ods
kocyte isolation from venous blood. Venous blood
les from the patients were collected in heparinized
tte tubes. The blood was carefully applied on the
f Histopaque 1119 solution (Sigma-Aldrich) and
ukocytes were isolated by centrifugation according
procedure laid down by the manufacturer.
A isolation and 8-oxodG determination in DNA
es. DNA from the leukocytes was isolated using
ethod as described earlier. Determination of 8-oxodG
eans of high-performance liquid chromatography
C)/with electrochemical detection (EC) technique
escribed previously (20).
r team has participated in the European Standards
ittee on Oxidative DNA Damage. In several inter-

atory trials determining the levels of 8-oxoG in
cell DNA, isolated from untreated cells or from
reated with light in the presence of a photosensi-
to induce different amounts of 8-oxoG in DNA,
boratory showed a low background level of 8-oxoG
A from untreated cells and an ability to detect a

response between the concentration of photosensi-
nd the level of 8-oxoG in the DNA of treated cells
n the last trial of the European Standards Commit-
Oxidative DNA Damage it was found that the
value of 8-oxodG in lymphocytes DNA (4,24 8-
per 106 unmodified dG) was very close to the

eported in this study (22). To the best of our knowl-
no substantial differences between schoolchildren
dults concerning 8-oxodG level have been reported
literature (23, 24). However, some studies have re-
much lower levels of 8-oxodG than those detected

r work; for example, Buthbumrung et al. (25) re-
d 0.8/106 dG levels of 8-OH-dG in the leukocytes
trols. It is possible that these inconsistencies may
esult of preparing a calibration curve. Accurate cal-
n is vital, and the preparation of standard curves,
on the molar absorption (instead of preparation
eight”) of the target compound, is recommended,
possible (26). We realize, however, that we are not
osition to disqualify the other results.
ne analysis. Spot urine samples were collected.
d to the 2 mL of human urine were 0.2 nmol of
13C} 8-oxoGua, 0.05 nmol of {15N5}8-oxodG, and

of acetic acid (Sigma, HPLC grade). After centri-

ion (2,000 × g, 10 minutes), the supernatant was

Cancer Epidemiol Biomarkers Prev; 19(8) August 2010 1961
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d through a Millipore GV13 0.22-μm syringe filter
00 μL of this solution were injected into the HPLC
. The urine HPLC purification of 8-oxoGua and 8-
was done according to the method described pre-

ly (20).
chromatography with isotope dilution mass detec-

nalysis was done according to the method described
izdaroglu (27), adapted for additional {15N5}
Gua analyses (m/z 445 and 460 ionsweremonitored).
ermination of the plasmaα-tocopherol (vitamin E),
l (vitamin A), ascorbic acid (vitamin C), and uric
oncentration. Quantification of α-tocopherol (vita-
), retinol (vitamin A), ascorbic acid (vitamin C),
rine acid by HPLC technique was described pre-
ly (20).
tistical analysis. For the statistical analysis the
STICA (version 8.0) computer software (StatSoft)
sed. All results are expressed as means ± SD for
les with normal distribution, and as median with
uartile range for variables with nonparametric
bution.
normal distribution, variables were analyzed by
olmogorov-Smirnov test with Lillefor's correction.
ariables with nonparametric distribution Mann-
ey's U test was carried out; Student's t test was

for variables with normal distribution. Statistical
icance was considered at P < 0.05.
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le ve D tudy

up -oxo
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reated patients with
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tistically significant difference versus control group (P = 0.039).
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lts

mean level of 8-oxodG in DNA isolated from the
cytes and in the urine samples of children with ce-
isease was significantly higher than that in controls,
ective of diet. There was no statistically significant
ence in these parameters between treated and un-
d celiac patients. The mean level of 8-oxoGua in
ine samples of untreated children with celiac dis-
was 14.38 ± 9.29 nmol/mmol of creatinine and
ignificantly higher than that in the urine of patients
ng a strict gluten-free diet (11.66 ± 9.37 nmol/mmol
atinine) and of controls (7.78 ± 3.46 nmol/mmol of
nine; Table 1).
mean plasma retinol and α-tocopherol concen-

n in the samples of children with untreated celiac
se was significantly lower than that in treated
s (P = 0.006 and 0.002, respectively). There was no
ence in the mean plasma retinol and α-tocopherol
ntration between treated celiac disease patients
ontrols. The mean plasma ascorbic acid concentra-
as very similar in untreated and treated celiac dis-
atients (59.66 ± 23.86 and 63.24 ± 27.38 μmol/L,
tively) and was significantly lower than in controls
± 17.55 μmol/L). There was no statistically sig-
nt difference in the plasma uric acid concentration
g the three studied groups of patients (Table 2).
1. Parameters of oxidati
 NA damage in the s
 groups
8-
mol/

2

1
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of patients/parameter 8
 dG/106dG level in
eukocytes' DNA (n
xoGua excretion
mmol of creatinine) (n
oxodG excretion
mmol of creatinine)
1
 n = 42
 n = 40
 n = 39

Mean ± SD
 Mean ± SD
 Mean ± SD

6.80 ± 4.54
 14.38 ± 9.29
 2.48 ± 1.57
c disease

Me (Q1, Q3)
 Me (Q1, Q3)
 Me (Q1, Q3)
2

3 (4.14, 7.64)*
 68 (7.48, 17.57)†,‡
 .14 (1.44, 2.95)§
n = 75
 n = 75
 n = 74

Mean ± SD
 Mean ± SD
 Mean ± SD

6.16 ± 2.90
 11.66 ± 9.37
 2.16 ± 1.28
c disease

Me (Q1, Q3)
 Me (Q1, Q3)
 Me (Q1, Q3)

5 (3.97, 8.03)∥
 .68 (5.32, 13.81)
 .81 (1.24, 2.74)¶
n = 24
 n = 23
 n = 23

Mean ± SD
 Mean ± SD
 Mean ± SD

4.39 ± 1.03
 7.78 ± 3.46
 1.59 ± 0.52

Me (Q1, Q3) Me (Q1, Q3) Me (Q1, Q3)

4.20 (3.78, 4.84) 7.29 (4.67, 10.72) 1.29 (1.08, 1.95)

reviation: Me, median value; Q1, the first quartile; Q3, the third quartile.
tistically significant difference versus control group (P = 0.003).
tistically significant difference versus control group (P = 0.0006).
tistically significant difference versus group 2 (P = 0.02).
atistically significant difference versus control group (P = 0.005).
tistically significant difference versus control group (P = 0.006).
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re were no differences between the subgroups of
ts classified to the group 1 concerning analyzed
eters, i.e., antioxidants and those reflecting oxida-
damaged DNA (data not shown).

ssion

as been assumed that oxidative stress is one of me-
ms that can play a role in celiac disease develop-
(7). In agreement with this assumption, it has
eported that gliadin can alter an oxidative balance
lonic cell culture (CaCo-2) triggering oxidative
, described by an increase of 4-hydroxy-nonenal
E) and a reduction of glutathione and protein sul-
yl content (28). Lipid peroxidation products, such
NE, can form other than 8-oxodG DNA modifica-
(e.g., etheno adducts). However, the most widely
d and the most representative marker of oxidative
/oxidative DNA damage is 8-oxodG (10). For this
n we decided to analyze 8-oxodG in our study.
over, studies with celiac disease patients have
n that antioxidant capacity (including antioxidant
ins) in this group was severely reduced when com-
with healthy controls (7, 29).
en investigating the involvement of oxidative stress
ease development the important question is, what
e most appropriate biomarkers of oxidative stress
hat is the best way to measure them? Commonly

biomarkers of oxidative stress include measures of
tive damage to DNA. Oxidatively damaged DNA

gluten
tor of

acrjournals.org
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assessed by determination of 8-oxodG level in cel-
DNA; this parameter is the most studied and is
y acknowledged as a robust biomarker of oxidative
. An alternative approach to assess oxidative stress/
damage on the level of the whole organism is de-
ation of the urinary excretion of oxidatively mod-
ases/nucleosides (30).
the best of our knowledge, there have been no
s concerning oxidatively damaged DNA in celiac
e. It is an important issue because celiac disease pa-
face an increased risk of cancer (31) and there is
derable circumstantial evidence that oxidatively
ged DNA may be used as a marker predictive of
r development later on (15, 32, 33).
ur study all the parameters that represent oxidative
ge to DNA, i.e., the urinary excretion of modified
and nucleosides and the level of 8-oxodG in the
cytes, were determined. If the gluten itself or
n-derived peptides were solely responsible for
roinflammatory condition and oxidative stress/
tively damaged DNA, as suggested (see above),
ould expect a significant difference in the markers
escribed damage between the groupwith treated ce-
sease on a strict gluten-free diet, in which the gluten-
ed peptides were not detected (group 2), and the
of patients with untreated celiac disease (group 1).
eed, analysis of other parameters (e.g., myeloperox-
activity) in untreated celiacs and celiacs on the strict
2. Plasma antioxid
 nt parameters in the
 study groups
-free die
inflamm

Cancer
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P
conce
lasma retinol
ntration (μmol/L)

Plas
conce
a α-tocopherol
ntration (μmol/L)

Plasm
conce
a ascorbic acid
ntration (μmol/L)

Pla
conce
sma uric acid
ntration (μmol/L)
1
 n = 43
 n = 43
 n = 40
 n = 42

Mean ± SD
 Mean ± SD
 Mean ± SD
 Mean ± SD

1.37 ± 0.38
 3.00 ± 6.63 5
9.66 ± 23.86 2
 0.07 ± 69.16
c disease

Me (Q1, Q3)
 Me (Q1, Q3)
 Me (Q1, Q3)
 Me (Q1, Q3)
1.
2

9 (1.03, 1.56)* 22.2
2 (18.14, 28.04)† 61.4
5 (43.75, 75.55)‡ 227.3
 (191.66, 289.76)

n = 78
 n = 78
 n = 74
 n = 75
Mean ± SD
 Mean ± SD
 Mean ± SD
 Mean ± SD

1.68 ± 0.59
 6.76 ± 5.34 6
3.24 ± 27.38 2
 4.95 ± 95.97
c disease

Me (Q1, Q3)
 Me (Q1, Q3)
 Me (Q1, Q3)
 Me (Q1, Q3)
1.
 8 (1.20, 2.10) 27.2
5 (22.93, 29.77) 61.4
9 (43.95, 84.14)§ 229.5
 (192.35, 284.64)

n = 20
 n = 20
 n = 17
 n = 20
Mean ± SD
 Mean ± SD
 Mean ± SD
 Mean ± SD

1.53 ± 0.49
 4.55 ± 4.93 7
4.34 ± 17.55 2
 1.46 ± 66.19
2 7
Me (Q1, Q3) Me (Q1, Q3) Me (Q1, Q3) Me (Q1, Q3)

1.50 (1.08, 1.79) 24.76 (22.34, 27.09) 74.75 (59.79, 83.95) 271.46 (221.59, 322.78)

tistically significant difference versus group 2 (P = 0.006).
tistically significant difference versus group 2 (P = 0.002).
tistically significant difference versus control group (P = 0.01).
seful as an indica-
nalyses demand a
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amount of biological material (blood). In our ap-
h we used noninvasive sampling of biological ma-
(urine) and small amounts of surrogate tissue
cytes). This is especially important for pediatric pa-
who demand special care. However, as mentioned
terials and Methods, children with reported chronic
matory disease other than celiac disease or actual
infection were excluded from the investigation.
prisingly all of the markers of oxidative DNA dam-
ere higher in celiac disease patients in comparison
atched controls, irrespective of the diet (although
parameters that describe the damage were slightly
r in the untreated versus the treated group). Only
ry 8-oxoGua level was significantly lower in pa-
on a strict gluten-free diet than in untreated celiac
ts.
all the parameters that describe oxidative damage
A the most important one is the background level
xodG in DNA because it can inform about a load of
tially mutagenic DNA modification. Because the
round level of 8-oxodG in cellular DNA represents
cate balance between formation and removal of a
ge, the observed increase of the level in all groups
ients may be a result of repair deficiency of oxida-
amage to DNA in celiac disease patients. Interest-
it has been shown that celiac disease patients who
oped adenocarcinoma had defective mismatch re-
nd this DNA repair mechanism may play a role
prevention of mutagenic effect of 8-oxodG (34).
l another reason for the observed oxidative damage
Amay be the oxidative stress induced by a deficien-
antioxidant levels, which in turn may be a result of
sorption of antioxidant vitamins that may persist
in periods of remission. To explore this possibility,
ecked the levels of antioxidant vitamins (A, C,
) and uric acid in the study groups. We found statis-
significant differences in the levels of vitamins A
between the groups of untreated and treated celiac
ts and for vitamin C between control group and ce-
sease group, irrespective of diet. Although uric acid
ffective free radical scavenger, no significant differ-
among the study groups in the level of this com-
were found. Therefore, our results suggest that
gh diet can be partially responsible for oxidative
/oxidatively damaged DNA in celiac patients, it is
or independent of diet, which may likely be asso-
with genetic make-up, possibly linked with DNA
.

ny studies show increased cancer risk and mor-

cell lymphoma in celiac
Rece

publish

J Gastroenterol 2003;98:377–81.
Heel DA, West J. Recent advances in coeliac disease. Gut 2006;
864–74.

3. Nil
Glu
pro
γ.

4. Ka

r Epidemiol Biomarkers Prev; 19(8) August 2010
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e (35, 36). In this case, however, the mechanism(s)
ed in cancer development are not fully recognized.
hough we do not have enough data to draw a defin-
conclusion, we can hypothesize that long-lived B
lymphocytes (or/and hematopoietic progenitor
may serve as target cells for developing malig-
s like lymphoma in some patients with celiac dis-
Some base modification with mutagenic properties
scape repair in lymphocytes DNA could lead to mu-
esis in critical genes and ultimately to malignances.
otion stems from the promutagenic properties of 8-
anine and some other oxidative base modifications.
e subject may be 10 to 200 times more sensitive to
ogenic factors than another and may therefore de-
cancer, whereas others at the same level of expo-
ill not (37). In this context it is worth mentioning
e observed substantial variations in the levels of
tially mutagenic 8-oxodG in cellular DNA, as well
min levels in celiac disease patients. Individuals al-
ry in their disease severity and response to gluten-
iet (38). This variable response is a major problem
sensitivity or resistance of individuals and these
s cannot be reliably predicted prior to therapy.
recently showed that oxidatively damaged DNA is
ely correlated with the endogenous level of antiox-
vitamins and that vitamin A has the strongest effect
antioxidant components on the damage (39). It is
le that other food components that can accompany
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