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8-Hydroxy-2’-Deoxyguanosine and
8-Nitroguanine Production and Detection
in Blood Serum of Breast Cancer Patients in
Response to Postoperative Complementary
External Ionizing Irradiation of
Normal Tissues
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Abstract
It is widely known that ionizing irradiation is strongly linked to the production of reactive oxygen (ROS) and nitrative species
(RNS) through which DNA damage products like 8-hydroxy-2-deoxyguanosine (8-OHdG) and 8-nitroguanine (8-NG) are gen-
erated, respectively. In the present study, we aimed to investigate the formation of 8-OHdG and 8-NG upon irradiation and to
further explore whether alterations in their concentration levels are related to the administered radiation doses and exposure
time. Our research work was conducted in blood serum samples collected from 33 breast cancer patients who received adjuvant
radiotherapy. The detection of 8-OHdG and 8-NG was assessed by enzyme-linked immunosorbent assay. Our results suggest
that both, 8-OHdG and 8-NG, were formed during the radiation regimen. Significant correlations with radiation dose were also
demonstrated by the dose-response curves of 8-OHdG and 8-NG, fitted by logarithmic distribution and polynomial regression,
respectively. More precisely, 8-OHdG and 8-NG concentrations (ng/mL) were considerably increased when patients received
ionizing radiation up to 30 Gy whereas irradiation over 30 Gy did not induce any further increases. The current study supports
a) the production of 8-OHdG and 8-NG during radiotherapy and b) significant correlations between either 8-OHdG or 8-NG
levels and radiation doses, indicating a radiation-dose-dependent relationship.
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Introduction

Radiotherapy constitutes an integral part of cancer treatment in

most of cancer cases since it fairly reduces the risk of local

recurrence, increases the chances of survival and relieves suf-

fering from symptoms. The aim of radiation treatment is the

shrinkage of tumor mass as well as frustration of residual tumor

cells under the exposure to ionizing radiation, highlighting

radiation therapy as a primary or adjuvant treatment to other

therapeutic options, as surgery.1,2

X- and gamma radiation are the most common types of

ionizing radiation which are delivered in cancer patients

through radiotherapy.2 Two methods with which patients can

receive radiation therapy are the external beam-radiation and
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internal radiation. With regard to the external beam-radiation, a

linear accelerator produces photon beams known as X-rays

whereas internal radiation or else brachytherapy, is distributed

mainly by gamma-radiation sources, like radioactive isotopes,

settled on patient’s body. Due to the high electrical potential

(4-20 MV) of the external beam radiation, patients receive the

radiation dose fractioned in different schemes during the

required time interval of radiotherapy. On the other hand,

the internal radiation therapy provides focalized radiation with

a potential ranging from 0.6 to 1 MV, restricting a potential

damage in normal tissues induced by radiotherapy.3,4

Ionizing radiation, particularly used in radiotherapy, affects

directly or indirectly living cells. More specifically, the

absorbed ionizing radiation leads to either direct disruption

of atomic structures or to generation of reactive chemical spe-

cies that in turn cause damage to a range of cellular macromo-

lecules including nucleic acids, proteins and lipids. Pointing to

the indirect effect of ionizing radiation, ions that are produced

by electrons, released from atoms and molecules, lead to sub-

sequent formation of reactive oxygen and nitrogen species.5

Radiolysis of water constitutes a major source for the genera-

tion of reactive oxygen species (ROS) since water is an essen-

tial cellular component occupying 80% of cell volume. More

specifically, in an aerobic cellular environment, the absorption

of ionizing radiation triggers excitations and ionizations which

in turn result in the generation of free radicals as well as mole-

cular products including superoxide anion radical (O2
��),

hydroxyl radical (�OH) and hydrogen peroxide (H2O2).6,7

Given that DNA belongs to critical molecules that may be

attacked by ROS, several DNA alterations arise such as DNA

breaks, base damage and destruction of sugars.8,9 Nevertheless,

the most common base lesion, induced by ROS, concerns gua-

nine which is the most prone to oxidation. More specifically,

once the guanine molecule has been oxidized, a hydroxyl group

(-OH) is added to the eighth position of the purine base leading

to the formation of the oxidatively modified product,

8-Hydroxy-2’-deoxyguanosine (8-OHdG). Due to the fact that

8-OHdG is one the predominant forms of the free radical-

induced lesions of DNA, its quantification signifies the extent

of DNA damage.10

Except radiolysis of water, the exposure to ionizing radia-

tion stimulates the activity of the inducible nitric oxide

synthase (iNOS), leading this way to the formation of reactive

nitrogen species (RNS) such as nitric oxide (�NO). Even

though �NO is inactive with most of cellular constituents, it

can be converted into peroxynitrite anion (ONOO�) through a

reaction with O2
��.11 Due to the high reactivity that ONOO�

displays, it is capable of attacking a wide range of cellular

targets including DNA bases.12,13 Similar to ROS, ONOO�

as RNS entity, interacts with guanine and as consequence it

induces nitrative lesions like 8-Nitroguanine (8-NG).14 Never-

theless, the glycosidic bond between 8-NG and deoxyribose

shows significant chemical instability which is responsible for

the spontaneous release of this DNA lesion and consequently

for the generation of an apurinic site. The resulted apurinic site

pairs with adenine during DNA synthesis, leading to G: C to T:

A transversions.15,16 Upon exposure to ionizing radiation, ROS

and RNS can be continuously risen for days and months in

irradiated cells and tissues, leading to a late tissue injury.17,18

The most frequent symptoms in chronic radiation-induced

reactions, are chronic ulcerations and wounds, tissue damages

as a consequence to irradiation induced inflammation, fibrosis,

telangiectasias and secondary cancers.19

The present study is one of the first attempts to explore the

formation and production of 8-OHdG and 8-NG and to study

the potential correlations between 8-OHdG as well as 8-NG

blood serum levels with the radiation dose received postopera-

tively by patients with breast cancer. Our results reflect the

induction of ROS and NOS in normal tissues, in vivo, as

response to ionizing irradiation. For the purpose of our work,

a study on blood samples obtained by breast cancer patients

that received postoperative complementary external irradiation

was performed. Ex-vivo determination of the serum 8-OHdG

and 8-NG levels was performed and their altered concentration

levels were related to radiation dose and exposure time.

Materials and Methods

Radiotherapy Patients

Thirty-three female patients with breast adenocarcinoma

(stages I to III) underwent postoperative adjuvant radiotherapy.

The age of the recruited patients ranged from 48 to 77 years,

with a median age of 57 years. From the total group, 30 patients

were menopausal whereas 3 only patients were premenopausal.

Additionally, 82% and 12% of patients have received adjuvant

and neoadjuvant cytotoxic chemotherapy, respectively. For the

purpose of our study, clinical parameters such as body surface

area (BSA), body mass index (BMI), glomerular filtration rate

(GFR) and hematocrit (HCT) were recorded (Table 1). All

patients were treated and the blood samples were collected in

the Department of Radiation Therapy, 401 General Military

Hospital, Athens, Greece.

The study was performed in accordance with the Europe

Convention on human rights and biomedicine (law 2919/

Table 1. Characteristics of Breast Cancer Patients.

Patients characteristics Values

Patients (n) 33
Stage disease (n, %)

Stage I 17 (52%)
Stage II 15 (45%)
Stage III 1 (3%)

Menopausal (n, %) 30 (91%)
Premenopausal (n, %) 3 (9%)
Adjuvant cytotoxic therapy (n, %) 27 (82%)
Neoadjuvant cytotoxic therapy (n, %) 4 (12%)
Median Age (years) (range) 57 (48-77)
Median BSA (m2) (range) 1.77 (1.44-2.02)
Median BSI (range) 28.6 (22.2-31.2)
Median GFR (mL/min) (range) 97.7 (44.8-159.7)
Median HCT (%) (range) 39.7 (35.2-44.9)
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1998) and approved by the Hospital Scientific Board, and the

Board of Bioethics of NKUA.

Treatment

All patients were firstly subjected to computed tomography

scan (CT) and thereby a 3-dimensional conformal radiation

therapy was designed. The radiotherapy regimen was per-

formed during the postoperative stage and involved the irradia-

tion of the entire breast including the axillary area as well as the

submandibular and subclavian lymph nodes, using opposite

tangent fields of 6-MV photons. The total irradiation dose ran-

ged from 46 to 50 Gy while it was increased by 10 Gy in the

area of initial disease (tumor bed). The referred radiation doses

were delivered at daily doses of 2Gy/5 days for a week.

Sample Collection and Preparation

Blood samples were collected before the initiation of radiation

therapy on day 0 (D0), and after the initiation of radiotherapy,

during the day 14 (2 weeks; D14), day 28 (4 weeks; D28) and

day 56 (8 weeks; D56{2 weeks after the end of radiotherapy}).

In order to obtain the samples, disposable and sterile needles

were used and blood samples were transferred into vacuum

tubes without anticoagulant. The collected samples were cen-

trifuged at 3000 g for 10 minutes straightforward (10-15 min)

after blood collection and precipitates were removed. Finally,

the supernatant serum was transferred to 1.5 mL labeled cen-

trifuge tubes and stored at �80�C until analysis.

ELISA Measurement of Plasma 8-OHdG

Blood serum 8-OHdG was quantified using the OxiSelect™
Oxidative DNA Damage ELISA Kit (8-OHdG Quantitation),

Trial Size (CELL BIOLABS, Inc., San Diego, USA), a modi-

fied competitive ELISA with detection sensitivity range of

100 pg/mL to 20 ng/mL. According to manufacturer’s recom-

mendations, the unknown 8-OHdG samples as well as 8-OHdG

standards were loaded onto an 8-OHdG-BSA conjugate preab-

sorbed 96-well plate. Briefly, to coat the 96-well plate with

8-OHdG/BSA conjugate, 1mg/mL of OHdG conjugate was

diluted to 1 mg/mL in 1x PBS solution. Then, 100 mL of the

1 mg/mL of 8-OHdG Conjugate were added to each well and

the plate was incubated overnight at 4�C. After the incubation

time, the 8-OHdG coating solution was discarded and the plate

was washed once with distilled H2O. Hence, 200 mL of Assay

Diluent were added to each well and the 8-OHdG Conjugate

was blocked for 1 h at room temperature. The plate was trans-

ferred to 4�C and the Assay Diluent was removed immediately

before use. In order to prepare the 8-OHdG standard curve,

serial dilutions of 8-OHdG Standard were carried out covering

a concentration range of 0 ng/mL to 20 ng/mL. Afterwards,

50 mL of the tested sample or 8-OHdG standard were added to

the corresponding wells of the 8-OHdG Conjugate coated plate

and samples were incubated at room temperature for 10 min-

utes. Then, 50 mL of the diluted anti-8-OHdG antibody were

added and samples were incubated at room temperature for 1 h.

After the incubation time, all wells were washed 3 times with

250 mL of 1x Wash Buffer and thereafter 100 mL/well of the

diluted Secondary Antibody-Enzyme Conjugate were added.

All samples were incubated at room temperature for 1 hour and

subsequently all wells were washed 3 times as previously

described. The addition of 100 mL of Substrate Solution was

followed by incubation at room temperature from 2 to 30 min.

The enzymatic reaction was terminated by the addition of 100

mL of Stop Solution. The absorbance was immediately measured

on an ELISA reader at 450 nm (Versamax, Orleans, USA). The

experiment was carried out in triplicates.

ELISA Measurement of Plasma 8-NG

Blood serum 8-NG was quantitated using the OxiSelect™
Nitrosative DNA/RNA Damage ELISA kit (CELL BIOLABS,

Inc., San Diego, USA), a competitive ELISA with detection

sensitivity of 1 ng/mL. Similar to the 8-OHdG assay, the

unknown 8-NG samples as well as 8-NG standards were settled

on an 8-NG-BSA conjugate preabsorbed microplate. Accord-

ing to manufacturer’s instructions, the 96-well plate had to be

coated with 8-NG conjugate which was diluted 1:400 in 1x

PBS dilution. Then, 100 mL of the 8-Nitroguanine Conjugate

solution were loaded to each well and the plate was incubated

overnight at 4�C. The 8-NG coating solution was removed and

all wells were washed once with 1x PBS solution. After wash-

ing, 200 mL of Assay Diluent were added to each well and the

8-NG conjugate was blocked for 1-2 h at room temperature.

The plate was transferred at 4�C and the Assay Diluent was

removed immediately before use. A standard curve for 8-NG

was established with a concentration range from 0 to 1000 ng/

mL. Thereafter, 50 mL of unknown sample or 8-NG standard

were added to the 8-NG Conjugate coated plate and samples

were incubated for 10 min. After the incubation time, 50 mL of

the diluted anti-8-NG antibody were added per well and then

samples were incubated for 1 h. The incubation time was fol-

lowed by 3 washing steps with 250 mL of 1X Wash Buffer to

each well. Subsequently, 100 mL of the diluted Secondary Anti-

body HRP Conjugate were added and samples were incubated

for 1 h. The 3 washing steps were repeated as previously

described and 100 mL of Substrate Solution were added per

well. At this step, the incubation time ranged from 2-30 min.

The enzymatic reaction was terminated by adding 100 mL of

Stop Solution into each well and the absorbance was measured

immediately on an ELISA reader at 450 nm (Versamax,

Orleans, USA). The experiment was carried out in triplicates.

Statistical Analysis

Blood serum concentrations of 8-OHdG and 8-NG were asso-

ciated with dosimetric parameters of the radiotherapy regimen,

according to lognormal distribution and polynomial regression,

respectively. Furthermore, Pearson correlation coefficient (r)

was calculated to evaluate the association between plasma

8-OHdG levels and relevant parameters including age, BSA,

Verigos et al 3



BMI, GFR and HCT. Similar to 8-OHdG, Pearson correlation

coefficient (r) was also determined so as to estimate the poten-

tial association of plasma 8-NG with the referred clinical para-

meters. Statistical significance was assumed at p < 0.05.

Microsoft Excel (Microsoft Hellas, Athens, Greece).

Results

Plasma 8-OHdG Levels in Patients Receiving
Radiotherapy

The 8-OHdG concentration (ng/mL) in the plasma samples of

patients who received radiotherapy was quantitated according

to the 8-OHdG standard curve. As Figure 1 demonstrates, the

8-OHdG standard curve was made by applying the logarithmic

model where the 8-OHdG concentration (ng/mL) of the 9 stan-

dard samples were plotted against the corresponding absor-

bance values (OD). Furthermore, according to Figure 2 the

two 8-OHdG fitting curves were performed using the equations

of the linear and allometric models. Regarding the linear fitting

curve, the utilized equation was y ¼ a þ b*x, Pearson’s r ¼
�0.85961 (p < 0.01) and adjusted R-square ¼ 0.70629. The

relevant equation for obtaining the allometric fitting curve was

y ¼ a*x^b with adjusted R-square ¼ 0.97773 (p < 0.001).

In order to estimate potential alterations in plasma 8-OHdG

concentration (ng/mL) during the radiation regimen, data were

fitted according to Lognormal model (95% prediction band and

95% confidence band). According to the Figure 3, a statisti-

cally significant increase of 8-OHdG concentration (ng/mL)

was induced during the 2 first weeks (Day5-Day15; 10-20

Gy), followed by a decrease for the next 13 days (Day 15-

Day30; 20-45 Gy) and then its concentration levels remained

steady for the last 32 days (Day28-Day60; 45-60 Gy) (p <

0.001).

As it is shown in Figure 4, no statistically significant cor-

relations (p > 0.05) were found between the Pearson’s correla-

tion coefficient indexes (r) of patients’ clinical characteristics

and parameters: Body Mass Index (BMI), Body Surface Area

(BSA), Glomerular Filtration Rate (GFR), Hematocrit (%)

(HCT) and respective alterations in blood serum 8-OHdG lev-

els in between the time periods of radiotherapy. The stronger

Figure 1. 8-OHdG standard curve fitted by logarithmic model. The
standard curve was made by plotting the 8-OHdG concentration (ng/
mL) against OD (450 nm) values.

Figure 2. 8-OHdG fitting curves were determined according to the
linear and allometric mathematic models. The blue line corresponds
to the allometric and the red line to the linear.

Figure 3. Alterations in plasma 8-OHdG levels associated with the
radiation dose and time period of radiotherapy. The radiation dose-
response curve was made according to Lognormal distribution (95%
prediction band and 95% confidence band; p < 0.001), by plotting
8-OHdG concentration (ng/mL) against the range of radiation dose
which was received by breast cancer patients (0, 20, 40 and 60 Gy)
during 60 days of radiation therapy.
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correlations were found between alterations in serum 8-OHdG

levels and GFR among D14-D28 of radiotherapy (r ¼ 0.69),

and between alterations in serum 8-OHdG levels and HCT

among D0-D56 of radiotherapy (r ¼ �0.48).

Plasma 8-NG Levels in Patients Undergoing Radiotherapy

In order to quantify the 8-NG concentration (ng/mL) in the

blood serum samples of patients who underwent radiation ther-

apy, the standard curve of 8-NG was firstly required. As

Figure 5 shows, the logarithmic model was followed, by plot-

ting the 8-NG concentration (ng/mL) of the 9 standard samples

against the corresponding absorbance values (OD). Further-

more, 2 fitting curves of plasma 8-NG concentration (ng/mL)

resulted following the 8-NG standard curve. According to

Figure 6, the two 8-NG fitting curves were developed using

the equations of the linear and allometric models. Regarding

the linear fitting curve, the utilized equation was y ¼ a þ b*x

with residual sum of squares ¼ 143001.336, Pearson’s r ¼
�0.92 (p < 0.005) and adjusted R-square¼ 0.828. The relevant

equation for obtaining the allometric fitting curve was

y¼ a*x^b with residual sum of squares¼ 666,089 and adjusted

R-square ¼ 0.994 (p < 0.001). Similar to 8-OHdG, plasma

8-NG concentration (ng/mL) was also altered in relation to

radiation dose and time treatment. More specifically, as the

polynomial fitting curve (95% prediction band and 95% con-

fidence band) suggests, the levels of 8-NG were significantly

increased within the 4 first weeks (Day0-Day28; 0-30 Gy)

whereas no further changes in 8-NG concentration (ng/mL) were

Figure 4. Pearson’s correlation coefficient indexes (r) between the patients’ clinical characteristics and parameters (BMI, BSA, GFR, HCT) and
respective alterations in blood serum 8-OHdG levels in between the time periods of radiotherapy. No statistically significant correlations
(p > 0.05) were found.

Figure 5. 8-NG standard curve fitted by logarithmic model. The
standard curve was obtained by plotting the 8-NG concentration
(ng/mL) against OD (450 nm) values.

Figure 6. 8-NG fitting curves were determined according to the
linear and allometric mathematic models. The blue line corresponds
to the allometric and the red line to the linear.

Verigos et al 5



recorded in the next 4 weeks (Day28-Day56; 30-60 Gy),

resulting in a plateau (Figure 7) (p < 0.001).

As it is shown in Figure 8, no statistically significant cor-

relations (p > 0.05) were found between the Pearson’s correla-

tion coefficient indexes (r) of patients’ clinical characteristics

and parameters (BMI, BSA, GFR, HCT) and respective altera-

tions in blood serum 8-NG levels in between the time periods of

radiotherapy. The strongest correlations were found between

alterations in serum 8-NG levels and GFR among days 0-14 of

radiotherapy (r ¼ �0.48), and between alterations in serum

8-NG levels and HCT among days 14-28 of radiotherapy

(r ¼ �0.69). Altogether, the alterations in plasma 8-OHdG and

8-NG concentration (ng/mL) during radiotherapy were evalu-

ated by following the Lognormal and polynomial regression

model, respectively. Different best fit models (curves) were

applied in each case due to the different dose-response altera-

tions of 8-OHdG and 8-NG serum levels. The dose-response

curves of 8-OHdG and 8-NG demonstrate the way of alteration

of 8-OHdG and 8-NG levels in relation to radiation dose and

treatment time.

Discussion

Blood serum samples, from irradiated cancer patients, were

used in order to verify the presence of the 2 biomarkers of

oxidative DNA damage, 8-OHdG and 8-NG, and explore

potential correlations of their altered concentrations (ng/mL)

with the administered radiation doses (Gy). More precisely, we

have studied and showed the increase of 8-OHdG and 8-NG

serum concentrations due to irradiation of normal tissues as a

consequence of adjuvant regional radiotherapy of operated

patients for breast cancer. As far as it concerns the increase

of 8-OHdG and 8-NG concentrations in blood of tumoured

irradiated patients there are very few clinical studies. Erhola

et al.20 recorded elevated 8-OHdG levels in the urine of lung

cancer patients upon receiving radiotherapy and chemotherapy.

According to their findings, the maximal urinary excretion of

8-OHdG/creatinine was recorded after total cumulative doses

of 10 and 30 Gy.20 Bergman et al.21 also observed a rapid

increase of 8-OHdG levels in the urine of irradiated patients

with hematological malignancies. To our knowledge, there are

no clinical studies concerning the detection of increased 8-NG

levels in irradiated patients who bear cancer.

With reference to the dose-dependent relationship of

8-OHdG and irradiation, a growing body of evidence supports

a positive correlation of the increased 8-OHdG levels with

radiation exposure. The relationship between 8-OHdG and

radiation dose has been investigated in different groups of

occupational radiation workers as well as cancer patients who

undergo radiation treatment. There are several examples

Figure 7. Alterations in plasma 8-NG levels correlated with the
radiation dose and time period of radiotherapy. The radiation dose-
response curve was made according to polynomial regression (95%
prediction band and 95% confidence band; p < 0.001) by plotting 8-NG
concentration (ng/mL) against the range of radiation dose which was
delivered to breast cancer patients (0, 20, 40 and 60 Gy) within
60 days of radiation therapy.

Figure 8. Pearson’s correlation coefficient indexes (r) between the patients’ clinical characteristics and parameters (BMI, BSA, GFR, HCT) and
respective alterations in serum 8-NG levels in between the time periods of radiotherapy. No statistically significant correlations (p > 0.05) were
found.
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suggesting that 8-OHdG levels are positively correlated with

radiation including pilots exposed to cosmic radiation and

radiographers, whose 8-OHdG levels were higher than those

of unexposed individuals. By contrast, there is another point of

view regarding prolonged irradiation which primarily concerns

cancer patients receiving radiotherapy; 8-OHdG levels not only

can be decreased but also can be found lower than those of

healthy subjects due to DNA repair mechanisms.22,23

Gao and his colleagues23 demonstrated that serum 8-OHdG

levels were significantly elevated in interventional radiologists

compared with other categories of radiation workers, highlight-

ing that the extend of oxidative DNA damage is proportional to

the radiation dose. In other words, increasing radiation doses

result in a more severe oxidative DNA damage, thereby indi-

cating a distinct dose-response relationship. As our findings

indicate, blood serum 8-OHdG levels were significantly

increased within the first 2 weeks of radiotherapy with radia-

tion dose being ranged from 10 to 30 Gy. During the time

interval where patients received radiation dose from 30 to 40

Gy, blood serum 8-OHdG levels were decreased and then

maintained constant until the end of the radiation regimen

where radiation dose ranged from 45 to 60 Gy (Figure 3). It

is noteworthy that later studies suggest the existence of a

threshold as irradiation over 3 Gy leads to a high percentage

of cell death, decreasing this way 8-OHdG levels. With respect

to cancer patients who underwent radiotherapy, it has been

shown that serum 8-OHdG levels were lower than those who

did not received any treatment. Further studies implied the

reduction of urinary 8-OHdG levels upon radiotherapy as well

as absence of a linear correlation of 8-OHdG with the accumu-

lated radiation dose.23 There are different ways for explaining

the declined 8-OHdG levels upon radiation exposure. First of

all, DNA repair systems negate DNA damage induced by

radiation and consequently such lesions cannot be accumu-

lated. Secondly, due to the fact that DNA repair is a time-

consuming procedure, repair may be carried out months after

radiation exposure. Thirdly, since 8-OHdG constitutes a bio-

marker of carcinogenesis, cancer patients express higher levels

of 8-OHdG than healthy people. Nonetheless, 8-OHdG levels

can be decreased due to radiation treatment which is received

by most of cancer patients.23 Except radiation-induced oxida-

tive stress, immune response causes the generation of ROS and

RNS as well, reflecting that irradiation effects conform with

those of inflammatory reactions and thereby generating a num-

ber of different ROS and RNS.24 Nevertheless, RNS are mostly

produced under inflammatory conditions in inflammatory and

epithelial cells; activation of iNOS leads to an abundant for-

mation of NO which in turn is converted into various RNS,

including ONOO�.25,13,14 However, inflammation and the con-

comitant immune response, impelled by ionizing irradiation,

depend on several factors including the radiation type, dose,

intensity/fractionation and total cumulative dose.26 Recent

studies have demonstrated an association between NO pathway

and immune response induced by irradiation while both of

them are regulated in a radiation-dose-dependent manner.27-

30 More precisely, high-doses of radiation, predominantly used

in cancer treatment, trigger an immune response comprising

secretion of cytokines and chemokines which interact with

endothelial cells and other cell types of the immune system.31

In vivo studies have shown that high-dose irradiation stimu-

lates the activation of macrophages as well as iNOS production

which is followed by increased levels of NO and O2
� while a

series of pro-inflammatory cytokines are also excreted includ-

ing IL-1b, IL-6 and TNF-a.32-34 Further in vivo studies also

indicated a dose-response relationship between NO and radia-

tion as the expression of iNOS and subsequent production of

NO were significantly increased in mice which were irradiated

up to 50 Gy.28 Meanwhile, low-dose irradiation (single dose

�1.0 Gy) induce the anti-inflammatory effects of macrophages

and inhibits NO pathway.35 According to ex vivo studies,

administration of low-dose (0.5 Gy) Xray decreased the excre-

tion of pro-inflammatory cytokine IL-1b in contrast to the

enhanced production of anti-inflammatory cytokine TGF-b.36

It is noteworthy that IL-1b, TNF-a, TGF-b1 kai IL-6 pro-

inflammatory cytokines are crucially involved in dermatitis

and increased levels of these cytokines constitute markers of

dermal toxicity in patients receiving radiotherapy. Further-

more, TGI-b1 probably plays a major role as its activation

triggers a sequence of cellular events that lead to fibrosis

induced by exposure to radiation.37 Taking into consideration

that NO pathway is modulated in a radiation-dose-dependent

manner and 8-NG is generated by ONOO�, a dose-response

relationship is likely to exist between 8-NG levels and radia-

tion. So far, there are hardly any findings concerning the detec-

tion of 8-NG in biologic fluids of cancer patients who received

radiation treatment. According to our results, the nitrative DNA

lesion, 8-NG, was detected in the blood serum of cancer

patients who were irradiated for 60 days. Moreover, blood

serum 8-NG concentration (ng/mL) was altered in accordance

with radiation doses and treatment time, similarly to 8-OHdG.

More specifically, blood serum 8-NG levels were remarkably

increased within the first 3 weeks where patients were irra-

diated up to 30 Gy while its concentration (ng/mL) remained

stable until the end of radiotherapy (Figure 7). Consequently,

the alterations in 8-NG levels were positively correlated with

radiation doses (0-30 Gy) for the first 3 weeks, indicating a

dose-response relationship as well as potential involvement of

DNA repair mechanisms preventing any further increases, sim-

ilar to 8-OHdG. In addition to the above, we can put forward

the hypothesis that the production of 8-NG depends on radia-

tion dose since NO pathway, though which is formed, is modu-

lated in a radiation-dose-dependent-manner.

It is worthy to mention that alterations of 8-NG plasma

concentration rather represent the DNA damage induced due

to the irradiation mediated inflammatory oxidative processes,

while the alterations of 8-OHdG plasma concentration mostly

represent the DNA damage induced due to the direct or indirect

oxidative effects of irradiation. Therefore, they concern to dis-

tinct oxidative processes. As a consequence, the dose-

dependent curves of the 2 oxidative DNA damage markers

do not represent quantitative differences but qualitative.

Verigos et al 7



It is notable that among all the clinical parameters included

in this study, HCT and GFR showed a strong trend of correla-

tion with the respective alterations of 8-OHdG and 8-NG levels

in serum (Figures 4 and 8). The negative correlation between

the respective alterations in either 8-OHdG or 8-NG levels and

HCT indicates a decreasing tendency of HCT due to radiation

toxicity. Prior studies have shown that exposure to ionizing

radiation leads to a decreased HCT due to high radiation-

sensitivity of bone marrow and hematopoietic cells, rendering

ionizing radiation capable of destroying hematopoietic stem

cells as well as mature blood cells.38 Furthermore, it is worthy

to mention the strong trend of correlation between the respec-

tive alterations in 8-NG levels and GFR corresponding to the

kinetics of 8-NG levels as illustrated by the corresponding

dose-response curve. Moreover, a strong trend of correlation

between GFR and the kinetics of 8-OHdG levels was also dis-

played, in conformation with the relevant dose-response curve.

BMI and BSA were also correlated with the altered levels of

8-OHdG and 8-NG but without any statistical significance.

Due to lack of clinical studies related to oxidative DNA

damage markers and radiotherapy, it is not increasingly clear

the relationship of 8-OHdG and 8-NG levels with therapeutic

efficacy and/or radiation-induced side effects. So far, there are

some studies supporting a potential correlation between urinary

DNA damage biomarkers and response to treatment, although

these studies have been of too short duration to prove this point.

Crohns et al.39 conducted a study in which lung cancer patients

were followed up for 6 years in order to evaluate the associa-

tion between adverse events and responses to radiotherapy with

8-OHdG. According to their findings, no significant associa-

tion was observed between 8-OHdG and adverse events during

radiotherapy, response to radiation treatment or overall sur-

vival.39 With regard to 8-NG, there are no yet published

clinical data that demonstrate relation of the increased 8-NG

levels with either therapeutic efficacy or radiation-induced

side effects.

The increase of 8-OHdG levels in urine has been studied

stringently in cancer patients as far as concerns its prognostic

significance but almost at all as predictive biomarker. Recent

findings demonstrate a correlation of 8-OHdG levels with the

development of carcinogenesis and prognosis of cancer

patients. For instance, increased urinary 8-OHdG levels have

been found in patients with colorectal cancer and patients with

tumor metastasis in contrast to healthy individuals and patients

without tumor metastasis. Moreover, low 8-OHdG levels are

associated with poor prognosis in breast cancer patients

whereas increased 8-OHdG expression is related to poorer

overall survival and progression-free survival in patients with

serous ovarian carcinoma. Therefore, 8-OHdG may serve as a

useful biomarker of carcinogenesis providing the possibility of

early warning, detection and risk estimation.40-44 Nevertheless,

there are studies supporting 8-OHdG as predictor of developing

drug resistance in cancer patients and thus assisting in the

choice of chemotherapy. As observed in patients with epithelial

ovarian carcinoma, the elevated serum 8-OHdG levels

reflected the early development in platinum resistance.

Therefore, the utility of 8-OHdG in predicting chemoresistance

may have a beneficial impact on the decision of the primary

treatment mode.45

Conclusion

A very few studies support a clear dose-response relationship

between either 8-OHdG or 8-NG levels and radiation therapy

conditions. Our study primarily indicated the production of

8-OHdG as well as 8-NG upon radiation treatment of normal

tissues and subsequently a significant positive correlation of

their concentration levels with radiation dose and exposure

time. However, based on biochemical and molecular mechan-

isms, it is possible that the dose-dependent relationship of

either 8-OHdG or 8-NG with radiation may be related to the

therapeutic efficacy and side-effects of radiotherapy. Further

investigations need to be carried out in that field.
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