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OZET

Mikronlikleus teknigi sigara icen bireylerde akciger kanseri riskini énceden belirleyebilir mi?

Akciger kanserinin karsinogenez stirecinde ana etyolojik faktor, sigara icimidir. Sigara icenlerde oksidaz enzimi seviyele-
rindeki artis veya kromozom aberasyonlart gibi tanimlt genetik faktérlerin, akciger kanserine daha ytiksek derecede yaka-
lanma olasiligu ile iliskide oldugu gdsterilmistir. Bu calismada, uzun stireli sigara tiiketen akciger kanseri tanist almus olan
ve uzun streli sigara tiiketen ancak akciger kanseri olmayan bireylerin periferal kan lenfositlerindeki, radyasyon sonrast
mikrontikleus (MN) teknigi ile élclilen kromozom aberasyonlart arastirilnusti. Amacimiz, sigara igicileri arasinda kanser
gelisimi olabilecek, kansere yakalanacak bireylerde MN skorlamastnin roliinti arastirmaktir. Oniki akciger kanseri hastast
ve bunlara uygun 10 saglikli birey degerlendirildi. Spontan ve radyasyon indliklii bireylerin MN frekanslart degerlendiril-
di. Spontan frekanslara bakildiginda hem hasta hem de saglikli bireylerde 3 Gy radyasyon sonrast MN miktarlarinda artis
gobzlendi. Radyosensitivitenin belirleyicisi olan mutlak MN frekanslarn, 3 Gy radyasyonda olusan MN frekanslarindan, spon-
tan MN frekanslan ¢ikarillarak hesaplandi. Akciger kanseri hastalarinda degerler, 0.0116 ve 0.3883 arasinda, 0.1114 =
0.0390 (SE) ile dagilim gésterirken, kontrollerde bu degerlerin, 0.0216 ve 0.2291 arasinda ve 0.1410 = 0.0234 (SE) ile da-
guldigr gortildii. Her iki grubun mutlak MN frekanslart arasinda karsilastirma yapildiginda, iki grup arasinda anlamlt (p=
0.159) fark saptanmadi. Sonug olarak, calismamizda, uzun stireli sigara icicilerinin periferal kan lenfositlerindeki MN skor-
lar, akciger kanser riskini 6nceden belirleyememektedir.
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Smoking is the main etiological factor in the carcinogenesis process of lung cancer. But genetically defined factors such as
increased levels of oxidase enzymes or chromosome aberrations have been shown to correlate with the higher possibility
of contracting lung cancer among smokers. In this study, chromosome aberrations measured by micronucleus (MN) tech-
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nique following in vitro irradiation were investigated in peripheral blood lymphocytes of long term smokers with or witho-
ut lung cancer. Our aim is to establish the role of MN scores in identifying the individuals who might develop cancer among
smokers. Twelve lung cancer patients and appropriately matching 10 healthy controls were evaluated. Spontaneous and
radiation induced MN frequencies were evaluated in the two groups. An increase in the amounts of MN after 3 Gy irradi-
ation was observed in the patient and control group when compared to spontaneous frequencies. Absolute MN frequenci-
es as a determinant of radiosensitivity were calculated by subtraction of spontaneous aberration frequencies from the fre-
quencies that were obtained following 3 Gy of irradiation. Absolute MN frequency range was between 0.0116 and 0.3883
with the average value of 0.1114 + 0.0390 (SE) for the lung cancer patients, and was between 0.0216 and 0.2291 with the
average value of 0.1410 + 0.0234 (SE) for the controls. When the comparision was made between the absolute MN frequ-
encies of both groups, there was no difference (p=0.159) between the two groups. In our study, it can be concluded that
radiation induced MN scores in peripheral blood lymphocytes of long term smokers do not predict the risk of lung cancer.

Key Words: Micronucleus, lung cancer, carcinogenic agents, irradiation, lymphocytes.

Lung cancer is the most common type of all possible to determine the risk of lung cancer in
cancers in men and also in women, exceeding individuals earlier (8). The levels of oxydase
the rate of deaths due to breast cancer in some enzymes and the levels of chromosome damage
countries (1,2). Age is the most important fac- in long term smokers with lung cancer have be-
tor in countries where the incidence of lung can- en shown to be higher than the levels in long
cer is rather high (2,3). Environmental pollution term smokers without lung cancer (5). Chromo-
and occupational hazardous conditions play a somal anomalies have also been shown to be by
certain role in the development of lung cancer. far more frequent in smoking lung cancer pati-
But the main etiological factor in developing ents (9).

lung cancer is cigarette smoking (4). Smoking is
90% responsible for the whole lung cancer ca-
ses. The age of starting to smoke cigarettes, the
amount of cigarettes smoked during a day and
total amount of period spent by smoking ciga-
rettes increase the risk of cancer. Lung cancer
death rates in smokers may vary between 15-20
folds depending on the total amount of cigaret-
tes smoked (2). Therefore lung cancer is largely
considered as a preventable disease.

The aim of this study was to investigate the dif-
ferences in the amounts of chromosome dama-
ge after 3 Gy of in vitro irradiation in peripheral
blood lymphocytes of both lung cancer patients
and healthy individuals with a long term smo-
king history. Chromosome damage was evalu-
ated by using micronucleus (MN) assay (10).
MN can be identified as a chromosome fragment
without a centromere or a whole chromosome
which is not properly segregated during mitosis.
Damages to the DNA mf)lec'ule by Cércinogenic MATERIALS and METHODS
substances and/or reactive intermediate agents

due to various metabolic processes within the Twelve patients with lung cancer diagnosis and
lung cells during carcinogenesis are considered 10 non-cancer individuals (control group) who
important. More than 4000 chemical substances had history of 40 package/year cigarettes were
such as acetone, benzene, benzopyrene, cyana- involved in this study. Written concent was taken
mid, methane that are found in cigarettes are for each patient. Peripheral blood samples were
carcinogenic (2). Levels of nitrate proteins are collected by venous puncture from both patients
higher in patients with lung disease when com- and controls before starting prescribed therapy.
pared with healthy controls (5). Increased levels For each patient and control individual, samples
of aryl hydrocarbon hydroxylase (AHH) and its were drawn into two seperate 4.5 mL sterilized
metabolic phenotype are related with the risk of lithium-heparin tubes. One tube was left unirra-
lung cancer (6,7). By determining the genetic diated (control) and the other one was irradiated
variations that designate the differences in res- with 3 Gy of Co-60 gamma irradiation, perfor-
ponse to carcinogenic agents because of altera- med by using Alcyon Il Co-60 teletherapy mac-
tions in the human metabolism, it may now be hine at 1.17 Gy/min.
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Microculture technique was applied to blood
lymphocytes (11). Briefly, 0.5 mL of either non-
irradiated or irradiated whole blood was added
to culture medium containing 15 pg/mL phyto-
hemagglutinin (Sigma), 1 mL Newborn Calf Se-
rum and 4 mL of RPMI-1640 with glutamine
(Sigma) supplemented with 100 pg/mL strep-
tomycin and 100 IU/mL penicillin, and incuba-
ted at 37°C for 45 hours. After adding cytocha-
lasin-B (Sigma; 6 pg/mL) solution, cells were
left for incubation for another 24 hours. At the
end of the 69th hour, cells were treated with
hypotonic KCI solution (0.075 M). They were
then washed and fixed three times with metha-
nol/acetic acid (7/1) solution. Cell suspension
that was left at the end of the third wash was
dropped on glass microscope slides which were
in turn stained by 5% Giemsa solution (prepared
in phosphate buffer) for 10 minutes. Binucleate
cells containing two identical nuclei were consi-
dered for evaluation, by examining under the
light microscope at 400 magnification. Any de-
tached nuclei with no bigger than 1/3 in diame-
ter of a parent nucleus were scored as micro-
nucleus. In the patient group, 11950 BN cells for
0 Gy and 7638 BN cells for 3 Gy, and in the
control group, 9465 BN cells for 0 Gy and 9472
BN cells for 3 Gy were counted.

Paired t-test was applied for the comparision of
spontaneous and radiation induced micronucleus
frequencies for each individual in both patient and
control groups. In order to compare two groups,
non-parametric Mann Whitney U-test was used.

RESULTS

The spontaneous, 3 Gy radiation induced and
absolute micronucleus frequencies in lymphocy-
tes of lung cancer patients and controls are given
in Table 1. Absolute MN frequency as a determi-
nant of radiation sensitivity was calculated by
subtraction of non-irradiated MN scores (0 Gy)
from 3 Gy irradiated MN scores.

The mean frequency (+ SE) of spontaneous mic-
ronuclei was 0.0131 + 0.0024 (ranged between
0.0045 and 0.0288) in the patient group while
the mean (+ SE) in the control group was 0.0291
+ 0.0096 (with the range of 0.0071-0.0927). Inc-
reases in MN scores were observed after 3 Gy in

vitro radiation. These increases were statistically
significant in the patient group with p= 0.016
and in the control group with p< 0.001 compa-
red to their relevant spontaneous frequencies.
Absolute MN frequencies which determine the
cellular radiosensitivity ranged between 0.0116
and 0.3883 with the average value of 0.1114 =
0.039 (SE) for lung cancer patients and ranged
between 0.0216 and 0.2291 with the average
value of 0.1410 + 0.0234 (SE) for the controls.

Radiosensitivity ranges of two groups were com-
pared in Figure 1, in terms of MN induction.
When absolute MN frequencies of both groups
were compared with each other using the Mann-
Whitney U-test, it was observed that there was
no significant difference between the two groups
(p= 0.159).

Observed binucleate cells and micronuclei are
shown in the following photographs (Figure 2-4).

DISCUSSION

Metabolism of carcinogenic agents is important
in cigarette smoke induced lung cancer. Oxidase
enzymes that are genetically determined are an
essential part of this metabolism. There are diffe-
rences in the levels of oxidase enzymes between
long term smokers with lung cancer and long
term smokers without lung cancer. Because of
this genetically determined variation, only about
%20 of long term smokers contract lung cancer.
Oxidant agents that are present in cigarettes
and/or that form in the lungs of smokers can ini-
tiate carcinogenesis action in cells due to oxida-
tive and nitrative damages in DNA and in cellu-
lar combinations (12). Cigarette smoking acce-
lerates oxidative stress and therefore, the forma-
tion of reactive nitrogen derivations during the
development of lung cancer can result in a nitra-
tion and oxidation process of plasma proteins.
Namely, the levels of oxidized proteins are higher
in smokers when compared with non-smokers.

Homeostatic factors determining these genetic
variations may also be effective in a variable res-
ponse to radiation-induced damage. In this study,
therefore, MN assay was used as a biomarker of
chromosomal damage in PBL of long term smo-
kers in order to identify cancer phenotype. Sco-
ring micronuclei in binucleate cells is easy to
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Table 1. Micronucleus frequencies belonging to the patients and controls.

MN frequencies (MN/BN)

Spontaneous (0 Gy) 3 Gy induced Absolute (3-0 Gy)
Patient group
1. 0.0288 0.0545 0.0257
2. 0.0045 0.0244 0.0199
3. 0.0235 0.0626 0.0391
4. 0.0141 0.4024 0.3883
5. 0.0120 0.1824 0.1704
6. 0.0051 0.0170 0.0119
7. 0.0127 0.0500 0.0373
8. 0.0092 0.0788 0.0696
9. 0.0092 0.0208 0.0116
10. 0.0088 0.0369 0.0281
11. 0.0246 0.3836 0.3590
12. 0.0048 0.1806 0.1758
Control group
1. 0.0132 0.0837 0.0705
2. 0.0156 0.1420 0.1264
3. 0.0071 0.2362 0.2291
4. 0.0105 0.2361 0.2256
5. 0.0767 0.2164 0.1397
6. 0.0276 0.0492 0.0216
7. 0.0927 0.2552 0.1625
8. 0.0073 0.0559 0.0486
9. 0.0165 0.1961 0.1796
10. 0.0235 0.2303 0.2068
MN: Micronucleus, BN: Binucleate cell.
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Figure 1. Comparison of absolute MN frequencies between the patient and control group.
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Figure 2. A group of binucleate cells (1), some
containing MN formation (11) x600.

Figure 3. A binucleate cell (1) x1500.

perform and therefore widely used in the studies
concerning radiation cytogenetics and cytogene-
tical monitoring of chemical agents (13-15).

Spontaneous and radiation induced micronuclei
in binucleate cells obtained from lung cancer
patients and matching controls were scored. MN
frequencies induced by 3 Gy irradiation in both
groups showed a significant level of increases
when compared to spontaneous aberrations in
non irradiated lymphocytes (Table 1).

Two out of 12 patients were female (numbered 8
and 11). MN frequencies of these female pati-
ents remained in the related frequency intervals
of the patient group. Therefore female individu-
als were evaluated as a usual member of the pa-
tient group. When the two groups were compa-
red about spontaneous MN frequency, it was ob-
served that MN frequency in the patient group
(mean: 0.0131) was not significantly different
(p= 0.147) from the control group (mean:
0.0291) (Table 1).

Figure 4. Two MN (1) in a binucleate cell (11)
x1500.

It may be suggested that, spontaneous levels of
MN formations may give false results as a conse-
quence of differences in the exposure times and
the processes of genotoxic agents in each indivi-
dual. Therefore, giving a stress inducing agent in
a controlled environment may differentiate indi-
vidual’s response depending on differences in
their genomic structural integrity and/or DNA re-
pair mechanisms. Radiation was used as a stress
inducing agent in this study. But there was also
no difference (p= 0.159) between absolute MN
frequencies as a determinant of radiosensitivity
in the two groups (Figure 1). This indicates that
there were quantitative similarities in the radi-
osensitivity range measured by MN assay.

As a result, our study suggest that MN technique
applied to lymphocytes did not appear to be a
predictive approach to determine genetic vari-
ations between lung cancer patients and control
individuals with both having a long term cigaret-
te smoking history.
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