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In this paper we present the data of lymphocyte radiosensitivity testing used for characteriza-
tion of radiosensitive cellular phenotype and diagnostics of ataxia-telangiectasia disease. We
point out the advantage of lymphocyte micronucleus test (CBMN) over other cellular tests
for assessment of radiosensitivity: the first advantage of CBMN is that primary patient cells
are used (less than 1 ml), the second one is that the results of testing are obtained within 3 days
and there is no need for establishing a patient-derived cell line, which requires additional time
and application of more expensive methods. The third advantage of CBMN method is that it
gives information about proliferative ability of cells, which can recognize dysfunctional
ataxia-telangiectasia mutated protein. The results are fast and accurate in diagnostics of

ataxia-telagiectasia diseases.
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INTRODUCTION

The ataxia-telangiectasia (A-T) is inherited pro-
gressive neurodegenerative disorder causing severe
disability. The ataxia refers to poor co-ordination,
whereas telangiectasia indicates small dilated blood
vessels, both of which are hallmarks of the disease.
Other characteristics of this disease are immunodefi-
ciency, spontaneous chromosomal instability, hyper-
sensitivity to ionizing radiation, predisposition to can-
cer, and premature aging. Most often, the symptoms
first appear in early childhood. The A-T is caused by a
defect in the A-T mutated gene (ATM). The mutation
in ATM gene can happen across entire gene which is
the main reason for the phenotypic difference of the
disease [1]. Among mutations that are found in ATM
gene the most frequent are truncating and splicing mu-
tations. Because not all children develop disease in the
same manner or at the same rate, it may take some
years before A-T is properly diagnosed. Laboratory
testing is an important part of diagnostics of the dis-
ease. It includes the assessment of the ATM protein
function, the induction of the tumor suppressor protein
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pS3, the level of serum alpha-fetoprotein (AFP) and
the intrinsic cellular radiosensitivity test. In A-T pa-
tients, the ATM protein is dysfunctional consequently
leading to defective damage-induced activation of the
cell cycle checkpoints, delayed expression of the tu-
mor suppressor protein p53, high level of serum AFP
and increased intrinsic radiosensitivity [2]. An early
investigation of radiosensitivity demonstrated that
A-T patients exhibit hypersensitivity to ionizing radia-
tion. The latter research showed that the dose-response
to low linear energy transfer (LET) radiation for A-T
cells shows a linear dependence instead of a lin-
ear-quadratic one which is found for normal cells [3],
as a consequence of repair deficiency of double-strand
breaks of the DNA [4]. These observations further
suggest suitability of radiosensitivity testing as diag-
nostic tool for this disease. Current methods of testing
consider mostly colony survival assay, which requires
establishing a patient-derived cell line via transforma-
tion by Epstein-Barr virus and assessment of cell sur-
vival after in vitro irradiation.

In this paper we present more simple way to esti-
mate intrinsic radiosenstitivity in vitro using primary
lymphocytes and lymphocyte micronuclei assay. We
show that this method can be used as a fast and accu-
rate method for diagnostics of AT cellular phenotype,
that it does not require establishing a patient-derived
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cell line, and that it provides accurate results of testing
within 3 days.

METHODS AND SAMPLES

Two children of the same family, both girls, aged
2 and 3 years, were clinically diagnosed as A-T. To
confirm the diagnosis, the cellular sensitivity to ioniz-
ing radiation was in parallel investigated in Italy em-
ploying colony survival assay and in our Laboratory
using lymphocyte micronuclei test. The peripheral
blood samples (1 ml) were collected by vein puncture
in heparinized vacutainers in accordance with current
Health and Ethical Regulations in Serbia [5]. The
baseline level of micronuclei (MN), in vitro
radiosensitivity and proliferative ability of lympho-
cytes were examined. The incidence of radiation-in-
duced lymphocyte micronuclei, in response to radia-
tion dose of 2 Gy (“°60 y-rays) was used as the
indicator of radiation sensitivity in vitro.

IRRADIATION

Two hours after blood collection, an aliquot of
heparinized whole blood from each subject was posi-
tionedina 15 cm x 15 cm plexiglas container and irra-
diated using a ®°Co y-ray source. The radiation dose em-
ployed was 2 Gy, the dose-rate was 0.45 Gy/min, the
dimensions of the radiation field were 20 cm x 20 cm,
and the distance from the source was 74 cm. Blood sam-
ples were irradiated at room temperature.

LYMPHOCYTE
MICRONUCLEUS TEST

Baseline levels of micronuclei and radiosensitivity
were estimated employing lymphocyte micronuclei test
of Fenech et al., [6]. A minimum of 1000 binucleated

cells was scored with an Axiolmager Al microscope
(Carl Zeiss, Jena, Germany) using a magnification of
400x or 1000x.

RESULTS AND DISCUSSION

The results obtained in this work are presented in
tabs. 1 and 2 and figs. 1 and 2. The results obtained us-
ing colony survival and lymphocyte micronuclei assay
in both patients are presented in tab.l. Both tests
showed hypersensitivity to irradiation. By using col-
ony survival assay, the hypersensitivity is seen as low
number of cells able to form colonies after irradiation.
By using lymphocyte micronuclei assay hypersensi-
tivity is seen as increased yield of radiation-induced
micronuclei in binucleated cells — the population of
cells who conceded first division after irradiation. Fur-
thermore, the lymphocyte micronuclei assay enable
measurement of cell proliferation potential, called
cytochalasin B proliferation index (CBPI), which was
also scored in those samples. The proliferative index is
calculated by means of the number of mononucleated,
bi, and polinucleated cells [ 7]. In both patient samples,
a high proliferation rate of lymphocytes is observed
after irradiation which is a consequence of dysfunc-
tional ATM protein. The proliferation index distin-
guishes checkpoint dysfunction caused by truncating
ATM protein. The ATM protein is the first molecule in
signaling cascade in DNA damage response. The ATM
is being phosphorylated when DNA damaged occurs.
That recruits DNA repair proteins to the break site. At
the same time the ATM protein makes a puzzle with
other proteins of cell cycle checkpoints and stops the
cell division until the repair of the DNA is complete.
When truncating or splicing mutations in ATM gene
happen, consequently dysfunctional ATM protein
formes, powerless for puzzling with other cell cycle
checkpoint proteins and the time for the DNA repair is
not allowed. In the first division after irradiation, the
unrepaired DNA damages are seen as complex chro-

Table 1. In vitro radiosensitivity testing of ataxia-telangiectasia patients (colony survival and CBMN test)

Colony surv1v[%}o?ssay SF + SD Inc(:ll\ig}cie(:) (())(E rl;lgré);ﬁ:)lel Proliferation index (CBPI) MN/mBN cell
Base line Irradiated Base line Irradiated Base line Irradiated (irradiated)
AT, patient 89+2 12.8+6.8 21 990 1.99 2.2 1.81+£0.18
AT, patient 82+6 11.5+7.1 19 1030 1.91 2.3 1.89+0.12

Table 2. In vitro radiosensitivity testing of healthy persons and cancer patients (CBMN test)

Incidence of MN/1000 BN cells | % of micronucleated cells (mBN cells) | MN/mBN cell (irradiated)
Normal sensitivity 200 +29 16+2 1.26 £ 0.18
Radiosensitive 322 +£31 23.8+6.7 1.33£0.12
Radioresistant 136 £ 23 114+3 1.19+£0.17
Radiosensitive cancer
patients 366 + 21 12.1+4 1.31£0.12
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Figure 1. Radiosensitivity of ataxia-telangiectasia cells
versus normal cells
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Figure 2. Incidence of micronuclei per
micronucleated binuclei cells

mosomal aberration, high incidence of micronuclei or
very low percent of colonies that survive irradiation.
The results of colony survival testing showed that the
mean survival fraction (SF) of irradiated patient cells
was 12.8% + 6.8% and 11.5 + 7.1, respectively. SF
value for the control healthy cell lines was 50.1% +
+13.5%. Our previous study of intrinsic
radiosensitivity among healthy individuals [8] and
cancer patients revealed that radiosensitive cellular
phenotype maximally display 363 and 389
micronuclei per 1000 binucleated cells, respectively
(tab. 2). Similar findings were observed by West et al
[9]. The ataxia patients exhibit almost 3 times more
micronuclei than radiosensitive individuals (tab. 1,
fig. 1) which is accompanied with higher incidence of
MN per micronucleated binuclei cells (tab. 2, fig. 2)
and high proliferation of irradiated cells. The percent-
age of micronucleated binuclei cells is significantly
higher than in all other study groups, which addition-
ally support radiosensitivity findings.

According to results of radiosensitivity testing,
presented in this paper we point out advantages of
lymphocyte micronuclei assay vs. other tests for as-
sessment of intrinsic radiosensitivity. Threefold

higher incidence of micronuclei in AT cells accompa-
nied with enhanced cell proliferation after irradiation
provides accurate recognition of AT cellular pheno-
type and helps in early diagnosis of A-T disease.

ACKNOWLEDGEMENT

This work is supported by Serbian Ministry of
Education, Science and Tehnological Development of
the Republic of Serbia, Grant No ON173046.

AUTHOR CONTRIBUTIONS

Theoretical analysis was carried out by D. S.
Vuji¢, S. Z. Petrovié, A. R. Leskovac, and I. D. Joksi¢.
Experiments were organized and carried out by D. S.
Vujié, S. Z. Petrovié, A. R. Leskovac, I. D. Joksi¢, J. G.
Filipovi¢, and A. P. Valenta Sobot. All authors ana-
lyzed and discussed the results. The manuscript was
written by D. S. Vujié, S. Z. Petrovié, A. R. Leskovac,
and L. D. Joksi¢ and the figures were prepared by J. G.
Filipovi¢ and A. P. Valenta Sobot.

REFERENCES

[1]  Duchaud, E., et al., Deregulated Apoptosis in Ataxia
Telangiectasia: Association with Clinical Stigmata
and Radiosensitivity, Cancer Res., 56 (1996), 6, pp.
1400-1404

[2]  Sun, X., et al., Early Diagnosis of Ataxia-Telangiectasia
Using Radiosensitivity Testing, J. Pediatr., 140 (2002),
6, pp. 724-731

[3] Vral, A., Micronucleus Induction by Co Gamma-Rays
and Fast Neutrons in Ataxia Telangiectasia Lympho-
cytes, Int. J. Radiat Biol., 70 (1996), 2, pp. 171-176

[4] Foray, N., et al., Hypersensitivity of Ataxia
Telangiectasia Fibroblasts to lonizing Radiation is
Associated with a Repair Deficiency of DNA Dou-
ble-Strand Breaks, Int. J. Radiat Biol., 72 (1997), 3,
pp. 271-283

[5] *** Law on Health Care, Official Gazette of the Re-
public of Serbia, Parliament of the Republic of Serbia,
2005, 107:112-161

[6] Fenech, M., The Cytokinesis-Block Micronucleus
Technique and Its Application to Genotoxicity Stud-
ies in Human Populations, Environ. Health Perspect.,
101 (1993), 3, pp. 101-107

[7]  Surralles, J., et al., The Suitability of the Micronucleus
Assay in Human Lymphocytes as a New Biomarker of
Excision Repair, Mutat. Res., 342 (1995), 1-2, pp.
43-59

[8] Joksi¢, G., Nikoli¢, M., Spasojevi¢-Tisma, V.,
Radiosensitivity of Different Aged Human Lympho-
cytes Following Electron Irradiation in vitro,
Neoplasma, 44 (1997), 2, pp.117-121

[9] West,C. M., etal., AComparison of the Radiosensitivity
of Lymphocytes from Normal Donors, Cancer Patients,
Individuals with Ataxia-Telangiectasia (A-T) and A-T
Heterozygotes, Int. J. Radiat Biol., 68 (1995), 2, pp.
197-203

Received on May 20, 2013
Accepted on May 28, 2013



D. S. Vuji¢, et al.: Accurate Diagnostics of Ataxia-Telangiectasia Cellular ...
224 Nuclear Technology & Radiation Protection: Year 2013, Vol. 28, No. 2, pp. 221-224

Hparana C. BYJWh, Cannpa XK. [IETPOBUR, Anapeja P. JECKOBALII,
Upana /1. JOKCUh, Jeaena I'. ®DUJIUITIOBUR, Ana I1. BAJJEHTA IOBOT

NOY3OAHA TUJATHOCTUKA ATAXIA TELANGIECTASIA
REJINJCKOI ®EHOTHUIIA ITIPUMEHOM JTUMO®OLUTHOI TECTA
PAITUOCEH3UTUBHOCTU IN VITRO

Y oBOM pajly IpuKa3aHu Cy pe3yaTaTd UCOUTHBAKA PAJUOCCH3UTUBHOCTH KOjU Cy KOpultheHn
3a KIIMHAYKY IMjarHOCTHUKY 000Jberha Ataxia-telangiectasia (AT). MictakayTe cy IpegHOCTH TUMQOIUTHOT
MHUKPOHYKJIEYCHOI TECTa y OJHOCY Ha OCTaj€ TECTOBE KOjU C€ KOPHUCTE 3a IPOLEHY T€HOMCKE
pajuoceH3uTUBHOCTH: NpBa npepHoct CBMN TecTa je fa KOpUCTH BEOMa Maly KOJIUYMHY IpUMapHUX
henmja manujenta (Mame o 1 ml kpBu), He 3axTeBa TpaHchopManrjy npuMapHux henmja y hemujcke
JUHAje, IITO MHaue 3aXTeBa AOAATHO BpeMe U MpuMeHy crenujarHux MeTopa. Tpeha npegnocr CBMN
TECTa je IMITO UCTOBPEMEHO Jiaje TMofjlaTKe O MpoirepaTHBHOM KananuTeTy heauja, Ha OCHOBY Yera ce
MoOXe npeno3HaTt aucynkiuuonanan ATM nporeuns. Pesynratu pagucensutusHoctu CBMN tectom cy
Op31 1 IOY3/1aHU T€ Ce ca CUTypHOlIThy MOTy KOPUCTUTH 3a ANjarHOCTUKY 00oibeba Ataksia telangiectasia.
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