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Abstract

The present study is undertaken to know the radiation dose-response of chromosomes in the non-target cells, viz.
peripheral blood lymphocytes of cancer patients in a context of partial body irradiation. The genotoxic effect of y-
radiation was studied in Head and Neck Squamous Cell Carcinoma (HNSCC) patients exposed to various
cumulative doses of 80Co gamma rays during radiotherapy (RT). These patients (P4 to P4q) were irradiated for a
period of six weeks with a daily fraction of 2 Gy, consecutively for 5 days in every week. The clastogenic effects of
radiation in these patients were analysed on every weekend employing chromosomal aberration (CA) assay.
Radiosensitivity of these patients were analysed by employing linear regression analysis of the CAs induced by
irradiation. Genetic damage observed in all patients on a weekly basis were recorded and analysed at the individual
level in comparison with their own pre-therapy baseline data, employing student’s t-test. Dicentrics, centric rings and
chromatid breaks were observed as the major kinds of CAs. The total CAs observed were analyzed using two way
ANOVA, showed significant (P<0.001) intra and inter-individual variations of the genotoxic effects. Further, a dose
dependent increase of cytogenetic damage was observed in the non-target cells viz. lymphocytes. Further,
cytogenetic studies in peripheral lymphocytes following gamma radiotherapy of tumors may help to understand the
optimum/precise dose of radiation to be employed for RT, may also be useful to predict dosimetry and the possible

secondary tumors in irradiated HNSCC patients.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) represents the
seventh most common cancer globally, with approximately 47,000 new
cases reported every year [1]. Cigarette smoking/tobacco consumption
is a major cause of HNSCC [2-4]. Around 50% of the 10.9 million
people diagnosed with cancer worldwide each year require RT, 60% of
who are treated with curative intent. RT is the most important non-
surgical modality for the curative treatment of cancer. Ionizing
radiation is a ubiquitous environmental physical agent whose DNA
damaging effects are fairly well established. Although, the exposure of
patients to radiation during radiotherapy is a beneficial use of
radiation to improve the health of the individuals, ionizing radiation
being a proven mutagen besides damaging killing tumour tissue may
also induce genetic damage in the neighbouring/adjacent non-target
cells. Genetic damage induced by radiation or other mutagens in non-
target cells is most frequently monitored in peripheral blood
leukocytes [5]. A key challenge in RT is to maximize radiation doses to
cancer cells while minimizing damage to the surrounding non-target
healthy tissue. Recent literature in the field of clinical oncology and RT
still does not explain sufficiently the question of damages to non-target
cells and tissues after chemo-radiation treatment [6-8].

In order to obtain information concerning the extent of radiation
exposure, its distribution and dose assessment, various biological
methods have been developed. Human bio-monitoring can be
performed using various genetic markers which detect early biological

effects, including evaluation of DNA mutations, CAs, the induction of
micronuclei and sister chromatid exchanges [9]. Among the various
cytogenetic parameters employed, the most reliable biological
indicators of ionizing radiation exposure are CAs in peripheral blood
lymphocytes [10,11].

The CA assay is often employed for monitoring the populations
exposed to genotoxic agents because it allows the evaluation of the
entire genome to identify mutagenic and carcinogenic agents [12].
Quantification of CAs in circulating lymphocytes is being used to
estimate the dose received by individuals exposed to ionising radiation
during RT and also the genetic damage prevailing in the whole body
[13,14]. The number of peripheral lymphocytes exposed to irradiation
during RT will vary in various HNSCC patients depending upon the
exact target area and the quantum of radiation absorbed. Studies on
HNSCC patients is of great significance as this part of human body
covers a large number of blood vessels, lymph nodes and is a very
sensitive region to irradiation.

Cytogenetic assessment of the lymphocytes of cancer patients
undergoing localised fractionated therapeutic irradiation would
evaluate the clastogenic effect induced by such treatment in the
patient’s circulating blood. The analysis of CAs in peripheral blood
lymphocytes is often being used as a biomarker of health outcome,
measuring genetic damage due to radiation that results from non-
repaired primary lesions. Hence, in order to know the quantum of
genetic damage induced by various doses of gamma rays in the non-
target cells of cancer patients and their inter-patient variability,
HNSCC patients receiving fractionated RT were selected as the
subjects for the present study and further analysis was carried out.

J Nucl Med Radiat Ther
ISSN:2155-9619 JNMRT, an open access journal

Volume 7 « Issue 1 « 1000270


mailto:samitk81@gmail.com
http://dx.doi.org/10.4172/2155-9619.1000270

Citation:

Kadam SB, Shyama Sk, Kumar PMK, D’costa A, Almeida VG (2016) Cytogenetic Analysis on the Yields of Chromosomal Aberrations

Induced by the Scattered Doses of y-Radiation . J Nucl Med Radiat Ther 7: 270. doi:10.4172/2155-9619.1000270

Page 2 of 8

Material and Methods

Study subjects

Ten volunteer HNSCC patients aspiring for RT at Goa Medical
College, Goa, India who were free of other major ailments and were
not previously been treated with either chemotherapy or RT were
selected as subjects for the present study after their written consent.
Information related to them, including their smoking/tobacco
consumption and medical history were collected by employing a
specific questionnaire. Laboratory handlings of subjects and all other
investigations were carried out in accordance with a high standard of
ethics and guidelines of the Institutional Ethics Committee, Goa
Medical College, Goa, India.

Radiotherapy

Tumour field sizes of each of these HNSCC patients were
determined with CT scan and their target sites for irradiation were
earmarked. All the patients (P;-P;y) underwent standardized external-
beam partial body irradiation with curative intent for localized tumour
with a %°Co source consisting of lateral fields of head and neck, with an
average 1.25 MeV y-ray beam to the target area. They received
radiation for five week(s) at a 10 Gy dose per week, up to a cumulative
tumor dose of 60 Gy.

Cytogenetic studies

Whole blood culture

Intravenous blood samples were obtained from the subjects with
HNSCC before starting the RT treatment (0 Gy) and later on (six
times) at six consecutive weekly intervals of RT during the course of
treatment (10, 20, 30, 40, 50 and 60 Gy). Five millilitres of blood was
collected from each patient and evacuated into heparinized collection
tubes. Culture was put up according to Scarfi et al. [15] and Siddique et
al. [16]. In brief, 0.5 ml of whole blood was added to 5 ml of RPMI
1640 medium (Himedia-with L-glutamine and without sodium
bicarbonate) containing 1 ml of heat inactivated 10% fetal bovine
serum (Himedia), 0.1 ml of phytohemagglutinin (Himedia) and 0.2 ml
of antibiotics (Himedia- with 200 mM L-glutamine, 1000 units/ml
penicillin and 10 mg/ml streptomycin). Culture was incubated at 37°C
for 48 hour.

Preparation of metaphase plate

Cells in culture were treated with 0.1 ml of 0.1% colchicine for 2
hours prior to harvesting at 48 hours of inoculation. Hypotonic acetic
flame dry technique was performed at 48 hour of incubation involving
steps such as hypotonic treatment (0.075 M KCl), fixation (methanol-
acetic acid 3:1), dropping 10-20 ul of cell suspension with a pasture
pipette on chilled slides and heating. Metaphase plates were stained
with 5% Giemsa stain.

Chromosomal aberration analysis

A total of 100 metaphase plates were observed per individual using
trinocular research microscope (Olympus BX 53, Japan) and the CAs
in each plate were analyzed and scored as per Savage [17].

Statistical analysis

Differences in CAs between control and treated samples, as well as
between the smoker and non-smoker patients were analyzed
employing students t-test to know the significance. Radiosensitivity of
individuals for different doses of RT was analyzed by employing linear
regression coefficient test [18]. A two-way ANOVA was carried out to
evaluate the inter-individual (between the patients) variation of CAs
and intra-individual variation between CAs at various doses of gamma
radiation (0 Gy to 60 Gy) and their respective pre-therapy (0 Gy)
values. The null-hypothesis (H,) that “there are no inter and intra
individual differences” was tested at 95%, 99%, 99.9% confidence
intervals.

Result

The quantitative CAs noted in the peripheral lymphocytes of the
patients (P;- Pyp) prior to RT and after various dose/weekly intervals of
treatment are summarized in Table 1 and graphically displayed in
Figures 1 and 2. The average CAs values of total patients (smokers and
non-smokers) observed in baseline were 1.09 + 0.2% and further
augmented with the cumulative dose as 1.47 + 0.3,2.4 + 0.5, 3.47 £ 0.5,
5.3 +£1.02,7.52 = 1.3 and 9.97 + 1.41% at 10, 20, 30, 40, 50 and 60 Gy
of the treatment. Therefore, all the patients exhibited significant
(p<0.05, p<0.01 and p<0.001) increase of aberrations as indicated by
the student’s t-test at 95% confidence interval. Further, a significant
(Rows: p<0.001; F=17.56 and column: p<0.001; F=119.83) inter-
individual variation of CAs between the patients and intra-individual
variation within various doses of gamma radiation were also noted as
per the two-way ANOVA.

While, the average qualitative CA frequency observed in pre-
therapy and post-therapy were noted within the patients as
summarized in Table 2. These various types of average CAs observed
in baseline were breaks (0.018 + 0.006), dicentrics (0.011 + 0.003),
rings (0.004 + 0.002) and acentrics (0.012 + 0.004). While, the CAs in
post-treatment showed a more damage values in breaks (0.170 +
0.030), dicentrics (0.10 + 0.02), rings (0.058 + 0.007) and acentrics
(0.070 £ 0.013). The Student’s t-test showed a significant (p<0.05,
p<0.01) variation between the average CAs frequency of pre-therapy
and post-therapy values.

The average quantitative pre-therapy CAs in non-smoker were 0.93
+ 0.20% while smoker patients showed 1.26 + 0.10%, which signifies
the extra smoking effect before the treatment. Average CAs in non-
smokers after the 10 Gy dose of treatment showed damage of 1.35 +
0.40% and in smokers average CAs of 1.60 + 0.20% was noted. Further,
the average values in non-smokers after completion of 20 Gy showed a
CAs of 2.20 £ 0.40% and smokers showed 2.60 + 0.50% which showed
an augmented percentage of CAs with cumulative dose effects. The
total CAs after the 30 Gy dose was 3.15 + 0.50% in non-smokers and
higher value of 3.80 + 0.30% CAs in smokers was observed. The
clastogenic effects after the 40 Gy of irradiation showed minimum
damage of 4.65 + 0.60% in non-smokers while CAs of 5.95 + 0.90%
was observed in smoker patients. Aberrations after the 50 Gy dose is
6.50 + 1.00% in non-smokers and damage of 8.55 + 0.90% in smokers
was observed. The dose response in patients induced after 60 Gy
showed a higher damage of 895 + 1.20% in non-smokers and
aberrations of 11.00 + 0.60% were noted in smokers.
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Patient Sex/age Habits Smoker (S)/Non- Percentage of chromosomal aberrations
no. (Y) smoker (NS)
Control Duration of treatment (dose in Gy)

Prior to| | Week Il Week Il Week IV Week V Week VI Week

treatment

(0 Gy) (10 Gy) (20 Gy) (30 Gy) (40 Gy) (50 Gy) (60 Gy)
P4 F/45 NS 0.75+0.5 1.0£0.5 15+1.0° 25+£1.7" 40217 55+23" | 72526
Ps M/46 NS 1.0+0.3 15+0.5 2.0£0.8 275177 | 425+28" | 6.0+35" 8.5+3.8™"
P3 M/37 NS 0.75+0.5 12505 | 22518 |325+18" |45+17" |6.25+26™ |9.0+4.2™
Py F/56 NS 09+0.2 1.0+0.6 25+1.2 35+25" 475+3.0" | 6.5£4.0" 9.5+47"
Ps M/37 NS 1.25+0.5 17509 | 25+17" 35267 |475+£3.07 |7.75+47" | 10055
Ps M/62 S 1.0+0.2 125+0.9 | 225+1.2" | 35+2.3" 6.25+34" | 825+59" | 11.25+6.8™
P7 M/42 S 1.25+0.6 15+£12 3.0+14" | 425+£32" |725+£34™ |9.0+50" |10.75+59™
Pg M/69 S 1.5+05 1.75+£09 | 20+£18° | 3752237 |55+3.0" | 90+£43™ | 11.25£49™
Py M/71 S 1.25+0.5 17515 | 3.25+1.8" | 4027”7 6.0+4.9" 8.75+6.3" | 11.75+6.8™
P1o M/47 S 1.25+0.2 20+1.4 275+1.7 | 375+17" | 575+£25" | 825+3.9™ | 105+5.8"
Average values of NS (P4 to Ps) 0.93+0.20 1.35 +[ 220040 315 £ 0.50 4.65 + 0.60| 6.50 + 1.00| 8.95 + 1.20

0.40
Average values of S (Pg to P1g) 1.26 £ 0.10 1.60 +0.20 ?.60 +0.50| 3.80 £0.30" | 5.950.90™ | 8.55+0.90" | 11 00 t
0.60
Average values of NS + S (P4 to P4q) 1.09 + 0.20 1.47* +| 240050 §.47 + 0.50| 5.30+1.02"| 7.52£1.30" 09.9'7" kS
0.30 1.41

Table 1: CAs in the study subjects. Data represents total CAs in peripheral blood lymphocytes of HNSCC patients before (0 Gy) and after various
doses (10, 20, 30, 40, 50, and 60 Gy) of RT as a mean + SD. Note: 1. Student’s t-test; shows statistically significant differences in total CAs at
different doses compared with control values, ‘represent p<0.05, “represent p<0.01 and ~“represent p<0.001. Note: 2. Two way ANOVA; Inter-
individual variation showed significant (Rows: p<0.001; F=17.56 and column: p<0.001; F=119.83) difference by two way ANOVA. The null-
hypothesis [H,] that “there are no inter and intra individual differences” was tested at 95%, 99%, 99.9% confidence intervals. Abbreviations: P:
Patient; S: Smoker; NS: Non-Smoker; M: Male; F: Female; RT: Radiotherapy; Y: Year and Gy: Gray.

Sl. Sex/a | Habit: Various CAs induced by gamma radiation and their frequency Frequency of total
Noo 198 | Smoker (S)Non- Chs
0 smoker (NS) Breaks Dicentrics Rings Acentrics
0 Gy 60 Gy 0 Gy 60 Gy 0 Gy 60 Gy 0 Gy 60 Gy 0 Gy 60 Gy
P4 F/45 NS 0.01 0.11 0.01 0.07 0.01 0.06 0.01 0.05 0.01 0.29
Ps M/46 | NS 0.02 0.14 0.01 0.08 0 0.05 0.01 0.07 0.04 0.34
P3 M/37 | NS 0.01 0.15 0.01 0.09 0 0.06 0.01 0.06 0.03 0.36
Py F/56 NS 0.01 0.16 0.01 0.1 0 0.05 0.02 0.07 0.04 0.38
Ps M/37 | NS 0.02 0.17 0.01 0.12 0.01 0.05 0.01 0.06 0.05 0.4
Ps M/62 | S 0.02 0.21 0.01 0.11 0 0.07 0.01 0.06 0.04 0.45
P7 M/42 | S 0.02 0.19 0.02 0.1 0 0.05 0.01 0.09 0.05 0.43
Pg M/69 | S 0.02 0.18 0.01 0.12 0.01 0.07 0.02 0.08 0.06 0.45
Py M7t | S 0.02 0.21 0.01 0.13 0.01 0.06 0.01 0.07 0.05 0.47
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P1o ‘ M/ia7 | S 0.03 0.19 0.01 0.08 0 0.06 0.01 0.09 0.05 0.42
Average values of NS (P4 to Ps) 0.014 £| 0146 +| 0.010 | 0.092 £|0.004 | 0.05 +| 0.010 | 0.06 +| 0.030 | 0.350%

0.005 0.020" 0.000 0.010° 0.002 0.005™ 0.004 0.008™ 0.010 0.040™
Average values of S (Pg to P1g) 0.020 £| 0.196 +| 0.012 | 0.108 £| 0.004 | 0.062% 0.012 | 0.07 +| 0.050 | 0.44 *

0.004 0.010 0.004 0.010" 0.002 0.008" 0.004 0.010" 0.007 0.010"
Average of NS + S (P4 to Pqg) 0.018 £| 0170 +| 0.011 x| 0100 £| 0.004 | 0.058 | 0.012 | 0.07 +| 0.042 | 0.390 *

0.006 0.030° 0.003 0.020° 0.002 0.007" 0.004 0.013" 0.014 0.050"

Table 2: CA induced by gamma radiation in non-target tissues at the end of cumulative 60 Gy of radiotherapy in HNSCC patients. Note: Student’s
t-test; shows statistically significant differences in total CAs at different doses compared with control values, ‘represent p<0.05, “'represent p<0.01.
Abbreviations: P: Patient; S: Smoker; NS: Non-Smoker: M: Male; F: Female: RT: Radiotherapy; Y: Year and Gy: Gray.
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Figure 1: CAs exhibited in five non-smoker HNSCC patients (P;-Ps) at 0 Gy to various doses of RT (Graph a. to e.) and their average values
(Graph f) along with the values of their linear regression analysis.
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Figure 2: CAs exhibited in five smoker HNSCC patients (Pg- P1g) at 0 Gy to various doses of RT and their average values are represented in the
graphs a to e and average smokers graph in f, along with the values of their linear regression analysis.

The results of qualitative CAs defined according to non-smoker and
smokers were statistically significant (p<0.05, p<0.01) when compared
with the control values. Various kinds of CAs induced before treatment
(0 Gy) and by the end of six weeks (60 Gy) of treatment with gamma
radiation in individual smoker and non-smoker HNSCC patients and
their frequency are shown in Table 1. The average frequency of breaks
observed in non-smokers before treatment was 0.014 = 0.005 and
0.146 + 0.020 after treatment were lower compared to smoker values
ie. 0.020 £ 0.004 and 0.196 + 0.010. The dicentrics observed were
0.010 = 0.000 in control values (0 Gy); while at the end of the
treatment values seen were 0.092 + 0.010 in non-smoker patients
compared to smoker’s average values observed was higher 0.012 +
0.004 and 0.108 * 0.010. The rings were observed similar in non-
smokers and smokers before treatment (0.004 *+ 0.002) and after
treatment non-smokers (0.054 + 0.005) compared to smoker’s value i.e.
0.062 + 0.008 was observed. Acentrics in non-smokers were 0.010 +

0.004 found comparatively lower than smoker value 0.012 + 0.004 in 0
Gy. While, the average values after end of the treatment were more in
smokers 0.078 + 0.01 then non-smoker value i.e. 0.062 + 0.008. The
total CAs in patients observed with higher frequency are 0.47 and
lower frequency value of 0.29. This denotes that there is variation in
DNA damage in almost all patients.

Figure 3 shows a graphical representation between the smokers,
non-smokers and total CAs (smokers + non-smokers) which
demonstrates the difference between various types of CAs (breaks,
dicentrics, rings and acentrics). The significance was noted at p<0.05
and non-significant at p>0.05 at 95% confidence interval between the
smoker and non-smokers average values. The average total breaks in
non-smokers were 15.0 = 2.9% and smokers showed 19.2 + 1.78%
significant (p<0.01) variations in the values. While, average values of
dicentrics was 8.4 + 1.14% (non-smokers) and 11.6 + 1.14% (smokers)
showed significant variation (p<0.01). Further, the rings were not
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significant (p>0.05) when non-smoker and smoker patients were
compared with each other as 5.6 + 0.54%, 6.0 £+ 1.0% and also the

average values of acentrics as 6.8 + 1.48% and 7.2 + 1.3% were not
significant (p>0.05).
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Figure 3: Comparison of CAs in non-smoker (P;-Ps) HNSCC patients with the smoker (Pg-P;o) HNSCC patients using Student’s t-test, after
completion of treatment (i.e. 60 Gy). Each point indicates the mean + SD of smokers and non-smokers. Note: "represent statistically significant
differences between smoker and non-smoker patients at p<0.05; ns indicate a non-significant difference at p>0.05.

Discussion

The present study was undertaken to quantify the amount of CAs
induced by gamma rays in the non-target cells (peripheral blood
lymphocytes) of HNSCC cancer patients (n=10) irradiated with
various doses at specific sites of head and neck region as a
supplementary data for a better radiation dosimetry for tumour RT.
CAs being a characteristic feature of radiation exposure is used as a
potential biomarker of exposure [19]. Major kinds of structural
chromosome anomalies induced by radiation in these patients were
observed as shown in Table 2. Breaks, dicentrics rings and acentrics
were observed as the chromosome aberrations following different
radiation doses were recorded with acentric fragments associated with
dicentrics and rings which were direct consequence of irradiation. We
observed an elevated chromosome aberration significantly higher than
the mean control value yield with a 95% confidence interval. Such a
high yield may be explained for patients, whose head and neck cancer
was treated with gamma radiation without the shields. However, the
yield of various aberrations over the course of radiotherapy varied
greatly in the HNSCC patients. Significant increase of CAs observed by
us in the irradiated HNSCC patients recommends for a considerable
reduction in the dose of gamma radiation for radiotherapy of HNSCC
in comparison with the present dose of irradiation.

Natarajan reported CAs in the peripheral lymphocytes under
circulation (non-cancerous cells) in various patients with solid tumour
before RT [20]. Our present observations is in agreement with this
report, where in we too could find a good number of CAs in cancer
patients with solid tumours (HNSCC) prior to RT. However, Martin et
al. could not find any CAs in the peripheral lymphocytes of patients
with solid tumour which were analysed after fusion with golden
hamster eggs [21]. Our previous findings also showed ex-vivo DNA
damage in the leukocytes of head and neck cancer patients before and
after RT [22].

Formation of CAs in peripheral lymphocytes by gamma rays during
RT of cancer patients with solid tumours is reported by several
scientists. According to Hayata peripheral lymphocytes do get exposed
to radiation during RT and these results in various CAs in metaphase
in the first cell division [23]. Our findings, that the CAs increase in the
lymphocytes of HNSCC patients following RT, complements the above
report. Further, Legal et al. also observed significant increase of CAs in
breast cancer patients after external irradiation [24]. In addition to
this, the increased CAs in the lymphocytes of cancer patients was
observed by Martin et al. following RT also supports our findings.

A dose dependent increase of CAs is reported in human
lymphocytes in cancer patients undergoing RT. In fact, in most studies
radiation has shown similar effects. Our outcomes also emphasised
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that increasing the dose rate (10, 20, 30, 40, 50, 60 Gy) lead to an
increase in the proportion of circulating lymphocytes with DNA
damage. Exposure to gamma radiation during RT increased the
frequency of CAs and this condition is a significant risk for health.
These damages may form secondary diseases such as leukaemia and
anaemia [25,26]. Therefore, effects of RT applications on healthy cells
must be minimized or alternative methods should be developed.

The pre-therapy/baseline DNA damage in peripheral lymphocytes
of patients showed various levels of damages in different individuals,
indicating inter-individual variations. These inter-individual variations
may be mainly related to their lifestyle factors (including smoking
habits) as well as various other inherited factors. Further, the large
differences in the pre-treatment (0 Gy) levels of DNA damage between
the smokers and non-smokers suggested that these variations may be
due to the patient’s lifestyle and/or genetic sensitivity. Genotoxicity in a
cell is primarily dependent on the dose of the mutagen and/or its
metabolites reaching the target area; however, the net damage is also
dependent on the efficiency of DNA repair in the affected cells in the
target area [27]. A thorough analysis of the baseline frequency of DNA
damage is also important because this information has a direct bearing
on the utility of these measurements for biological dosimetry,
especially in cases where individuals are suspected to have been
overexposed but no pre-exposed background DNA damage frequency
is available.

Introduction of geno-toxicological methods in medical surveillance
of cancer patients during RT could be important technique for the
evaluation of radiation safety. This will be useful in the determination
of optimum dose of gamma radiation for RT as well as in evaluating
secondary cancer risk in case of HNSCC carcinoma which may have
initial genome burden. This could be an important factor in biological
dosimetry and also for individual therapy change.

Conclusion

Significant variation in DNA damage in different patients induced
by irradiation as per Student’s t-test may indicate a variation of
radiation sensitivity. This may depend upon various anatomical
features of these sites, including the density of lymph nodes and the
extent of blood supply. A reduced size of tumor has to be observed
weekly and accordingly reduction in penetration depth of dose has to
be done. Because, the large field size of tumor at the beginning of
treatment requires a high dose time and penetration depth of radiation
and after 3rd week the size of tumor doesn’t remain same it gets
reduced but the penetration depth of dose remains the same which has
more impact latter on the non-targeted cells as shown in Figure 4.

Gamma
radiation  Body furface

Tumor

depth of dose has to be done.

Total cumulative dose (i.e. 60 Gy) treatment of
patients

Figure 4: Figure 4 demonstrates a model where a reduced size of tumor has to be observed weekly and accordingly reduction in penetration
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