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BIOLOGICAL FEATURES OF BLOOD LYMPHOCYTES OF THE PRIMARY PA-
TIENTS WITH ENDOMETRIAL CANCER

Emiliia Domina, Olha Hrinchenko

The aim: to examine the radiosensitivity of chromosomes of T-lymphocytes in the blood of primary patients with endo-
metrial cancer depending on the radiation dose. It was expected that the investigations would reveal a cytogenetic pa-
rameter as a predictor of radiosensitivity in non-malignant cells of patients exposed to curative irradiation.

Materials and methods. Blood samples from 20 primary patients and 30 conditionally healthy donors were examined.
Peripheral blood T-lymphocytes culture test system with metaphase chromosome aberration analysis was used. X-ray
test-irradiation was performed at GO-stage of the cell cycle in the dose range of 0.5-3.0 Gy.

Results. It was shown that the spontaneous level of chromosome aberrations in lymphocytes of primary patients before
anti-tumour therapy is 7,82+0,33 aberrations/100 metaphases. This is more than 2-fold higher than the upper limit of
average population index and approximately 6-fold higher than the data of own control. In our study during X-ray irra-
diation of cells cultures of patients, it was found for the first time that the total frequency of radiation-induced chromo-
some aberrations obeys the classical linear quadratic dose dependence with a predominance of linear component val-
ues; the frequency of radiation markers — also linear quadratic dose dependence, but with a predominance of quadratic
component.

Conclusions. High specificity of T-lymphocyte chromosomes to exposure to ionizing radiation as well as strict depend-
ence of chromosome aberration yield on exposure dose justify their use as predictors of radiosensitivity of healthy cells
from the tumour environment. The revealed dependences of induction of chromosomal damage in T-lymphocytes of pa-
tients with endometrial cancer prove the need for a personalized approach to plan the course of radiation therapy
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1. Introduction

The relevance of radiobiological research is ex-
plained by the growth of cancer morbidity, including en-
dometrial cancer (EC) among the female population of
Ukraine. According to the National Cancer Registry
(2018-2019), EC ranks third in the structure of cancer
morbidity among the female population of Ukraine
(9.6 %). In 2018, the incidence rate per 100 thousand fe-
male population was 36.1 [1]. The majority of patients
are prescribed a combined treatment including surgical
method and post-surgery radiation therapy. Therefore,
the search for new ways to predict the effectiveness of
radiation treatment in these patients is urgent.

2. Literature review

The area of constant practical application of ra-
diobiological knowledge is radiation therapy. It is
known that the efficacy of radiation therapy is deter-
mined by the state of balance between lesions of the
tumour and healthy tissue. Therefore, the issues of re-
ducing the degree of radiation damage to the latter have
always been in the focus of attention of radiation oncol-
ogists. Radiation therapy does not achieve complete re-
gression of tumours in the majority of cancer patients.
The dose required for a cure cannot be administered due

to the danger of exceeding the tolerance of normal tis-
sues [2]. The tumour locus is characterized by the lack
of clear boundaries, which necessitates the increase of
the irradiation field. This leads, along with the tumour
destruction, to the similar changes in the healthy tissues
around the tumour. Previously, this dependence forced
radiation therapists, when choosing a radiation dose on
an empirical basis, to balance between the probability
of recurrence and the danger of irreversible radiation
damage to normal tissues. In modern conditions due to
the introduction of new technologies in radiation oncol-
ogy and conformal strategy of therapeutic irradiation, it
is often possible to reduce the damage of healthy tis-
sues. However, the risk of adverse radiation reactions
from normal tissues remains high in some cases [3, 4].
Among the early effects of therapeutic irradiation
that form in rapidly proliferating cells, their hyperplasia
plays a key role. Radiation reactions from the epidermis,
especially at the entrance of the ionizing radiation (IR)
beam, limit the use of high doses in radiology. After ra-
diation therapy, late complications can develop, which
are irreversible and progressive. Most often they are rep-
resented by atrophy, telangiectasia, necrosis. Fibroblasts
are also involved in pathogenesis of late radiation effects,
synthesis of collagen and its deposition in tissues in-
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crease. This leads to the dysfunction of corresponding
organs [5]. These reactions are under the control of
growth factor-p (TGF-p) [6, 7].

The intestine is a critical organ in radiation thera-
py because of the high radiosensitivity of the mucosal ep-
ithelium and the threat of bacterial sepsis. In addition, ra-
diation therapy of brain tumours can cause adverse reac-
tions of the thyroid gland and pituitary gland. The distant
radiation consequences of therapeutic irradiation include
secondary cancer of radiation aetiology [8, 9]. One of the
main problems in achieving the therapeutic effect re-
mains severe complications during irradiation of pelvic
organs, i.e. radiation proctitis and cystitis [3]. This ap-
plies to oncologic patients, including EC during brachy-
therapy.

At the Institute of Experimental Pathology, On-
cology and Radiobiology of the National Academy of
Sciences of Ukraine a model system is being developed
to determine the predictors of radiosensitivity of cancer
patients in order to reduce the frequency and severity of
post-radiation complications from healthy tissues and or-
gans from the tumour environment. The grounds for such
studies are data on molecular, chromosomal and other
abnormalities in healthy cells of primary cancer pa-
tients [10-12]. The observed changes can affect the func-
tional state of these cells, including their radiosensitivity.
Additional radiation-induced damage in healthy cells as a
result of therapeutic irradiation will contribute to a high
risk of radiation complications.

Studies of recent years do not allow to clearly
identify a single biological trait that would allow to
predict with a high probability the efficacy of radiation
therapy [13]. When irradiating indicator (highly radio-
sensitive) cells, such as blood lymphocytes, a cascade
of processes is induced, including activation of DNA
repair processes and cell cycle checkpoints control sys-
tems, chromatin reconstruction, apoptosis amplification.
It is important to state that cellular DNA repair systems
ensure tumour radioresistance, thus reducing the effica-
cy of therapeutic irradiation [14]. It is necessary to take
into consideration the opinion of some researchers that
repair processes in irradiated tumour cells can occur
more effectively in comparison to normal cells because
they are characterized by increased expression of en-
zymes of repair processes [15]. Dozens, hundreds of
genes are involved in these processes. In general,
changes in their expression usually lead to increased ra-
diosensitivity [16]. The success of radiation treatment
depends on many factors: the magnitude of dose and
mode of irradiation, the target volume, oxygen con-
centration in the irradiation zone, radiosensitivity of
the tumour, individual radiosensitivity of the patient,
proliferative potential of tissues, concomitant diseases,
the severity of early and late radiation complications,
and other factors. A change in any of these factors can
lead to a modification of the radiation response not on-
ly from the tumour cells, but also from the healthy
cells in its surroundings.

The above-mentioned explain the need for further
development of convincing biological assumptions for the
prognosis of distant radiation complications on the part of
healthy tissues that fall within the irradiation field. Such tis-
sues include the pool of circulating peripheral blood, includ-

ing highly radiosensitive T-lymphocytes. They carry out
immunological supervision over the antigenic constancy of
the organism. Moreover, lymphocytes in constant contact
with tumour cells due to “bystander effect” can acquire their
properties, including sensitivity to radiation [17]. In addi-
tion, in case of contradictions between physical dosimetry
data and clinical presentation of distant effects of irradiation,
the method of chromosome aberration analysis in blood T-
lymphocytes is used. It is one of the most adequate ways to
estimate the absorbed dose of IR [18].

The following questions thus arise: what biologi-
cal changes are formed in normal cells of patients with a
particular tumour localization, associated with the effec-
tiveness of radiation treatment; and could peripheral
blood T-lymphocytes (PBL) serve as predictors of radio-
sensitivity of non-malignant cells?

3. The aim of the research

The aim of the research is to examine the radiosensi-
tivity of chromosomes of T-lymphocytes in the blood of
primary EC patients depending on the radiation dose.

To accomplish the aim, the following tasks have
been set:

1. To investigate the spontaneous level of chro-
mosome aberrations in the blood T-lymphocytes of pri-
mary EC patients. Results should be compared with those
of healthy donors indicators.

2. To study the frequency and spectrum of radia-
tion-induced chromosome aberrations in the test irradia-
tion of the culture of T-lymphocytes of EC patients in a
wide range of doses.

3. To determine the character of dose curves ob-
tained for total chromosome aberration rate and radiation
markers using linear-quadratic regression model.

4. Materials and methods

Blood samples from 20 primary EC patients
(study group) and 30 healthy donors (comparison group)
were examined. Informed consent was obtained from all
patients and donors for additional laboratory examination
and use of their biological materials for research purpos-
es. Venous blood was placed in sterile 6 ml vacutainer
tubes with the anticoagulant Li-heparin and stored at
3-5 °C. PBL culture test system with metaphase chromo-
some aberration analysis was used. PBL cultured, cyto-
genetic preparations were prepared, and metaphase anal-
ysis of uniformly stained chromosomes was performed
according to the international standard protocol [19] with
some modifications [20]. Phytohemagglutinin (form M,
“Gibco Introgen”, USA), which stimulates T-lymphocyte
mitoses, was used as a mitogen. To accumulate the meta-
phases 3 hours before the end of incubation, colcemid
(“Gibco KaryoMAX Colcemid Solution in PBS”s, USA)
was added.

Metaphase analysis of chromosome aberrations
was performed in the first mitosis, i.e. cells were fixed
for 50 h of cultivation. Chromosomal and chromatid type
aberrations, fragments, and exchanges were analyzed.
Gaps were not counted.

X-ray test-irradiation of PBL cultures was per-
formed at Gy-stage of the cell cycle in the dose range of
0.5-3.0 Gy.
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Statistical processing of the results was performed
using “Statistika” package. Mathematical analysis of
changes in cytogenetic parameters depending on expo-
sure dose was performed based on linear-quadratic re-
gression model: Y=aD+pD?+c, where D states for expo-
sure dose, a states for linear term of the equation,
B states for quadratic term of the equation, c states for
control level. Model parameters were calculated using
the least square method [21].

5. Research results

According to the literature and our own studies, the
rate of spontaneous chromosome aberrations is known to
vary in the range of 0-3 aberrations/100 metaphases. But
the value of this index can vary significantly under the in-
fluence of external and internal factors, including patients’
clinical data under study. The results of our studies have
shown that the spontaneous level of chromosome aberra-
tions in PBL of primary EC patients before anti-tumour
therapy is 7.8240.33 aberrations/100 metaphases. This is
more than 2-fold higher than the upper limit of average
population index and approximately 6-fold higher than the
data of own control (Tables 1, 2). Interindividual varia-
tions of the index are in the range from 5 to 10 aberra-

tions/100 metaphases. Chromatid type aberrations domi-
nate in the spectrum of registered chromosome rearrange-
ments. Deletions account for 66 % of their total number.
Furthermore, there are also exchanges of chromatid and
chromosomal types in the spectrum of aberrations.

Thus, the total frequency of chromosome aberra-
tions in the patients’ blood T-lymphocytes the start of ra-
diation therapy exceeds the value of the average popula-
tion index due mainly to chromatid type aberrations. This
may indicate the formation of genetic instability in non-
malignant cells of patients due to carcinogenesis and low
efficiency of repair processes in normal cells from the
tumour environment. According to modern concepts, the
radiosensitivity of cells and the organism as a whole is
determined by its reparative potential, which is closely
related to the immune system. In our study the mitotic
index of PBL of patients is 50.8+4.6%o, which is 20 %
lower than that of healthy donors (Tables 1, 2).

This indicates an initial decrease in the immuno-
competence of patients' blood T-lymphocytes, i.e. before
the start of radiation therapy. Thus, one of the oncology
paradigms is confirmed: the disorder of genome stability
and balance is an important part of carcinogenesis and
occurs against the background of immunosuppression.

Table 1

Statistical data of cytogenetic parameters of blood lymphocytes of primary endometrial cancer patients*

Cytogenetic indicators / 100 cells Mean values Minimum Maximum
Aberrant metaphases, % 7.59+0.32 5 10
Total frequency of chromosome aberrations 7.82+0.33 5 10
Frequency of aberrations per 1 cell 1.03+0.02 1 13
Frequency of aberrations of chromatid type 5.06+0.51 1 8
Chromatid fragments 3.47+0.35 0 6
Isodeletions 0.12+0.08 0 1
Chromatid exchanges 1.47+0.24 0 3
Frequency of chromosomal type aberrations 2.77+0.47 0 7
Paired fragments 1.82+0.27 0 4
Dicentric chromosomes 0.12+0.08 0 1
Ring chromosome 0.18+0.10 0 1
Acentric rings and interstitial deletions 0.06+0.01 0 1
Abnormal chromosome 0.5940.3 0 4
Mitotic index, %o 50.8+4.6 15 87
Note: * — study group
Table 2

Statistical data of cytogenetic parameters of blood lymphocytes of conditionally healthy donors*

Cytogenetic indicators / 100 cells Mean values Minimum Maximum
Aberrant metaphases, % 1.34+0.37 0 3
Total frequency of chromosome aberrations 1.34+0.37 0 3
Frequency of aberrations per 1 cell 0.8+0.1 0 1
Frequency of aberrations of chromatid type 0.67+0.24 0 2
Chromatid fragments 0.67+0.24 0 2
Isodeletions 0 0 0
Chromatid exchanges 0 0 0
Frequency of chromosomal type aberrations 0.67+0.24 0 2
Paired fragments 0.56+0.2 0 2
Dicentric chromosomes 0 0 0
Ring chromosome 0 0 0
Acentric rings and interstitial deletions 0.11£0.1 0 1
Abnormal chromosome 0 0 0
Mitotic index, %o 62+5.24 45 89

Note: * — comparison group
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A mandatory requirement for predictors of radio-
sensitivity is a strict quantitative relationship with the ra-
diation dose.

To estimate the nature of the dose curves, we used
a linear-quadratic model of cellular radiation damage,
which includes a linear a-member of the equation depend-
ing on the radiation dose and a quadratic f-member de-
pending on the radiation dose squared. This model is based
on the microdosimetric concepts that Kdllerer and Rossi
formulated in dual action theory. This means that the ener-
gy, which must be absorbed in the target to produce a bio-
logical effect, can result from either one or two hits. There-
fore, the dose curves are approximated by the equation
Y=aD+pD%+c, and the coefficients before D and D? reflect
the relative role of the two mechanisms [22].

50,0 4

100 metaphases, %

Frequency of chromosome aberrations \

In our study during X-ray irradiation of PBL cul-
tures of EC patients in the range of 0.5-3.0 Gy, it was
found for the first time that the total frequency of radia-
tion-induced chromosome aberrations obeys the classical
linear quadratic dose dependence with a predominance
of linear component values (0=6.644); the frequency of
radiation markers (dicentrics) — also linear quadratic
dose dependence, but with a predominance of quadratic
component (f=1,308), Fig. 1. The data obtained une-
quivocally indicate that T-lymphocytes in the blood of
EC patients before the start of radiation therapy can
serve as predictors of radiosensitivity of cells from the
tumour environment that are entering the therapeutic ir-
radiation zone.

Y =6,6437D + 1,248D* + 10,705

Y =0,0129D + 1,3079D? + 0,4464

——
-
-
-
-

Radiation dose, Gy
Fig. 1. Total frequency of chromosome aberrations (solid line) and radiation markers — dicentric chromosomes (dotted
line) in PBL of EC patients depending on the dose of test irradiation

The revealed increased level of spontaneous aber-
rations of chromosomes in the PBL of patients before the
start of radiation therapy in 25 % of cases is associated
with the development of late complications (rectitis, cys-
titis). This concerned patients with a burdened diagnosis
(diabetes mellitus, work with sources of IR). The clinical
significance of these observations requires further con-
firmation.

6. Discussion of research results

Recently in oncology much attention is given to the
“tumour and organism” problem, including changes in
healthy cells from the tumour microenvironment. The
question regarding the manifestation of genomic instability
in these cells and its potential relation to the efficacy of ra-
diation therapy in cancer patients remains understudied.
The cytogenetic examination of cancer patients before ra-
diation therapy and assessment of the pattern of dose cali-
bration curves in the most radiosensitive cells allow one to
quantitatively assess the formation of radiation-induced
chromosome aberrations (genome instability) in cells of
the tumour microenvironment. These include cells of the
hemato-immune system — T-lymphocytes of the circulat-

ing blood pool, which are highly radiosensitive and are in
constant contact with tumour tissue. A number of studies
have examined patients with various tumour localisations
using cytogenetic methods (23-25 et al., 2009). Often, the
number of patients examined was insufficient for defini-
tive conclusions. For example, in [17] it was found that the
frequency of cells with chromosome aberrations in lym-
phocytes of prostate cancer patients, as well as the number
of aberrations per cell do not differ from those in the group
of healthy donors. However, the sample in this study was
too small to draw conclusions (6 patients). Our work is
based on cytogenetic examination of 20 EC patients before
radiation therapy and 30 observations with in vitro dose
curves (0; 0.5; 1.0; 2.0 and 3.0 Gy of x-ray radiation).

The work highlighted an increased level of chro-
mosome aberrations in T-lymphocytes of blood of EC pa-
tients, as well as individual variability of this index
(Table 2). The results obtained provide evidence of a sig-
nificant influence of individual characteristics of EC pa-
tients on the efficiency of repair processes and, conse-
quently, on radiosensitivity of non-malignant cells. Earlier
we pointed out that strict dose-effect relation is an obliga-
tory requirement for predictors of radiosensitivity of hu-
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man cells. In our study it was shown that T-lymphocytes
of EC patients are characterized, first, by specificity to ra-
diation exposure (induction of radiation markers); second,
the level of radiation-induced chromosome aberrations
obeys the linear quadratic dose-dependence. This allows
using cytogenetic indices of T-lymphocytes from EC pa-
tients as predictors of radiosensitivity of normal cells from
the tumour environment and as prognostic criteria for late
effects of therapeutic irradiation. It is possible that accord-
ing to our developed hypothesis [26, 27], the radiosensi-
tivity of the organism can be influenced (increased) by a
COVID-19 infection, which should be reflected in the
oncogynecological patient's medical history.

In order to improve the efficacy of radiation ther-
apy of cancer patients, we consider it advisable to con-
tinue the search for predictors of radiosensitivity of cells
from the tumour environment at molecular, biochemical
and biophysical levels, which will provide a comprehen-
sive approach to the solution of the problem.

The continuation of the above-mentioned studies
is one of the highly promising directions in radiation on-
cology. A further search for the radiosensitivity predic-
tors of healthy tissues and organs of cancer patients adja-
cent to the irradiated target tumour will help to prevent
the post-irradiation complications.

7. Conclusions

Cytogenetic differences between T-lymphocytes
of primary EC patients and healthy donors consist in the
increased frequency of spontaneous chromosome aber-
rations (7.82+0.33 aberrations/100 metaphases) due to
the deletions and exchanges of chromatid and chromo-
some types.

The study established, for the first time, that the
total frequency of radiation-induced chromosome aberra-
tions in blood T-lymphocytes of EC patients is subject to
a linear quadratic dose-dependence with prevalence of
linear component, and the frequency of radiation markers
(dicentrics) — with prevalence of quadratic component.
High specificity of T-lymphocyte chromosomes to expo-
sure to ionizing radiation as well as strict dependence of
chromosome aberration yield on exposure dose justify
their use as predictors of radiosensitivity of healthy cells
from the tumour environment.

The results of the study can be recommended for
the prediction of long-term post-radiation complications
in oncogynecological patients.
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